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Preface to the Series—Third Edition
I am humbled by the wide praise and acceptance of the last two 
editions of the Handbook of Pharmaceutical Formulations, a 
six-volume series that found home in the R&D laboratories of 
just about every pharmaceutical company, both generic and 
branded, and in the classrooms of pharmaceutical technol-
ogy; and the regulatory agencies used this treatise to compare 
the quality of pharmaceutical products. In creating this work, 
back in 2004, my primary objective was to provide a ready 
source of safe and scalable generic and new pharmaceutical 
formulations that take a long time to develop and incur a sub-
stantial cost, to enable the availability of affordable medicines.

Each of the six volumes in the series has a structured con-
tent. Part I includes regulatory guidance, formulation steps, 
references to active ingredients and excipients, and a self-
audit guidance for cGMP compliance. Chapters of common 
interest to all volumes are distributed across the six volumes, 
such as the formulations for coating solutions are presented in 
Volume 5 (OTC), though they are also pertinent to Volume 1 
(Compressed Dosage Forms), and global bioequivalence test-
ing guidelines are provided in Volume 4 (Semisolids), though 
they apply to all volumes. Part II includes scalable formula-
tions and Part III, where applicable, other general formula-
tions. The appendices include a listing of excipients used in 
FDA approved products and a cGMP compliance self-testing 
tool. Whereas the main focus of the guidance provided in the 
handbook pertains to compliance with FDA requirements, 
these apply equally to EU requirements, and, as a result, to 
any global agency.

The third edition also gets several significant additions; 
now each volume includes a self-audit template, several chap-
ters advising how to stay cGMP compliant, including a listing 
of most common FDA citations to look out for in the audits, a 
global regulatory focus and an updated list of excipients and 
the level of their incorporation in the FDA-approved products. 
The number of formulations is also increased, and the OTC 
volume now contains several cosmetic formulations, and the 

semisolid product volume also includes details on chewing 
gum delivery systems. 

The updating of formulations is always cumulative as 
there is little need to remove any formulation provided previ-
ously—if it was right then, it shall remain good now. However, 
a variety of new drug delivery systems have evolved since the 
second edition was published, so I have included more details 
on these formulations, although some of these may not be 
available to practice due to possible limitations on the intel-
lectual property.

As always, I advise the formulators to be aware of any 
intellectual property infringements as I cannot provide a 
guarantee to this effect.

Finally, I wish to acknowledge the leaders of the pharma-
ceutical world, to whom each of the volumes is dedicated. 
I have made a few changes to those whom the volumes are 
dedicated, to recognize those who have since passed away; 
they provided a role model to me and thousands of leaders 
and students of pharmacy over the decades of their careers. 
They are gone, but not without leaving an indelible mark on 
the profession.

I also consider myself fortunate to have the sponsorship and 
assistance of the great folks at the CRC Press, more particu-
larly Jessica Poile and Hilary LaFoe. The teams at the CRC 
Press were very kind to put up with my redundant changes to 
the manuscript and were extremely generous in their advice 
in balancing the scientific and practical knowledge and, above 
all, making sure that the book was framed and published in the 
highest professional presentation. As always, I take respon-
sibility for any mistakes and errors in my writing, and I am 
always open to suggestions by the readers to make future edi-
tions. I can be contacted at niazi@niazi.com.

Sarfaraz K. Niazi
Deerfield, Illinois

2019
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Preface to the Series—Second Edition
The science and the art of pharmaceutical formulation keeps 
evolving as new materials, methods, and machines become 
readily available to produce more reliable, stable, and release-
controlled formulations. At the same time, globalization of 
sourcing of raw and finished pharmaceuticals brings chal-
lenges to regulatory authorities and results in more frequent 
revisions to current good manufacturing practices, regulatory 
approval dossier requirements, and the growing need for cost 
optimization. Since the publication of the first edition of this 
book, a lot has changed in all of these areas of importance to 
pharmaceutical manufacturers. The second edition builds on 
the dynamic nature of the science and art of formulations, and 
provides an ever more useful handbook that should be highly 
welcomed by the industry, the regulatory authorities, as well 
as the teaching institutions.

The first edition of this book was a great success as it 
brought the myriad choices available to formulators under 
one umbrella. The readers were very responsive and commu-
nicated with me frequently, pointing out the weaknesses as 
well as the strengths of the book. The second edition totally 
revised attempts to achieve these by making major changes to 
the text, some of which include:

 1. Complete, revised errors corrected and subject mat-
ter reorganized for easy reference. Whereas this 
series has six volumes differentiated on the basis of 
the type of dosage form and a separate inclusion of 
the U.S. OTC products, ideally the entire collection 
is needed to benefit from the myriad topics relating 
to formulations, regulatory compliance, and dossier 
preparation.

 2. Total number of pages is increased from 1684 to 
2726.

 3. Total number of formulations is expanded by about 
30% with many newly approved formulations.

 4. Novel formulations are now provided for a variety 
of drugs; these data are collected from the massive 
intellectual property data and suggest toward the 
future trend of formulations. While some of these 
formulations may not have been approved in the 
United States or Europe, these do provide additional 
choices, particularly for the NDA preparation. As 
always, it is the responsibility of the manufacturer 
to assure that the intellectual property rights are not 
violated.

 5. A significant change in this edition is the inclusion 
of commercial products; while most of this informa-
tion is culled out from the open source such as the 
FOIA (http: //www.fda.gov/foi/default.htm), I have 
made attempts to reconstruct the critical portions 
of it based on what I call the generally acceptable 
standards. The drug companies are advised to assure 
that any intellectual property rights are not violated 

and this applies to all information contained in this 
book. The freedom of information act (FOIA) is an 
extremely useful conduit for reliable information and 
manufacturers are strongly urged to make use of this 
information. Whereas this information is provided 
free of charge, the process of obtaining the informa-
tion may be cumbersome, in which case, commercial 
sources of these databases can prove useful, particu-
larly for the non-U.S. companies.

 6. Also included are the new Good Manufacturing 
Guidelines (2007) with amendments (2008) for the 
United States and similar updates for the European 
Union and WHO; it is strongly urged that the com-
panies discontinue using all old documents as there 
are significant changes in the revised form, and 
many of them are likely to reduce the cost of GMP 
compliance.

 7. Details on the design of clean rooms is a new entry 
that will be of great use to sterile product manufac-
turers; whereas the design and flow of personnel and 
material flow is of a critical nature, regulatory agen-
cies view these differently and the manufacturer is 
advised always to comply with the most stringent 
requirements.

 8. Addition of a self-auditing template in each volume 
of the series. While the cGMP compliance is a com-
plex issue and the requirements diversified across 
the globe, the basic compliance remains universal. I 
have chosen the European Union guidelines (as these 
are more in tune with the ICH) to prepare a self-
audit module that I recommend that every manufac-
turer adopt as a routine to assure GMP compliance. 
In most instances, reading the template by those 
responsible for compliance will keep them sensitive 
to the needs of GMP.

 9. OTC products cross-referenced in other volumes 
where appropriate. This was necessary since the 
regulatory authorities worldwide define this class 
of drug differently. It is important to iterate that, 
regardless of the prescription or the OTC status of 
a product, the requirements for compliance with the 
cGMP apply equally.

 10. OTC monograph status is a new section added to 
the OTC volume and this should allow manufac-
turers to choose appropriate formulations that may 
not require a filing with the regulatory agencies; it 
is important to iterate that an approved OTC mono-
graph includes details of formulation, including the 
types and quantities of active drug and excipients, 
labeling, and presentation. To qualify the exemp-
tion, the manufacturer must comply with the mono-
graph in its entirety. However, subtle modifications 
that are merely cosmetic in nature and where there 

http://www.fda.gov
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is evidence that the modification will not affect the 
safety and efficacy of the products can be made but 
require the prior approval of the regulatory agencies 
and generally these approvals are granted.

 11. Expanded discussion on critical factors in the man-
ufacturing of formulations provided; from basic 
shortcuts to smart modifications now extend to all 
dosage forms. Pharmaceutical compounding is one 
of the oldest professions and whereas the art of 
formulations has been relegated to more objective 
parameters, the art nevertheless remains. An expe-
rienced formulator, like an artist, would know what 
goes with what and why; he avoids the pitfalls and 
stays with conservative choices. These sections of 
the book present advice that is time-tested, although 
it may appear random at times; this is intended for 
experienced formulators.

 12. Expanded details on critical steps in the manufactur-
ing processes are provided with details in the proto-
type formulations. The reader is advised to browse 
through similar formulations to gain more insight. 
Where multiple formulations are provided for the 
same drug, it is intended to show the variety of possi-
bilities in formulating a drug and whereas it pertains 
to a single drug, the basic formulation practices can 
be extended to many drugs of the same class or even 
of diversified classes. Readers have often requested 
that more details be provided in the Manufacturing 
Direction sections. Whereas sufficient details are 
provided, this is restricted to prototype formula-
tions to keep the size of the book manageable and to 
reduce redundancy.

 13. Addition of a listing of approved excipients and the 
level allowed by regulatory authorities. This new 
section allows formulators a clear choice on which 
excipients to choose; the excipients are reported in 
each volume pertaining to the formulation type cov-
ered. The listing is drawn from the FDA-approved 
entities. For the developers of an ANDA, it is critical 
that the level of excipients be kept within the range 
generally approved to avoid large expense in justi-
fying any unapproved level. The only category for 
which the listing is not provided separately is the 
OTC volume since it contains many dosage forms 
and the reader is referred to the dosage form-specific 
title of the series. The choice of excipients forms 
keeps increasing with many new choices that can 
provide many special release characteristics to the 
dosage forms. Choosing correct excipients is thus 
a tedious exercise and requires sophisticated multi-
variate statistical analysis. Whereas the formulator 
may choose any number of novel or classical compo-
nents, it is important to know the levels of excipients 
that are generally allowed in various formulations to 
reduce the cost of redundant exercises; I have there-
fore included, as an appendix to each volume, a list 
of all excipients that are currently approved by the 

U.S. FDA along their appropriate levels. I suggest 
that a formulator consult this table before deciding 
on which level of excipient to use; it does not mean 
that the excipient cannot be used outside this range 
but it obviates the need for a validation and lengthy 
justification studies in the submission of NDAs.

 14. Expanded section on bioequivalence submission 
was required to highlight the recent changes in these 
requirements. New entries include a comprehensive 
listing of bioequivalence protocols in abbreviated 
form as approved by the U.S. FDA; these descrip-
tions are provided in each volume where pertinent. 
To receive approval for an ANDA, an applicant must 
generally demonstrate, among other things, equiva-
lence of the active ingredient, dosage form, strength, 
route of administration, and conditions of use as the 
listed drug, and that the proposed drug product is 
bioequivalent to the reference listed drug [21 USC 
355(j)(2)(A); 21 CFR 314.94(a)]. Bioequivalent drug 
products show no significant difference in the rate 
and extent of absorption of the therapeutic ingredient 
[21 U.S.C. 355(j)(8); 21 CFR 320.1(e)]. BE studies are 
undertaken in support of ANDA submissions with 
the goal of demonstrating BE between a proposed 
generic drug product and its reference listed drug. 
The regulations governing BE are provided at 21 
CFR in part 320. The U.S. FDA has recently begun to 
promulgate individual bioequivalence requirements. 
To streamline the process for making guidance 
available to the public on how to design product-
specific BE studies, the U.S. FDA will be issuing 
product-specific BE recommendations (www.fda.
gov/cder/ogd/index.htm). To make this vital informa-
tion available, an appendix to each volume includes 
a summary of all currently approved products by the 
U.S. FDA where a recommendation on conducting 
bioequivalence studies is made available by the U.S. 
FDA. When filing an NDA or an ANDA, the filer is 
faced with the choice of defending the methods used 
to justify the bioavailability or bioequivalence data. 
The U.S. FDA now allows application for waiver of 
bioequivalence requirement; a new chapter on this 
topic has been added along with details of the dis-
solution tests, where applicable, approved for various 
dosage forms.

 15. Dissolution testing requirements are included for all 
dosage forms where this testing is required by the 
FDA. Surrogate testing to prove efficacy and compli-
ance is getting more acceptance at regulatory agen-
cies; in my experience, a well-designed dissolution 
test is the best measure of continuous compliance. 
Coupled with chapters on waivers of bioequiva-
lence testing, this information on dissolution testing 
should be of great value to all manufacturers; it is 
recommended that manufacturers develop their own 
in-house specifications, more stringent than those 
allowed in these listings and the USP.

http://www.fda.gov
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 16. Best-selling products (top 200 prescription prod-
ucts) are identified with an asterisk and a brand 
name where applicable; in all instances, the compo-
sition of these products is provided along with the 
formulation of generic equivalents. Despite the vast 
expansion of pharmaceutical sales and shifting of 
categories of blockbuster drugs, basic drugs affect-
ing the gastrointestinal tract, vascular system, and 
brain remain most widely prescribed.

 17. An updated list of approved coloring agents in the 
United States, Canada, European Union, and Japan 
is included to allow manufactures to design products 
for worldwide distribution.

 18. Tablet-coating formulations that meet worldwide 
requirements of color selection are included in the 
Volume 1 (compressed solids) and Volume 5 (OTC) 
because these represent the products often coated.

 19. Guidelines on preparing regulatory filings are now 
dispersed throughout the series depending on where 
these guidelines are more crucial. However, the 
reader would, as before, need access to all volumes 
to benefit from the advice and guidelines provided.

As always, comments and criticism from the readers are 
welcomed and these can be sent to me at Niazi@pharmsci.
com or Niazi@niazi.com. I would try to respond to any inqui-
ries requiring clarification of the information enclosed in 
these volumes.

I would like to express deep gratitude to Sherri R. Niziolek 
and Michelle Schmitt-DeBonis at Informa, the publisher of 
this work, for seeing an immediate value to the readers in 
publishing the second edition of this book and allowing me 
enough time to prepare this work. The diligent editing and 
composing staff at Informa, particularly Joseph Stubenrauch, 
Baljinder Kaur, and others are highly appreciated. Regardless, 
all errors and omissions remain altogether mine.

In the first edition, I had dedicated each volume to one of 
my mentors; the second edition continues the dedication to 
these great teachers.

Sarfaraz K. Niazi, Ph.D.
Deerfield, Illinois, U.S.A.
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Preface to the Series—First Edition
No industry in the world is more highly regulated than the 
pharmaceutical industry because of the potential threat to a 
patient’s life from the use of pharmaceutical products. The 
cost of taking a new chemical entity (amortized over the cost 
of all molecules racing) to final regulatory approval is a stag-
gering $800 million, making the pharmaceutical industry one 
of the most research-intensive industries in the world. In the 
year 2004, it is anticipated that the industry will spend about 
$20 billion on research and development. The generic mar-
ket of drugs as the new entities come off patent is one of the 
fastest growing segments of the pharmaceutical industry, with 
every major multinational company having a significant pres-
ence in this field.

Whereas many stages of new drug development are inher-
ently constrained with time, the formulation of drugs into 
desirable dosage forms remains an area where expediency 
can be practiced with appropriate knowledge by those who 
have mastered the skills of pharmaceutical formulations. The 
Handbook of Pharmaceutical Manufacturing Formulations is 
the first major attempt to consolidate the available knowledge 
about formulations in a comprehensive and, by nature, rather 
voluminous presentation.

The book is divided into six volumes, based strictly on 
the type of formulation science involved in the development 
of these dosage forms: sterile products, compressed solids, 
uncompressed solids, liquid products, semisolid products, and 
OTC products. The separation of OTC products, even though 
they may easily fall into one of the other five categories, is 
made to comply with the industry norms of separate research 
divisions for OTC products. Sterile products require skills 
related to the sterilization of product, and of less importance 
is the bioavailability issue, which is an inherent problem of 

compressed dosage forms. These types of considerations have 
led to the classification of products into these six categories.

Each volume includes a description of regulatory filing 
techniques for the formulations described. Also included are 
the current regulatory guidelines on cGMP compliance spe-
cific to the dosage form. Advice is offered on how to scale up 
the production batches.

It is expected that formulation scientists will use this infor-
mation to benchmark their internal development protocols and 
cut the race to file short by adopting formulae that have sur-
vived the test of time. Many of us who have worked in the 
pharmaceutical industry suffer from a close paradigm when it 
comes to selecting formulations—“not invented here” perhaps 
reigns in the mind of many seasoned formulations scientists 
subconsciously when they prefer to choose only a certain plat-
form for development. It is expected that with the quick review 
of possibilities available to formulate made available in this 
book, scientists will benefit from the experience of others.

For the teachers of formulation sciences, this series offers a 
wealth of information. Whether it is a selection of a preserva-
tive system or the choice of a disintegrant, the series offers a 
wide choice to study and rationalize.

Many have assisted me in the development of this work 
that has taken years to compile, and I thank scores of my 
graduate students and colleagues for their help. A work of this 
size cannot be produced without errors, although I hope that 
these errors do not distract the reader from the utility of the 
book. I would sincerely appreciate if readers point out these 
mistakes for corrections in future editions.

Sarfaraz K. Niazi, Ph.D.
Deerfield, Illinois, U.S.A.
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Preface to the Volume—First Edition
Uncompressed solid products formulations comprise aggre-
gates of powders, such as powders for topical application, for 
use as insufflations, and for extemporaneous suspensions, as 
well as hard gelatin capsules or any other form wherein the final 
form is not compressed. The rationale for this clear demar-
cation of formulations based on their state of aggregation is 
important to understand. Whereas compressed solid products 
require formulation components to render them compressible 
while allowing free flow into compression cavities, such con-
siderations are of lesser importance for uncompressed solid 
products. (The flow requirement, nevertheless, stays because 
the powders must be forced into capsule shells or poured into 
bottles or other packaging forms.) Uncompressed solid prod-
ucts, on the other hand, offer their own set of formulation 
problems related to the segregation of powders due to static 
charges, environmental contamination during the filling pro-
cess, and inevitable problems in wetting and dissolution, thus 
leading to possible bioavailability problems in vivo. In the 
series of steps that determine the ultimate dissolution of the 
product, however, uncompressed solid products are one criti-
cal step ahead of compressed solid products—disintegration. 
The formulator is advised to read Chapter 4 of this volume, 
which discusses guidelines on the waiver of bioavailability 
requirements. Substantial development costs can be reduced 
when a drug undergoes fast dissolution, and these consider-
ations must therefore be part of any new formulation effort. 
The reader is also referred to Volume 1 of this series where 
current and proposed bioavailability guidelines are provided.

Chapter 1 addresses the fundamental issues of good man-
ufacturing practices (GMPs). The chapter provides access 
addresses to all major guidelines around the world and also 
highlights the U.S. Food and Drug Administration (FDA) 
guidelines. A discussion of the most recent changes in the 
philosophy of establishing the GMP guidelines based on risk 
assessment is addressed in this chapter as well.

Chapter 2 presents a more recent discussion of how the 
U.S. FDA inspectors are supposed to conduct inspections; this 
topic is of continuous importance to all drug manufacturers. 
Although it is included in this volume, the guidelines apply to 
all dosage forms.

Chapter 3 discusses the topic of bioequivalence and bio-
availability of solid products. Although this is discussed more 
thoroughly in Volume 1, the emphasis in Chapter 3 is placed 
on the guidelines to request a waiver of bioavailability/bio-
equivalence testing; this is something of great importance to 
both the innovator and the generic drug manufacturer.

Chapter 4 highlights the manufacturing aspects of uncom-
pressed drugs as well as various topics of general and specific 
interest.

Part II provides formulations for more than 400 phar-
maceutical products. Included in part are not only the cur-
rently approved products but also several innovative products 
such as small proteins, instantly liquefiable powders, and 

nanoparticles. Formulators are strongly urged to review the 
methodologies described here to serve as a reference point for 
their own formulations. Some combination products or dos-
age forms are described that are not currently approved by 
the FDA (i.e., not included in the Orange Book), and they may 
be in the development phase or in experimental phases. As is 
always the case, it is the responsibility of the manufacturer to 
ensure that the formulations used in the production do not vio-
late any intellectual property or proprietary practice laws. The 
most effective means of establishing this is through a study 
of the Orange Book, which lists the exclusivities and un-
expired patents. The patent numbers provided in the Orange 
Book should then be searched for collateral patents, the FDA 
freedom of information (FOI) database, and other literature 
to ensure that the intellectual or proprietary property rights 
are not violated.

Whereas coating solutions are not as important as in the 
case of compressed solids, nevertheless, some capsules are 
coated and the granules that are filled in capsules for sus-
tained or timed release are coated, utilizing nonpareil sugar 
beads most often. The coating solutions are described here, 
but the reader is further referred to Volume 1 for a detailed 
description of coating solutions that can be easily adapted to 
the product intended for formulation into a sustained release 
profile. Whereas some forms of powders are meant to be ster-
ile, the sterility considerations are discussed in Volume 6.

The subject of powder technology is vast, with applications 
in many fields. The serious reader is referred to the journal 
Advanced Powder Technology (http: //www .vspp ub.co m/
jou rnals /jn-A dvPow Tec.h tml).  Such advances as inhalation 
insulin in a powder form and the new science of nanopar-
ticles open a new phase of pharmaceutical research and 
development. Nanotechnology describes the ability to cre-
ate new materials from building blocks the size of an atom 
cluster. Nanomaterials are powders and materials optimized 
at the nanoscale (10–9 m or a billionth of a meter in size). 
Nanopowders consist of particles with dimensions that can be 
measured by X-ray crystallography to be a few hundred atoms 
in diameter.

The formulations are presented in this volume with a 
scale for each unit: per capsule or per unit dose of powder. 
Quantities are expressed for 1000 units. Sometimes, however, 
a different presentation is chosen for simplicity and clarity. It 
is often customary for manufacturers to scale formulae for a 
specific weight, such as 100 or 1000 kg to match the mixing 
vessel requirements. This can be done roughly by multiply-
ing the weight of each capsule or unit powder by the quantity 
desired to calculate the size of the batch. The reader should 
be aware that the actual yield may be different because of 
differences in the scale and quantity due to differences in 
the chemical form of drugs used, excesses added, and loss 
of moisture during manufacturing. Further, adjustment of 
quantity based on potency of raw material, where pertinent, 

http://www.vsppub.com
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changes the quantity requirements. Most of these products are 
identified in this volume by a brief description before the list-
ing of the Bill of Materials, which may not necessarily repre-
sent the commercially available dosage form; the description 
includes details of the commercial product.

A distinctive feature of this volume is the identification and 
inclusion of the most often approved capsules and powders in 
the United States. It is noteworthy that in the preparation of 
an abbreviated new drug application (ANDA), it is important 
for both regulatory and scientific reasons to keep the selec-
tion of excipients as close as possible to the innovator’s prod-
uct. The listing provided here includes every excipient used 
in the innovator listing and quantitative formulae in several 
instances. Whereas, in most instances, sufficient details are 
provided to assist in the formulation of a generic equivalent 
with exact quantities of excipients and conditions appropri-
ate for processing, the examples provided for other drugs of 
a similar type should be sufficient for an astute formulator to 
develop quickly these formulations. Should there be a need for 
assistance in finalizing the formulations, however, the reader 
is invited, without any obligation, to write to the author at 
niazi@pharmsci.com. It should be emphasized that manufac-
turers frequently use colored capsule shells to identify their 
products and often imprint them with logos or other identifi-
cation marks. It is important to understand that the coloring 
dyes are not universally approved and, in some instances, may 
form the basis for a trademark. The formulator is advised to 
investigate this aspect carefully; nevertheless, in most formu-
lations, the dyes used are disclosed.

Whereas the science and the art of formulations remain 
within the domain of experienced hands, the wide dissemina-
tion of information about drug formulation compositions and 
problems related to them makes it easier for one to design 
excellent benchmarked formulations. The web site of the U.S. 
FDA (http: //www.fda.gov) remains one of the best sources of 
information. At times, however, commercial sources of data-
bases, particularly the details that come under the Freedom 
of Information Act, can be more useful (e.g., http: //www.
foiservices.com/). No endorsement is intended here for any 
company or resource.

I am grateful to CRC Press I LLC for taking the lead in 
publishing what is possibly the largest such work in the field of 
pharmaceutical manufacturing. It has been a distinct privilege 
to have known Stephen Zollo, senior editor at CRC Press, for 
years. Stephen has done more than any editor I have known 
to encourage me to complete this work on a timely basis. 
The editorial assistance provided by the CRC Press staff was 
indeed exemplary, particularly the assistance of Erika Dery, 
Samar Haddad, and others at CRC Press. Although much care 
has gone into correcting errors, any remaining errors are alto-
gether mine. The reader is encouraged to bring any errors to 
my attention so that I may make corrections in future editions 
of this volume (niazi@pharmsci.com).

This book is dedicated to Takeru Higuchi. Higuchi was a 
university regents distinguished professor of pharmaceutical 
chemistry and chemistry at Kansas University, and the found-
ing chair of the department of pharmaceutical chemistry. He 
was known for the first systematic application of chemical 
principles to drug design, delivery, and analysis. His scientific 
accomplishments earned him the informal title of “father of 
physical pharmacy.” Higuchi died in 1987. A famous quote of 
Tak Higuchi is that “It is merely a matter of orderly thinking 
… and a little organization.” One of his admirers notes, “His 
uniqueness is that he can look into the future and see things and 
imagine things that most of us cannot. Higuchi has the ability 
to identify what will be important in the future—that is his 
genius.” I met Tak several times during my teaching career and 
heard a lot more about him from my colleagues and teachers 
who worked with him directly. (It was rumored that he wrote 
the entire logarithmic table when flying to Japan because he 
needed to solve an equation.) I learned much of my science 
by reading Tak’s papers, which are full of insight and fresh 
approaches to old problems. He was also a good businessman 
and a wonderful role model for industry–academia partner-
ship. His aura is inspiring and his presence overwhelming even 
though he is not among us anymore. People like Tak Higuchi 
are rare in any profession; we were just lucky to have him.

Sarfaraz K. Niazi, Ph.D.
Deerfield, Illinois, U.S.A.
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U.S. FDA Good Manufacturing Practices

I.  INTRODUCTION

Good Manufacturing Practices (GMPs) is a universal concept 
with a dual purpose: to make pharmaceutical products both 
safe and consistent in their effectiveness. Remarkable changes 
are taking place in the basic approach to achieve these goals. 
The key regulations and guidelines for the manufacturing 
of finished pharmaceuticals (as opposed to raw material or 
active ingredient manufacturing) in this respect are

 1. 21 Code of Federal Regulations, Parts 210 and 211 
(Part 210—Current Good Manufacturing Practice 
in Manufacturing, Processing, Packing, or Holding 
of Drugs; General Part 211—Current Good 
Manufacturing Practice for Finished Pharmaceuticals) 
http: //www .fda. gov/c der/d mpq/c gmpre gs.ht m

 2. The World Health Organization (WHO): Quality 
Assurance of Pharmaceuticals: A compendium of 
guidelines and related materials, Volume 2, Good 
Manufacturing Practices and Inspection http: //www 
.who. int/m edici nes/a reas/ quali ty_sa fety/ quali ty_as 
suran ce/pr oduct ion/e n/ind ex.ht ml

 3. The Rules Governing Medicinal Products in the 
European Union: Volume 4, Good Manufacturing 
Practices http: //ec. europ a.eu/ enter prise /phar maceu 
tical s/eud ralex /vol4 _en.h tm

 4. The European Agency for the Evaluation of 
Medicinal Products—International Conference on 
Harmonization (ICH) Guidelines http: //www .emea 
.euro pa.eu /Insp ectio ns/GM Phome .html 

 5. Health Products and Food Branch Inspectorate of 
Canada. Good Manufacturing Practices Guide lines 
—http ://ww w.hc- sc.gc .ca/d hp-mp s/com pli-c onfor m/
gmp -bpf/ guide -ld-2 002/i ndex- eng.p hp

 6. Therapeutic Goods Administration, Government of 
Australia—Australian Code for Good Manufacturing 
Practice http: //www .tga. gov.a u/doc s/htm l/gmp codau 
.htm

Though there are many common elements among the 
approach to GMP taken by the worldwide drug regulatory 
guidelines, there remains a major difference between the 
approvals awarded in the United States vis-a-vis Europe and 
the rest of the world. The U.S. Food and Drug Administration 
(FDA) inspection is triggered only when an application for 
marketing authorization has been submitted to the FDA. If 
the FDA chooses to inspect a facility—the so-called pre-
approval inspection (PAI)—the company is so advised and 
the approval of the pending New Drug Application (NDA) 
or abbreviated New Drug Application (aNDA) is delayed 
until the inspection is completed. The main focus of PAI is to 

establish if the applicant firm is capable of manufacturing a 
safe product, the issues relating to efficacy, dosing, and label 
copy being reviewed by the agency office in Washington, D.C. 
It is important to realize that all documents labeled as guide-
lines remain guidelines and the FDA inspectors are not bound 
by any specifications, requirements, or designs suggested in 
the current Good Manufacturing Practices (cGMP) docu-
ments. In almost all instances, the FDA inspector visiting a 
facility for the first time would take time to explain this to 
the technical team that receives the inspection team. “We are 
not bound by the CGMP guidelines because these meant to 
guide you and not bind us.” This comes as a surprise to many 
who may have otherwise worked out each and every recom-
mendation made in the guideline. In several places, the reader 
will find the instructions given to the inspection team on what 
to inspect and how to inspect it and these should be studied 
carefully. Since PAI is related to a specific product and not to 
the entire facility, the focus of inspection remains the submit-
ted aNDA or NDA and the facility involved in the manufac-
turing of that specific product. Except for those systems that 
directly impinge on the quality of the submitted product, the 
FDA inspectors would generally keep out of other areas. For 
example, if the submitted application is a sterile product, the 
FDA inspection will be limited to the facility filling sterile 
products. Common elements of warehousing, QC, QA are 
however always part of any inspection.

The focus of PAI is to establish the robustness of the firm’s 
QA systems that will allow consistent production of a safe 
product, meaning the product is free from contamination, 
complies with the listed specifications, and is packed such 
as to allow it to reach the consumer with sufficient shelf-life 
remaining. It is not unusual for the PAI team to perform a more 
in-depth audit of the document trail and a more superficial 
inspection of the physical facility. (The EDQM/EMEA and 
WHO inspections are mostly facility intensive.) Generally, 
the PAI team will ensure that the standard operating proce-
dures (SOPs) as written by the firm are followed faithfully 
and that those involved in assuring the safety guarantee of the 
product are properly trained.

Whereas the FDA’s PAI results in approval of the marketing 
authorization application, the facility is not declared compli-
ant except for the product for which the inspection was made; 
thus it is a misnomer to call a firm, “FDA-approved.” The U.S. 
FDA does not approve facilities, it approves products. The 
WHO audits can result in awarding a facility preapproval to 
submit for bids on WHO contracts as a GMP-certified facility.

II.  U.S. FDA CGMP GUIDELINES

The U.S. FDA oversees the quality of drug products using 
a two-pronged approach including a review of information 
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submitted in applications as well as an inspection of manufac-
turing facilities for conformance to requirements for cGMPs. 
These two programs have served the United States well by 
helping to ensure the quality of drug products available. Now, 
as we approach the 25th anniversary of the last major revision 
to the drug cGMP regulations, the U.S. FDA has undertaken a 
program to overhaul the entire process of cGMP compliance 
so that

• The most up-to-date concepts of risk management 
and quality systems approaches are incorporated 
while continuing to ensure product quality

• The latest scientific advances in pharmaceutical 
manufacturing and technology are encouraged

• The submission review program and the inspection pro-
gram operate in a coordinated and synergistic manner

• Regulation and manufacturing standards are applied 
consistently

• Management of the program encourages innovation 
in the pharmaceutical manufacturing sector

• FDA resources are used most effectively and effi-
ciently to address the most significant health risks

Over the last two decades, significant changes in the environ-
ment of pharmaceutical regulation have occurred and have 
resulted in incremental adjustments in the FDA’s regulatory 
approach to product quality. These changes include:

• Increased number of pharmaceutical products and a 
greater role of medicines in health care

• Decreased frequency of FDA manufacturing inspec-
tions as a result of fewer resources available for phar-
maceutical manufacturing inspections

• The FDA’s accumulation of experience with, and les-
sons learned from, various approaches to the regula-
tion of product quality

• Advances in the pharmaceutical sciences and manu-
facturing technologies

• Application of biotechnology in drug discovery and 
manufacturing

• Advances in the science and management of quality
• Globalization of the pharmaceutical industry

The cumulative impact of these changes has been greater 
than the sum of the parts and warrants a systematic reap-
praisal of the FDA’s approaches to product quality regulation. 
The following principles will guide implementation of the 
reappraisal:

Risk-based orientation—To provide the most effec-
tive public health protection, the FDA must match 
its level of effort against the magnitude of risk. 
Resource limitations prevent uniformly intensive 
coverage of all pharmaceutical products and produc-
tion. Although the agency has been implementing 
risk-based programs, a more systematic and rigorous 
risk-based approach will be developed.

Science-based policies and standards—Significant 
advances in pharmaceutical sciences and in manu-
facturing technologies have occurred over the last 
two decades. Although this knowledge has been 
incorporated in an ongoing manner into the FDA’s 
approach to product quality regulation, the funda-
mental nature of the changes dictates a thorough 
evaluation of the science base to ensure that product 
quality regulation not only incorporates up-to-date 
science, but also encourages further advances in 
technology. Recent science can also contribute sig-
nificantly to assessment of risk.

Integrated quality systems orientation—Principles 
from various innovative approaches to manufac-
turing quality that have been developed in the past 
decade will be evaluated for applicability, and cGMP 
requirements and related preapproval requirements 
will be evaluated according to applicable principles. 
In addition, interaction of the premarket chemistry, 
manufacturing, and control (CMC) review process 
and the application of cGMP requirements will be 
evaluated as an integrated system.

International cooperation—The globalization of 
pharmaceutical manufacturing requires a global 
approach to regulation. The FDA will collaborate 
with other regulatory authorities via the International 
Conference on Harmonization and other venues.

Strong public health protection—The initiative will 
strengthen the public health protection achieved by 
the FDA’s regulation of drug product manufactur-
ing and will not interfere with strong enforcement 
of the existing regulatory requirements, even as we 
are examining and revising our approach to these 
programs.

To accomplish the reappraisal, the FDA will carry out the fol-
lowing broad actions.

• Perform an external review of the existing cGMP 
program and product review practices, includ-
ing an evaluation of potential inconsistencies in 
implementation.

• Reassess and reevaluate our current scientific 
approach to both the product review process and the 
cGMP program to achieve a consistent, integrated 
systems approach to product quality regulation.

• Enhance the scientific approach of cGMPs to empha-
size risk-based control point analysis and to facilitate 
the latest innovations in pharmaceutical engineering.

The following immediate steps are planned.

• Holding scientific workshops with key stakeholders
• Enhancing expertise in pharmaceutical technolo-

gies (e.g., pharmaceutical engineering and industrial 
pharmacy) by additional training and hiring, and by 
leveraging external expertise
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• Encouraging innovation within the existing framework 
of statutory provisions and regulations by allowing 
certain changes in the manufacturing process without 
prior review/approval (e.g., comparability protocols)

• Evaluating the optimal mechanisms to effectively 
and efficiently communicate deficiencies to indus-
try, including content, consistency, disclosure, and 
education

• Shifting the agency lead on the implementation of 
Part 11 to Center for Drug Evaluation and Research 
(CDER), with continued involvement from the other 
centers of the FDA and the Office of Regulatory Affairs

• Including product specialists, as needed, as a part of 
inspection teams

• Having centers provide a scientific and technical 
review of all drug cGMP warning letters

• Developing a technical dispute resolution process 
that integrates technical experts from the centers and 
addresses perceived inconsistencies between centers

• Emphasizing a risk-based approach in the work plan-
ning process

• Improving the operations of team biologics of the 
Center for Biological Evaluation and Research

Intermediate steps are 

• using emerging science and data analysis to enhance 
compliance programs to target the highest risk areas,

• evaluating the feasibility of establishing dedicated 
cadres of pharmaceutical inspectors

Long-term steps are

• enhancing training of agency staff on new scientific 
approaches and innovative pharmaceutical manufac-
turing technology,

• developing and publishing policies and proce-
dures reflecting a science-based risk management 
approach,

• educating industry on new regulatory approaches 
that encourage innovation

In conclusion, the industry must keep a close watch on these 
developments as new cGMP guidelines are drafted by the 
U.S. FDA. This is particularly important for the new start-ups 
wherein much of what the FDA would like to see in the future 
can be readily provided. Whereas it is anticipated that the 
FDA will loosen its noose on some of the less risky aspects of 
cGMP, greater emphasis will be placed on protecting patients 
when high-risk drugs are involved. The basic guidelines, how-
ever, are here to stay and an overview of these fundamental 
concepts is presented next.

A.  GenerAl Provisions

Title 21 of CFR Parts 210 and 211 describes the current GMP 
practices; this chapter contains the guidelines current as of 

2007 and their amendments current as of 2008. Section 211.1, 
“Scope,” states:

“The regulations in this part contain the minimum current 
good manufacturing practice for preparation of drug prod-
ucts for administration to humans or animals. Pending con-
sideration of a proposed exemption, published in the Federal 
Register of September 29, 1978, the requirements in this part 
shall not be enforced for over-the-counter (OTC) drug prod-
ucts if the products and all their ingredients are ordinarily 
marketed and consumed as human foods, and which products 
may also fall within the legal definition of drugs by virtue of 
their intended use.”

Periodically, the FDA issues amendments, specific prod-
uct instructions, and other labeling or manufacturing require-
ments for a variety of drugs. The reader is advised to consult 
these guidelines routinely. In light of substantial changes 
made to these guidelines, it is further advised that instead of 
comparing these guidelines with the older version, the com-
panies discard the old guidelines and adopt the following 
document in their standard operating procedures.

Manufacturers who have experience in routine FDA 
inspections as well as special inspections know well that all 
of these documents are labeled as guidelines, which literally 
means that the FDA inspectors are not bound by these—
these are merely guidelines. In every instance the purpose of 
inspection is to ensure that the manufacturer is capable of pro-
ducing a safe product, the efficacy being already established 
through the filing of the NDA or aNDA.

Part 210—cGMP in Manufacturing, Processing, 
Packaging, or Holding of Drugs; General

210.1 Status of cGMP regulations
210.2 Applicability of cGMP regulations
210.3 Definitions
210.1 Status of cGMP regulations

 a. The regulations set forth in this part and in parts 
211 through 226 in the FDA guidelines contain 
the minimum cGMP for methods to be used in 
and the facilities or controls to be used for the 
manufacture, processing, packing, or holding 
of a drug to ensure that such drug meets the 
requirements of the act as to safety and has the 
identity and strength and meets the quality and 
purity characteristics that it purports or is repre-
sented to possess.

 b. The failure to comply with any regulation set 
forth in this part and in parts 211 through 226 in 
the FDA guidelines in the manufacture, process-
ing, packing, or holding of a drug shall render 
such drug to be adulterated under section 501(a)
(2)(B) of the act and such drug, as well as the 
person who is responsible for the failure to com-
ply, shall be subject to regulatory action.

 c. Owners and operators of establishments 
engaged in the recovery; donor screening; 
testing (including donor testing); processing; 
storage; labeling; packaging; or distribution 
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of human cells, tissues, and cellular and tis-
sue-based products (HCT/Ps), as defined in 
1271.3(d) of this chapter, that are drugs (subject 
to review under an application submitted under 
section 505 of the act or under a biological prod-
uct license application under section 351 of the 
Public Health Service Act), are subject to the 
donor eligibility and applicable current good 
tissue practice procedures set forth in part 1271 
subparts C and D of this chapter, in addition 
to the regulations in this part and in parts 211 
through 226 in the FDA guidelines. Failure to 
comply with any applicable regulation set forth 
in this part, in parts 211 through 226 in the 
FDA guidelines, in part 1271 subpart C of this 
chapter, or in part 1271 subpart D of this chap-
ter with respect to the manufacture, processing, 
packing or holding of a drug, renders an HCT/P 
adulterated under section 501(a)(2)(B) of the 
act. Such HCT/P, as well as the person who is 
responsible for the failure to comply, is subject 
to regulatory action.

210.2 Applicability of cGMP regulations
 a. The regulations in this part and in parts 211 

through 226 in the FDA guidelines as they may 
pertain to a drug; in parts 600 through 680 of 
this chapter as they may pertain to a biological 
product for human use; and in part 1271 of this 
chapter as they are applicable to a HCT/P that 
is a drug (subject to review under an application 
submitted under section 505 of the act or under a 
biological product license application under sec-
tion 351 of the Public Health Service Act); shall 
be considered to supplement, not supersede, each 
other, unless the regulations explicitly provide 
otherwise. In the event of a conflict between 
applicable regulations in this part and in other 
parts of this chapter, the regulation specifically 
applicable to the drug product in question shall 
supersede the more general.

 b. If a person engages in only some operations sub-
ject to the regulations in this part, in parts 211 
through 226 in the FDA guidelines, in parts 600 
through 680 of this chapter, and in part 1271 of 
this chapter, and not in others, that person need 
only comply with those regulations applicable to 
the operations in which he or she is engaged.

210.3 Definitions
 a. The definitions and interpretations contained in 

section 201 of the act shall be applicable to such 
terms when used in this part and in parts 211 
through 226 in the FDA guidelines.

 b. The following definitions of terms apply to this 
part and to parts 211 through 226 in the FDA 
guidelines.

 1. Act means the Federal Food, Drug, and Cosmetic 
Act, as amended (21 USC 301 et seq.).

 2. Batch means a specific quantity of a drug or 
other material that is intended to have uni-
form character and quality, within specified 
limits, and is produced according to a single 
manufacturing order during the same cycle 
of manufacture.

 3. Component means any ingredient intended 
for use in the manufacture of a drug product, 
including those that may not appear in such 
drug product.

 4. Drug product means a finished dosage form, 
for example, tablet, capsule, solution that 
contains an active drug ingredient gener-
ally, but not necessarily, in association with 
inactive ingredients. The term also includes 
a finished dosage form that does not contain 
an active ingredient but is intended to be 
used as a placebo.

 5. Fiber means any particulate contaminant 
with a length at least three times greater than 
its width.

 6. Non-fiber-releasing filter means any filter, 
which after any appropriate pretreatment, 
such as washing or flushing, will not release 
fibers into the component or drug product 
that is being filtered. All filters composed 
of asbestos are deemed to be fiber-releasing 
filters.

 7. Active ingredient means any component 
that is intended to furnish pharmacological 
activity or other direct effect in the diagno-
sis, cure, mitigation, treatment, or preven-
tion of disease, or to affect the structure or 
any function of the body of man or other 
animals. The term includes those compo-
nents that may undergo chemical change in 
the manufacture of the drug product and are 
present in the drug product in a modified 
form intended to furnish the specified activ-
ity or effect.

 8. Inactive ingredient means any component 
other than an active ingredient.

 9. In-process material means any material fab-
ricated, compounded, blended, or derived by 
chemical reaction that is produced for, and 
used in, the preparation of the drug product.

 10. Lot means a batch, or a specific identified 
portion of a batch, having uniform character 
and quality within specified limits; or, in the 
case of a drug product produced by continu-
ous process, it is a specific identified amount 
produced in a unit of time or quantity in a 
manner that ensures its having uniform char-
acter and quality within specified limits.

 11. Lot number, control number, or batch number 
means any distinctive combination of letters, 
numbers, or symbols, or any combination of 



7Regulatory and Manufacturing Guidelines 

them, from which the complete history of 
the manufacture, processing, packing, hold-
ing, and distribution of a batch or lot of drug 
product or other material can be determined.

 12. Manufacture, processing, packing, or hold-
ing of a drug product includes packaging and 
labeling operations, testing, and quality con-
trol of drug products.

 13. The term medicated feed means any Type 
B or Type C medicated feed as defined in 
558.3 in the FDA guidelines. The feed con-
tains one or more drugs as defined in section 
201(g) of the act. The manufacture of medi-
cated feeds is subject to the requirements of 
part 225 in the FDA guidelines.

 14. The term medicated premix means a Type A 
medicated article as defined in 558.3 in the 
FDA guidelines. The article contains one or 
more drugs as defined in section 201(g) of 
the act. The manufacture of medicated pre-
mixes is subject to the requirements of part 
226 in the FDA guidelines.

 15. Quality control unit means any person or 
organizational element designated by the 
firm to be responsible for the duties relating 
to quality control.

 16. Strength means
 i. the concentration of the drug substance 

(e.g., weight/weight, weight/volume, or 
unit dose/volume basis) and/or

 ii. the potency, that is, the therapeutic 
activity of the drug product as indicated 
by appropriate laboratory tests or by 
adequately developed and controlled 
clinical data (expressed, e.g., in terms 
of units by reference to a standard).

 17. Theoretical yield means the quantity that 
would be produced at any appropriate phase 
of manufacture, processing, or packing 
of a particular drug product, based upon 
the quantity of components to be used, in 
the absence of any loss or error in actual 
production.

 18. Actual yield means the quantity that is actu-
ally produced at any appropriate phase of 
manufacture, processing, or packing of a 
particular drug product.

 19. Percentage of theoretical yield means the 
ratio of the actual yield (at any appropriate 
phase of manufacture, processing, or pack-
ing of a particular drug product) to the theo-
retical yield (at the same phase), stated as a 
percentage.

 20. Acceptance criteria means the product spec-
ifications and acceptance/rejection criteria, 
such as acceptable quality level and unac-
ceptable quality level, with an associated 

sampling plan, that are necessary for mak-
ing a decision to accept or reject a lot or 
batch (or any other convenient subgroups of 
manufactured units).

 21. Representative sample means a sample that 
consists of a number of units that are drawn 
based on rational criteria such as random 
sampling and intended to ensure that the 
sample accurately portrays the material 
being sampled.

 22. Gang-printed labeling means labeling 
derived from a sheet of material on which 
more than one item of labeling is printed.

Part 211—cGMP for Finished Pharmaceuticals
Subpart A—General Provisions

211.1 Scope
211.3 Definitions

Subpart B—Organization and Personnel
211.22 Responsibilities of quality control unit
211.25 Personnel qualifications
211.28 Personnel responsibilities
211.34 Consultants

Subpart C—Buildings and Facilities
211.42 Design and construction features
211.44 Lighting
211.46 Ventilation, air filtration, air heating and cooling
211.48 Plumbing
211.50 Sewage and refuse
211.52 Washing and toilet facilities
211.56 Sanitation
211.58 Maintenance

Subpart D—Equipment
211.63 Equipment design, size, and location
211.65 Equipment construction
211.67 Equipment cleaning and maintenance
211.68 Automatic, mechanical, and electronic equipment
211.72 Filters

Subpart E—Control of Components and Drug Product 
Containers and Closures

211.80 General requirements
211.82 Receipt and storage of untested components, 

drug product containers, and closures
211.84 Testing and approval or rejection of components, 

drug product containers, and closures
211.86 Use of approved components, drug product con-

tainers, and closures
211.87 Retesting of approved components, drug product 

containers, and closures
211.89 Rejected components, drug product containers, 

and closures
211.94 Drug product containers and closures
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Subpart F—Production and Process Controls
211.100 Written procedures; deviations
211.101 Charge-in of components
211.103 Calculation of yield
211.105 Equipment identification
211.110 Sampling and testing of in-process materials 

and drug products
211.111 Time limitations on production
211.113 Control of microbiological contamination
211.115 Reprocessing

Subpart G—Packaging and Labeling Control
211.122 Materials examination and usage criteria
211.125 Labeling issuance
211.130 Packaging and labeling operations
211.132 Tamper-evident packaging (TEP) requirements 

for OTC human drug products
211.134 Drug product inspection
211.137 Expiration dating

Subpart H—Holding and Distribution
211.142 Warehousing procedures
211.150 Distribution procedures

Subpart I—Laboratory Controls
211.160 General requirements
211.165 Testing and release for distribution
211.166 Stability testing
211.167 Special testing requirements
211.170 Reserve samples
211.173 Laboratory animals
211.176 Penicillin contamination

Subpart J—Records and Reports
211.180 General requirements
211.182 Equipment cleaning and use log
211.184 Component, drug product container, closure, 

and labeling records
211.186 Master production and control records
211.188 Batch production and control records
211.192 Production record review
211.194 Laboratory records
211.196 Distribution records
211.198 Complaint files

Subpart K—Returned and Salvaged Drug Products
211.204 Returned drug products
211.208 Drug product salvaging

Subpart A—General Provisions
211.1 Scope

 a. The regulations in this part contain the mini-
mum cGMP for preparation of drug products for 
administration to humans or animals.

 b. The cGMP regulations in this chapter as they 
pertain to drug products; in parts 600 through 
680 in the FDA guidelines, as they pertain 

to drugs that are also biological products for 
human use; and in part 1271 of this chapter, as 
they are applicable to drugs that are also human 
cells, tissues, and cellular and tissue-based 
products (HCT/Ps) and that are drugs (subject 
to review under an application submitted under 
section 505 of the act or under a biological prod-
uct license application under section 351 of the 
Public Health Service Act); supplement and do 
not supersede the regulations in this part unless 
the regulations explicitly provide otherwise. In 
the event of a conflict between applicable regu-
lations in this part and in other parts in the FDA 
guidelines, or in parts 600 through 680 in the 
FDA guidelines, or in part 1271 in the FDA 
guidelines, the regulation specifically applicable 
to the drug product in question shall supersede 
the more general.

 c. Pending consideration of a proposed exemption, 
published in the federal register of September 
29, 1978, the requirements in this part shall 
not be enforced for OTC drug products if the 
products and all their ingredients are ordinarily 
marketed and consumed as human foods, and 
which products may also fall within the legal 
definition of drugs by virtue of their intended 
use. Therefore, until further notice, regulations 
under part 110 in the FDA guidelines, and where 
applicable, parts 113 to 129 in the FDA guide-
lines, shall be applied in determining whether 
these OTC drug products that are also foods are 
manufactured, processed, packed, or held under 
cGMP.

211.3 Definitions: The definitions set forth in 210.3 of 
this chapter apply in this part.

Subpart B—Organization and Personnel
211.22 Responsibilities of quality control unit

 a. There shall be a quality control unit that shall 
have the responsibility and authority to approve 
or reject all components, drug product contain-
ers, closures, in-process materials, packaging 
material, labeling, and drug products, and the 
authority to review production records to ensure 
that no errors have occurred or, if errors have 
occurred, that they have been fully investigated. 
The quality control unit shall be responsible for 
approving or rejecting drug products manufac-
tured, processed, packed, or held under contract 
by another company.

 b. Adequate laboratory facilities for the testing 
and approval (or rejection) of components, drug 
product containers, closures, packaging materi-
als, in-process materials, and drug products shall 
be available to the quality control unit.

 c. The quality control unit shall have the responsi-
bility for approving or rejecting all procedures or 
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specifications impacting on the identity, strength, 
quality, and purity of the drug product.

 d. The responsibilities and procedures applicable to 
the quality control unit shall be in writing; such 
written procedures shall be followed.

211.25 Personnel qualifications
 a. Each person engaged in the manufacture, pro-

cessing, packing, or holding of a drug product 
shall have education, training, and experience, 
or any combination thereof, to enable that per-
son to perform the assigned functions. Training 
shall be in the particular operations that the 
employee performs and in cGMP (including the 
cGMP regulations in this chapter and written 
procedures required by these regulations) as they 
relate to the employee’s functions.

 b. Training in cGMP shall be conducted by quali-
fied individuals on a continuing basis and with 
sufficient frequency to ensure that employees 
remain familiar with cGMP requirements appli-
cable to them.

 c. Each person responsible for supervising the 
manufacture, processing, packing, or holding of 
a drug product shall have the education, training, 
and experience, or any combination thereof, to 
perform assigned functions in such a manner as 
to provide assurance that the drug product has 
the safety, identity, strength, quality, and purity 
that it purports or is represented to possess.

 d. There shall be an adequate number of qualified 
personnel to perform and supervise the manu-
facture, processing, packing, or holding of each 
drug product.

211.28 Personnel responsibilities
 a. Personnel engaged in the manufacture, process-

ing, packing, or holding of a drug product shall 
wear clean clothing appropriate for the duties 
they perform. Protective apparel, such as head, 
face, hand, and arm coverings, shall be worn 
as necessary to protect drug products from 
contamination.

 b. Personnel shall practice good sanitation and 
health habits.

 c. Only personnel authorized by supervisory per-
sonnel shall enter those areas of the buildings 
and facilities designated as limited-access areas.

 d. Any person shown at any time (either by medi-
cal examination or supervisory observation) 
to have an apparent illness or open lesions that 
may adversely affect the safety or quality of drug 
products shall be excluded from direct contact 
with components, drug product containers, clo-
sures, in-process materials, and drug products 
until the condition is corrected or determined by 
competent medical personnel not to jeopardize 
the safety or quality of drug products. All per-
sonnel shall be instructed to report to supervisory 

personnel any health conditions that may have an 
adverse effect on drug products.

211.34 Consultants: Consultants advising on the manu-
facture, processing, packing, or holding of drug prod-
ucts shall have sufficient education, training, and 
experience, or any combination thereof, to advise on 
the subject for which they are retained. Records shall 
be maintained stating the name, address, and quali-
fications of any consultants and the type of service 
they provide.

Subpart C—Buildings and Facilities
211.42 Design and construction features

 a. Any building or buildings used in the manufac-
ture, processing, packing, or holding of a drug 
product shall be of suitable size, construction, 
and location to facilitate cleaning, maintenance, 
and proper operations.

 b. Any such building shall have adequate space 
for the orderly placement of equipment and 
materials to prevent mix-ups between different 
components, drug product containers, closures, 
labeling, in-process materials, or drug prod-
ucts, and to prevent contamination. The flow of 
components, drug product containers, closures, 
labeling, in-process materials, and drug prod-
ucts through the building or buildings shall be 
designed to prevent contamination.

 c. Operations shall be performed within specifi-
cally defined areas of adequate size. There shall 
be separate or defined areas or such other control 
systems for the firm’s operations as are neces-
sary to prevent contamination or mix-ups during 
the course of the following procedures.

 1. Receipt, identification, storage, and with-
holding from use of components, drug 
product containers, closures, and labeling, 
pending the appropriate sampling, test-
ing, or examination by the quality control 
unit before release for manufacturing or 
packaging;

 2. holding rejected components, drug product 
containers, closures, and labeling before 
disposition;

 3. storage of released components, drug prod-
uct containers, closures, and labeling;

 4. storage of in-process materials;
 5. manufacturing and processing operations;
 6. packaging and labeling operations;
 7. quarantine storage before release of drug 

products;
 8. storage of drug products after release;
 9. control and laboratory operations;
 10. aseptic processing, which includes as 

appropriate:
 i. floors, walls, and ceilings of smooth, 

hard surfaces that are easily cleanable;
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 ii. temperature and humidity controls;
 iii. an air supply filtered through high-

efficiency particulate air filters under 
positive pressure, regardless of whether 
flow is laminar or nonlaminar;

 iv. a system for monitoring environmental 
conditions;

 v. a system for cleaning and disinfecting 
the room and equipment to produce 
aseptic conditions;

 vi. a system for maintaining any equipment 
used to control the aseptic conditions.

 d. Operations relating to the manufacture, process-
ing, and packing of penicillin shall be performed 
in facilities separate from those used for other 
drug products for human use.

211.44 Lighting: Adequate lighting shall be provided in 
all areas.

211.46 Ventilation, air filtration, air heating and cooling
 a. Adequate ventilation shall be provided.
 b. Equipment for adequate control over air pres-

sure, microorganisms, dust, humidity, and tem-
perature shall be provided when appropriate for 
the manufacture, processing, packing, or holding 
of a drug product.

 c. Air filtration systems, including prefilters and 
particulate matter air filters, shall be used, when 
appropriate, on air supplies to production areas. 
If air is recirculated to production areas, mea-
sures shall be taken to control recirculation of 
dust from production. In areas where air con-
tamination occurs during production, there shall 
be adequate exhaust systems or other systems 
adequate to control contaminants.

 d. Air-handling systems for the manufacture, 
processing, and packing of penicillin shall be 
completely separate from those for other drug 
products for human use.

211.48 Plumbing
 a. Potable water shall be supplied under continu-

ous positive pressure in a plumbing system free 
of defects that could contribute contamination 
to any drug product. Potable water shall meet 
the standards prescribed in the Environmental 
Protection Agency’s Primary Drinking Water 
Regulations set forth in 40 CFR part 141. Water 
not meeting such standards shall not be permit-
ted in the potable water system.

 b. Drains shall be of adequate size and, where con-
nected directly to a sewer, shall be provided with 
an air break or other mechanical device to pre-
vent back-siphonage.

211.50 Sewage and refuse: Sewage, trash, and other 
refuse in and from the building and immediate prem-
ises shall be disposed of in a safe and sanitary manner.

211.52 Washing and toilet facilities: Adequate washing 
facilities shall be provided, including hot and cold 

water, soap or detergent, air driers or single-service 
towels, and clean toilet facilities easily accessible to 
working areas.

211.56 Sanitation
 a. Any building used in the manufacture, process-

ing, packing, or holding of a drug product shall 
be maintained in a clean and sanitary condition, 
Any such building shall be free of infestation by 
rodents, birds, insects, and other vermin (other 
than laboratory animals). Trash and organic 
waste matter shall be held and disposed of in a 
timely and sanitary manner.

 b. There shall be written procedures assigning 
responsibility for sanitation and describing in 
sufficient detail the cleaning schedules, methods, 
equipment, and materials to be used in cleaning 
the buildings and facilities; such written proce-
dures shall be followed.

 c. There shall be written procedures for use of suit-
able rodenticides, insecticides, fungicides, fumi-
gating agents, and cleaning and sanitizing agents. 
Such written procedures shall be designed to 
prevent the contamination of equipment, compo-
nents, drug product containers, closures, pack-
aging, labeling materials, or drug products and 
shall be followed. Rodenticides, insecticides, 
and fungicides shall not be used unless regis-
tered and used in accordance with the Federal 
Insecticide, Fungicide, and Rodenticide Act (7 
USC 135).

 d. Sanitation procedures shall apply to work per-
formed by contractors or temporary employees 
as well as work performed by full-time employ-
ees during the ordinary course of operations.

211.58 Maintenance: Any building used in the manu-
facture, processing, packing, or holding of a drug 
product shall be maintained in a good state of repair.

Subpart D—Equipment
211.63 Equipment design, size, and location: Equipment 

used in the manufacture, processing, packing, or 
holding of a drug product shall be of appropriate 
design, adequate size, and suitable location to facili-
tate operations for its intended use and for its clean-
ing and maintenance.

211.65 Equipment construction
 a. Equipment shall be constructed such that sur-

faces that contact components, in-process mate-
rials, or drug products shall not be reactive, 
additive, or absorptive so as to alter the safety, 
identity, strength, quality, or purity of the drug 
product beyond the official or other established 
requirements.

 b. Any substances required for operation, such as 
lubricants or coolants, shall not come into con-
tact with components, drug product containers, 
closures, in-process materials, or drug products 
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so as to alter the safety, identity, strength, qual-
ity, or purity of the drug product beyond the offi-
cial or other established requirements.

211.67 Equipment cleaning and maintenance
 a. Equipment and utensils shall be cleaned, main-

tained, and sanitized at appropriate intervals 
to prevent malfunctions or contamination that 
would alter the safety, identity, strength, quality, 
or purity of the drug product beyond the official 
or other established requirements.

 b. Written procedures shall be established and 
followed for cleaning and maintenance of 
equipment, including utensils, used in the manu-
facture, processing, packing, or holding of a drug 
product. These procedures shall include, but are 
not necessarily limited to, the following:

 1. Assignment of responsibility for cleaning 
and maintaining equipment

 2. Maintenance and cleaning schedules, includ-
ing, where appropriate, sanitizing schedules

 3. A description in sufficient detail of the meth-
ods, equipment, and materials used in clean-
ing and maintenance operations, and the 
methods of disassembling and reassembling 
equipment as necessary to ensure proper 
cleaning and maintenance

 4. Removal or obliteration of previous batch 
identification

 5. Protection of clean equipment from contam-
ination prior to use

 6. Inspection of equipment for cleanliness 
immediately before use

 c. Records shall be kept of maintenance, cleaning, 
sanitizing, and inspection as specified in 211.180 
and 211.182.

211.68 Automatic, mechanical, and electronic equipment
 a. Automatic, mechanical, or electronic equip-

ment or other types of equipment, including 
computers, or related systems that will perform 
a function satisfactorily may be used in the 
manufacture, processing, packing, and hold-
ing of a drug product. If such equipment is so 
used, it shall be routinely calibrated, inspected, 
or checked according to a written program 
designed to ensure proper performance. Written 
records of those calibration checks and inspec-
tions shall be maintained.

 b. Appropriate controls shall be exercised over com-
puter or related systems to ensure that changes in 
master production and control records or other 
records are instituted only by authorized per-
sonnel. Input to and output from the computer 
or related system of formulas or other records or 
data shall be checked for accuracy. The degree 
and frequency of input/output verification shall 
be based on the complexity and reliability of the 
computer or related system. A backup file of data 

entered into the computer or related system shall 
be maintained except where certain data, such 
as calculations performed in connection with 
laboratory analysis, are eliminated by comput-
erization or other automated processes. In such 
instances a written record of the program shall 
be maintained along with appropriate valida-
tion data. Hard copy or alternative systems, such 
as duplicates, tapes, or microfilm, designed to 
ensure that backup data are exact and complete 
and that it is secure from alteration, inadvertent 
erasures, or loss shall be maintained.

211.72 Filters: Filters for liquid filtration used in the 
manufacture, processing, or packing of injectable 
drug products intended for human use shall not 
release fibers into such products. Fiber-releasing fil-
ters may not be used in the manufacture, process-
ing, or packing of these injectable drug products 
unless it is not possible to manufacture such drug 
products without the use of such filters. If use of 
a fiber-releasing filter is necessary, an additional 
non-fiber-releasing filter of 0.22-micron maximum 
mean porosity (0.45 microns if the manufacturing 
conditions so dictate) shall subsequently be used to 
reduce the content of particles in the injectable drug 
product. Use of an asbestos-containing filter, with 
or without subsequent use of a specific non-fiber-
releasing filter, is permissible only upon submission 
of proof to the appropriate bureau of the FDA that 
use of a non-fiber-releasing filter will, or is likely to, 
compromise the safety or effectiveness of the inject-
able drug product.

Subpart E—Control of Components and Drug Product 
Containers and Closures

211.80 General requirements
 a. There shall be written procedures describing in 

sufficient detail the receipt, identification, stor-
age, handling, sampling, testing, and approval 
or rejection of components and drug product 
containers and closures; such written procedures 
shall be followed.

 b. Components and drug product containers and 
closures shall at all times be handled and stored 
in a manner to prevent contamination.

 c. Bagged or boxed components of drug product 
containers, or closures, shall be stored off the 
floor and suitably spaced to permit cleaning and 
inspection.

 d. Each container or grouping of containers for 
components or drug product containers, or clo-
sures, shall be identified with a distinctive code 
for each lot in each shipment received. This code 
shall be used in recording the disposition of each 
lot. Each lot shall be appropriately identified 
as to its status (i.e., quarantined, approved, or 
rejected).
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211.82 Receipt and storage of untested components, 
drug product containers, and closures

 a. Upon receipt and before acceptance, each con-
tainer or grouping of containers of components, 
drug product containers, and closures shall be 
examined visually for appropriate labeling as to 
contents, container damage or broken seals, and 
contamination.

 b. Components, drug product containers, and clo-
sures shall be stored under quarantine until they 
have been tested or examined, as appropriate, 
and released. Storage within the area shall con-
form to the requirements of 211.80.

211.84 Testing and approval or rejection of components, 
drug product containers, and closures

 a. Each lot of components, drug product contain-
ers, and closures shall be withheld from use until 
the lot has been sampled, tested, or examined, as 
appropriate, and released for use by the quality 
control unit.

 b. Representative samples of each shipment of each 
lot shall be collected for testing or examination. 
The number of containers to be sampled, and the 
amount of material to be taken from each con-
tainer, shall be based upon appropriate criteria 
such as statistical criteria for component vari-
ability, confidence levels, and degree of precision 
desired, the past quality history of the supplier, 
and the quantity needed for analysis and reserve 
where required by 211.170.

 c. Samples shall be collected in accordance with 
the following procedures:

 1. The containers of components selected shall 
be cleaned where necessary, by appropriate 
means.

 2. The containers shall be opened, sampled, 
and resealed in a manner designed to prevent 
contamination of their contents and contam-
ination of other components, drug product 
containers, or closures.

 3. Sterile equipment and aseptic sampling 
techniques shall be used when necessary.

 4. If it is necessary to sample a component 
from the top, middle, and bottom of its con-
tainer, such sample subdivisions shall not be 
composited for testing.

 5. Sample containers shall be identified so 
that the following information can be deter-
mined: name of the material sampled, the lot 
number, the container from which the sam-
ple was taken, the date on which the sample 
was taken, and the name of the person who 
collected the sample.

 6. Containers from which samples have been 
taken shall be marked to show that samples 
have been removed from them.

 d. Samples shall be examined and tested as follows:

 1. At least one test shall be conducted to verify 
the identity of each component of a drug 
product. Specific identity tests, if they exist, 
shall be used.

 2. Each component shall be tested for confor-
mity with all appropriate written specifica-
tions for purity, strength, and quality. In lieu 
of such testing by the manufacturer, a report 
of analysis may be accepted from the sup-
plier of a component, provided that at least 
one specific identity test is conducted on 
such component by the manufacturer, and 
provided that the manufacturer establishes 
the reliability of the supplier’s analyses 
through appropriate validation of the sup-
plier’s test results at appropriate intervals.

 3. Containers and closures shall be tested for 
conformance with all appropriate written 
procedures. In lieu of such testing by the 
manufacturer, a certificate of testing may be 
accepted from the supplier, provided that at 
least a visual identification is conducted on 
such containers/closures by the manufacturer 
and provided that the manufacturer estab-
lishes the reliability of the supplier’s test 
results through appropriate validation of the 
supplier’s test results at appropriate intervals.

 4. When appropriate, components shall be 
microscopically examined.

 5. Each lot of a component, drug product con-
tainer, or closure that is liable to contami-
nation with filth, insect infestation, or other 
extraneous adulterant shall be examined 
against established specifications for such 
contamination.

 6. Each lot of a component, drug product con-
tainer, or closure that is liable to microbio-
logical contamination that is objectionable 
in view of its intended use shall be subjected 
to microbiological tests before use.

 e. Any lot of components, drug product containers, 
or closures that meets the appropriate written 
specifications of identity, strength, quality, and 
purity and related tests under paragraph (d) of 
this section may be approved and released for 
use. Any lot of such material that does not meet 
such specifications shall be rejected.

211.86 Use of approved components, drug product con-
tainers, and closures: Components, drug product 
containers, and closures approved for use shall be 
rotated so that the oldest approved stock is used first. 
Deviation from this requirement is permitted if such 
deviation is temporary and appropriate.

211.87 Retesting of approved components, drug product 
containers, and closures: Components, drug product 
containers, and closures shall be retested or reexam-
ined, as appropriate, for identity, strength, quality, 
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purity, and approved or rejected by the quality con-
trol unit in accordance with 211.84 as necessary, 
for example, after storage for long periods or after 
exposure to air, heat, or other conditions that might 
adversely affect the component, drug product con-
tainer, or closure.

211.89 Rejected components, drug product containers, 
and closures: Rejected components, drug product 
containers, and closures shall be identified and con-
trolled under a quarantine system designed to prevent 
their use in manufacturing or processing operations 
for which they are unsuitable.

211.94 Drug product containers and closures
 a. Drug product containers and closures shall not 

be reactive, additive, or absorptive so as to alter 
the safety, identity, strength, quality, or purity 
of the drug beyond the official or established 
requirements.

 b. Container closure systems shall provide adequate 
protection against foreseeable external factors in 
storage and use that can cause deterioration or 
contamination of the drug product.

 c. Drug product containers and closures shall be 
clean and, where indicated by the nature of the 
drug, sterilized and processed to remove pyro-
genic properties to ensure that they are suitable 
for their intended use.

 d. Standards or specifications; methods of test-
ing; and, where indicated, methods of cleaning, 
sterilizing, and processing to remove pyrogenic 
properties shall be written and followed for drug 
product containers and closures.

Subpart F—Production and Process Controls
211.100 Written procedures; deviations

 a. There shall be written procedures for production 
and process control designed to ensure that the 
drug products have the identity, strength, qual-
ity, and purity they purport or are represented 
to possess. Such procedures shall include all 
requirements in this subpart. These written pro-
cedures, including any changes, shall be drafted, 
reviewed, and approved by the appropriate orga-
nizational units and reviewed and approved by 
the quality control unit.

 b. Written production and process control proce-
dures shall be followed in the execution of the 
various production and process control functions 
and shall be documented at the time of perfor-
mance. Any deviation from the written proce-
dures shall be recorded and justified.

211.101 Charge-in of components
  Written production and control procedures shall 

include the following, which are designed to ensure 
that the drug products produced have the identity, 
strength, quality, and purity they purport or are rep-
resented to possess.

 a. The batch shall be formulated with the intent 
to provide not less than 100% of the labeled or 
established amount of active ingredient.

 b. Components for drug product manufacturing 
shall be weighed, measured, or subdivided as 
appropriate. If a component is removed from 
the original container to another, the new con-
tainer shall be identified with the following 
information.

 1. Component name or item code.
 2. Receiving or control number.
 3. Weight or measure in new container.
 4. Batch for which component was dispensed, 

including its product name, strength, and lot 
number.

 c. Weighing, measuring, or subdividing operations 
for components shall be adequately supervised. 
Each container of component dispensed to man-
ufacturing shall be examined by a second person 
to ensure that

 1. the component was released by the quality 
control unit;

 2. the weight or measure is correct as stated in 
the batch production records;

 3. the containers are properly identified.
 d. Each component shall be added to the batch by 

one person and verified by a second person.
211.103 Calculation of yield: Actual yields and percent-

ages of theoretical yield shall be determined at the 
conclusion of each appropriate phase of manufactur-
ing, processing, packaging, or holding of the drug 
product. Such calculations shall be performed by 
one person and independently verified by a second 
person.

211.105 Equipment identification
 a. All compounding and storage containers, pro-

cessing lines, and major equipment used during 
the production of a batch of a drug product shall 
be properly identified at all times to indicate 
their contents and, when necessary, the phase of 
processing of the batch.

 b. Major equipment shall be identified by a distinc-
tive identification number or code that shall be 
recorded in the batch production record to show 
the specific equipment used in the manufacture 
of each batch of a drug product. In cases where 
only one of a particular type of equipment exists 
in a manufacturing facility, the name of the 
equipment may be used in lieu of a distinctive 
identification number or code.

211.110 Sampling and testing of in-process materials 
and drug products

 a. To ensure batch uniformity and integrity of drug 
products, written procedures shall be established 
and followed that describe the in-process con-
trols, and tests, or examinations to be conducted 
on appropriate samples of in-process materials 



14 Handbook of Pharmaceutical Manufacturing Formulations 

of each batch. Such control procedures shall be 
established to monitor the output and to vali-
date the performance of those manufacturing 
processes that may be responsible for causing 
variability in the characteristics of in-process 
material and the drug product. Such control pro-
cedures shall include, but are not limited to, the 
following, where appropriate.

 1. Tablet or capsule weight variation;
 2. Disintegration time;
 3. Adequacy of mixing to ensure uniformity 

and homogeneity;
 4. Dissolution time and rate;
 5. Clarity, completeness, or pH of solutions.
 b. Valid in-process specifications for such charac-

teristics shall be consistent with drug product 
final specifications and shall be derived from 
previous acceptable process average and process 
variability estimates where possible and deter-
mined by the application of suitable statistical 
procedures where appropriate. Examination 
and testing of samples shall ensure that the drug 
product and in-process material conform to 
specifications.

 c. In-process materials shall be tested for identity, 
strength, quality, and purity as appropriate, and 
approved or rejected by the quality control unit, 
during the production process, for example, at 
commencement or completion of significant 
phases or after storage for long periods.

 d. Rejected in-process materials shall be identi-
fied and controlled under a quarantine system 
designed to prevent their use in manufactur-
ing or processing operations for which they are 
unsuitable.

211.111 Time limitations on production: When appro-
priate, time limits for the completion of each phase 
of production shall be established to ensure the qual-
ity of the drug product. Deviation from established 
time limits may be acceptable if such deviation does 
not compromise the quality of the drug product. 
Such deviation shall be justified and documented.

211.113 Control of microbiological contamination
 a. Appropriate written procedures, designed to 

prevent objectionable microorganisms in drug 
products not required to be sterile, shall be 
established and followed.

 b. Appropriate written procedures, designed to 
prevent microbiological contamination of drug 
products purporting to be sterile, shall be estab-
lished and followed. Such procedures shall 
include validation of any sterilization process.

211.115 Reprocessing
 a. Written procedures shall be established and 

followed prescribing a system for reprocess-
ing batches that do not conform to standards or 
specifications and the steps to be taken to ensure 

that the reprocessed batches will conform with 
all established standards, specifications, and 
characteristics.

 b. Reprocessing shall not be performed without the 
review and approval of the quality control unit.

Subpart G—Packaging and Labeling Control
211.122 Materials examination and usage criteria

 a. There shall be written procedures describing in 
sufficient detail the receipt, identification, stor-
age, handling, sampling, examination, and/or 
testing of labeling and packaging materials; such 
written procedures shall be followed. Labeling 
and packaging materials shall be representa-
tively sampled, and examined or tested upon 
receipt and before use in packaging or labeling 
of a drug product.

 b. Any labeling or packaging materials meet-
ing appropriate written specifications may be 
approved and released for use. Any labeling or 
packaging materials that do not meet such speci-
fications shall be rejected to prevent their use in 
operations for which they are unsuitable.

 c. Records shall be maintained for each shipment 
received of each different labeling and packag-
ing material indicating receipt, examination or 
testing, and whether accepted or rejected.

 d. Labels and other labeling materials for each dif-
ferent drug product, strength, dosage form, or 
quantity of contents shall be stored separately 
with suitable identification. Access to the storage 
area shall be limited to authorized personnel.

 e. Obsolete and outdated labels, labeling, and other 
packaging materials shall be destroyed.

 f. Use of gang-printed labeling for different drug 
products, or different strengths or net contents of 
the same drug product, is prohibited unless the 
labeling from gang-printed sheets is adequately 
differentiated by size, shape, or color.

 g. If cut labeling is used, packaging and labeling 
operations shall include one of the following 
special control procedures:

 1. dedication of labeling and packaging lines to 
each different strength of each different drug 
product;

 2. use of appropriate electronic or electrome-
chanical equipment to conduct 100% exami-
nation for correct labeling during or after 
completion of finishing operations; or

 3. use of visual inspection to conduct 100% 
examination for correct labeling during or 
after completion of finishing operations for 
hand-applied labeling. Such examination 
shall be performed by one person and inde-
pendently verified by a second person.

 h. Printing devices on, or associated with, manu-
facturing lines used to imprint labeling upon the 
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drug product unit label or case shall be moni-
tored to ensure that all imprinting conforms to 
the print specified in the batch production record.

211.125 Labeling issuance
 a. Strict control shall be exercised over label-

ing issued for use in drug product labeling 
operations.

 b. Labeling materials issued for a batch shall be 
carefully examined for identity and conformity 
to the labeling specified in the master or batch 
production records.

 c. Procedures shall be used to reconcile the quanti-
ties of labeling issued, used, and returned, and 
shall require evaluation of discrepancies found 
between the quantity of drug product finished 
and the quantity of labeling issued when such 
discrepancies are outside narrow preset limits 
based on historical operating data. Such dis-
crepancies shall be investigated in accordance 
with 211.192. Labeling reconciliation is waived 
for cut or roll labeling if 100% examination for 
correct labeling is performed in accordance with 
211.122(g)(2).

 d. All excess labeling bearing lot or control num-
bers shall be destroyed.

 e. Returned labeling shall be maintained and 
stored in a manner to prevent mix-ups and pro-
vide proper identification.

 f. Procedures shall be written describing in suffi-
cient detail the control procedures employed for 
the issuance of labeling; such written procedures 
shall be followed.

211.130 Packaging and labeling operations
  There shall be written procedures designed to 

ensure that correct labels, labeling, and packaging 
materials are used for drug products; such written 
procedures shall be followed. These procedures 
shall incorporate the following features:

 a. Prevention of mix-ups and cross-contamination 
by physical or spatial separation from operations 
on other drug products.

 b. Identification and handling of filled drug product 
containers that are set aside and held in unlabeled 
condition for future labeling operations to pre-
clude mislabeling of individual containers, lots, or 
portions of lots. Identification need not be applied 
to each individual container but shall be sufficient 
to determine name, strength, quantity of contents, 
and lot or control number of each container.

 c. Identification of the drug product with a lot or 
control number that permits determination of 
the history of the manufacture and control of the 
batch.

 d. Examination of packaging and labeling materi-
als for suitability and correctness before pack-
aging operations, and documentation of such 
examination in the batch production record.

 e. Inspection of the packaging and labeling facili-
ties immediately before use to ensure that all 
drug products have been removed from previ-
ous operations. Inspection shall also be made 
to ensure that packaging and labeling materials 
not suitable for subsequent operations have been 
removed. Results of inspection shall be docu-
mented in the batch production records.

211.132 TEP requirements for OTC human drug 
products

 a. General. The FDA has the authority under the 
Federal Food, Drug, and Cosmetic Act (the act) 
to establish a uniform national requirement for 
TEP of OTC drug products that will improve the 
security of OTC drug packaging and help ensure 
the safety and effectiveness of OTC drug prod-
ucts. An OTC drug product (except a dermato-
logical, dentifrice, insulin, or lozenge product) 
for retail sale that is not packaged in a tamper-
resistant package or that is not properly labeled 
under this section is adulterated under section 
501 of the act or misbranded under section 502 
of the act, or both.

 b. Requirements for tamper-evident package:
 1. Each manufacturer and packer who packages 

an OTC drug product (except a dermatologi-
cal, dentifrice, insulin, or lozenge product) 
for retail sale shall package the product in 
a tamper-evident package, if this product is 
accessible to the public while held for sale. A 
tamper-evident package is one having one or 
more indicators or barriers to entry, which, 
if breached or missing, can reasonably be 
expected to provide visible evidence to con-
sumers that tampering has occurred. To 
reduce the likelihood of successful tamper-
ing and to increase the likelihood that con-
sumers will discover if a product has been 
tampered with, the package is required to 
be distinctive by design or by the use of one 
or more indicators or barriers to entry that 
employ an identifying characteristic (e.g., a 
pattern, name, registered trademark, logo, 
or picture). For purposes of this section, the 
term “distinctive by design” means the pack-
aging cannot be duplicated with commonly 
available materials or through commonly 
available processes. A tamper-evident pack-
age may involve an immediate container 
and closure system or secondary container 
or carton system or any combination of sys-
tems intended to provide a visual indication 
of package integrity. The tamper-evident 
feature shall be designed to and shall remain 
intact when handled in a reasonable manner 
during manufacture, distribution, and retail 
display.
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 2. In addition to the TEP feature described in 
paragraph (b)(1) of this section, any two-
piece, hard gelatin capsule covered by this 
section must be sealed using an acceptable 
tamper-evident technology.

 c. Labeling.
 1. To alert consumers to the specific tamper-

evident feature(s) used, each retail package of 
an OTC drug product covered by this section 
(except ammonia inhalant in crushable glass 
ampules, containers of compressed medi-
cal oxygen, or aerosol products that depend 
upon the power of a liquefied or compressed 
gas to expel the contents from the container) 
is required to bear a statement that

 i. identifies all tamper-evident feature(s) 
and any capsule sealing technologies 
used to comply with paragraph (b) of 
this section;

 ii. is prominently placed on the package; and
 iii. is so placed that it will be unaffected if 

the tamper-evident feature of the pack-
age is breached or missing.

 2. If the tamper-evident feature chosen to meet 
the requirements in paragraph (b) of this sec-
tion uses an identifying characteristic, that 
characteristic is required to be referred to 
in the labeling statement. For example, the 
labeling statement on a bottle with a shrink 
band could say “for your protection, this bot-
tle has an imprinted seal around the neck.”

 d. Request for exemptions from packaging and 
labeling requirements. A manufacturer or packer 
may request an exemption from the packaging 
and labeling requirements of this section. A 
request for an exemption is required to be sub-
mitted in the form of a citizen petition under 
10.30 of this chapter and should be clearly identi-
fied on the envelope as a “Request for Exemption 
from the Tamper-Evident Packaging Rule.” The 
petition is required to contain the following:

 1. The name of the drug product or, if the peti-
tion seeks an exemption for a drug class, the 
name of the drug class, and a list of products 
within that class.

 2. The reasons that the drug product’s compli-
ance with the TEP or labeling requirements 
of this section is unnecessary or cannot be 
achieved.

 3. A description of alternative steps that are 
available, or that the petitioner has already 
taken, to reduce the likelihood that the prod-
uct or drug class will be the subject of mali-
cious adulteration.

 4. Other information justifying an exemption.
 e. OTC drug products subject to approved new 

drug applications. Holders of approved new drug 

applications for OTC drug products are required 
under 314.70 in the FDA guidelines to provide 
the agency with notification of changes in pack-
aging and labeling to comply with the require-
ments of this section. Changes in packaging 
and labeling required by this regulation may be 
made before FDA approval, as provided under 
314.70(c) in the FDA guidelines. Manufacturing 
changes by which capsules are to be sealed 
require prior FDA approval under 314.70(b) in 
the FDA guidelines.

 f. Poison Prevention Packaging Act of 1970. This 
section does not affect any requirements for 
“special packaging” as defined under 310.3(l) 
in the FDA guidelines and required under the 
Poison Prevention Packaging Act of 1970.

211.134 Drug product inspection
 a. Packaged and labeled products shall be exam-

ined during finishing operations to provide 
assurance that containers and packages in the lot 
have the correct label.

 b. A representative sample of units shall be col-
lected at the completion of finishing opera-
tions and shall be visually examined for correct 
labeling.

 c. Results of these examinations shall be recorded 
in the batch production or control records.

211.137 Expiration dating
 a. To ensure that a drug product meets applica-

ble standards of identity, strength, quality, and 
purity at the time of use, it shall bear an expi-
ration date determined by appropriate stability 
testing described in 211.166.

 b. Expiration dates shall be related to any storage 
conditions stated on the labeling, as determined 
by stability studies described in 211.166.

 c. If the drug product is to be reconstituted at the 
time of dispensing, its labeling shall bear expira-
tion information for both the reconstituted and 
un-reconstituted drug products.

 d. Expiration dates shall appear on labeling in 
accordance with the requirements of 201.17 in 
the FDA guidelines.

 e. Homeopathic drug products shall be exempt 
from the requirements of this section.

 f. Allergenic extracts that are labeled “No U.S. 
Standard of Potency” are exempt from the 
requirements of this section.

 g. New drug products for investigational use are 
exempt from the requirements of this section, 
provided that they meet appropriate standards or 
specifications as demonstrated by stability stud-
ies during their use in clinical investigations. 
Where new drug products for investigational use 
are to be reconstituted at the time of dispensing, 
their labeling shall bear expiration information 
for the reconstituted drug product.
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 h. Pending consideration of a proposed exemption, 
published in the federal register of September 
29, 1978, the requirements in this section shall 
not be enforced for human OTC drug products 
if their labeling does not bear dosage limitations 
and they are stable for at least 3 years as sup-
ported by appropriate stability data.

Subpart H—Holding and Distribution
211.142 Warehousing procedures
  Written procedures describing the warehousing 

of drug products shall be established and followed. 
They shall include:

 a. Quarantine of drug products before release by 
the quality control unit

 b. Storage of drug products under appropriate con-
ditions of temperature, humidity, and light so 
that the identity, strength, quality, and purity of 
the drug products are not affected

211.150 Distribution procedures
  Written procedures shall be established, and fol-

lowed, describing the distribution of drug products. 
They shall include:

 a. A procedure whereby the oldest approved stock 
of a drug product is distributed first. Deviation 
from this requirement is permitted if such devia-
tion is temporary and appropriate.

 b. A system by which the distribution of each lot of 
drug product can be readily determined to facili-
tate its recall if necessary.

Subpart I—Laboratory Controls
211.160 General requirements

 a. The establishment of any specifications, stan-
dards, sampling plans, test procedures, or other 
laboratory control mechanisms required by this 
subpart, including any change in such specifica-
tions, standards, sampling plans, test procedures, 
or other laboratory control mechanisms, shall be 
drafted by the appropriate organizational unit 
and reviewed and approved by the quality con-
trol unit. The requirements in this subpart shall 
be followed and shall be documented at the time 
of performance. Any deviation from the written 
specifications, standards, sampling plans, test 
procedures, or other laboratory control mecha-
nisms shall be recorded and justified.

 b. Laboratory controls shall include the establish-
ment of scientifically sound and appropriate 
specifications, standards, sampling plans, and test 
procedures designed to ensure that components, 
drug product containers, closures, in-process 
materials, labeling, and drug products conform to 
appropriate standards of identity, strength, qual-
ity, and purity. Laboratory controls shall include:

 1. Determination of conformance to appropri-
ate written specifications for the acceptance 

of each lot within each shipment of compo-
nents, drug product containers, closures, and 
labeling used in the manufacture, process-
ing, packing, or holding of drug products. 
The specifications shall include a descrip-
tion of the sampling and testing procedures 
used. Samples shall be representative and 
adequately identified. Such procedures shall 
also require appropriate retesting of any 
component, drug product container, or clo-
sure that is subject to deterioration.

 2. Determination of conformance to written 
specifications and a description of sampling 
and testing procedures for in-process materi-
als. Such samples shall be representative and 
properly identified.

 3. Determination of conformance to written 
descriptions of sampling procedures and 
appropriate specifications for drug products. 
Such samples shall be representative and 
properly identified.

 4. The calibration of instruments, apparatus, 
gauges, and recording devices at suitable 
intervals in accordance with an established 
written program containing specific direc-
tions, schedules, limits for accuracy and 
precision, and provisions for remedial action 
in the event accuracy and/or precision limits 
are not met. Instruments, apparatus, gauges, 
and recording devices not meeting estab-
lished specifications shall not be used.

211.165 Testing and release for distribution
 a. For each batch of drug product, there shall be 

appropriate laboratory determination of satisfac-
tory conformance to final specifications for the 
drug product, including the identity and strength 
of each active ingredient, prior to release. Where 
sterility and/or pyrogen testing are conducted 
on specific batches of short-lived radiopharma-
ceuticals, such batches may be released prior to 
completion of sterility and/or pyrogen testing, 
provided such testing is completed as soon as 
possible.

 b. There shall be appropriate laboratory testing, as 
necessary, of each batch of drug product required 
to be free of objectionable microorganisms.

 c. Any sampling and testing plans shall be 
described in written procedures that shall 
include the method of sampling and the number 
of units per batch to be tested; such written pro-
cedure shall be followed.

 d. Acceptance criteria for the sampling and test-
ing conducted by the quality control unit shall 
be adequate to ensure that batches of drug prod-
ucts meet each appropriate specification and 
appropriate statistical quality control criteria as 
a condition for their approval and release. The 
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statistical quality control criteria shall include 
appropriate acceptance levels and/or appropriate 
rejection levels.

 e. The accuracy, sensitivity, specificity, and repro-
ducibility of test methods employed by the firm 
shall be established and documented. Such vali-
dation and documentation may be accomplished 
in accordance with 211.194(a)(2).

 f. Drug products failing to meet established 
standards or specifications and any other rel-
evant quality control criteria shall be rejected. 
Reprocessing may be performed. Prior to accep-
tance and use, reprocessed material must meet 
appropriate standards, specifications, and any 
other relevant criteria.

211.166 Stability testing
 a. There shall be a written testing program designed 

to assess the stability characteristics of drug 
products. The results of such stability testing 
shall be used in determining appropriate storage 
conditions and expiration dates. The written pro-
gram shall be followed and shall include:

 1. Sample size and test intervals based on sta-
tistical criteria for each attribute examined 
to ensure valid estimates of stability;

 2. Storage conditions for samples retained for 
testing;

 3. Reliable, meaningful, and specific test 
methods;

 4. Testing of the drug product in the same 
container-closure system as that in which the 
drug product is marketed;

 5. Testing of drug products for reconstitu-
tion at the time of dispensing (as directed 
in the labeling) as well as after they are 
reconstituted.

 b. An adequate number of batches of each drug 
product shall be tested to determine an appropri-
ate expiration date and a record of such data shall 
be maintained. Accelerated studies, combined 
with basic stability information on the com-
ponents, drug products, and container-closure 
system, may be used to support tentative expi-
ration dates provided full shelf life studies are 
not available and are being conducted. Where 
data from accelerated studies are used to project 
a tentative expiration date that is beyond a date 
supported by actual shelf life studies, there must 
be stability studies conducted, including drug 
product testing at appropriate intervals, until the 
tentative expiration date is verified or the appro-
priate expiration date determined.

 c. For homeopathic drug products, the require-
ments of this section are as follows:

 1. There shall be a written assessment of stabil-
ity based at least on testing or examination 
of the drug product for compatibility of the 

ingredients, and based on marketing experi-
ence with the drug product to indicate that 
there is no degradation of the product for the 
normal or expected period of use.

 2. Evaluation of stability shall be based on the 
same container-closure system in which the 
drug product is being marketed.

 d. Allergenic extracts that are labeled “No U.S. 
Standard of Potency” are exempt from the 
requirements of this section.

211.167 Special testing requirements
 a. For each batch of drug product purporting to be 

sterile and/or pyrogen-free, there shall be appro-
priate laboratory testing to determine confor-
mance to such requirements. The test procedures 
shall be in writing and shall be followed.

 b. For each batch of ophthalmic ointment, there 
shall be appropriate testing to determine confor-
mance to specifications regarding the presence 
of foreign particles and harsh or abrasive sub-
stances. The test procedures shall be in writing 
and shall be followed.

 c. For each batch of controlled-release dosage form, 
there shall be appropriate laboratory testing to 
determine conformance to the specifications for 
the rate of release of each active ingredient. The 
test procedures shall be in writing and shall be 
followed.

211.170 Reserve samples
 a. An appropriately identified reserve sample that 

is representative of each lot in each shipment 
of each active ingredient shall be retained. 
The reserve sample consists of at least twice 
the quantity necessary for all tests required to 
determine whether the active ingredient meets 
its established specifications, except for steril-
ity and pyrogen testing. The retention time is as 
follows:

 1. For an active ingredient in a drug product 
other than those described in paragraph (a)
(2) and (3) of this section, the reserve sample 
shall be retained for 1 year after the expira-
tion date of the last lot of the drug product 
containing the active ingredient.

 2. For an active ingredient in a radioactive drug 
product, except for nonradioactive reagent 
kits, the reserve sample shall be retained for

 i. three months after the expiration date of 
the last lot of the drug product contain-
ing the active ingredient if the expira-
tion dating period of the drug product is 
30 days or less; or

 ii. six months after the expiration date of 
the last lot of the drug product contain-
ing the active ingredient if the expira-
tion dating period of the drug product is 
more than 30 days.
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 3. For an active ingredient in an OTC drug 
product that is exempt from bearing an expi-
ration date under 211.137, the reserve sample 
shall be retained for 3 years after distribu-
tion of the last lot of the drug product con-
taining the active ingredient.

 b. An appropriately identified reserve sample that is 
representative of each lot or batch of drug prod-
uct shall be retained and stored under conditions 
consistent with product labeling. The reserve 
sample shall be stored in the same immedi-
ate container-closure system in which the drug 
product is marketed or in one that has essentially 
the same characteristics. The reserve sample 
consists of at least twice the quantity necessary 
to perform all the required tests, except those 
for sterility and pyrogens. Except for those for 
drug products described in paragraph (b)(2) of 
this section, reserve samples from representative 
sample lots or batches selected by acceptable 
statistical procedures shall be examined visually 
at least once a year for evidence of deteriora-
tion unless visual examination would affect the 
integrity of the reserve sample. Any evidence 
of reserve sample deterioration shall be inves-
tigated in accordance with 211.192. The results 
of the examination shall be recorded and main-
tained with other stability data on the drug prod-
uct. Reserve samples of compressed medical 
gases need not be retained. The retention time is 
as follows:

 1. For a drug product other than those described 
in paragraphs (b)(2) and (3) of this section, 
the reserve sample shall be retained for 1 
year after the expiration date of the drug 
product.

 2. For a radioactive drug product, except for 
nonradioactive reagent kits, the reserve sam-
ple shall be retained for

 i. three months after the expiration date of 
the drug product if the expiration dating 
period of the drug product is 30 days or 
less, or

 ii. six months after the expiration date of 
the drug product if the expiration dating 
period of the drug product is more than 
30 days.

 3. For an OTC drug product that is exempt for 
bearing an expiration date under 211.137, 
the reserve sample must be retained for 3 
years after the lot or batch of drug product is 
distributed.

211.173 Laboratory animals: Animals used in testing 
components, in-process materials, or drug prod-
ucts for compliance with established specifications 
shall be maintained and controlled in a manner that 
ensures their suitability for their intended use. They 

shall be identified, and adequate records shall be 
maintained showing the history of their use.

211.176 Penicillin contamination: If a reasonable pos-
sibility exists that a non-penicillin drug product has 
been exposed to cross-contamination with penicillin, 
the non-penicillin drug product shall be tested for the 
presence of penicillin. Such drug product shall not be 
marketed if detectable levels are found when tested 
according to procedures specified in Procedures for 
Detecting and Measuring Penicillin Contamination 
in Drugs, which is incorporated by reference. Copies 
are available from the Division of Research and 
Testing (HFD-470), Center for Drug Evaluation 
and Research, Food and Drug Administration, 5100 
Paint Branch Pkwy., College Park, MD 20740 (www.
fda.gov/cder/dmpq/penicillin.pdf).

Subpart J—Records and Reports
211.180 General requirements

 a. Any production, control, or distribution record 
that is required to be maintained in compliance 
with this part and is specifically associated with 
a batch of a drug product shall be retained for 
at least 1 year after the expiration date of the 
batch or, in the case of certain OTC drug prod-
ucts lacking expiration dating because they meet 
the criteria for exemption under 211.137, 3 years 
after distribution of the batch.

 b. Records shall be maintained for all components, 
drug product containers, closures, and labeling 
for at least 1 year after the expiration date or, in 
the case of certain OTC drug products lacking 
expiration dating because they meet the criteria 
for exemption under 211.137, 3 years after dis-
tribution of the last lot of drug product incor-
porating the component or using the container, 
closure, or labeling.

 c. All records required under this part, or copies of 
such records, shall be readily available for autho-
rized inspection during the retention period at 
the establishment where the activities described 
in such records occurred. These records or cop-
ies thereof shall be subject to photocopying or 
other means of reproduction as part of such 
inspection. Records that can be immediately 
retrieved from another location by computer or 
other electronic means shall be considered as 
meeting the requirements of this paragraph.

 d. Records required under this part may be retained 
either as original records or as copies, such as 
photocopies, microfilm, microfiche, or other 
accurate reproductions of the original records. 
Where reduction techniques, such as microfilm-
ing, are used, suitable reader and photocopying 
equipment shall be readily available.

 e. Written records required by this part shall be 
maintained so that data therein can be used for 

http://www.fda.gov
http://www.fda.gov
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evaluating, at least annually, the quality stan-
dards of each drug product to determine the 
need for changes in drug product specifications 
or manufacturing or control procedures. Written 
procedures shall be established and followed for 
such evaluations and shall include provisions for

 1. a review of a representative number of 
batches, whether approved or rejected, and, 
where applicable, records associated with 
the batch;

 2. a review of complaints, recalls, returned 
or salvaged drug products, and investiga-
tions conducted under 211.192 for each drug 
product.

 f. Procedures shall be established to ensure that 
the responsible officials of the firm, if they are 
not personally involved in or immediately aware 
of such actions, are notified in writing of any 
investigations conducted under 211.198, 211.204, 
or 211.208 of these regulations, any recalls, 
reports of inspectional observations issued by 
the FDA, or any regulatory actions relating to 
GMP brought by the FDA.

211.182 Equipment cleaning and use log: A written 
record of major equipment cleaning, maintenance 
(except routine maintenance such as lubrication and 
adjustments), and use shall be included in individual 
equipment logs that show the date, time, product, and 
lot number of each batch processed. If equipment is 
dedicated to manufacture of one product, then indi-
vidual equipment logs are not required, provided that 
lots or batches of such product follow in numerical 
order and are manufactured in numerical sequence. 
In cases where dedicated equipment is employed, 
the records of cleaning, maintenance, and use shall 
be part of the batch record. The persons performing 
and double-checking the cleaning and maintenance 
shall date and sign or initial the log indicating that 
the work was performed. Entries in the log shall be 
in chronological order.

211.184 Component, drug product container, closure, 
and labeling records

  These records shall include the following:
 a. The identity and quantity of each shipment of 

each lot of components, drug product contain-
ers, closures, and labeling; the name of the sup-
plier; the supplier’s lot number(s) if known; the 
receiving code as specified in 211.80; and the 
date of receipt. The name and location of the 
prime manufacturer, if different from the sup-
plier, shall be listed if known.

 b. The results of any test or examination performed 
[including those performed as required by 
211.82(a), 211.84(d), or 211.122(a)] and the con-
clusions derived therefrom.

 c. An individual inventory record of each compo-
nent, drug product container, and closure and, 

for each component, a reconciliation of the use 
of each lot of such component. The inventory 
record shall contain sufficient information to 
allow determination of any batch or lot of drug 
product associated with the use of each compo-
nent, drug product container, and closure.

 d. Documentation of the examination and review 
of labels and labeling for conformity with 
established specifications in accordance with 
211.122(c) and 211.130(c).

 e. The disposition of rejected components, drug 
product containers, closure, and labeling.

211.186 Master production and control records
 a. To ensure uniformity from batch to batch, mas-

ter production and control records for each drug 
product, including each batch size thereof, shall 
be prepared, dated, and signed (full signature, 
handwritten) by one person and independently 
checked, dated, and signed by a second person. 
The preparation of master production and control 
records shall be described in a written procedure 
and such written procedure shall be followed.

 b. Master production and control records shall 
include:

 1. The name and strength of the product and a 
description of the dosage form;

 2. The name and weight or measure of each 
active ingredient per dosage unit or per unit 
of weight or measure of the drug product and 
a statement of the total weight or measure of 
any dosage unit;

 3. A complete list of components designated by 
names or codes sufficiently specific to indi-
cate any special quality characteristic;

 4. An accurate statement of the weight or mea-
sure of each component, using the same 
weight system (metric, avoirdupois, or 
apothecary) for each component. Reasonable 
variations may be permitted, however, in the 
amount of components necessary for the 
preparation in the dosage form, provided 
they are justified in the master production 
and control records;

 5. A statement concerning any calculated 
excess of component;

 6. A statement of theoretical weight or measure 
at appropriate phases of processing;

 7. A statement of theoretical yield, including 
the maximum and minimum percentages of 
theoretical yield beyond which investigation 
according to 211.192 is required;

 8. A description of the drug product containers, 
closures, and packaging materials, includ-
ing a specimen or copy of each label and all 
other labeling signed and dated by the per-
son or persons responsible for approval of 
such labeling;
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 9. Complete CMC instructions, sampling and 
testing procedures, specifications, special 
notations, and precautions to be followed.

211.188 Batch production and control records
  Batch production and control records shall be pre-

pared for each batch of drug product produced and 
shall include complete information relating to the 
production and control of each batch. These records 
shall include:

 a. An accurate reproduction of the appropriate 
master production or control record, checked for 
accuracy, dated, and signed.

 b. Documentation that each significant step in the 
manufacture, processing, packing, or holding of 
the batch was accomplished, including:

 1. Dates;
 2. Identity of individual major equipment and 

lines used;
 3. Specific identification of each batch of com-

ponent or in-process material used;
 4. Weights and measures of components used 

in the course of processing;
 5. In-process and laboratory control results;
 6. Inspection of the packaging and labeling 

area before and after use;
 7. A statement of the actual yield and a state-

ment of the percentage of theoretical yield at 
appropriate phases of processing;

 8. Complete labeling control records, including 
specimens or copies of all labeling used;

 9. Description of drug product containers and 
closures;

 10. Any sampling performed;
 11. Identification of the persons performing and 

directly supervising or checking each sig-
nificant step in the operation;

 12. Any investigation made according to 
211.192;

 13. Results of examinations made in accordance 
with 211.134.

211.192 Production record review: All drug product 
production and control records, including those 
for packaging and labeling, shall be reviewed and 
approved by the quality control unit to determine 
compliance with all established, approved written 
procedures before a batch is released or distributed. 
Any unexplained discrepancy (including a percent-
age of theoretical yield exceeding the maximum or 
minimum percentages established in master produc-
tion and control records) or the failure of a batch or 
any of its components to meet any of its specifica-
tions shall be thoroughly investigated, whether or not 
the batch has already been distributed. The investi-
gation shall extend to other batches of the same drug 
product and other drug products that may have been 
associated with the specific failure or discrepancy. A 
written record of the investigation shall be made and 

shall include the conclusions and follow-up. 211.194 
Laboratory records

 a. Laboratory records shall include complete data 
derived from all tests necessary to ensure com-
pliance with established specifications and stan-
dards, including examinations and assays as 
follows.

 1. A description of the sample received for 
testing with identification of source (that is, 
location from where sample was obtained), 
quantity, lot number or other distinctive 
code, date sample was taken, and date sam-
ple was received for testing.

 2. A statement of each method used in the 
testing of the sample. The statement shall 
indicate the location of data that estab-
lishes that the methods used in the testing 
of the sample meet proper standards of 
accuracy and reliability as applied to the 
product tested. [If the method employed 
is in the current revision of the U. S. 
Pharmacopeia, National Formulary, AOAC 
INTERNATIONAL, Book of Methods, 
(copies may be obtained from AOAC 
INTERNATIONAL, 481 North Frederick 
Ave., suite 500, Gaithersburg, MD 20877) 
or in other recognized standard references, 
or is detailed in an approved new drug 
application and the referenced method is 
not modified, a statement indicating the 
method and reference will suffice.] The 
suitability of all testing methods used shall 
be verified under actual conditions of use.

 3. A statement of the weight or measure of 
sample used for each test, where appropriate.

 4. A complete record of all data secured in the 
course of each test, including all graphs, 
charts, and spectra from laboratory instru-
mentation, properly identified to show the 
specific component, drug product container, 
closure, in-process material, or drug prod-
uct, and lot tested.

 5. A record of all calculations performed in 
connection with the test, including units of 
measure, conversion factors, and equiva-
lency factors.

 6. A statement of the results of tests and how 
the results compare with established stan-
dards of identity, strength, quality, and purity 
for the component, drug product container, 
closure, in-process material, or drug product 
tested.

 7. The initials or signature of the person who 
performs each test and the date(s) the tests 
were performed.

 8. The initials or signature of a second person 
showing that the original records have been 
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reviewed for accuracy, completeness, and 
compliance with established standards.

 b. Complete records shall be maintained of any 
modification of an established method employed 
in testing. Such records shall include the reason 
for the modification and data to verify that the 
modification produced results that are at least 
as accurate and reliable for the material being 
tested as the established method.

 c. Complete records shall be maintained of any 
testing and standardization of laboratory refer-
ence standards, reagents, and standard solutions.

 d. Complete records shall be maintained of the peri-
odic calibration of laboratory instruments, appa-
ratus, gauges, and recording devices required by 
211.160(b)(4).

 e. Complete records shall be maintained of all 
stability testing performed in accordance with 
211.166.

211.196 Distribution records: Distribution records shall 
contain the name and strength of the product and 
description of the dosage form, name and address of 
the consignee, date and quantity shipped, and lot or 
control number of the drug product. For compressed 
medical gas products, distribution records are not 
required to contain lot or control numbers.

211.198 Complaint files
 a. Written procedures describing the handling of 

all written and oral complaints regarding a drug 
product shall be established and followed. Such 
procedures shall include provisions for review by 
the quality control unit, of any complaint involv-
ing the possible failure of a drug product to 
meet any of its specifications and, for such drug 
products, a determination as to the need for an 
investigation in accordance with 211.192. Such 
procedures shall include provisions for review 
to determine whether the complaint represents 
a serious and unexpected adverse drug expe-
rience, which is required to be reported to the 
FDA in accordance with 310.305 and 514.80 of 
this chapter.

 b. A written record of each complaint shall be 
maintained in a file designated for drug product 
complaints. The file regarding such drug prod-
uct complaints shall be maintained at the estab-
lishment where the drug product involved was 
manufactured, processed, or packed, or such file 
may be maintained at another facility if the writ-
ten records in such files are readily available for 
inspection at that other facility. Written records 
involving a drug product shall be maintained 
until at least 1 year after the expiration date of 
the drug product, or 1 year after the date that 
the complaint was received, whichever is lon-
ger. In the case of certain OTC drug products 
lacking expiration dating because they meet the 

criteria for exemption under 211.137, such writ-
ten records shall be maintained for 3 years after 
distribution of the drug product.

 1. The written record shall include the follow-
ing information, where known: the name 
and strength of the drug product, lot number, 
name of complainant, nature of complaint, 
and reply to complainant.

 2. Where an investigation under 211.192 is con-
ducted, the written record shall include the 
findings of the investigation and follow-up. 
The record or copy of the record of the inves-
tigation shall be maintained at the establish-
ment where the investigation occurred in 
accordance with 211.180(c).

 3. Where an investigation under 211.192 is not 
conducted, the written record shall include 
the reason that an investigation was found not 
to be necessary and the name of the respon-
sible person making such a determination.

Subpart K—Returned and Salvaged Drug Products
211.204 Returned drug products: Returned drug prod-

ucts shall be identified as such and held. If the condi-
tions under which returned drug products have been 
held, stored, or shipped before or during their return, 
or if the condition of the drug product, its container, 
carton, or labeling, as a result of storage or ship-
ping, casts doubt on the safety, identity, strength, 
quality, or purity of the drug product, the returned 
drug product shall be destroyed unless examination, 
testing, or other investigations prove the drug prod-
uct meets appropriate standards of safety, identity, 
strength, quality, or purity. A drug product may be 
reprocessed provided the subsequent drug product 
meets appropriate standards, specifications, and 
characteristics. Records of returned drug products 
shall be maintained and shall include the name and 
label potency of the drug product dosage form, lot 
number (or control number or batch number), reason 
for the return, quantity returned, date of disposition, 
and ultimate disposition of the returned drug prod-
uct. If the reason for a drug product being returned 
implicates associated batches, an appropriate inves-
tigation shall be conducted in accordance with the 
requirements of 211.192. Procedures for the holding, 
testing, and reprocessing of returned drug products 
shall be in writing and shall be followed.

211.208 Drug product salvaging: Drug products that 
have been subjected to improper storage conditions 
including extremes in temperature, humidity, smoke, 
fumes, pressure, age, or radiation due to natural 
disasters, fires, accidents, or equipment failures shall 
not be salvaged and returned to the marketplace. 
Whenever there is a question whether drug prod-
ucts have been subjected to such conditions, salvag-
ing operations may be conducted only if there is (a) 
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evidence from laboratory tests and assays (including 
animal feeding studies where applicable) that the 
drug products meet all applicable standards of iden-
tity, strength, quality, and purity and (b) evidence 
from inspection of the premises that the drug prod-
ucts and their associated packaging were not sub-
jected to improper storage conditions as a result of 
the disaster or accident. Organoleptic examinations 
shall be acceptable only as supplemental evidence 
that the drug products meet appropriate standards 
of identity, strength, quality, and purity. Records 
including name, lot number, and disposition shall be 
maintained for drug products subject to this section.

III. AMENDMENTS TO PART 211

• 3. The authority citation for 21 CFR part 211 contin-
ues to read as follows:
Authority: 21 USC 321, 351, 352, 355, 360b, 371, 374; 

42 USC 216, 262, 263a, 264
• 4. Section 211.48 is amended by revising paragraph 

(a) to read as follows:
211.48 Plumbing

 a. Water supplied by the plumbing system of 
the facility must be safe for human con-
sumption. This water shall be supplied under 
continuous positive pressure in a plumbing 
system free of defects that could contribute 
contamination to any drug product.

• 5. Section 211.67 is amended by revising paragraph 
(a) to read as follows:
211.67 Equipment cleaning and maintenance

 b. Equipment and utensils shall be cleaned, 
maintained, and sanitized and/or sterilized 
at appropriate intervals to prevent malfunc-
tions or contamination that would alter the 
safety, identity, strength, quality, or purity of 
the drug product beyond the official or other 
established requirements.

• 6. Section 211.68 is amended by adding paragraph (c) 
to read as follows:
211.68 Automatic, mechanical, and electronic 

equipment
 c. Such automated equipment used for perfor-

mance of operations addressed by 211.101(c) 
or (d), 211.103, 211.182, or 211.188(b)(n) can 
satisfy the requirements included in those 
sections for the performance of an operation 
by one person and checking by another per-
son if such equipment is used in conformity 
with this section and one person verifies that 
the operations addressed in those sections 
are performed accurately by such equipment.

• 7. Section 211.72 is revised to read as follows:
211.72 Filters: Filters for liquid filtration used in 

the manufacture, processing, or packing of 
injectable drug products intended for human 

use shall not release fibers into such products. 
Fiber-releasing filters may not be used in the 
manufacture, processing, or packing of these 
injectable drug products unless it is not possible 
to manufacture such drug products without the 
use of such filters. If use of a fiber-releasing filter 
is necessary, an additional non-fiber-releasing 
filter of 0.22-micron maximum mean porosity 
(0.45 microns if the manufacturing conditions 
so dictate) shall subsequently be used to reduce 
the content of particles in the injectable drug 
product.

• 8. Section 211.82 is amended by revising paragraph 
(b) to read as follows:
211.82 Receipt and storage of untested components, 

drug product containers, and closures.
 b. Components, drug product containers, and 

closures shall be stored under quarantine 
until they have been tested or examined, 
whichever is appropriate, and released. 
Storage within the area shall conform to the 
requirements of 211.80.

• 9. Section 211.84 is amended by revising paragraphs 
(c)(1), (d)(3), and (d)(6) to read as follows:
211.84 Testing and approval or rejection of compo-

nents, drug product containers, and closures
 c. ***
 1. The containers of components selected 

shall be cleaned when necessary in a 
manner to prevent introduction of con-
taminants into the component.

 d. ***
 3. Containers and closures shall be tested 

for conformity with all appropriate 
written specifications. In lieu of such 
testing by the manufacturer, a certifi-
cate of testing may be accepted from the 
supplier, provided that at least a visual 
identification is conducted on such con-
tainers/closures by the manufacturer 
and provided that the manufacturer 
establishes the reliability of the sup-
plier’s test results through appropriate 
validation of the supplier’s test results at 
appropriate intervals.

 6. Each lot of a component, drug product 
container, or closure with potential for 
microbiological contamination that is 
objectionable in view of its intended use 
shall be subjected to microbiological 
tests before use.

• 10. Section 211.94 is amended by revising paragraph 
(c) to read as follows:
211.94 Drug product containers and closures

 c. Drug product containers and closures shall 
be clean and, where indicated by the nature 
of the drug sterilized and processed to 
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remove pyrogenic properties to ensure that 
they are suitable for their intended use. Such 
depyrogenation processes shall be validated.

• 11. Section 211.101 is amended by revising para-
graphs (c) and (d) to read as follows:
211.101 Charge-in of components.

 c. Weighing, measuring, or subdividing opera-
tions for components shall be adequately 
supervised. Each container of component 
dispensed to manufacturing shall be exam-
ined by a second person to ensure that

 1. the component was released by the 
quality control unit;

 2. the weight or measure is correct as 
stated in the batch production records;

 3. the containers are properly identified. If 
the weighing, measuring, or subdivid-
ing operations are performed by auto-
mated equipment under 211.68, only 
one person is needed to ensure condi-
tions of paragraphs (c)(1), (c)(2), and (c)
(3) of this section have been met.

 d. Each component shall either be added to the 
batch by one person and verified by a second 
person or, if the components are added by auto-
mated equipment under 211.68, only verified by 
one person.

• 12. Section 211.103 is revised to read as follows:
211.103 Calculation of yield: Actual yields and per-

centages of theoretical yield shall be determined 
at the conclusion of each appropriate phase of 
manufacturing, processing, packaging, or holding 
of the drug product. Such calculations shall either 
be performed by one person and independently 
verified by a second person, or, if the yield is cal-
culated by automated equipment under 211.68, be 
independently verified by one person.

• 13. Section 211.110 is amended by revising para-
graph (a) introductory text and by adding paragraph 
(a)(6) to read as follows:
211.110 Sampling and testing of in-process materials 

and drug products
 a. To ensure batch uniformity and integrity of 

drug products, written procedures shall be 
established and followed that describe the 
in-process controls, and tests, or examina-
tions to be conducted on appropriate samples 
of in-process materials of each batch. Such 
control procedures shall be established to 
monitor the output and to validate the per-
formance of those manufacturing processes 
that may be responsible for causing vari-
ability in the characteristics of in-process 
material and the drug product. Such control 
procedures shall include, but are not limited 
to, the following, where appropriate:

 6. Bioburden testing

• 14. Section 211.113 is amended by revising para-
graph (b) to read as follows:
211.113 Control of microbiological contamination.

 b. Appropriate written procedures, designed 
to prevent microbiological contamination of 
drug products purporting to be sterile, shall 
be established and followed. Such proce-
dures shall include validation of all aseptic 
and sterilization processes.

• 15. Section 211.160 is amended by revising para-
graph (b)(1) to read as follows:
211.160 General requirements

 b. ***
 1. Determination of conformity to appli-

cable written specifications for the 
acceptance of each lot within each ship-
ment of components, drug product con-
tainers, closures, and labeling used in 
the manufacture, processing, packing, 
or holding of drug products. The speci-
fications shall include a description of 
the sampling and testing procedures 
used. Samples shall be representative 
and adequately identified. Such pro-
cedures shall also require appropriate 
retesting of any component, drug prod-
uct container, or closure that is subject 
to deterioration.

• 16. Section 211.182 is revised to read as follows:
211.182 Equipment cleaning and use log: A written 

record of major equipment cleaning, maintenance 
(except routine maintenance such as lubrica-
tion and adjustments), and use shall be included 
in individual equipment logs that show the date, 
time, product, and lot number of each batch pro-
cessed. If equipment is dedicated to manufacture 
of one product, then individual equipment logs are 
not required, provided that lots or batches of such 
product follow in numerical order and are manu-
factured in numerical sequence. In cases where 
dedicated equipment is employed, the records of 
cleaning, maintenance, and use shall be part of 
the batch record. The persons performing and 
double-checking the cleaning and maintenance 
(or, if the cleaning and maintenance is performed 
using automated equipment under 211.68, only 
the person verifying the cleaning and mainte-
nance done by the automated equipment) shall 
date and sign or initial the log indicating that the 
work was performed. Entries in the log shall be in 
chronological order.

• 17. Section 211.188 is amended by revising paragraph 
(b)(11) to read as follows:

• 211.188 Batch production and control records
 b. ***
 ii. Identification of the persons per-

forming and directly supervising or 
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checking each significant step in the 
operation, or if a significant step in the 
operation is performed by automated 
equipment under 211.68, the identifica-
tion of the person checking the signifi-
cant step performed by the automated 
equipment.

IV. U.S. FDA CGMP OVERVIEW CHECKLIST

 1. “C” = current dynamic which evolves over time; 
“GMP” = Good Manufacturing Practices minimal 
standards

 a. Not “best” practices unless “best” is, in fact, cur-
rent minimal

 b. cGMP not NDA or firm specific
 2. Compliance terms and phrases related to cGMP 

issues
 a. Adulteration
 b. Quality controls, quality assurance, quality 

systems
 c. Contamination (e.g., lack of assurance of 

sterility)
 d. Cross-contamination (e.g., dirty manufacturing 

facilities)
 e. Out-of-specification (OoS) findings
 f. Equipment-related issues, calibration/

maintenance
 g. Standard operating procedures (SOPs)
 h. Code of Federal Regulations (CFR), Parts 210 

and 211
 i. Form FDA-483 (Inspectional Observations)
 j. Establishment Inspection Report (EIR)
 k. Collection Report (CR)
 l. Regulatory actions: warning Letters, recall, sei-

zure, injunctions, application approvals, suspen-
sions, revocations, and import detention Good 
Manufacturing Practice, or GMP

 m. Good Management Practice, or GMP
 n. Good Engineering Practice, or GEP
 o. Good Laboratory Practice, or GLP
 p. Good Safety Practice, or GSP
 q. Good Clinical Practice, or GCP
 r. Good Distribution Practice, or GDP
 s. Good Research Practice, or GRP
 t. Good Review Management Practice, or GRMP
 u. Good Recruitment Practice, or GxP
 3. Best practice
 a. A concept of management that asserts that proper 

processes, checks, and testing can deliver or put 
out a desired outcome with fewer problems and 
unforeseen complications.

 b. Definition of processes or methods to do 
something.

 c. Results in achievement of assurance of quality 
results and consistency by following the process 
(the practice) if the process is followed.

 d. In the modern world, the production of goods 
and services has become complex, dependent on 
integration of many different specialty activities, 
which include sophisticated equipment, requir-
ing design, construction, maintenance, and 
operation.

 e. The central axiom is best practice results in best 
outcome or good practice results in good out-
come (product).

 f. Applied in sales, manufacturing, teaching, pro-
gramming software, road construction, health 
care, insurance, and accounting.

 4. Good operating practice
 a. A strategy for management of activities to pro-

duce a desirable outcome/product
 b. Five hundred and more organizations, institutes, 

consultants, Web sites offering assistance
 5. cGMP for pharmaceuticals
 a. Established by government
 b. Requirement of law
 c. Definition, or development
 6. U.S. cGMP legal principles
 a. “Adulterated” drug due to lack of cGMPs.
 b. Defined in 501(a)(2)(B) of FD&C Act: “A drug 

shall be deemed adulterated: … if the methods 
used in, or the facilities or controls used for, its 
manufacture, processing, packing, or holding do 
not conform to or are not operated or adminis-
tered in conformity with current good manufac-
turing practice to assure that such drug meets the 
requirements of the Act as to safety and has that 
identity and strength, and meets the quality and 
purity characteristics, which it purports or is rep-
resented to possess.”

 c. Quality built into product
 i. By “taking care” in making medicine
 ii. Can’t “test” into product the quality
 iii. Controls provided by the practice
 d. Without/Inadequate cGMP
 i. Product(s) adulterated (defects need not be 

shown)
 ii. Firm and its management responsible
 e. Potential problems from
 i. Noncompliance with cGMP
 ii. Superpotency or subpotency
 iii. Contamination
 iv. Safety and efficacy effects
 v. Misbranding.
 7. cGMP requirements apply to
 a. Finished pharmaceuticals
 b. Drug substances/APIs
 c. OTC and Rx products
 d. NDA and aNDA drug products
 e. Approved and unapproved drug products
 f. Investigational New Drug Application (IND) 

products administered in clinical studies (human 
or animal)
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 8. U.S. cGMP legal principles excluded from the cGMP 
requirement

 a. Positron emission tomography, as per FDAMA 
(own cGMP to be developed)

 b. Drug products compounded as per Section 503 
Pharmacy Compounding (FDAMA)

 9. U.S. cGMP legal principles
 a. Feasible and valuable
 b. No threshold for “percentage” in practice
 c. Doesn’t have to be “predominant”
 d. Enforceable even if nobody is doing it
 e. Stronger case if someone is doing it
 10. cGMP regulation scope
 a. Dosage forms for human/vet/biologics
 b. OTC, Rx, IND, NDA, medical gases
 c. Not: pharmacies, ingredients, nonclinical research
 11. cGMP regulation
 a. cGMP for Finished Pharmaceuticals 21 CFR 

210, 211
 b. Substantive
 c. Force and effect of law
 d. Constitute major part of (not entire) cGMP
 e. Establish “what to” do, not “how to” do
 f. Minimal standards
 g. Maximum flexibility
 h. Specific enough to address problems, for exam-

ple, penicillin contamination control
 a. Technology neutral Scalable
 12. cGMP guidance documents
 a. Principles
 i. Not requirements
 ii. Agency “current thinking”
 iii. Detailed, technical
 iv. Expression of “how to” meet “what to” do 

(requirements)
 v. Shape industry behavior
 vi. Offers routes to efficiency in meeting cGMP 

requirement, evaluation of compliance
 b. cGMP guidance documents (examples)
 i. General principles of process validation
 ii. Compressed medical gases
 iii. Sterile drug products produced by aseptic 

processing
 iv. Guideline on the preparation of investiga-

tional new drug products
 v. Investigating out-of-specification test results 

for pharmaceutical production
 vi. Manufacturing, processing, or holding of 

active pharmaceutical ingredients
 13. cGMP Requirements: 21 CFR Parts 210 and 211 con-

tain the minimum cGMP regulations for the prepara-
tion of finished pharmaceuticals for administration 
to humans and animals and encompass

 a. Organization and personnel (e.g., quality control 
unit)

 b. Buildings and facilities
 c. Equipment

 d. Components and drug product containers
 e. Production and process controls
 f. Packaging and labeling controls
 g. Laboratory controls
 h. Holding and distribution
 i. Records and reports
 14. cGMP regulations
 a. 21CFR210
 i. Status of the regulations
 ii. Applicability of the regulations
 iii. Definitions
 iv. Batch
 v. Lot
 vi. In-process material
 vii. Quality control unit
 viii. Representative sample
 15. 21CFR211
 a. Subpart A—General provisions: this is mini-

mum cGMP
 i. Overview of cGMP requirements in the 

regulation.
 ii. cGMP regulations.
 b. Subpart B—Organization and personnel
 i. There shall be a quality control unit.
 ii. Quality control unit’s responsibility to 

approve/reject.
 c. Subpart C—Buildings and facilities
 i. Buildings shall be … suitable.
 ii. Operations to be in specifically defined 

areas … separate. … Or such other control 
systems for … operations as are necessary 
to prevent contamination or mix-ups … (see 
list, includes aseptic processing).

 iii. “Separate” facilities for penicillin.
 iv. Building … shall be … clean and sanitary.
 d. Subpart D—Equipment
 i. Surfaces … shall not be reactive, additive, or 

absorptive.
 ii. Equipment … shall be cleaned, maintained 

and sanitized.
 e. Subpart E—Control of components, containers, 

and closures
 i. Containers and closures … handled in a 

manner to prevent contamination.
 ii. Testing or examination of c/c/c’s.
 iii. Test to identify each component.
 iv. Tests on components for conformance with 

specs.
 v. Test c/c/c’s microscopically, for adulterants, 

microscopically.
 f. Subpart F—Production and process controls
 i. Written procedures for production and pro-

cess control.
 ii. Formulated not less than 100%.
 iii. Portions of components identified, examined 

by a second person before dispensed for use 
in manufacture.



27Regulatory and Manufacturing Guidelines 

 iv. Sampling and testing of in-process materials 
and products, some specified.

 v. Time limits.
 vi. Reprocessing allowed, but controlled.
 g. Subpart G—Packaging and labeling controls
 i. Examination, approval of labels, labeling.
 ii. Strict control over labeling issue, and return 

to stock.
 iii. Written procedures, physical separation of 

labeling operations.
 iv. Examination of materials before use.
 v. Inspection of facilities immediately before.
 vi. Tamper-resistant packaging (for OTC 

products).
 vii. Expiration dating.
 h. Subpart H—Holding and distribution
 i. Quarantine before release.
 ii. Store under appropriate conditions.
 i. Subpart I—Laboratory Controls
 i. Establish specs, standards, sampling plans, 

test procedures.
 ii. Calibration of laboratory equipment.
 iii. Test each batch of drug product.
 iv. Adequate acceptance criteria.
 v. Validate test methods.
 vi. Conduct stability program.
 j. Subpart I—Laboratory controls
 i. Special tests.
 ii. Sterility and pyrogenicity.
 iii. Ophthalmic ointments for foreign/abrasive 

particles.
 iv. Controlled-release products for rate of release.
 v. Keep reserve samples.
 vi. Test non-penicillin products for penicil-

lin when there is a reasonable possibility of 
exposure to the presence of penicillin.

 k. Subpart J—Records and reports
 i. Keep records, make available for inspection.
 ii. Conduct annual review of each drug product 

for changes to specs, control procedures.
 iii. Keep equipment clean and use log.
 iv. Keep component, container, closure, and 

labeling records.
 v. Have SOP for master production and control 

record, maintain record.
 vi. Use batch production and control records for 

manufacture, keep records.
 vii. Records to be reviewed/approved by quality 

control unit.
 viii. Complete data derived from all tests neces-

sary to ensure compliance.
 ix. Distribution records, with lot numbers 

(except medical gases) complaint files.
 l. Subpart K—Returned and salvaged drug products
 i. If conditions cast doubt, returned product 

shall be destroyed unless proved okay by 
test, examination, investigation.

 ii. Salvage only if evidence from tests and 
inspection show all standards met.

 16. cGMP changes
 a. Change/update continuous
 b. Establishment inspections
 c. Industry changes/problems
 d. Defect reports/complaints/recalls.
 17. Litigation
 a. Agency application reviews
 b. Trade/Scientific literature
 c. Citizen petitions
 18. Input for cGMP changes
 a. Establishment inspections
 b. Industry changes/problems
 c. Defect reports/complaints/recalls
 19. cGMP initiative
 a. Opportunities
 b. Major advances in manufacturing science/

technology
 c. Advances in the science of quality management 

(e.g., quality systems approaches)
 d. Systems-based drug inspection program
 e. Advances in application of risk analysis/

management
 f. Risk management approaches gaining wider 

acceptance in other regulatory agencies (e.g., 
EPA, OSHA, IRS)

 20. cGMP compliance programs—Instructions to FDA 
inspectors

 a. Drug manufacturing inspections program
 b. Systems-based assessment of site
 c. PAI program
 d. Points to inspect
 e. Laboratory support
 f. Regulatory approaches
 21. Systems-based approach to GMP described in 

CPGM 7356.002, drug process inspections
 a. Quality system.
 i. Quality control unit
 ii. Responsibility and authority to review and 

approve all
 iii. Procedures adequate for their intended use
 iv. Batch production records
 v. Training/Qualification of personnel
 vi. Record-keeping systems
 vii. Quality control unit evaluates
 viii. Data collected to identify quality problems
 ix. Annual product reviews, complaints, OoS 

findings
 x. Problems to determine what corrective and 

preventative actions are needed
 b. Facilities system
 i. Adequate design to prevent cross-contami-

nation or mix-up.
 ii. Readily cleanable and sanitizing agents 

effectively used
 iii. Properly maintained
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 iv. Adequate storage conditions for components
 v. Air-handling systems functioning and sepa-

rate if necessary (e.g. penicillin, beta-lac-
tams, steroids, hormones, cytotoxics)

 vi. Control system in place for implementing 
changes

 vii. Adequate lighting, temperature, humidity 
controls

 c. Equipment system
 i. Installation and operational qualification 

where appropriate
 ii. Adequate design, size, and location
 iii. Equipment surfaces should not be reactive, 

additive, or absorptive
 iv. Controls to prevent contamination
 v. Cleaning procedures and cleaning validation
 vi. Calibration and maintenance
 vii. Equipment use logs
 viii. Control system for implementing changes in 

the equipment
 d. Materials system
 i. Components, drug product containers, and 

closures
 ii. Quarantined until tested or examined and 

released (or rejected)
 iii. Representative samples collected, tested, 

or examined (e.g., containers and closures 
should not be additive, reactive, or absorp-
tive to the drug product)

 iv. At least one specific identity test conducted 
on each lot of each component

 v. A visual identification conducted on each lot 
of containers and closures

 vi. Testing or validation of supplier’s test results 
for components, containers, and closures

 vii. First in, first out (FIFO) use of components, 
containers, closures

 viii. Water a major component that is evaluated 
during most cGMP inspections

 e. Production system
 i. Components—“charge in”
 ii. Formulation/manufacturing at not less than 

100%
 iii. Equipment properly identified—contents
 iv. Actual yields and percentage of theoretical 

yields
 v. Containers and closu res—c leani ng/st erili 

zatio n/dep yroge natio n
 vi. Batch production documentation—contem-

poraneous and complete
 vii. Time limits for completion of phases of 

production
 viii. In-process controls, tests, and examinations 

(e.g., pH, adequacy of mix, weight variation, 
clarity)

 ix. Environmental controls—prevent objection-
able microorganisms

 x. Process validation
 xi. Computerized or automated processes—val-

idation and security
 xii. Change control
 f. Packaging and labeling system
 i. Adequate storage controls for labels and 

labeling—both approved and returned after 
issued

 ii. Control of labels which are similar in size, 
shape, and color for different products

 iii. Cut labels require 100% verification
 iv. Packaging records include specimens of all 

labels used
 v. Control of issuance/reconciliation of labels 

and labeling
 vi. Examination of the labeled finished product
 vii. Physical/Spatial separation between differ-

ent labeling and packaging lines
 viii. Line clearance, inspection, and 

documentation
 ix. Conformance to TEP packaging 

requirements—OTC
 g. Laboratory control system
 i. Staffing
 ii. Equipment and facilities
 iii. Calibration and maintenance of analytical 

instruments and equipment (e.g., system suit-
ability checks on chromatographic systems)

 iv. Reference standards
 v. Specifications, standards, and representative 

sampling plans
 vi. Validation/Verification of analytical 

methods
 vii. Complete analytical records—includes 

retention of raw data
 viii. Documented investigation into any unex-

pected discrepancy/OoS
 ix. Reserve samples
 x. Stability testing program
 h. cGMP implementation tools
 i. Compliance policy guides
 ii. Specific actions we do related to cGMP
 iii. Examples: Subchapter 410—Bulk Drugs.
 iv. The regulations for finished pharmaceuticals 

will be applied as guidelines for bulk drugs
 v. Subchapter 420—Compendial (USP)/Test 

Requirements. Example: USP not required 
for release test

 vi. Other subchapters
 vii. Labeling and repackaging
 viii. Stability/expiration
 ix. Process validation
 x. Other product-specific validation protocols
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V.  DRUG MASTER FILES AND CERTIFICATIONS

A Drug Master File (DMF) is a submission to the FDA that 
may be used to provide confidential detailed information 
about facilities, processes, or articles used in the manufactur-
ing, processing, packaging, and storing of one or more human 
drugs. The submission of a DMF is not required by law or 
FDA regulation. A DMF is submitted solely at the discretion 
of the holder. The information contained in the DMF may be 
used to support an IND, an NDA, an abbreviated New Drug 
Application (aNDA), another DMF, an export application, or 
amendments and supplements to any of these.

ADMF is not a substitute for an IND, NDA, aNDA, or 
export application. It is not approved or disapproved. Technical 
contents of a DMF are reviewed only in connection with the 
review of an IND, NDA, aNDA, or an export application.

This guideline does not impose mandatory requirements 
[21 CFR 10.90(b)]. It does, however, offer guidance on accept-
able approaches to meeting regulatory requirements. Different 
approaches may be followed, but the applicant is encouraged 
to discuss significant variations in advance with FDA review-
ers to preclude spending time and effort in preparing a sub-
mission that FDA may later determine to be unacceptable.

DMFs are provided for in 21 CFR 314.420.
DMFs are generally created to allow a party other than 

the holder of the DMF to reference material without disclos-
ing to that party the contents of the file. When an applicant 
references its own material, the applicant should reference 
the information contained in its own IND, NDA, or aNDA 
directly rather than establishing a new DMF.

A.  TyPes of DMfs

 a. Type I: Manufacturing Site, Facilities, Operating 
Procedures, and Personnel. A Type I DMF is recom-
mended for a person outside of the United States to 
assist FDA in conducting on-site inspections of their 
manufacturing facilities. The DMF should describe 
the manufacturing site, equipment capabilities, and 
operational layout. A Type I DMF is normally not 
needed to describe domestic facilities, except in spe-
cial cases, such as when a person is not registered and 
not routinely inspected. The description of the site 
should include acreage, actual site address, and a map 
showing its location with respect to the nearest city. 
An aerial photograph and a diagram of the site may 
be helpful. A diagram of major production and pro-
cessing areas is helpful for understanding the opera-
tional layout. Major equipment should be described 
in terms of capabilities, application, and location. 
Make and model would not normally be needed 
unless the equipment is new or unique. A diagram 
of major corporate organizational elements, with key 
manufacturing, quality control, and quality assurance 
positions highlighted, at both the manufacturing site 
and corporate headquarters, is also helpful.

 b. Type II: Drug Substance, Drug Substance 
Intermediate, and Material Used in Their 
Preparation, or Drug Product. A Type II DMF 
should, in general, be limited to a single drug inter-
mediate, drug substance, drug product, or type of 
material used in their preparation. Summarize all 
significant steps in the CMCs of the drug interme-
diate or substance. Manufacturing procedures and 
controls for finished dosage forms should ordinar-
ily be submitted in an IND, NDA, aNDA, or export 
application. If this information cannot be submitted 
in an IND, NDA, aNDA, or export application, it 
should be submitted in a DMF.

 c. Type III: Packaging Material. Each packaging mate-
rial should be identified by the intended use, compo-
nents, composition, and controls for its release. The 
names of the suppliers or fabricators of the compo-
nents used in preparing the packaging material and 
the acceptance specifications should also be given. 
Data supporting the acceptability of the packaging 
material for its intended use should also be sub-
mitted as outlined in the Guideline for Submitting 
Documentation for Packaging for Human Drugs 
and Biologics. Toxicological data on these materials 
would be included under this type of DMF, if not 
otherwise available by cross-reference to another 
document.

 d. Type IV: Excipient, Colorant, Flavor, Essence, or 
Material Used in Their Preparation. Each additive 
should be identified and characterized by its method 
of manufacture, release specifications, and test-
ing methods. Toxicological data on these materials 
would be included under this type of DMF, if not 
otherwise available by cross-reference to another 
document. Usually, the official compendia and FDA 
regulations for color additives (21 CFR Parts 70 
through 82), direct food additives (21 CFR Parts 170 
through 173), indirect food additives (21 CFR Parts 
174 through 178), and food substances (21 CFR Parts 
181 through 186) may be used as sources for release 
tests, specifications, and safety. Guidelines sug-
gested for a Type II DMF may be helpful for prepar-
ing a Type IV DMF. The DMF should include any 
other supporting information and data that are not 
available by cross-reference to another document.

 e. Type V: FDA-Accepted Reference Information. FDA 
discourages the use of Type V DMFs for miscella-
neous information, duplicate information, or infor-
mation that should be included in one of the other 
types of DMFs.

GLOSSARY

Acceptance Criteria:  Numerical limits, ranges, or other suit-
able measures for acceptance of test results.
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Active Pharmaceutical Ingredient (API): (or Drug Substance)  
Any substance or mixture of substances intended to be 
used in the manufacture of a drug (medicinal) prod-
uct and that, when used in the production of a drug, 
becomes an active ingredient of the drug product. Such 
substances are intended to furnish pharmacological 
activity or other direct effect in the diagnosis, cure, 
mitigation, treatment, or prevention of disease or to 
affect the structure and function of the body.

Airlock:  An enclosed space with two or more doors, which is 
interposed between two or more rooms, for example, 
of differing classes of cleanliness, for the purpose of 
controlling the airflow between those rooms when 
they need to be entered. An airlock is designed for 
use either by people or for goods and/or equipment.

API Starting Material:  A raw material, intermediate, or an 
API that is used in the production of an API and that 
is incorporated as a significant structural fragment 
into the structure of the API. An API starting mate-
rial can be an article of commerce, a material pur-
chased from one or more suppliers under contract or 
commercial agreement, or produced in-house. API 
starting materials are normally of defined chemical 
properties and structure.

Authorized Person:  The person recognized by the national 
regulatory authority as having the responsibility 
for ensuring that each batch of finished product has 
been manufactured, tested, and approved for release 
in compliance with the laws and regulations in force 
in that country.

Batch (or Lot):  A specific quantity of material produced in a 
process or series of processes so that it is expected to 
be homogeneous within specified limits. In the case 
of continuous production, a batch may correspond to 
a defined fraction of the production. The batch size 
can be defined either by a fixed quantity or by the 
amount produced in a fixed time interval. A defined 
quantity of starting material, packaging material, 
or product processed in a single process or series 
of processes such that it is expected to be homoge-
neous. It may sometimes be necessary to divide a 
batch into a number of sub-batches, which are later 
brought together to form a final homogeneous batch. 
In the case of terminal sterilization, the batch size is 
determined by the capacity of the autoclave. In con-
tinuous manufacture, the batch must correspond to 
a defined fraction of the production, characterized 
by its intended homogeneity. The batch size can be 
defined either as a fixed quantity or as the amount 
produced in a fixed time interval.

Batch Number (or Lot Number):  A unique combination 
of numbers, letters, and/or symbols that identifies 
a batch (or lot) and from which the production and 
distribution history can be determined. A distinc-
tive combination of numbers and/or letters which 
uniquely identifies a batch on the labels, its batch 
records, and corresponding certificates of analysis.

Batch Records:  All documents associated with the manufac-
ture of a batch of bulk product or finished product. 
They provide a history of each batch of product and 
of all circumstances pertinent to the quality of the 
final product.

Bioburden:  The level and type (e.g., objectionable or not) of 
microorganisms that can be present in raw materi-
als, API starting materials, intermediates, or APIs. 
Bioburden should not be considered contamination 
unless the levels have been exceeded or defined 
objectionable organisms have been detected.

Bulk Product:  Any product that has completed all processing 
stages up to, but not including, final packaging.

Calibration:  The demonstration that a particular instrument 
or device produces results within specified limits by 
comparison with those produced by a reference or 
traceable standard over an appropriate range of mea-
surements. The set of operations that establish, under 
specified conditions, the relationship between values 
indicated by an instrument or system for measuring 
(especially weighing), recording, and controlling, or 
the values represented by a material measure, and 
the corresponding known values of a reference stan-
dard. Limits for acceptance of the results of measur-
ing should be established.

Clean Area:  An area with defined environmental control of 
particulate and microbial contamination, constructed 
and used in such a way as to reduce the introduction, 
generation, and retention of contaminants within the 
area.

Computer System:  A group of hardware components and 
associated software, designed and assembled to per-
form a specific function or group of functions. A pro-
cess or operation integrated with a computer system.

Consignment (or Delivery):  The quantity of a 
pharmaceutical(s), made by one manufacturer and 
supplied at one time in response to a particular 
request or order. A consignment may comprise of 
one or more packages or containers and may include 
material belonging to more than one batch.

Contamination:  The undesired introduction of impurities of 
a chemical or microbiological nature, or of foreign 
matter, into or on to a starting material or interme-
diate during production, sampling, packaging or 
repackaging, storage or transport.

Contract Manufacturer:  A manufacturer performing some 
aspect of manufacturing on behalf of the original 
manufacturer.

Critical:  Describes a process step, process condition, test 
requirement, or other relevant parameter or item that 
must be controlled within predetermined criteria to 
ensure that the API meets its specification.

Critical Operation:  An operation in the manufacturing pro-
cess that may cause variation in the quality of the 
pharmaceutical product.

Cross-Contamination:  Contamination of a material or prod-
uct with another material or product. Contamination 
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of a starting material, intermediate product, or fin-
ished product with another starting material or prod-
uct during production.

Deviation:  Departure from an approved instruction or estab-
lished standard.

Drug (Medicinal) Product:  The dosage form in the final 
immediate packaging intended for marketing. 
(Reference Q1A)

Drug Substance:  See Active pharmaceutical ingredient.
Expiry Date (or Expiration Date):  The date placed on the 

container/labels of an API designating the time 
during which the API is expected to remain within 
established shelf life specifications if stored under 
defined conditions, and after which it should not be 
used.

Finished Product:  A finished dosage form that has under-
gone all stages of manufacture, including packaging 
in its final container and labeling.

Impurity:  Any component present in the intermediate or API 
that is not the desired entity.

Impurity Profile:  A description of the identified and uniden-
tified impurities present in an API.

In-Process Control:  Checks performed during production 
to monitor and, if necessary, to adjust the process 
to ensure that the product conforms to its specifica-
tions. The control of the environment or equipment 
may also be regarded as a part of in-process control.

Intermediate:  A material produced during steps of the pro-
cessing of an API that undergoes further molecular 
change or purification before it becomes an API. 
Intermediates may or may not be isolated. Partly 
processed product that must undergo further manu-
facturing steps before it becomes a bulk product.

Large-Volume Parenterals:  Sterile solutions intended for 
parenteral application with a volume of 100 mL or 
more in one container of the finished dosage form.

Lot:  See Batch.
Lot Number:  See Batch Number.
Manufacture:  All operations of receipt of materials, produc-

tion, packaging, repackaging, labeling, relabeling, 
quality control, release, storage, and distribution of 
APIs and related controls.

Manufacturer:  A company that carries out operations such 
as production, packaging, repackaging, labeling, and 
relabeling of pharmaceuticals.

Marketing Authorization (product license, registration 
certificate):  A legal document issued by the com-
petent drug regulatory authority that establishes the 
detailed composition and formulation of the product 
and the pharmacopoeial or other recognized speci-
fications of its ingredients and of the final product 
itself, and includes details of packaging, labeling, 
and shelf life.

Master Formula:  A document or set of documents specify-
ing the starting materials with their quantities and 
the packaging materials, together with a descrip-
tion of the procedures and precautions required to 

produce a specified quantity of a finished product as 
well as the processing instructions, including the in-
process controls.

Master Record:  A document or set of documents that serve 
as a basis for the batch documentation (blank batch 
record).

Material:  A general term used to denote raw materials (start-
ing materials, reagents, solvents), process aids, 
intermediates, APIs, and packaging and labeling 
materials.

Mother Liquor:  The residual liquid which remains after 
the crystallization or isolation processes. A mother 
liquor may contain unreacted materials, intermedi-
ates, levels of the API, and/or impurities. It may be 
used for further processing.

Packaging:  All operations, including filling and labeling, that 
a bulk product has to undergo to become a finished 
product. Filling of a sterile product under aseptic 
conditions or a product intended to be terminally 
sterilized, would not normally be regarded as part 
of packaging.

Packaging Material:  Any material intended to protect an 
intermediate or API during storage and transport. 
Any material, including printed material, employed 
in the packaging of a pharmaceutical, but excluding 
any outer packaging used for transportation or ship-
ment. Packaging materials are referred to as primary 
or secondary according to whether or not they are 
intended to be in direct contact with the product.

Pharmaceutical Product:  Any material or product intended 
for human or veterinary use presented in its finished 
dosage form or as a starting material for use in such 
a dosage form, that is subject to control by pharma-
ceutical legislation in the exporting state and/or the 
importing state.

Procedure:  A documented description of the operations to 
be performed, the precautions to be taken and mea-
sures to be applied directly or indirectly related to 
the manufacture of an intermediate or API.

Process Aids:  Materials, excluding solvents, used as an aid 
in the manufacture of an intermediate or API that do 
not themselves participate in a chemical or biologi-
cal reaction (e.g. filter aid, activated carbon, etc.).

Process Control:  See In-Process control.
Production:  All operations involved in the preparation of a 

pharmaceutical product, from receipt of materials, 
through processing, packaging and repackaging, 
labeling and relabeling, to completion of the finished 
product.

Qualification:  Action of proving and documenting that equip-
ment or ancillary systems are properly installed, 
work correctly, and actually lead to the expected 
results. Qualification is part of validation, but the 
individual qualification steps alone do not constitute 
process validation.

Quality Assurance (QA):  The sum total of the organized 
arrangements made with the object of ensuring that 
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all APIs are of the quality required for their intended 
use and that quality systems are maintained.

Quality Control (QC):  Checking or testing that specifica-
tions are met.

Quality Unit(s):  An organizational unit independent of pro-
duction which fulfills both Quality Assurance and 
Quality Control responsibilities. This can be in the 
form of separate QA and QC units or a single indi-
vidual or group, depending upon the size and struc-
ture of the organization.

Quarantine:  The status of starting or packaging materi-
als, intermediates, or bulk or finished products iso-
lated physically or by other effective means while 
a decision is awaited on their release, rejection or 
reprocessing.

Raw Material:  A general term used to denote starting mate-
rials, reagents, and solvents intended for use in the 
production of intermediates or APIs.

Reconciliation:  A comparison between the theoretical quan-
tity and the actual quantity.

Recovery:  The introduction of all or part of previous batches 
(or of redistilled solvents and similar products) of the 
required quality into another batch at a defined stage 
of manufacture. It includes the removal of impurities 
from waste to obtain a pure substance or the recov-
ery of used materials for a separate use.

Reference Standard, Primary:  A substance that has been 
shown by an extensive set of analytical tests to be 
authentic material that should be of high purity. This 
standard can be

Reference Standard, Secondary:  A substance of established 
quality and purity, as shown by comparison to a pri-
mary reference standard, used as a reference stan-
dard for routine laboratory analysis.

Reprocessing:  Subjecting all or part of a batch or lot of 
an in-process drug, bulk process intermediate 
(final biological bulk intermediate) or bulk prod-
uct of a single batch/lot to a previous step in the 
validated manufacturing process due to failure to 
meet predetermined specifications. Reprocessing 
procedures are foreseen as occasionally necessary 
for biological drugs and, in such cases, are vali-
dated and pre-approved as part of the marketing 
authorization.

Retest Date:  The date when a material should be re-exam-
ined to ensure that it is still suitable for use.

Reworking:  Subjecting an in-process or bulk process inter-
mediate (final biological bulk intermediate) or final 
product of a single batch to an alternate manufactur-
ing process due to a failure to meet predetermined 
specifications. Reworking is an unexpected occur-
rence and is not pre-approved as part of the market-
ing authorization.

Self-Contained Area:  Premises which provide complete and 
total separation of all aspects of an operation, includ-
ing personnel and equipment movement, with well 
established procedures, controls and monitoring. 
This includes physical barriers as well as separate 
air-handling systems, but does not necessarily imply 
two distinct and separate buildings.

Signature (Signed):  See Signed.
Signed (Signature):  The record of the individual who per-

formed a particular action or review. This record can 
be initials, full handwritten signature, personal seal, 
or authenticated and secure electronic signature.

Solvent:  An inorganic or organic liquid used as a vehicle for 
the preparation of solutions or suspensions in the 
manufacture of an intermediate or API.

Specification:  A list of detailed requirements with which the 
products or materials used or obtained during manu-
facture have to conform. They serve as a basis for 
quality evaluation.

Standard Operating Procedure (SOP):  An authorized writ-
ten procedure giving instructions for performing 
operations not necessarily specific to a given product 
or material (e.g., equipment operation, maintenance 
and cleaning; validation; cleaning of premises and 
environmental control; sampling and inspection). 
Certain SOPs may be used to supplement product-
specific master and batch production documentation.

Starting Material:  Any substance of a defined quality used 
in the production of a pharmaceutical product, but 
excluding packaging materials.

Validation:  A documented program that provides a high 
degree of assurance that a specific process, method, 
or system will consistently produce a result meeting 
predetermined acceptance criteria. Action of prov-
ing, in accordance with the principles of GMP, that 
any procedure, process, equipment, material, activ-
ity or system actually leads to the expected results 
(see also qualification).

Validation Protocol:  A written plan stating how validation 
will be conducted and defining acceptance criteria. 
For example, the protocol for a manufacturing pro-
cess identifies processing equipment, critical process 
parameters/operating ranges, product characteris-
tics, sampling, test data to be collected, number of 
validation runs, and acceptable test results.

Yield, Expected:  The quantity of material or the percentage 
of theoretical yield anticipated at any appropriate 
phase of production based on previous laboratory, 
pilot scale, or manufacturing data.

Yield, Theoretical:  The quantity that would be produced at 
any appropriate phase of production, based upon the 
quantity of material to be used, in the absence of any 
loss or error in actual production.
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Guideline on the Common Technical 
Document for the Registration of 
Pharmaceuticals for Human Use

The International Conference on Harmonization (www.ich.
org) has developed a universal format for the registration of 
pharmaceutical products in the member country states. It took 
decades to agree on the nature, structure, and substance of 
this document—it is called the Common Technical Document 
(CTD). This chapter provides an overview of the technical 
details and data required to complete this filing and to appre-
ciate the great complexity involved in organizing this docu-
ment. A common format for the technical documentation will 
significantly reduce the time and resources needed to com-
pile applications for the registration of human pharmaceuti-
cals and will ease the preparation of electronic submissions. 
Regulatory reviews and communication with the applicant 
will be facilitated by a standard document of common ele-
ments. In addition, exchange of regulatory information 
between Regulatory Authorities will be simplified. Whether a 
firm plans to file this document or not, preparing this for every 
product manufactured helps in cGMP compliance. Provided 
in this chapter are details regarding the agreed upon common 
format for the preparation of a well-structured CTD for appli-
cations that will be submitted to regulatory authorities.

BACKGROUND

Through the ICH process, considerable harmonization 
has been achieved among the three regions in the techni-
cal requirements for the registration of pharmaceuticals for 
human use. However, until now, there has been no harmoni-
zation of the organization of the registration documents. Each 
region has its own requirements for the organization of the 
technical reports in the submission and for the preparation of 
the summaries and tables. In Japan, the applicants must pre-
pare the GAIYO, which organizes and presents a summary 
of the technical information. In Europe, expert reports and 
tabulated summaries are required, and written summaries 
are recommended. The U.S. FDA has guidance regarding the 
format and content of the New Drug Application. To avoid 
the need to generate and compile different registration dos-
siers, this guideline describes a format for the CTD that will 
be acceptable in all three regions.

SCOPE OF THE GUIDELINE

This guideline primarily addresses the organization of the 
information to be presented in registration applications for 
new pharmaceuticals (including biotechnology-derived prod-
ucts). No reference is provided here to suggest what studies are 

required, it merely indicates an appropriate format for the data 
that have been acquired. Applicants should not modify the 
overall organization of the CTD as outlined in the guideline. 
However, in the nonclinical and clinical summaries, applicants 
can modify individual formats if needed to provide the best 
possible presentation of the technical information, in order to 
facilitate the understanding and evaluation of the results.

GENERAL PRINCIPLES

Throughout the CTD, the display of information should be 
unambiguous and transparent, in order to facilitate the review 
of the basic data and to help a reviewer become quickly oriented 
to the application contents. Text and tables should be prepared 
using margins that allow the document to be printed on both A4 
paper (EU and Japan) and 8.5 × 11” paper (United States). The 
left-hand margin should be sufficiently large that information 
is not obscured by the method of binding. Font sizes for text 
and tables should be of a style and size that are large enough to 
be easily legible, even after photocopying. Times New Roman, 
12-point font, is recommended for narrative text. Every page 
should be numbered, according to the granularity document. 
Acronyms and abbreviations should be defined the first time they 
are used in each module. References should be cited in accor-
dance with the current edition of the Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals, International 
Committee of Medical Journal Editors (ICMJE).

ORGANIZATION OF THE COMMON 
TECHNICAL DOCUMENT

The CTD is organized into five modules. Module 1 is region 
specific. Modules 2, 3, 4, and 5 are intended to be common for 
all regions. Conformance with this guideline should ensure 
that these four modules are provided in a format acceptable to 
the regulatory authorities.

Module 1. Administrative Information and Pres
cribing Information

This module should contain documents specific to each 
region; for example, application forms or the pro-
posed label for use in the region. The content and 
format of this module can be specified by the rel-
evant regulatory authorities.

Module 2. Common Technical Document Summaries
Module 2 should begin with a general introduction to the 

pharmaceutical, including its pharmacological class, 
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mode of action, and proposed clinical use. In general, 
the Introduction should not exceed one page.

Module 2 should contain seven sections in the follow-
ing order:
• CTD Table of Contents
• CTD Introduction
• Quality Overall Summary
• Nonclinical Overview
• Clinical Overview
• Nonclinical Written and Tabulated Summaries
• Clinical Summary

The organization of these summaries is described in 
Guidelines for M4Q, M4S, and M4E.

Module 3. Quality
Information on Quality should be presented in the 

structured format described in Guideline M4Q.
Module 4. Nonclinical Study Reports
The nonclinical study reports should be presented in the 

order described in Guideline M4S.
Module 5. Clinical Study Reports
The human study reports and related information should 

be presented in the order described in Guideline M4E.

  The overall organization of the CTD is presented 
on the following pages.

 Diagrammatic Representation of the Organization of the ICH CTD 
Common Technical Document

ORGANIZATION OF THE COMMON TECHNICAL 
DOCUMENT FOR THE REGISTRATION OF 
PHARMACEUTICALS FOR HUMAN USE

Module 1: Administrative Information and Prescribing 
Information
 1.1  Table of Contents of the Submission Including 

Module 1

 1.2  Documents Specific to Each Region (e.g., 
Application Forms, Prescribing Information)

Module 2: Common Technical Document Summaries
 2.1  Common Technical Document Table of Contents 

(Modules 2–5)
 2.2  CTD Introduction
 2.3  Quality Overall Summary
 2.4  Nonclinical Overview
 2.5  Clinical Overview
 2.6  Nonclinical Written and Tabulated Summaries

Pharmacology
Pharmacokineticals
Toxicology

 2.7  Clinical Summary
Biopharmaceutical Studies and Associated 

Analytical
Methods Clinical Pharmacology Studies
Clinical Efficacy
Clinical Safety
Literature References
Synopses of Individual Studies

Module 3: Quality
 3.1  Table of Contents of Module 3
 3.2  Body of Data
 3.3  Literature References
Module 4: Nonclinical Study Reports
 4.1  Table of Contents of Module 4
 4.2  Study Reports
 4.3  Literature References
Module 5: Clinical Study Reports
 5.1  Table of Contents of Module 5
 5.2  Tabular Listing of All Clinical Studies
 5.3  Clinical Study Reports
 5.4  Literature References

Granularity of Document

The CTD specifies many section headings and numbers. This 
section provides answer to the following questions:

Could guidance be provided for all modules on head-
ings in relation to document location and the section 
headings within those documents?

Could guidance also be provided on where in the CTD 
and eCTD multiple documents can be located in the 
hierarchy?

Could guidance be given on how documents should be 
paginated and on what the Table of Contents for each module 
should therefore include?

Definition of a Document

A document is defined for a paper submission as a set of pages, 
numbered sequentially and divided from other documents by a 
tab (see Document Pagination and Segregation section of this 
Annex). A document can be equated to a file for an electronic sub-
mission. The granularity of the paper and electronic submissions 
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should be equivalent, although if a paper submission is updated to 
be an electronic submission, some changes in granularity could 
be introduced to facilitate ongoing lifecycle management. In an 
electronic submission, a new file starts at the same point at which 
in a paper submission, a tab divides the documents.

In deciding whether one or more documents or files are appro-
priate, it should be considered that once a particular approach 
has been adopted, the same approach should be used throughout 
the life of the dossier since it is the intention that replacement 
documents/files be provided when information is changed.

The following tables describe the levels in the CTD/eCTD 
hierarchy at which documents/files should be placed and 
whether single or multiple documents are appropriate at each 
point. This describes all sections of a CTD/eCTD but for indi-
vidual submissions all sections might not be applicable.

Module 2 2.1 The TOC is only called for in the paper version of 
the CTD; there is no entry needed for the eCTD

2.2

Introduction

2 3 Note 1 2.3.S Note 2 2.3.S.1

2.3.S.2

2.3.S.3

2.3.S.4

2.3.S.5

2.3.S.6

2.3.S.7

2.3.P Note 3 2.3.P.1

2.3.P.2

2.3.P.3

2.3.P.4

2.3.P.5

2.3.P.6

2.3.P.7

2.3.P.8

2.3.A 2.3.A.1

2.3.A.2

2.3.A.3

2.3.R

2.4

2.5

2.6 2.6.1

2.6.2

2.6.3

2.6.4

2.6.5

2.6.6

2.6.7

2.7 2.7.1

2.7.2

2.7.3 Note 4

2.7.4

2.7.5

2.7.6

Key

Documents rolled up to this level are not considered appropriate

One document may be submitted at this level

Note 1: Optionality of granularity for the Quality Overall Summary is provided 
in order to accommodate different levels of complexity of products. 
The applicant can choose the level at which the QOS is managed.

Note 2: One document should be submitted for each drug substance.
Note 3: For a drug product supplied with reconstitution diluent(s), the infor-

mation on the diluent(s) should be provided in a separate part “P” 
document.

Note 4: One document for each indication should be submitted, although 
closely related indications can be within a single document.

Module 3 Note 1 3.1 The TOC is only called for in the paper version 
of the CTD; there is no entry needed for the 
eCTD

3.2 3.2.S Note 2 3.2.S.1 3.2.S.1.1

3.2.S.1.2

3.2.S.1.3

3.2.S.2 3.2.S.2.1

3.2.S.2.2

3.2.S.2.3

3.2.S.2.4

3.2.S.2.5

3.2.S.2.6

3.2.S.3 3.2.S.3.1

3.2.S.3.2

3.2.S.4 3.2.S.4.1

3.2.S.4.2

3.2.S.4.3

3.2.S.4.4

3.2.S.4.5

3.2.S.5

3.2.S.6

3.2.S.7 3.2.S.7.1

3.2.S.7.2

3.2.S.7.3

3.2.P.1

3.2.P Note 3 3.2.P.2 3.2.P.2.1 Note 4

3.2.P.2.2 Note 4

3.2.P.2.3

3.2.P.2.4

3.2.P.2.5

3.2.P.2.6

3.2.P.3 3.2.P.3.1

3.2.P.3.2

3.2.P.3.3

3.2.P.3.4

3.2.P.3.5

3.2.P.4 3.2.P.4.1

3.2.P.4.2

3.2.P.4.3

3.2.P.4.4

3.2.P.4.5

3.2.P.4.6

3.2.P.5 3.2.P.5.1

3.2.P.5.2

3.2.P.5.3

3.2.P.5.4
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3.2.P.5.5

3.2.P.5.6

3.2.P.6

3.2.P.7

3.2.P.8 3.2.P.8.1

3.2.P.8.2

3.2.P.8.3

3.2.A 3.2.A.1

3.2.A.2

3.2.A.3

3.2.R Note 5

3.3 One file

per reference Note 6

Key

Documents rolled up to this level are not considered appropriate

One or multiple documents can be submitted at this level

Note 1: In choosing the level of granularity for this module, the applicant 
should consider that, when relevant information is changed at any 
point in the product’s lifecycle, replacements of complete docu-
ments/files should be provided in the CTD and eCTD.

Note 2: For a drug product containing more than one drug substance, the 
information requested for part “S” should be provided in its entirety 
for each drug substance.

Note 3: For a drug product supplied with reconstitution diluent(s), the infor-
mation on the diluent(s) should be provided in a separate part “P,” as 
appropriate.

Note 4: The lower level of headings included in CTD-Q at this point are 
unlikely to be individual documents or files.

Note 5: Refer to regional guidances.
Note 6: Literature references should be listed in the tables of contents.

Module 4 4.1 The TOC is only called for in the paper version of 
the CTD; there is no entry needed for the eCTD

4.2 4.2.1 4.2.1.1 Studies Note 1

4.2.1.2 Studies Note 1

4.2.1.3 Studies Note 1

4.2.1.4 Studies Note 1

4.2.2 4.2.2.1 Studies Note 1

4.2.2.2 Studies Note 1

4.2.2.3 Studies Note 1

4.2.2.4 Studies Note 1

4.2.2.5 Studies Note 1

4.2.2.6 Studies Note 1

4.2.2.7 Studies Note 1

4.2.3 4.2.3.1 Studies Note 1

4.2.3.2 Studies Note 1

4.2.3. 4.2.3.3.1 Studies Note 1

4.2.3.3.2 Studies Note 1

4.2.3.4 4.2.3.4.1 Studies Note 1

4.2.3.4.2 Studies Note 1

4.2.3.4.3 Studies Note 1

4.2.3.5 4.2.3.5.1 Studies Note 1

4.2.3.5.2 Studies Note 1

4.2.3.5.3 Studies Note 1

4.2.3.5.4 Studies Note 1

4.2.3.6 Studies Note 1

4.2.3.7 4.2.3.7.1 Studies Note 1

4.2.3.7.2 Studies Note 1

4.2.3.7.3 Studies Note 1

4.2.3.7.4 Studies Note 1

4.2.3.7.5 Studies Note 1

4.2.3.7.6 Studies Note 1

4.2.3.7.7 Studies Note 1

4.3 One file per

reference Note 2

Key

Documents rolled up to this level are not considered appropriate

One or multiple documents can be submitted at this level

Note 1: Typically, a single document should be provided for each study 
report included in Module 4. However, where the study report is 
large (e.g., a carcinogenicity study), the applicant can choose to sub-
mit the report as more than one document. In this case, the text por-
tion of the report should be one document and the appendices can be 
one or more documents. In choosing the level of granularity for these 
reports, the applicant should consider that, when relevant informa-
tion is changed at any point in the product’s lifecycle, replacements 
of complete documents/files should be provided.

Note 2: Literature references should be listed in the tables of contents.

Module 5 5.1 The TOC is only called for in the paper version of the 
CTD; there is no entry needed for the eCTD

5.2

5.3 5.3.1 5.3.1.1 Studies Note 1

5.3.1.2 Studies Note 1

5.3.1.3 Studies Note 1

5.3.1.4 Studies Note 1

5.3.2 5.3.2.1 Studies Note 1

5.3.2.2 Studies Note 1

5.3.2.3 Studies Note 1

5.3.3 5.3.3.1 Studies Note 1

5.3.3.2 Studies Note 1

5.3.3.3 Studies Note 1

5.3.3.4 Studies Note 1

5.3.3.5 Studies Note 1

5.3.4 5.3.4.1 Studies Note 1

5.3.4.2 Studies Note 1

5.3.5 Note 2 5.3.5.1 Studies Note 1

5.3.5.2 Studies Note 1

5.3.5.3 Studies Note 1

5.3.5.4 Studies Note 1

5.3.6

5.3.7 Studies Note 1

5.4 One file per reference Note 3

Key

Documents rolled up to this level are not considered appropriate

One document can be submitted at this level

One or multiple documents can be submitted at this level

Note 1: The applicants should ordinarily provide the study reports as mul-
tiple documents (a synopsis, a main body of the study report, and 
appropriate appendices). Appendices should be organized in accor-
dance with the ICH E3 guideline, which describes the content and 
format of the clinical study report. In choosing the level of granu-
larity for reports the applicant should consider that, when relevant 
information is changed at any point in the product’s lifecycle, 
replacements of complete documents/files should be provided.
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Note 2: For applications in support of more than one indication, this section 
should be repeated for each indication.

Note 3: Literature references should be listed in the tables of content.

Document PaGination anD SeGreGation

Every document should be numbered starting at page one, 
except for individual literature references, where the existing 
journal page numbering is considered sufficient. Applicants 
need not display the number as “1 of n,” where n is the total 
number of pages in the document. Additionally, all pages of a 
document should include a unique header or footer that briefly 
identifies its subject matter. In a paper-based drug submission, 
a similar identifier should be used on a tab that precedes the 
document, to facilitate finding that document within the dos-
sier. An abbreviation of the full section number and title can 
be used.

If a section contains more than one document, a specific 
Table of Contents for that section can be included to identify 
the chronology and titles of the documents contained therein, 
for example,

• Tab with “3.2.S.4.2 Analytical Procedures”
• Table of Contents, listing the title of Procedure 

A, Procedure B, Procedure C
• Tab with “3.2.S.4.2 “Procedure A”;

• Procedure A (i.e., document, page 1-n)
• Tab with “3.2.S.4.2 “Procedure B”;

• Procedure B (i.e., document, page 1-n)
• Tab with “3.2.S.4.2 “Procedure C”;

• Procedure C (i.e., document, page 1-n)

If a section contains only a single document (e.g., 3.2.S.1.1 
Nomenclature), only a tab identified by “3.2.S.1.1 
Nomenclature” should precede the document.

Section numberinG Within DocumentS

In order to avoid fifth-, sixth-level subheading number-
ing (e.g., 2.6.6.3.2.1) within a document, the applicant 
can use a shortened numbering string. In this case, the 
document number and the name (e.g., 2.6.6 Toxicology 
Written Summary) should appear in page headers or foot-
ers and then section numbering within the document can 
be used, for example, 1, 1.1, 2, 3, 3.1, 3.2, etc. Use of the 
full numbering string (e.g., 2.6.6.3.2.1) is also considered 
acceptable.

table of contentS formattinG

Module 2
The 2.1 CTD Table of Contents should go down to the third 
(e.g., 2.3.S) or fourth (e.g., 2.3.S.1) level, depending on how a 
document is defined for the Quality Overall Summary. (See 
Definition of a Document for Module 2.)

Module 3
The Table of Contents provided under Section 3.1 should 
cover the high-level section numbering, the associated sec-
tion heading, and the volume number in the order that they 
appear in the drug submission. This Table of Contents would 
be used to identify the contents of Module 3 as defined in the 
M4Q guideline. It should go down to the fifth level only (e.g., 
3.2.P.2.1). Note that additional subsections and subheadings 
are defined in the M4Q guideline beyond this level (e.g., under 
3.2.P.2) and this formatting should be used within the dos-
sier, despite not being included in the 3.1 Table of Contents. 
The lower level Table of Contents described under Document 
Pagination and Segregation should be excluded from the 3.1 
Table of Contents.

At the applicant’s discretion, a Table of Contents can 
also be included for a particular section that contains 
multiple documents, in order to identify the chronology 
and the document subject matter. If there is a desire to 
introduce additional headers or subsection numbering 
beyond those which are defined in the M4Q guideline, 
these should only be included within a document and 
should be created neither as a separate document nor as a 
new subsection. In this case, a specific Table of Contents 
for that document can be included to identify the chronol-
ogy and titles of the subsections contained therein. These 
documents and subsections should not appear in the 3.1 
Table of Contents.

Furthermore, additional attachments or appendices should 
not be incorporated into this formatting, except as a document 
under a section where multiple documents might be provided. 
In this case, a cross-reference should be made within the rel-
evant section to the attached or appended document. If there 
is a desire to append or attach additional information to a sec-
tion that is composed of only one document, this information 
should be incorporated within that document.

All Table of Contents title entries should either correspond 
to heading names and section numbering as defined in the 
M4Q guideline or to identifiers appearing on tabs (for a paper-
based drug submission only), preferably by their full title, 
which should easily identify any abbreviated title that might 
be used on the corresponding tab. The Table of Contents 
should not specify any page numbers.

Literature References should be listed in a Table of 
Contents specific for this section.

Module 4
The Table of Contents for Module 4 should include all of the 
numerical items listed in the CTD guideline in order to iden-
tify all of the important components of the application (e.g., 
4.2.3.5.1 Fertility and Early Embryonic Development) and 
should continue down to at least the level of the study report. 
Thus, each study report should be identified in the table of 
contents. The sections of a study report could be identified in 
the Module 4 Table of Contents of the dossier or only in the 
Table of Contents of the individual study report.
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Illustration of part of the Module 4 Table of Contents

4.2.3.2 Repeat-Dose Toxicity

Study aa-aaa: 30 day repeat dose toxicity study with drug Cinrat

Study bb-bbb: 6 month repeat dose toxicity study with drug Cinrat

Study cc-ccc: 30 day repeat dose toxicity study with drug Cindog

Study dd-ddd: 6 month repeat dose toxicity study with drug Cindog

4.2.3.3 Genotoxicity

4.2.3.3.1 In vitro

Study ee-eee: Ames test with drug C etc.

Module 5
The Table of Contents for Module 5 should include all of the 
numerical items listed in the CTD guideline in order to iden-
tify all of the important components of the application (e.g., 
5.3.5.1.1 Placebo-Controlled Trials) and should continue down 
to at least the level of the clinical study report. Thus, each clin-
ical study report should be identified in the table of contents. 
The sections of a clinical study report (E3) could be identified 
in the Module 5 Table of Contents of the dossier or only in the 
Table of Contents of the individual clinical study report.

Illustration of part of the Module 5 Table of Contents

5.3.5 Indication Z—Reports of Efficacy and Safety Studies

5.3.5.1 Indication Z—Study Reports of Controlled

Clinical Trials Pertinent to the Claimed Indication

5.3.5.1.1 Indication Z—Placebo-Controlled Trials

Study xx-xxx: A double-blind, placebo-controlled trial of drug A in 
indication Z

Study yy-yyy: A double blind . . .

5.3.5.1.2 Indication Z—Active Controlled Trials

Study zz-zzz: A double blind, active controlled trial of drug A versus 
drug C in indication Z

5.3.5 Indication Q—Reports of Efficacy and Safety Studies

5.3.5.1 Indication Q—Study Reports of Controlled Clinical Trials 
Pertinent to the Claimed Indication etc.

2.3  QUALITY OVERALL SUMMARY

The Quality overall summary (QOS) is a summary that follows 
the scope and the outline of the body of data in Module 3. The 
QOS should not include information, data, or justification that was 
not already included in Module 3 or in other parts of the CTD.

The QOS should include sufficient information from each 
section to provide the quality reviewer with an overview of 
Module 3. The QOS should also emphasize critical key param-
eters of the product and provide, for instance, justification in 
cases where guidelines were not followed. The QOS should 
include a discussion of key issues that integrates information 
from sections in the Quality Module and supporting infor-
mation from other Modules (e.g., qualification of impurities 
via toxicological studies discussed under the CTD-S module), 
including cross-referencing to volume and page number in 
other Modules.

This QOS normally should not exceed 40 pages of text, 
excluding tables and figures. For biotech products and prod-
ucts manufactured using more complex processes, the docu-
ment could be longer but normally should not exceed 80 pages 
of text (excluding tables and figures).

The italicized text below indicates where tables, figures, or 
other items can be imported directly from Module 3.

INTRODUCTION

The introduction should include proprietary name, nonpropri-
etary name, or common name of the drug substance, company 
name, dosage form(s), strength(s), route of administration, and 
proposed indication(s).

2.3.S  DRUG SUBSTANCE (NAME, 
MANUFACTURER)

2.3.S.1  General information (name, manufacturer)

Information from 3.2.S.1 should be included.

2.3.S.2  manufacture (name, manufacturer)

Information from 3.2.S.2 should include

• information on the manufacturer;
• a brief description of the manufacturing process 

(including, e.g., reference to starting materials, criti-
cal steps, and reprocessing) and the controls that are 
intended to result in the routine and consistent pro-
duction of material(s) of appropriate quality;

• a flow diagram, as provided in Section 3.2.S.2.2;
• a description of the source and starting material 

and raw materials of biological origin used in the 
manufacture of the drug substance, as described in 
Section 3.2.S.2.3;

• a discussion of the selection and justification of 
critical manufacturing steps, process controls, and 
acceptance criteria. Highlight critical process inter-
mediates, as described in Section 3.2.S.2.4;

• a description of process validation and/or evaluation, 
as described in Section 3.2.S.2.5; and

• a brief summary of major manufacturing changes 
made throughout development and conclusions from 
the assessment used to evaluate product consistency, 
as described in Section 3.2.S.2.6. The QOS should 
also cross-refer to the nonclinical and clinical stud-
ies that used batches affected by these manufactur-
ing changes, as provided in the CTD-S and CTD-E 
modules of the dossier

2.3.S.3  characterization (name, manufacturer)

For NCE:
A summary of the interpretation of evidence of structure 
and isomerism, as described in Section 3.2.S.3.1, should be 
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included. When a drug substance is chiral, it should be speci-
fied whether specific stereoisomers or a mixture of stereoiso-
mers have been used in the nonclinical and clinical studies, 
and information should be given as to the stereoisomer of the 
drug substance that is to be used in the final product intended 
for marketing.

For Biotech:
A description of the desired product and product-related sub-
stances and a summary of general properties, characteristic 
features, and characterization data (e.g., primary and higher 
order structure and biological activity), as described in Section 
3.2.S.3.1, should be included.

For NCE and Biotech:
The QOS should summarize the data on potential and actual 
impurities arising from the synthesis, manufacture, and/or 
degradation, and should summarize the basis for setting the 
acceptance criteria for individual and total impurities. The 
QOS should also summarize the impurity levels in batches 
of the drug substance used in the nonclinical studies, in the 
clinical trials, and in typical batches manufactured by the 
proposed commercial process. The QOS should state how the 
proposed impurity limits are qualified.

A tabulated summary of the data provided in Section 
3.2.S.3.2, with graphical representation, where appropriate, 
should be included.

2.3.S.4  control of DruG SubStance 
(name, manufacturer)

A brief summary of the justification of the specification(s), 
the analytical procedures, and validation should be included.

Specification from Section 3.2.S.4.1 should be provided.
A tabulated summary of the batch analyses from Section 

3.2.S.4.4, with graphical representation where appropriate, 
should be provided.

2.3.S.5  reference StanDarDS or materialS 
(name, manufacturer)

Information from Section 3.2.S.5 (tabulated presentation, 
where appropriate) should be included.

2.3.S.6  container cloSure SyStem 
(name, manufacturer)

A brief description and discussion of the information, from 
Section 3.2.S.6 should be included.

2.3.S.7  Stability (name, manufacturer)

This section should include a summary of the studies under-
taken (conditions, batches, analytical procedures) and a brief 
discussion of the results and conclusions, the proposed stor-
age conditions, retest date, or shelf life, where relevant, as 
described in Section 3.2.S.7.1.

The postapproval stability protocol, as described in Section 
3.2.S.7.2, should be included.

A tabulated summary of the stability results from Section 
3.2.S.7.3, with graphical representation where appropriate, 
should be provided.

2.3.P DRUG PRODUCT (NAME, DOSAGE FORM)

2.3.P.1  DeScriPtion anD comPoSition of the 
DruG ProDuct (name, DoSaGe form)

Information from Section 3.2.P.1 should be provided.
Composition from Section 3.2.P.1 should be provided.

2.3.P.2  Pharmaceutical DeveloPment 
(name, DoSaGe form)

A discussion of the information and data from Section 
3.2.P.2 should be presented.

A tabulated summary of the composition of the formula-
tions used in clinical trials and a presentation of dis-
solution profiles should be provided, where relevant.

2.3.P.3  manufacture (name, DoSaGe form)

Information from Section 3.2.P.3 should include

information on the manufacturer;
a brief description of the manufacturing process and the 

controls that are intended to result in the routine and 
consistent production of product of appropriate quality;

a flow diagram, as provided under Section 3.2.P.3.3; and
a brief description of the process validation and/or eval-

uation, as described in Section 3.2.P.3.5.

2.3.P.4  control of exciPientS (name, DoSaGe form)

A brief summary of the quality of excipients, as described in 
Section 3.2.P.4, should be included.

2.3.P.5  control of DruG ProDuct 
(name, DoSaGe form)

A brief summary of the justification of the 
specification(s), a summary of the analytical proce-
dures and validation, and characterization of impuri-
ties should be provided.

Specification(s) from Section 3.2.P.5.1 should be 
provided.

A tabulated summary of the batch analyses provided 
under Section 3.2.P.5.4, with graphical representa-
tion where appropriate should be included.

2.3.P.6  reference StanDarDS or materialS 
(name, DoSaGe form)

Information from Section 3.2.P.6 (tabulated presentation, 
where appropriate) should be included.
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2.3.P.7  container cloSure SyStem 
(name, DoSaGe form)

A brief description and discussion of the information in 
Section 3.2.P.7 should be included.

2.3.P.8  Stability (name, DoSaGe form)

A summary of the studies undertaken (conditions, batches, 
analytical procedures) and a brief discussion of the results and 
conclusions of the stability studies and analysis of data should 
be included. Conclusions with respect to storage conditions 
and shelf life and, if applicable, in-use storage conditions and 
shelf life should be given.

A tabulated summary of the stability results from Section 
3.2.P.8.3, with graphical representation where appropriate, 
should be included.

The postapproval stability protocol, as described in Section 
3.2.P.8.2, should be provided.

2.3.A APPENDICES

2.3.a.1  facilitieS anD equiPment 
(name, manufacturer)

Biotech:
A summary of facility information described under Section 

3.2.A.1 should be included.

2.3.a.2  aDventitiouS aGentS Safety evaluation 
(name, DoSaGe form, manufacturer)

A discussion on measures implemented to control endogenous 
and adventitious agents in production should be included.

A tabulated summary of the reduction factors for viral 
clearance from Section 3.2.A.2, should be provided.

2.3.R REGIONAL INFORMATION

A brief description of the information specific for the region, 
as provided under Module 3.2.R should be included, where 
appropriate.

2.4  NONCLINICAL OVERVIEW

The Nonclinical Overview should provide an integrated over-
all analysis of the information in the Common Technical 
Document. In general, the Nonclinical Overview should not 
exceed about 30 pages.

General aSPectS

The Nonclinical Overview should present an integrated and 
critical assessment of the pharmacological, PK, and toxi-
cological evaluation of the pharmaceutical. Where relevant 
guidelines on the conduct of studies exist, these should be 
taken into consideration, and any deviation from these 

guidelines should be discussed and justified. The nonclini-
cal testing strategy should be discussed and justified. There 
should be comment on the GLP status of the studies sub-
mitted. Any association between nonclinical findings and 
the quality characteristics of the human pharmaceutical, the 
results of clinical trials, or effects seen with related products 
should be indicated, as appropriate.

Except for biotechnology-derived products, an assess-
ment of the impurities and degradants present in the drug 
substance and product should be included along with what is 
known of their potential pharmacological and toxicological 
effects. This assessment should form part of the justifica-
tion for proposed impurity limits in the drug substance and 
product, and be appropriately cross-referenced to the quality 
documentation. The implications of any differences in the 
chirality, chemical form, and impurity profile between the 
compound used in the nonclinical studies and the product to 
be marketed should be discussed. For biotechnology-derived 
products, comparability of material used in nonclinical stud-
ies, clinical studies, and proposed for marketing should be 
assessed. If a drug product includes a novel excipient, an 
assessment of the information regarding its safety should be 
provided.

Relevant scientific literature and the properties of related 
products should be taken into account. If detailed references 
to published scientific literature are to be used in place of 
studies conducted by the applicant, this should be supported 
by an appropriate justification that reviews the design of the 
studies and any deviations from available guidelines. In addi-
tion, the availability of information on the quality of batches 
of drug substance used in these referenced studies should be 
discussed.

The Nonclinical Overview should contain appropriate ref-
erence citations to the Tabulated Summaries, in the following 
format: (Table X.X, Study/Report Number).

content anD Structural format

The Nonclinical Overview should be presented in the follow-
ing sequence:

Overview of the Nonclinical Testing Strategy
Pharmacology
Pharmacokinetics
Toxicology
Integrated Overview and Conclusions
List of Literature References

Studies conducted to establish the pharmacodynamic (PD) 
effects, the mode of action, and potential side effects should 
be evaluated and consideration should be given to the signifi-
cance of any issues that arise.

The assessment of the PK, toxicokinetic, and metabolism 
data should address the relevance of the analytical methods 
used, the PK models, and the derived parameters. It might 
be appropriate to cross-refer to more detailed consideration 
of certain issues within the pharmacology or toxicology 
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studies (e.g., impact of the disease states, changes in physi-
ology, antiproduct antibodies, cross-species consideration 
of toxicokinetic data). Inconsistencies in the data should 
be discussed. Interspecies comparisons of metabolism and 
systemic exposure comparisons in animals and humans 
(AUC, Cmax, and other appropriate parameters) should be 
discussed and the limitations and utility of the nonclinical 
studies for prediction of potential adverse effects in humans 
highlighted.

The onset, severity, and duration of the toxic effects, their 
dose-dependency and degree of reversibility (or irrevers-
ibility), and species- or gender-related differences should be 
evaluated and important features discussed, particularly with 
regard to the following:

• Pharmacodynamics
• Toxic signs
• Causes of death
• Pathologic findings
• Genotoxic activity—the chemical structure of the 

compound, its mode of action, and its relationship to 
known genotoxic compounds

• Carcinogenic potential in the context of the chemical 
structure of the compound, its relationship to known 
carcinogens, its genotoxic potential, and the expo-
sure data

• The carcinogenic risk to humans—if epidemiologic 
data are available, they should be taken into account

• Fertility, embryofetal development, pre- and postna-
tal toxicity

• Studies in juvenile animals
• The consequences of use before and during preg-

nancy, during lactation, and during pediatric 
development

• Local tolerance
• Other toxicity studies/studies to clarify special 

problems

The evaluation of toxicology studies should be arranged in 
a logical order so that all relevant data elucidating a certain 
effect/phenomenon are brought together. Extrapolation of the 
data from animals to humans should be considered in relation 
to the following:

• Animal species used.
• Numbers of animals used.
• Routes of administration employed.
• Dosages used.
• Duration of treatment or of the study.
• Systemic exposures in the toxicology species at no 

observed adverse effect levels and at toxic doses, in 
relation to the exposures in humans at the maximum 
recommended human dose. Tables or figures sum-
marizing this information are recommended.

• The effect of the drug substance observed in nonclin-
ical studies in relation to that expected or observed 
in humans.

If alternatives to whole animal experiments are employed, 
their scientific validity should be discussed.

The Integrated Overview and Conclusions should clearly 
define the characteristics of the human pharmaceutical as 
demonstrated by the nonclinical studies and arrive at logical, 
well-argued conclusions supporting the safety of the product 
for the intended clinical use. Taking the pharmacology, PKs, 
and toxicology results into account, the implications of the 
nonclinical findings for the safe human use of the pharmaceu-
tical should be discussed (i.e., as applicable to labeling).

2.5  CLINICAL OVERVIEW

Preamble
The Clinical Overview is intended to provide a criti-

cal analysis of the clinical data in the CTD. The Clinical 
Overview will necessarily refer to application data provided 
in the comprehensive Clinical Summary, the individual clini-
cal study reports (ICH E3), and other relevant reports; but it 
should primarily present the conclusions and implications of 
those data, and should not recapitulate them. Specifically, the 
Clinical Summary should provide a detailed factual sum-
marization of the clinical information in the CTD, and the 
Clinical Overview should provide a succinct discussion and 
interpretation of these findings together with any other rel-
evant information (e.g., pertinent animal data or product qual-
ity issues that may have clinical implications).

The Clinical Overview is primarily intended for use by reg-
ulatory agencies in the review of the clinical section of a mar-
keting application. It should also be a useful reference to the 
overall clinical findings for regulatory agency staff involved 
in the review of other sections of the marketing application. 
The Clinical Overview should present the strengths and limi-
tations of the development program and study results, analyze 
the benefits and risks of the medicinal product in its intended 
use, and describe how the study results support critical parts 
of the prescribing information.

In order to achieve these objectives the Clinical Overview 
should

• Describe and explain the overall approach to the 
clinical development of a medicinal product, includ-
ing critical study design decisions

• Assess the quality of the design and performance of 
the studies, and include a statement regarding GCP 
compliance

• Provide a brief overview of the clinical findings, 
including important limitations (e.g., lack of com-
parisons with an especially relevant active com-
parator, or absence of information on some patient 
populations, on pertinent end points, or on use in 
combination therapy)

• Provide an evaluation of benefits and risks based 
upon the conclusions of the relevant clinical stud-
ies, including interpretation of how the efficacy 
and safety findings support the proposed dose and 
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target indication and an evaluation of how prescrib-
ing information and other approaches will optimize 
benefits and manage risks

• Address particular efficacy or safety issues encoun-
tered in development, and how they have been evalu-
ated and resolved

• Explore unresolved issues, explain why they should 
not be considered as barriers to approval, and 
describe plans to resolve them

• Explain the basis for important or unusual aspects of 
the prescribing information

The Clinical Overview should generally be a relatively short 
document (approximately 30 pages). The length, however, 
will depend on the complexity of the application. The use of 
graphs and concise tables in the body of the text is encouraged 
for brevity and to facilitate understanding. It is not intended 
that material presented fully elsewhere be repeated in the 
Clinical Overview; cross-referencing to more detailed presen-
tations provided in the Clinical Summary or in Module 5 is 
encouraged.

Table of Contents

2.5.1 Product Development Rationale
2.5.2 Overview of Biopharmaceuticals
2.5.3 Overview of Clinical Pharmacology
2.5.4 Overview of Efficacy
2.5.5 Overview of Safety
2.5.6 Benefits and Risks Conclusions
2.5.7 Literature References

Detailed Discussion of Content of the Clinical Overview 
Sections

2.5.1  ProDuct DeveloPment rationale

The discussion of the rationale for the development of the 
medicinal product should

• Identify the pharmacological class of the medicinal 
product.

• Describe the particular clinical/pathophysiologic 
condition that the medicinal product is intended to 
treat, prevent, or diagnose (the targeted indication).

• Briefly summarize the scientific background that 
supported the investigation of the medicinal product 
for the indication(s) that was (were) studied.

• Briefly describe the clinical development program 
of the medicinal product, including ongoing and 
planned clinical studies and the basis for the decision 
to submit the application at this point in the program. 
Briefly describe plans for the use of foreign clinical 
data (ICH E5).

• Note and explain concordance or lack of concor-
dance with current standard research approaches 
regarding the design, conduct, and analysis of the 

studies. Pertinent published literature should be ref-
erenced. Regulatory guidance and advice (at least 
from the region(s) where the Clinical Overview is 
being submitted) should be identified, with discus-
sion of how that advice was implemented. Formal 
advice documents (e.g., official meeting minutes, 
official guidance, letters from regulatory authorities) 
should be referenced, with copies included in the ref-
erences section of Module 5.

2.5.2  overvieW of bioPharmaceuticalS

The purpose of this section is to present a critical analysis of 
any important issues related to bioavailability that might affect 
efficacy and/or safety of the to-be-marketed formulation(s) (e.g., 
dosage form/strength proportionality, differences between the 
to-be-marketed formulation and the formulation(s) used in 
clinical trials, and influence of food on exposure).

2.5.3  overvieW of clinical PharmacoloGy

The purpose of this section is to present a critical analysis of 
the PK, PD, and related in vitro data in the CTD. The analysis 
should consider all relevant data and explain why and how 
the data support the conclusions drawn. It should emphasize 
unusual results and known or potential problems, or note the 
lack thereof. This section should address:

• PKs, for example, comparative PK in healthy sub-
jects, patients, and special populations; PK related 
to intrinsic factors (e.g., age, sex, race, renal, and 
hepatic impairment) and to extrinsic factors (e.g., 
smoking, concomitant drugs, diet); rate and extent 
of absorption; distribution, including binding with 
plasma proteins; specific metabolic pathways, 
including effects of possible genetic polymorphism 
and the formation of active and inactive metabolites; 
excretion; time-dependent changes in PKs; stereo-
chemistry issues; clinically relevant PK interactions 
with other medicinal products or other substances

• Pharmacodynamics, for example, information on 
mechanism of action, such as receptor binding; onset 
and/or offset of action; relationship of favorable and 
unfavorable PD effects to dose or plasma concentra-
tion (i.e., PK/PD relationships); PD support for the 
proposed dose and dosing interval; clinically relevant 
PD interactions with other medicinal products or sub-
stances; and possible genetic differences in response

• Interpretation of the results and implications of 
immunogenicity studies, clinical microbiology stud-
ies, or other drug class specific PD studies summa-
rized in section 2.7.2.4 of the Clinical Summary

2.5.4  overvieW of efficacy

The purpose of this section is to present a critical analysis 
of the clinical data pertinent to the efficacy of the medicinal 
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product in the intended population. The analysis should 
consider all relevant data, whether positive or negative, 
and should explain why and how the data support the pro-
posed indication and prescribing information. Those studies 
deemed relevant for evaluation of efficacy should be iden-
tified, and reasons that any apparently adequate and well-
controlled studies are not considered relevant should be 
provided. Prematurely terminated studies should be noted 
and their impact considered.

The following issues should generally be considered:

• Relevant features of the patient populations, includ-
ing demographic features, disease stage, any other 
potentially important covariates, any important 
patient populations excluded from critical stud-
ies, and participation of children and elderly (ICH 
E11 and E7). Differences between the studied 
population(s) and the population that would be 
expected to receive the medicinal product after mar-
keting should be discussed.

• Implications of the study design(s), including selec-
tion of patients, duration of studies, and choice of 
end points and control group(s). Particular attention 
should be given to end points for which there is lim-
ited experience. Use of surrogate end points should 
be justified. Validation of any scales used should be 
discussed.

• For non-inferiority trials used to demonstrate effi-
cacy, the evidence supporting a determination that 
the trial had assay sensitivity and justifying the 
choice of non-inferiority margin (ICH E10).

• Statistical methods and any issues that could affect 
the interpretation of the study results (e.g., important 
modifications to the study design, including endpoint 
assessments and planned analyses, as they were 
specified in the original protocol; support for any 
unplanned analyses; procedures for handling miss-
ing data; and corrections for multiple end points).

• Similarities and differences in results among studies, 
or in different patient sub-groups within studies, and 
their effect upon the interpretation of the efficacy 
data.

• Observed relationships between efficacy, dose, and 
dosage regimen for each indication, in both the over-
all population and in the different patient subgroups 
(ICH E4).

• Support for the applicability to the new region of 
data generated in another region, where appropriate 
(ICH E5).

• For products intended for long-term use, efficacy 
findings pertinent to the maintenance of long-term 
efficacy and the establishment of long-term dosage. 
Development of tolerance should be considered.

• Data suggesting that treatment results can be 
improved through plasma concentration monitor-
ing, if any, and documentation for an optimal plasma 
concentration range.

• The clinical relevance of the magnitude of the 
observed effects.

• If surrogate end points are relied upon, the nature 
and magnitude of expected clinical benefit and the 
basis for these expectations.

• Efficacy in special populations. If efficacy is claimed 
with inadequate clinical data in the population, sup-
port should be provided for extrapolating efficacy 
from effects in the general population.

2.5.5  overvieW of Safety

The purpose of this section is to provide a concise critical 
analysis of the safety data, noting how results support and jus-
tify proposed prescribing information. A critical analysis of 
safety should consider:

• Adverse effects characteristic of the pharmacologi-
cal class. Approaches taken to monitor for similar 
effects should be described.

• Special approaches to monitoring for particu-
lar adverse events (e.g., ophthalmic, QT interval 
prolongation).

• Relevant animal toxicology and product quality 
information. Findings that affect or could affect 
the evaluation of safety in clinical use should be 
considered.

• The nature of the patient population and the extent 
of exposure, both for test drug and control treat-
ments. Limitations of the safety database, for exam-
ple, related to inclusion/exclusion criteria and study 
subject demographics, should be considered, and the 
implications of such limitations with respect to pre-
dicting the safety of the product in the marketplace 
should be explicitly discussed.

• Common and nonserious adverse events, with ref-
erence to the tabular presentations of events with 
the test drug and with control agents in the Clinical 
Summary. The discussion should be brief, focusing 
on events of relatively high frequency, those with an 
incidence higher than placebo, and those that are 
known to occur in active controls or other members 
of the therapeutic class. Events that are substantially 
more or less common or problematic (considering 
the duration and degree of the observed events) with 
the test drug than with active controls are of particu-
lar interest.

• Serious adverse events (relevant tabulations should 
be cross-referenced from the Clinical Summary). 
This section should discuss the absolute number 
and frequency of serious adverse events, including 
deaths, and other significant adverse events (e.g., 
events leading to discontinuation or dose modifi-
cation), and should discuss the results obtained for 
test drug versus control treatments. Any conclusions 
regarding a causal relationship (or lack of this) to 
the product should be provided. Laboratory findings 
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reflecting actual or possible serious medical effects 
should be considered.

• Similarities and differences in results among studies, 
and their effect upon the interpretation of the safety 
data.

• Any differences in rates of adverse events in popula-
tion subgroups, such as those defined by demographic 
factors, weight, concomitant illness, concomitant 
therapy, or polymorphic metabolism.

• Relation of adverse events to dose, dose regimen, 
and treatment duration.

• Long-term safety (E1a).
• Methods to prevent, mitigate, or manage adverse 

events.
• Reactions due to overdose, the potential for depen-

dence, rebound phenomena and abuse, or lack of 
data on these issues.

• Worldwide marketing experience. The following 
should be briefly discussed:
• the extent of the worldwide experience
• any new or different safety issues identified
• any regulatory actions related to safety

• Support for the applicability to the new region of 
data generated in another region, where appropriate 
(ICH E5).

2.5.6  benefitS anD riSkS concluSionS

The purpose of this section is to integrate all of the conclu-
sions reached in the previous sections about the biopharma-
ceuticals, clinical pharmacology, efficacy, and safety of the 
medicinal product and to provide an overall appraisal of the 
benefits and risks of its use in clinical practice. Also, implica-
tions of any deviations from regulatory advice or guidelines 
and any important limitations of the available data should 
be discussed here. This assessment should address critical 
aspects of the proposed Prescribing Information. This section 
should also consider the risks and benefits of the medicinal 
product as they compare to available alternative treatments 
or to no treatment in illnesses, where no treatment may be a 
medically acceptable option; and should clarify the expected 
place of the medicinal product in the armamentarium of 
treatments for the proposed indication. If there are risks to 
individuals other than those who will receive the drug, these 
risks should be discussed (e.g., risks of emergence of drug-
resistant bacterial strains with widespread use of an antibiotic 
for minor illnesses). The analyses provided in previous sec-
tions should not be reiterated here. This section often can be 
quite abbreviated when no special concerns have arisen and 
the drug is a member of a familiar pharmacological class.

This analysis of benefits and risks is generally expected to 
be very brief but it should identify the most important conclu-
sions and issues concerning each of the following points:

• The efficacy of the medicinal product for each pro-
posed indication

• Significant safety findings and any measures that 
may enhance safety

• Dose-response and dose-toxicity relationships, opti-
mal dose ranges, and dosage regimens

• Efficacy and safety in subpopulations, for example, 
those defined by age, sex, ethnicity, organ function, 
disease severity, and genetic polymorphisms

• Data in children in different age groups, if appli-
cable, and any plans for a development program in 
children

• Any risks to the patient of known and potential inter-
actions, including food–drug interactions and drug–
drug interactions, and recommendations for product 
use

• Any potential effect of the medicinal product 
that might affect ability to drive or operate heavy 
machinery

Examples of issues and concerns that could warrant a more 
detailed discussion of benefits and risks might include the 
following:

• The drug is for treatment of a nonfatal disease but 
has known or potential serious toxicity, such as a 
strong signal of carcinogenicity, teratogenicity, pro-
arrhythmic potential (effect on QT interval), or sug-
gestion of hepatotoxicity.

• The proposed use is based on a surrogate end point 
and there is a well-documented important toxicity.

• Safe and/or effective use of the drug requires poten-
tially difficult selection or management approaches 
that require special physician expertise or patient 
training.

2.5.7  literature referenceS

A list of references used, stated in accordance with the cur-
rent edition of the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals, International Committee 
of Medical Journal Editors (ICMJE), or the system used in 
“Chemical Abstracts” should be provided. Copies of all refer-
ences cited in the Clinical Overview should be provided in 
Section 5.4 of Module 5.

2.6  NONCLINICAL WRITTEN AND 
TABULATED SUMMARIES

nonclinical Written SummarieS

Introduction
This guideline is intended to assist authors in the prepara-
tion of nonclinical pharmacology, PKs, and toxicology writ-
ten summaries in an acceptable format. This guideline is not 
intended to indicate what studies are required. It merely indi-
cates an appropriate format for the nonclinical data that have 
been acquired.
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The sequence and content of the Nonclinical Written 
Summary sections are described below. It should be emphasized 
that no guideline can cover all eventualities, and common sense 
and a clear focus on the needs of the regulatory authority asses-
sor are the best guides to constructing an acceptable document. 
Therefore, applicants can modify the format if needed to pro-
vide the best possible presentation of the information, in order to 
facilitate the understanding and evaluation of the results.

Whenever appropriate, age- and gender-related effects 
should be discussed. Relevant findings with stereoisomers and/
or metabolites should be included, as appropriate. Consistent 
use of units throughout the summaries will facilitate their 
review. A table for converting units might also be useful.

In the Discussion and Conclusion sections, information 
should be integrated across studies and across species, and 
exposure in the test animals should be related to exposure in 
humans given the maximum intended doses.

General Presentation Issues
Order of presentation of information within sections

When available, in vitro studies should precede in vivo studies.
Where multiple studies of the same type need to be sum-

marized within the PKs and toxicology sections, studies 
should be ordered by species, by route, and then by duration 
(shortest duration first).

Species should be ordered as follows:

• Mouse
• Rat
• Hamster
• Other rodent
• Rabbit
• Dog
• Nonhuman primate
• Other nonrodent mammal
• Nonmammals

Routes of administration should be ordered as follows:

• The intended route for human use
• Oral
• Intravenous
• Intramuscular
• Intraperitoneal
• Subcutaneous
• Inhalation
• Topical
• Others

Use of Tables and Figures
Although the Nonclinical Written Summaries are envisaged 
to be composed mainly of text, some information contained 
within them might be more effectively and/or concisely com-
municated through the use of appropriate tables or figures. 
Examples of formats that might be included in the Written 
Summaries are shown in Appendix A.

To allow authors flexibility in defining the optimal structure 
for the Written Summaries, tables and figures should preferably 
be included within the text. Alternatively, they could be grouped 
together at the end of each of the Nonclinical Written Summaries.

Throughout the text, reference citations to the Tabulated 
Summaries should be included, in the following format: 
(Table X.X, Study/Report Number).

Length of Nonclinical Written Summaries
Although there is no formal limit to the length of the 
Nonclinical Written Summaries, it is recommended that the 
total length of the three Nonclinical Written Summaries in 
general not exceed 100 to 150 pages.

Sequence of Written Summaries 
and Tabulated Summaries
The following order is recommended:

• Introduction
• Written Summary of Pharmacology
• Tabulated Summary of Pharmacology
• Written Summary of Pharmacokinetics
• Tabulated Summary of Pharmacokinetcs
• Written Summary of Toxicology
• Tabulated Summary of Toxicology

content of nonclinical Written 
anD tabulateD SummarieS

2.6.1  introDuction

The aim of this section should be to introduce the reviewer to 
the pharmaceutical and to its proposed clinical use. The fol-
lowing key elements should be covered:

• Brief information concerning the pharmaceutical’s 
structure (preferably, a structure diagram should be 
provided) and pharmacological properties

• Information concerning the pharmaceutical’s pro-
posed clinical indication, dose, and duration of use

2.6.2  PharmacoloGy Written Summary

Within the Pharmacology Written Summary, the data should 
be presented in the following sequence:

• Brief Summary
• Primary Pharmacodynamics
• Secondary Pharmacodynamics
• Safety Pharmacology
• Pharmacodynamic Drug Interactions
• Discussion and Conclusions
• Tables and Figures (either here or included in text)

2.6.2.1  Brief Summary
The principal findings from the pharmacology studies should 
be briefly summarized in approximately two to three pages. 
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This section should begin with a brief description of the con-
tent of the pharmacological data package, pointing out any 
notable aspects such as the inclusion/exclusion of particular 
data (e.g., lack of an animal model).

2.6.2.2  Primary Pharmacodynamics
Studies on primary pharmacodynamics should be summarized 
and evaluated. Where possible, it would be helpful to relate 
the pharmacology of the drug to available data (in terms of 
selectivity, safety, potency, etc.) on other drugs in the class.

2.6.2.3  Secondary Pharmacodynamics
Studies on secondary pharmacodynamics should be summa-
rized by organ system, where appropriate, and evaluated in 
this section.

2.6.2.4  Safety Pharmacology
Safety pharmacology studies should be summarized and eval-
uated in this section. In some cases, secondary PD studies 
can contribute to the safety evaluation when they predict or 
assess potential adverse effect(s) in humans. In such cases, 
these secondary PD studies should be considered along with 
safety pharmacology studies.

2.6.2.5  Pharmacodynamic Drug Interactions
If they have been performed, PD drug interaction studies 
should be briefly summarized in this section.

2.6.2.6  Discussion and Conclusions
This section provides an opportunity to discuss the pharma-
cological evaluation and to consider the significance of any 
issues that arise.

2.6.2.7  Tables and Figures
Text tables and figures can be included at appropriate points 
throughout the summary within the text. Alternatively, tables 
and figures can be included at the end of the summary.

2.6.3  PharmacoloGy tabulateD Summary

(See Appendix B)

2.6.4  PharmacokineticS Written Summary

The sequence of the Pharmacokinetics Written Summary 
should be as follows:

• Brief Summary
• Methods of Analysis
• Absorption
• Distribution
• Metabolism
• Excretion
• Pharmacokinetic Drug Interactions
• Other Pharmacokinetic Studies
• Discussion and Conclusions
• Tables and Figures (either here or included in text)

2.6.4.1  Brief Summary
The principal findings from the PKs studies should be briefly 
summarized in approximately two to three pages. This sec-
tion should begin with a description of the scope of the PK 
evaluation, emphasizing, for example, whether the species 
and strains examined were those used in the pharmacology 
and toxicology evaluations, and whether the formulations 
used were similar or identical.

2.6.4.2  Methods of Analysis
This section should contain a brief summary of the methods 
of analysis for biological samples, including the detection 
and quantification limits of an analytical procedure. If pos-
sible, validation data for the analytical method and stability 
of biological samples should be discussed in this section. The 
potential impact of different methods of analysis on the inter-
pretation of the results should be discussed in the following 
relevant sections.

2.6.4.3  Absorption
The following data should be summarized in this section:

• Absorption (extent and rate of absorption, in vivo 
and in situ studies)

• Kinetic parameters, bioequivalence, and/or bioavail-
ability (serum/plasma/blood PK studies)

2.6.4.4  Distribution
The following data should be summarized in this section:

• Tissue distribution studies
• Protein binding and distribution in blood cells
• Placental transfer studies

2.6.4.5  Metabolism (Interspecies Comparison)
The following data should be summarized in this section:

• Chemical structures and quantities of metabolites in 
biological samples

• Possible metabolic pathways
• Presystemic metabolism (GI/hepatic first-pass 

effects)
• In vitro metabolism including P450 studies
• Enzyme induction and inhibition

2.6.4.6  Excretion
The following data should be summarized in this section:

• Routes and extent of excretion
• Excretion in milk

2.6.4.7  Pharmacokinetic Drug Interactions
If they have been performed, nonclinical pharmacokinetic 
drug-interaction studies (in vitro and/or in vivo) should be 
briefly summarized in this section.
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2.6.4.8  Other Pharmacokinetic Studies
If studies have been performed in nonclinical models of dis-
ease (e.g., renally impaired animals), they should be summa-
rized in this section.

2.6.4.9  Discussion and Conclusions
This section provides an opportunity to discuss the PK evalu-
ation and to consider the significance of any issues that arise.

2.6.4.10  Tables and Figures
Text tables and figures can be included at appropriate points 
throughout the summary within the text. Alternatively, there is the 
option of including tables and figures at the end of the summary.

2.6.5  PharmacokineticS tabulateD Summary

(See Appendix B)

2.6.6  toxicoloGy Written Summary

The sequence of the Toxicology Written Summary should be 
as follows:

• Brief Summary
• Single-Dose Toxicity
• Repeat-Dose Toxicity
• Genotoxicity
• Carcinogenicity
• Reproductive and Developmental Toxicity
• Studies in Juvenile Animals
• Local Tolerance
• Other Toxicity Studies
• Discussion and Conclusions
• Tables and Figures (either here or included in text)

2.6.6.1  Brief Summary
The principal findings from the toxicology studies should be 
briefly summarized in a few pages (generally not more than six). 
In this section, the extent of the toxicological evaluation can be 
indicated by the use of a table listing the principal toxicological 
studies (results should not be presented in this table), for example:

TOXICOLOGY PROGRAM

Study Type 
and Duration

Route of 
Administration Species

Compound  
Administereda

Single-dose  
toxicity

po and IV Rat and mouse Parent drug

Single-dose 
toxicity

po and IV Rat and mouse Metabolite X

Repeat-dose 
toxicity

1 mo po Rat and dog Parent drug

6 mo po Rat Parent drug

9 mo po Dog Parent drug

a This column required only if metabolite(s) are investigated.

The scope of the toxicological evaluation should be described 
in relation to the proposed clinical use. A comment on the 
GLP status of the studies should be included.

2.6.6.2  Single-Dose Toxicity
The single-dose data should be very briefly summarized, in 
order by species, by route. In some instances, it may be help-
ful to provide the data in the form of a table.

2.6.6.3  Repeat-Dose Toxicity (Including 
Supportive Toxicokinetics Evaluation)

Studies should be summarized in order by species, by route, 
and by duration, giving brief details of the methodology and 
highlighting important findings (e.g., nature and severity of 
target organ toxicity, dose (exposure)/response relationships, 
no observed adverse effect levels, etc.). Nonpivotal studies can 
be summarized in less detail (pivotal studies are the definitive 
GLP studies specified by ICH Guideline M3).

2.6.6.4  Genotoxicity
Studies should be briefly summarized in the following order:

• In vitro nonmammalian cell system
• In vitro mammalian cell system
• In vivo mammalian system (including supportive 

toxicokinetics evaluation)
• Other systems

2.6.6.5  Carcinogenicity (Including Supportive 
Toxicokinetics Evaluations)

A brief rationale should explain why the studies were cho-
sen and the basis for high-dose selection. Individual studies 
should be summarized in the following order:

• Long-term studies (in order by species; includ-
ing range-finding studies that cannot appropri-
ately be included under repeat-dose toxicity or 
pharmacokinetics)

• Short- or medium-term studies (including range-
finding studies that cannot appropriately be included 
under repeat-dose toxicity or pharmacokinetics)

• Other studies

2.6.6.6  Reproductive and Developmental Toxicity 
(Including Range-Finding Studies and 
Supportive Toxicokinetics Evaluations)

Studies should be summarized in the following order, giving 
brief details of the methodology and highlighting important 
findings:

• Fertility and early embryonic development
• Embryo-fetal development
• Prenatal and postnatal development, including 

maternal function
• Studies in which the offspring (juvenile animals) are 

dosed and/or further evaluated, if such studies have 
been conducted
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If modified study designs are used, the subheadings should be 
modified accordingly.

2.6.6.7  Local Tolerance
If local tolerance studies have been performed, they should 
be summarized in order by species, by route, and by dura-
tion, giving brief details of the methodology and highlighting 
important findings.

2.6.6.8  Other Toxicity Studies (If Available)
If other studies have been performed, they should be sum-
marized. When appropriate, the rationale for conducting the 
studies should be provided.

• Antigenicity
• Immunotoxicity
• Mechanistic studies (if not reported elsewhere)
• Dependence
• Studies on metabolites
• Studies on impurities
• Other studies

2.6.6.9  Discussion and Conclusions
This section should provide an opportunity to discuss the 
toxicological evaluation and the significance of any issues 
that arise. Tables or figures summarizing this information are 
recommended.

2.6.6.10  Tables and Figures
Text tables and figures can be included at appropriate points 
throughout the summary within the text. Alternatively, tables 
and figures can be included at the end of the summary.

2.6.7  toxicoloGy tabulateD Summary 
(See aPPenDix b)

Nonclinical Tabulated Summaries
It is recommended that summary tables for the nonclinical 

information in the CTD be provided in the format outlined in 
this guideline. Applicants can modify the format if needed to 
provide the best possible presentation of the information and 
to facilitate the understanding and evaluation of the results.

This guideline is not intended to indicate what studies are 
requested, but solely to advise how to tabulate study results 
if a study is performed. Applicants might need to add some 
items to or delete some items from the cited format where 
appropriate. One tabular format can contain results from sev-
eral studies. Alternatively, it may be appropriate to cite the 
data resulting from one study in several tabular formats.

The recommended formats for the tables in the Nonclinical 
Tabulated Summaries are provided in Appendices B and 
C, which follow. Appendix B contains templates for use in 
preparation of the tables. The templates are annotated (in ital-
ics) to provide guidance on their preparation. (The italicized 
information should be deleted when the tables are prepared.) 
Appendix C provides examples of the summary tables. The 

purpose of the examples is to provide additional guidance on 
the suggested content and format of the Tabulated Summaries. 
However, it is the responsibility of the applicant to decide on 
the best possible presentation of the data for each product. 
Authors should keep in mind that, in some regions, a review 
of the Tabulated Summaries (in conjunction with the Written 
Summaries) represents the primary review of the nonclinical 
information. Presentation of the data in the formats provided 
as templates and examples should ensure that a sufficient level 
of detail is available to the reviewer and should provide con-
cise overviews of related information.

When a juvenile animal study has been conducted, it 
should be tabulated using the template appropriate for the 
type of study.

The order of presentation given for the Nonclinical Written 
Summaries should be followed for the preparation of the 
tables for the Nonclinical Tabulated Summaries.

2.6.3 Pharmacology
2.6.3.1 Pharmacology: Overview
2.6.3.2 Primary Pharmacodynamicsa

2.6.3.3 Secondary Pharmacodynamicsa

2.6.3.4 Safety Pharmacology
2.6.3.5 Pharmacodynamic Drug Interactionsa

2.6.5 Pharmacokinetics
2.6.5.1  Pharmacokinetics: Overview
2.6.5.2   Analytical Methods and Validation 

Reportsa

2.6.5.3   Pharmacokinetics: Absorption After a 
Single Dose

2.6.5.4   Pharmacokinetics: Absorption After 
Repeated Doses

2.6.5.5   Pharmacokinetics: Organ Distribution
2.6.5.6   Pharmacokinetics: Plasma Protein 

Binding
2.6.5.7   Pharmacokinetics: Study in Pregnant or 

Nursing Animals
2.6.5.8   Pharmacokinetics: Other Distribution 

Study
2.6.5.9   Pharmacokinetics: Metabolism In Vivo
2.6.5.10  Pharmacokinetics: Metabolism In Vitro
2.6.5.11  Pharmacokinetics: Possible Metabolic 

Pathways
2.6.5.12  Pharmacokinetics: Induction/Inhibition 

of Drug-Metabolizing Enzymes
2.6.5.13  Pharmacokinetics: Excretion
2.6.5.14  Pharmacokinetics: Excretion into Bile
2.6.5.15  Pharmacokinetics: Drug–Drug Interactions
2.6.5.16  Pharmacokinetics: Other

2.6.7  Toxicology
2.6.7.1  Toxicology: Overview
2.6.7.2  Toxicokinetics: Overview of Toxico-

kinetics Studies
2.6.7.3  Toxicokinetics: Overview of Toxico-

kinetics Data
2.6.7.4  Toxicology: Drug Substance
2.6.7.5  Single-Dose Toxicity
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2.6.7.6  Repeat-Dose Toxicity: Nonpivotal Studies
2.6.7.7  Repeat-Dose Toxicity: Pivotal Studies
2.6.7.8  Genotoxicity: In Vitro
2.6.7.9  Genotoxicity: In Vivo
2.6.7.10  Carcinogenicity
2.6.7.11  Reproductive and Developmental 

Toxicity: Nonpivotal Studies
2.6.7.12  Reproductive and Developmental 

Toxicity—Fertility and Early Embryonic 
Development to Implantation (Pivotal)

2.6.7.13  Reproductive and Developmental 
Toxicity—Effects on Embryo-Fetal 
Development (Pivotal)

2.6.7.14  Reproductive and Developmental 
Toxicity—Effects on Pre- and Postnatal 
Development, Including Maternal 
Function (Pivotal)

2.6.7.15  Studies in Juvenile Animalsb

2.6.7.16  Local Tolerance
2.6.7.17  Other Toxicity Studies

a:  Tabulated Summary is optional. It is preferable to include text 
tables and figures with the Nonclinical Written Summary.

b:  When a juvenile animal study has been conducted, it should 
be tabulated using the template appropriate for the type of 
study and located in Section 2.6.7.15.

2.7 CLINICAL SUMMARY

Preamble
The Clinical Summary is intended to provide a detailed, fac-
tual summarization of all of the clinical information in the 
CTD. This includes information provided in ICH E3 clinical 
study reports; information obtained from any meta-analyses, 
or other cross-study analyses for which full reports have been 
included in Module 5; and postmarketing data for products 
that have been marketed in other regions. The comparisons 
and analyses of results across studies provided in this docu-
ment should focus on factual observations. In contrast, the 
CTD Clinical Overview document should provide critical 
analysis of the clinical study program and its results, includ-
ing discussion and interpretation of the clinical findings and 
discussion of the place of the test drug in the armamentarium.

The length of the Clinical Summary will vary substantially 
according to the information to be conveyed, but it is antici-
pated that (excluding attached tables) the Clinical Summary 
will usually be in the range of 50 to 400 pages.

2.7.1  Summary of bioPharmaceutical StuDieS 
anD aSSociateD analytical methoDS

2.7.1.1  Background and Overview
This section should provide the reviewer with an overall view 
of the formulation development process, the in vitro and in 
vivo dosage form performance, and the general approach and 
rationale used in developing the BA, comparative BA, BE, 

and in vitro dissolution profile database. Reference should 
be made to any guidelines or literature used in planning and 
conducting the studies. This section should also provide the 
reviewer with an overview of the analytical methods used, 
with emphasis on the performance characteristics of assay 
validation (e.g., linearity range, sensitivity, specificity) and 
quality control (e.g., accuracy and precision). This section 
should not include detailed information about individual 
studies.

2.7.1.2  Summary of Results of Individual Studies
A tabular listing of all biopharmaceutical studies should gen-
erally be provided (see Section 2.7.1.4 Appendix), together 
with narrative descriptions of relevant features and outcomes 
of each of the individual studies that provided important in 
vitro or in vivo data and information relevant to BA and BE. 
The narrative descriptions should be brief, for example, simi-
lar to an abstract for a journal article, and should describe crit-
ical design features and critical results. Similar studies may 
be described together, noting the individual study results and 
any important differences among the studies. These narra-
tives may be abstracted from the ICH E3 synopsis. References 
or electronic links to the full report of each study should be 
included in the narratives.

2.7.1.3  Comparison and Analyses of 
Results Across Studies

This section should provide a factual summary of all in vitro 
dissolution, BA, and comparative BA studies carried out with 
the drug substance or drug product, with particular attention 
to differences in results across studies. This overview should 
typically summarize the findings in text and tables (see 2.7.1.4 
Appendix) and should consider the following:

• Evidence of the effects of formulation and manufac-
turing changes on in vitro dissolution and BA and 
conclusions regarding BE. When manufacturing 
or formulation changes are made for products con-
taining complex drug substances (e.g., a protein), 
PK studies comparing the product before and after 
the changes may be performed to ensure that the 
PK characteristics have not changed as a result of 
product changes. Although such studies are some-
times referred to as BE studies, they generally do 
not focus on assessing release of drug substance 
from drug product. Nonetheless, such studies should 
be reported in this section. Note also that PK stud-
ies alone may not be sufficient to assure similarity 
between such drug products. In many situations, 
PD studies or clinical trials may be necessary. 
Additionally, depending on the circumstances, anti-
genicity data may also be needed. Results of these 
other types of studies, when they are needed, should 
be reported in the appropriate places in the dossier

• Evidence of the extent of food effects on BA and 
conclusions regarding BE with respect to meal type 
or timing of the meal (where appropriate)
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• Evidence of correlations between in vitro dissolution 
and BA, including the effects of pH on dissolution, 
and conclusions regarding dissolution specifications

• Comparative BA, including BE conclusions, for dif-
ferent dosage form strengths

• Comparative BA of the clinical study formulations 
(for clinical studies providing substantial evidence of 
efficacy) and the formulations to be marketed

• The source and magnitude of observed inter- and 
intrasubject variability for each formulation in a 
comparative BA study

2.7.1.4  Appendix
Tables and figures should be embedded in the text of the 
appropriate sections when they enhance the readability of the 
document. Lengthy tables can be provided in the appendix at 
the end of the section.

Tables 2.7.1.1 and 2.7.1.2 are provided as examples of tabu-
lar formats for reporting information and results related to 
bioavailability and in vitro dissolution studies respectively. 
These examples give results as well as identifying the type and 
design of the study. Tables prepared for reporting the results 
of BE studies could also include the mean ratios (test/refer-
ence) for Cmax and AUC and their 90% confidence interval, 
or the currently recommended metrics for BE assessments.

These tables are not intended to be templates, but only to 
illustrate the type of information that should be considered 
by an applicant in designing the tables for biopharmaceutical 
studies. Applicants should also decide whether information 
and results from these studies are best presented in tables, 
text, or figures in order to aid clarity. If, for example, results 
are best presented in text and figures, tables might be used 
simply to list the studies.

2.7.2  Summary of clinical PharmacoloGy StuDieS

2.7.2.1  Background and Overview
This section should provide the reviewer with an overall view 
of the clinical pharmacology studies. These studies include 
clinical studies performed to evaluate human PK, and PD, and 
in vitro studies performed with human cells, tissues, or related 
materials (hereinafter referred to as human biomaterials) that 
are pertinent to PK processes. For vaccine products, this sec-
tion should provide the reviewer with immune response data 
that support the selection of dose, dosage schedule, and for-
mulation of the final product. Where appropriate, relevant 
data that are summarized in Sections 2.7.1, 2.7.3, and 2.7.4 
can also be referenced to provide a comprehensive view of the 
approach and rationale for the development of the PK, PK/
PD, and human biomaterial database. This section should not 
include detailed information about individual studies.

This section should begin with a brief overview of the 
human biomaterial studies that were conducted and that were 
intended to help in the interpretation of PK or PD data. Studies 
of permeability (e.g., intestinal absorption, blood-brain bar-
rier passage), protein binding, hepatic metabolism, and meta-
bolic-based drug–drug interactions are particularly relevant. 

This should be followed by a brief overview of the clinical 
studies that were carried out to characterize PK and PD of 
the medicinal product, including studies of PK/PD relation-
ships in healthy subjects and patients, and relevant effects of 
intrinsic and extrinsic factors on PK and PK/PD relationships 
(In the ICH E5 guideline on Ethnic Factors in the Acceptance 
of Foreign Data, factors that may result in different responses 
to a drug in different populations are categorized as intrinsic 
ethnic factors or extrinsic ethnic factors. In this document, 
these categories are referred to as intrinsic factors and extrin-
sic factors, respectively). Critical aspects of study design and 
data analysis should be noted, for example, the choice of the 
single or multiple doses used, the study population, choice of 
the intrinsic or extrinsic factors that were studied, the choice 
of PD end points, and whether a traditional approach or a 
population approach was used to collect and analyze data to 
assess PK or PD.

2.7.2.2  Summary of Results of Individual Studies
A tabular listing of all clinical pharmacology studies should 
generally be provided (see Section 2.7.2.5 Appendix), together 
with a narrative description of the relevant features and out-
comes of each of the critical individual studies that provided 
in vitro or in vivo data and information relevant to PK, PD, 
and PK/PD relationships. The narrative descriptions should 
be brief, for example, similar to an abstract for a journal arti-
cle, and should describe critical design features and critical 
results. Similar studies may be described together, noting the 
individual study results and any important differences among 
the studies. References or electronic links to the full report of 
each study should be included in the narratives.

Summaries of dose-response or concentration-response 
(PK/PD) studies with PD end points should generally be 
included in this section. In some cases, however, when well-
controlled dose-response PD or PK/PD studies provide impor-
tant evidence of efficacy or safety, they should be placed in 
Sections 2.7.3 or 2.7.4 as appropriate and referenced, but not 
summarized, here.

2.7.2.3  Comparison and Analyses of 
Results Across Studies

This section should use the results of all in vitro human bio-
material studies and PK, PD, and PK/PD studies to character-
ize the PK, PD, and PK/PD relationships of the drug. Results 
related to the inter- and intraindividual variability in these 
data and the intrinsic and extrinsic factors affecting these PK 
relationships should be discussed.

This section (typically with the use of text and tables) 
should provide a factual presentation of all data across studies 
pertinent to the following:

• In vitro drug metabolism and in vitro drug–drug 
interaction studies and their clinical implications

• Human PK studies, including the best estimates 
of standard parameters and sources of variability. 
The focus should be on evidence supporting dose 
and dose individualization in the target patient 
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population and in special populations, for example, 
pediatric or geriatric patients, or patients with renal 
or hepatic impairment

• Comparison between single and repeated-dose PK
• Population PK analyses, such as results based on sparse 

sampling across studies that address interindividual 
variations in the PK or PD of the active drug substances 
that may be due to extrinsic or intrinsic factors

• Dose-response or concentration-response relation-
ships. This discussion should highlight evidence to 
support the selection of dosages and dose intervals 
studied in the important clinical trials. In addition, 
information that supports the dosage instructions 
in the proposed labeling should be discussed in 
Section 2.7.3.4

• Major inconsistencies in the human biomaterial, PK, 
or PD database

• PK studies that were performed to determine 
whether foreign clinical data could be extrapolated 
to the new region (see ICH E5). The result of the 
studies and analysis of the similarity of the PK data 
between regions or races should be summarized in 
this section. Such studies that use PD biomarkers 
(but do not evaluate clinical efficacy) may similarly 
be summarized here. An independent subsection can 
be created to summarize these kinds of data

2.7.2.4  Special Studies
This section should include studies that provide special types 
of data relevant to specific types of medicinal products. For 
immunogenicity studies and other studies in which data may 
correlate with PK, PD, safety, and/or efficacy data, explana-
tions of such correlations should be summarized here. Any 
observed or potential effects on PK, PD, safety, and/or effi-
cacy should be considered in other appropriate sections of the 
Clinical Summary as well, with cross-referencing to this sec-
tion. Human studies that address a specific safety issue should 
not be reported here, but instead should be reported in the 
Summary of Clinical Safety (Section 2.7.4).

Example 1: Immunogenicity

For protein products and other products to which spe-
cific immunological reactions have been measured, data 
regarding immunogenicity should be summarized in this 
section. For vaccines or other products intended to induce 
specific immune reactions, immunogenicity data should 
be described in the efficacy Section 2.7.3. Assays used 
should be briefly described and information about their 
performance (e.g., sensitivity, specificity, reliability, valid-
ity) should be summarized; the location in the application 
of detailed information should be cross-referenced.

Data regarding the incidence, titre, timing of onset, and 
duration of antibody responses should be summarized 
for each type of antibody assay used (e.g., IgG by ELISA, 
neutralization). Relationships of antibody formation to 
underlying disease, concomitant medication, dose, dura-
tion, regimen, and formulation should be explored and 

summarized. For drugs intended to be given as chronic, 
continuous therapy, any data on the impact of interrup-
tions of therapy on antigenicity should be analyzed and 
summarized.

It is particularly important to summarize analyses of 
potential clinically relevant correlates of immunogenicity, 
for example, to determine the extent to which the presence 
of antibodies of a particular type or titer appears to correlate 
with alterations of PK, changes in PD, loss of efficacy, loss 
of adverse event profile, or development of adverse events. 
Particular attention should be paid to events that might be 
immunologically mediated (e.g., serum sickness) and events 
that might result from binding of cross-reactive endogenous 
substances by antibodies to the administered drug.

Example 2: Clinical Microbiology

For antimicrobial or antiviral medicinal products, in vitro 
studies to characterize the spectrum of activity are an 
important part of the program of studies relevant to clini-
cal efficacy. Clinical efficacy studies that include charac-
terization of the susceptibility of the clinical isolates as 
a part of the efficacy determination should be included 
in Section 2.7.3, Summary of Clinical Efficacy. However, 
studies that evaluate such findings as the pattern of in vitro 
susceptibility of strains of bacteria from different parts of 
the world (not in the context of clinical efficacy study) 
would be included here.

2.7.2.5  Appendix
Tables and figures should be embedded in the text of the 
appropriate sections when that enhances the readability of the 
document. Lengthy tables can be provided in the appendix at 
the end of the section.

Table 2.7.2.1 is provided as an example of a tabular for-
mat for reporting information and results related to PK drug–
drug interaction studies. Similar tables could be prepared for 
PK/PD studies, dose-response studies, studies of effects on 
human biomaterials, and population PK studies. This table is 
not intended to be a template, but only to illustrate the type of 
information that should be considered by sponsors in design-
ing their own tables. Applicants should also decide whether 
information and results from clinical pharmacology studies 
are best presented in tables, text, or figures in order to aid 
clarity. If, for example, results are best presented in text and 
figures, the tables might simply list the studies.

In designing tables, if any, for various types of other clinical 
pharmacology studies such as those listed below, applicants 
should consider including the following types of information. 
These examples are for illustrative purposes only and the spon-
sor should decide which information needs to be presented.

• Metabolism studies using human biomaterials: 
biomaterials used (e.g., microsomes, hepatocytes), 
probe drugs, enzymatic pathways and% contribu-
tion, and relevant kinetic parameters (e.g., Vmax, Km)

• In vitro studies of drug–drug interactions using 
human biomaterials: for studies of other drugs 
inhibiting the new drug, the metabolite(s) inhibited, 
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enzymatic pathways affected, range of inhibitor con-
centrations used, IC50 and Ki values and proposed 
mechanism of inhibition should be included. For 
studies of the new drug inhibiting other drugs, the 
drugs and metabolites inhibited should be included, 
along with the information mentioned above

• Population PK studies: covariates studied, number 
and type of subjects or patients studied, summary 
statistical parameters and final estimates of mean (± 
standard deviation) PK parameters

2.7.3  Summary of clinical efficacy

A separate Section 2.7.3 should be provided for each indica-
tion, although closely related indications can be considered 
together. When more than one Section 2.7.3 is submitted, the 
sections should be labeled 2.7.3 Pneumonia, 2.7.3 URI, etc.

2.7.3.1  Background and Overview of Clinical Efficacy
This section should describe the program of controlled stud-
ies and other pertinent studies in the application that evaluated 
efficacy specific to the indication(s) sought. Any results of 
these studies that are pertinent to evaluation of safety should 
be discussed in Section 2.7.4 Summary of Clinical Safety.

The section should begin with a brief overview of the 
design of the controlled studies that were conducted to evalu-
ate efficacy. These studies include dose-response, comparative 
efficacy, long-term efficacy, and efficacy studies in population 
subsets. Critical features of study design should be discussed, 
for example, randomization, blinding, choices of control treat-
ment, choice of patient population, unusual design features 
such as crossover or randomized withdrawal designs, use of 
run-in periods, other methods of “enrichment,” study end 
points, study duration, and prespecified plans for analysis of 
the study results. Although this section is intended to focus on 
clinical investigations, nonclinical data, and clinical pharma-
cology data may also be referenced as appropriate to provide 
a comprehensive summary of human experience related to 
efficacy. This section should not include detailed information 
about individual studies.

2.7.3.2  Summary of Results of Individual Studies
A tabular listing of all studies that provided (or were designed 
to provide) information relevant to product efficacy should 
generally be provided (see Section 2.7.3.6 Appendix), together 
with narrative descriptions for important studies. The nar-
rative descriptions should be brief, for example, similar to 
an abstract for a journal article, and should describe critical 
design features and critical results. Similar studies may be 
described together, noting the individual study results and any 
important differences among the studies. For studies that also 
contributed significantly to the safety analysis, study narra-
tives should include information about the extent of exposure 
of study subjects to the test drug or control agent, and how 
safety data were collected. These narratives can be abstracted 
from the synopses of the clinical study reports (ICH E3). 
References or electronic links to the full report of each study 
should be included in the narratives.

Narratives of any bridging studies using clinical end 
points, that is, certain studies intended to evaluate the abil-
ity to extrapolate certain types of foreign clinical data to the 
new region (see ICH E5), should be included in this section. 
An analysis of the results of such studies, together with other 
information (e.g., PK and PD data) that addresses the ability 
to extrapolate the efficacy and safety results of foreign stud-
ies, should be performed if necessary. The conclusions of such 
an analysis should be noted at the start of Section 2.7.3.3.2, 
Comparison of Efficacy Results of All Studies, and the full 
report of the analysis should be provided in Module 5.

2.7.3.3  Comparison and Analyses of 
Results across Studies

Using text, figures, and tables as appropriate (see Section 
2.7.3.6 Appendix), the subsections of 2.7.3.3 should sum-
marize all available data that characterize the efficacy of 
the drug. This summary should include analyses of all data, 
irrespective of their support for the overall conclusion and 
should, therefore, discuss the extent to which the results of 
the relevant studies do or do not reinforce each other. Any 
major inconsistencies in the data regarding efficacy should be 
addressed and any areas needing further exploration should 
be identified.

The section will generally utilize two kinds of analysis: 
comparison of results of individual studies, and analysis of 
data combined from various studies. Details of analysis that 
are too extensive to be reported in a summary document 
should be presented in a separate report, to be placed in 
Module 5, Section 5.3.5.3.

This section should also cross-reference important evi-
dence from Section 2.7.2, such as data that support the dosage 
and administration section of the labeling. These data include 
dosage and dose interval recommended, evidence pertinent 
to individualization of dosage and need for modifications of 
dosage for specific subgroups (e.g., pediatric or geriatric sub-
jects, or subjects with hepatic or renal impairment), and data 
relevant to dose-response or concentration-response (PK/PD) 
relationships.

2.7.3.3.1  Study Populations
The demographic and other baseline characteristics of patients 
across all efficacy studies should be described. The following 
should be included:

• The characteristics of the disease (e.g., severity, 
duration) and prior treatment in the study subjects, 
and study inclusion/exclusion criteria

• Differences in baseline characteristics of the study 
populations in different studies or groups of studies

• Any differences between populations included in 
critical efficacy analyses and the overall patient pop-
ulation that would be expected to receive the drug 
when it is marketed should be noted

• Assessment of the number of patients who dropped 
out of the studies, time of withdrawal (a defined study 
day or visit during treatment or follow up period), 
and reasons for discontinuation
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Tabular presentations that combine and compare study popu-
lations across studies may be useful.

2.7.3.3.2  Comparison of Efficacy Results of All Studies
The results of any bridging studies using clinical end points, 
that is, certain studies used to evaluate the ability to extrapo-
late certain types of foreign clinical data to the new region (see 
ICH E5), should be summarized in this section. An analysis 
of the similarity of efficacy in subjects between regions, as 
well as any other information that may support extrapolation 
of the efficacy data to the new region, should be summarized 
here. An independent subsection can be created to summarize 
these kinds of data.

The results from all studies designed to evaluate the drug’s 
efficacy should be summarized and compared, including 
studies with inconclusive or negative results. Important dif-
ferences in study design such as end points, control group, 
study duration, statistical methods, patient population, and 
dose should be identified.

Comparisons of results across studies should focus on pre-
specified primary end points. However, when the primary end 
points involved different variables or time points in different 
efficacy studies, it may be useful to provide cross-study com-
parisons of important data elements that were obtained in all 
studies. If results over time are important, results of studies 
may be displayed in a figure that illustrates the change over 
time in each study.

Confidence intervals for treatment effects should be given 
to aid in the interpretation of point estimates. If differences 
are shown between placebo and test drugs in the change from 
baseline, the baseline values and the magnitude of effect in 
all treatment groups, including placebo and active controls (if 
used), should generally be presented in the table or in text 
accompanying a figure. If the objective of an active control 
trial was to show equivalence or non-inferiority, the differ-
ence or the ratio of outcomes between treatments should be 
given with the confidence interval. The results should be eval-
uated by using the predefined criteria for defining equivalence 
or non-inferiority and the rationale for the criteria and support 
for the determination that the study (studies) had assay sensi-
tivity should be provided (see ICH E10).

Important differences in outcomes between studies with 
a similar design should be delineated and discussed. Cross-
study comparisons of factors that may have contributed to dif-
ferences in outcomes should be described.

If a meta-analysis of the clinical studies is performed, it 
should be clear whether this analysis is conducted according 
to a predefined protocol or is a post hoc exercise. Any differ-
ences in trial designs or populations, or in efficacy measure-
ments between trials should be described to allow assessment 
of the relevance and validity of the results and conclusions 
(see ICH E9). A detailed description of the methodology and 
results of the meta-analysis should generally be submitted in 
a separate report (Section 5.3.5.3 of Module 5).

2.7.3.3.3  Comparison of Results in Subpopulations
The results of individual studies or overview analyses of effi-
cacy in specific populations should be summarized in this 

section. The purpose of these comparisons should be to show 
whether the claimed treatment effects are observed consis-
tently across all relevant subpopulations, especially those 
where there are special reasons for concern. The comparisons 
may highlight apparent variations in efficacy that require 
further investigation and discussion. The limitations of such 
analyses, however, should be recognized (ICH E9), and it is 
important to note that their purpose is neither to provide the 
basis for specific claims, nor to attempt to improve the evi-
dence of efficacy in situations where the overall results are 
disappointing.

Given the limited sample sizes in individual studies, analy-
ses across multiple studies should be performed to evaluate 
effects of major demographic factors (age, sex, and race) and 
of other predefined or relevant intrinsic and extrinsic factors 
(e.g., disease severity, prior treatment, concomitant illness, 
concomitant drugs, alcohol, tobacco, and body weight) on 
efficacy. Factors of special interest may arise from general 
concerns (e.g., the elderly) or from specific issues that are 
related to the pharmacology of the drug or that have arisen 
during earlier drug development. Efficacy in the pediatric 
population should be routinely analyzed in applications for 
a proposed indication that occurs in children. Depending on 
the data set, if extensive, detailed efficacy analyses are per-
formed, they can be placed in Module 5, with the results of 
those analyses reported here.

2.7.3.4  Analysis of Clinical Information Relevant 
to Dosing Recommendations

This section should provide an integrated summary and 
analysis of all data that pertain to the dose-response or blood 
level-response relationships of effectiveness (including dose-
blood level relationships), and thus have contributed to dose 
selection and choice of dose interval. Relevant data from non-
clinical studies may be referenced, and relevant data from PK 
studies, other clinical pharmacology studies, and controlled 
and uncontrolled clinical studies should be summarized to 
illustrate these dose-response or blood level-response relation-
ships. For PK and PD studies from which data have been sum-
marized in Section 2.7.2.2, it may be appropriate to draw upon 
those data in this summary while cross-referencing the sum-
maries in Section 2.7.2.2, without repeating those summaries.

While the interpretation of how these data support specific 
dosing recommendations should be supplied in the Clinical 
Overview document, the individual study results and any 
cross-study analyses that will be used to support the dosing 
recommendations (including the recommended starting and 
maximal doses, the method of dose titration, and any other 
instructions regarding individualization of dosage) should be 
summarized here. Any identified deviations from relatively 
simple dose-response or blood-level response relationships 
due to nonlinearity of PKs, delayed effects, tolerance, enzyme 
induction, etc., should be described.

Any evidence of differences in dose-response relation-
ships that result from a patient’s age, sex, race, disease, or 
other factors should be described. Any evidence of different 
PK or PD responses should also be discussed, or discussions 
in Section 2.7.2 can be cross-referenced. The ways in which 
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such differences were looked for, even if no differences were 
found, should be described (e.g., specific studies in subpopu-
lations, analysis of efficacy results by subgroup, or blood level 
determinations of the test drug).

2.7.3.5  Persistence of Efficacy and/or Tolerance Effects
Available information on persistence of efficacy over time 
should be summarized. The number of patients for whom 
long-term efficacy data are available, and the length of expo-
sure, should be provided. Any evidence of tolerance (loss of 
therapeutic effects over time) should be noted. Examination 
of any apparent relationships between dose changes over time 
and long-term efficacy may be useful.

The primary focus should be on controlled studies spe-
cifically designed to collect long-term efficacy data, and such 
studies should be clearly differentiated from other, less rigor-
ous, studies such as open extension studies. This distinction 
also applies to specific studies designed for evaluation of tol-
erance and withdrawal effects. Data concerning withdrawal 
or rebound effects pertinent to product safety should be pre-
sented in the safety section (see Section 2.7.4).

In long-term efficacy trials, the effect of premature discontin-
uation of therapy or switching to other therapies upon the assess-
ment of the results should be considered. These issues might 
also be important for short-term trials and should be addressed 
when discussing the results of these trials, if appropriate.

2.7.3.6  Appendix
Tables and figures should be embedded in the text of the 
appropriate sections when that enhances the readability of the 
document. Lengthy tables can be provided in the appendix at 
the end of the section.

Tables should identify all studies pertinent to the evalua-
tion of efficacy (including studies that were terminated or are 
not yet completed, studies that failed to show effectiveness 
for any reason, studies available only as publications, stud-
ies reported in full technical reports (ICH E3), and studies 
described in abbreviated reports); and should provide the 
most important results of those studies. Note, however, that 
unplanned interim analyses on ongoing studies are generally 
not needed or encouraged. When more than one Section 2.7.3 
is provided for an application with more than one indication, 
usually each section should have its own appendix with tables.

Illustrative tables for an antihypertensive drug are pro-
vided, but these examples will not be relevant to every appli-
cation. In general, applications will require tables and/or 
figures that are developed specifically for the particular drug 
class and the studies that were carried out.

Table 2.7.3.1  Description of Clinical Efficacy and Safety 
Studies

Table 2.7.3.2 Results of Efficacy Studies

2.7.4  Summary of clinical Safety

This section should be a summary of data relevant to safety in 
the intended patient population, integrating the results of indi-
vidual clinical study reports as well as other relevant reports, 

for example, the integrated analyses of safety that are rou-
tinely submitted in some regions.

The display of safety-related data can be considered at 
three levels (ICH E3):

• The extent of exposure (dose, duration, number of 
patients, type of patients) should be examined to 
determine the degree to which safety can be assessed 
from the database.

• The more common adverse events and changes in 
laboratory tests should be identified and classified, 
and their occurrence should be summarized.

• Serious adverse events (defined in ICH E2A) and 
other significant adverse events (defined in ICH E3) 
should be identified and their occurrence should be 
summarized. These events should be examined for 
frequency over time, particularly for drugs that may 
be used chronically.

The safety profile of the drug, described on the basis of analy-
sis of all clinical safety data, should be outlined in a detailed, 
clear, and objective manner, with use of tables and figures.

2.7.4.1  Exposure to the Drug
2.7.4.1.1  Overall Safety Evaluation Plan and 

Narratives of Safety Studies
The overall safety evaluation plan should be described 
briefly, including special considerations and observations 
concerning the nonclinical data, any relevant pharmaco-
logical class effects, and the sources of the safety data 
(controlled trials, open studies, etc.). A tabular listing of all 
clinical studies that provided safety data, grouped appropri-
ately, should generally be provided (see the Section 2.7.4.7 
Appendix). In addition to studies that evaluated efficacy and 
safety, and uncontrolled studies that generate safety informa-
tion, this section includes studies that consider special safety 
issues. Examples would include studies to compare particu-
lar adverse event rates for two therapies, to assess safety in 
particular demographic subsets, to evaluate withdrawal or 
rebound phenomena, or to evaluate particular adverse events 
(e.g., sedation, sexual function, effects on driving, absence 
of a class adverse effect). Studies in indications for which 
approval is not being sought in the current application and 
ongoing studies would also be included here if they contrib-
ute to the safety analysis.

Narrative descriptions of these studies should be provided 
here, except that narrative descriptions for studies that con-
tributed both efficacy and safety data should be included 
in Section 2.7.3.2 and cross-referenced here. The narratives 
should provide enough detail to allow the reviewer to under-
stand the exposure of study subjects to the test drug or con-
trol agent, and how safety data were collected (including the 
methods used and the extent of safety monitoring of the sub-
jects enrolled in the individual studies). If some studies are 
not analyzed separately but are grouped for safety analysis, 
that should be noted, and a single narrative description can 
be provided.
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2.7.4.1.2  Overall Extent of Exposure
A table (see example provided in the Section 2.7.4.7 Appendix) 
and appropriate text should be generated to summarize the over-
all extent of drug exposure from all phases of the clinical study 
development program. The table should indicate the numbers 
of subjects exposed in studies of different types and at various 
doses, routes, and durations. If a large number of different doses 
and/or durations of exposure were used, these can be grouped in 
a manner appropriate for the drug. Thus, for any dose or range of 
doses, duration of exposure can be summarized by the number 
of subjects exposed for specific periods of time, such as 1 day or 
less, 2 days to 1 week, 1 week to 1 month, 1 month to 6 months, 
6 months to 1 year, more than 1 year (ICH E3). In some appli-
cations, it may be important to identify diagnostic subgroups 
and/or groups receiving specific concomitant therapies deemed 
particularly relevant to safety assessment in the intended use.

The dose levels used for each subject in this presentation 
could be the maximum dose received by that subject, the 
dose with longest exposure, and/or the mean daily dose, as 
appropriate. In some cases, cumulative dose may be pertinent. 
Dosage may be given as the actual daily dose or on a mg/kg or 
mg/m2 basis, as appropriate. If available, drug concentration 
data (e.g., concentration at the time of an adverse event, maxi-
mum plasma concentration, area under curve) may be helpful 
in individual subjects for correlation with adverse events or 
changes in laboratory variables.

It is assumed that all subjects, who were enrolled and received 
at least one dose of the treatment are included in the safety anal-
ysis; if that is not so, an explanation should be provided.

2.7.4.1.3  Demographic and Other Characteristics 
of Study Population

A summary table should provide the reader with an over-
view of the demographic characteristics (Table 2.7.4.2) of 
the population that was exposed to the therapeutic agent dur-
ing its development. Choice of age ranges used should take 
into account considerations discussed in ICH E7 (Studies 
in Support of Special Populations: Geriatrics) and ICH E11 
(Clinical Investigation of Medicinal Products in the Pediatric 
Population). If the relative exposure of demographic groups in 
the controlled trials differed from overall exposure, it may be 
useful to provide separate tables.

In addition, one or more tables should show the relevant 
characteristics of the study population, and the numbers of 
subjects with special characteristics. Such characteristics 
could include

• Severity of disease
• Hospitalization
• Impaired renal function
• Concomitant illnesses
• Concomitant use of particular medications
• Geographical location

If these characteristics are distributed differently in controlled 
trials versus the overall database, it will generally be useful to 
present tables on both groupings.

The text accompanying the table(s) should mention any 
imbalance(s) between the drug and placebo and/or comparator 
regarding any of the above demographic characteristics, par-
ticularly if they could lead to differences in safety outcomes.

If certain subjects were excluded from studies (concomi-
tant illness, severity of illness, concomitant medications), this 
fact should be noted.

Separate demographic tables should be provided for every 
indication, although closely related indications can be con-
sidered together, if study subject characteristics are such that 
risks are believed to be the same.

2.7.4.2  Adverse Events
2.7.4.2.1  Analysis of Adverse Events
Data on the frequency of adverse events should be described in 
text and tables. Text should appear in the appropriate subsec-
tions of Section 2.7.4.2.1 and the tables that are not embedded 
in the text should be placed in the Section 2.7.4.7 Appendix.

All adverse events occurring or worsening after treatment 
have begun (“treatment emergent signs and symptoms,” those 
adverse events not seen at baseline and those that worsened 
even if present at baseline) should be summarized in tables 
listing each event, the number of subjects in whom the event 
occurred and the frequency of occurrence in subjects treated 
with the drug under investigation, with comparator drugs, and 
with placebo. Such tables could also present results for each 
dose and could be modified to show, for example, adverse 
event rates by severity, by time from onset of therapy, or by 
assessment of causality.

When most of the relevant safety data are derived from 
a small number of studies (e.g., one or two studies), or when 
very different study subject populations were enrolled in the 
studies that were performed, presentation of data by study 
will often be appropriate. When the relevant exposure data 
is not concentrated in a small number of studies, however, 
grouping the studies and pooling the results to improve preci-
sion of estimates and sensitivity to differences should gener-
ally be considered.

While often useful, pooling of safety data across studies 
should be approached with caution because in some cases 
interpretation can be difficult, and it can obscure real dif-
ferences. In cases where differences are apparent, it is more 
appropriate to present the data by study. The following issues 
should be considered:

• It is most appropriate to combine data from stud-
ies that are of similar design, for example, similar 
in dose, duration, methods of determining adverse 
events, and population.

• If the incidence for a particular adverse event differs 
substantially across the individual studies in a pool, 
the pooled estimate is less informative.

• Any study with an unusual adverse event pattern 
should be presented separately.

• The appropriate extent of analysis depends on the 
seriousness of the adverse event and the strength of 
evidence of drug causation. Differences in rates of 
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drug-related, serious events or events leading to dis-
continuation or dosage change deserve more investi-
gation, whereas rates of other adverse events do not 
merit elaborate analysis.

• Examination of which subjects experience extreme 
laboratory value abnormalities (“outliers”) may be 
useful in identifying subgroups of individuals who 
are at particular risk for certain adverse events.

Groups of studies that could be used in pooled safety analyses 
include

• All controlled studies or subsets of controlled stud-
ies, such as all placebo-controlled studies, studies 
with any positive control, studies with a particular 
positive control, or studies of particular indications 
(and thus carried out in different populations). These 
groupings are considered the best source of informa-
tion about the more common adverse events and can 
distinguish drug-related events from spontaneous 
events. Rates in control and treatment groups should 
be compared.

• All studies, excluding short-term studies in healthy 
subjects. This grouping is most useful for evaluating 
rarer events.

• All studies using a particular dose route or regimen, 
or a particular concomitant therapy.

• Studies in which adverse event reports are elicited by 
checklist or direct questioning, or studies in which 
events are volunteered.

• Pools of studies by region.

It is almost always useful to carry out the first two group-
ings; the others chosen would vary from drug to drug and 
should be influenced by inspection of individual study results. 
Whatever methods are used, it should be recognized that, as 
for the results of single studies, any numerical rate is often 
only a rough approximation of reality.

When a decision is made to pool data from several stud-
ies, the rationale for selecting the method used for pooling 
should be described. It is common to combine the numerator 
events and the denominators for the selected studies. Other 
methods for pooling results across studies are available, for 
example, weighting data from studies on the basis of study 
size or inversely to their variance.

If substantial differences are seen between clinical trials in 
the rates of adverse events, these differences should be noted 
and possible reasons should be discussed (e.g., relevant dif-
ferences in study populations, in dose administration, or in 
methods of collecting adverse event data).

Adverse events should be described as shown in the indi-
vidual study report (ICH E3). In combining data from many 
studies, it is important to use standardized terms to describe 
events and collect synonymous terms under a single preferred 
term. This can be done with a standard dictionary, and the 
MedDRA terminology (ICH M1 guideline) should be used. 
Until MedDRA can be fully implemented, other dictionaries 

can be used, but should be specified. Frequencies should be 
presented for preferred terms and for appropriately defined 
groupings. Examination of which adverse events led to 
change in therapy (discontinuation of drug use, change in 
dose, need for added therapy) can help in assessing the clini-
cal importance of adverse events. These rates can be added to 
the adverse event rate tables, or can be presented in separate 
tables. Overall discontinuation rates by study may be useful, 
but it is also important to specify the particular adverse events 
leading to discontinuation in a separate table. The preferred 
terms should be grouped by body system and arranged by 
decreasing frequency.

2.7.4.2.1.1  Common Adverse Events
Tabular displays of adverse event rates (see the Section 2.7.4.7 
Appendix) should be used to compare rates in treatment and 
control groups. For this analysis, it may be helpful to combine 
the event severity categories and the causality categories, if 
they are used, leading to a simpler side-by-side comparison of 
treatment groups. It should be noted that while causality cat-
egories may be reported, if used, the presentation of the data 
should include total adverse events (whether deemed related 
or unrelated to treatment); evaluations of causality are inher-
ently subjective and may exclude unexpected adverse events 
that are in fact treatment related. Additionally, comparisons of 
rates of adverse events between treatment and control groups 
in individual trials should be summarized here. It is often 
useful to tabulate rates in selected trials (see example table 
2.7.4.4, in Section 2.7.4.7 Appendix).

It is usually useful to examine more closely the more com-
mon adverse events that seem to be drug related (e.g., those 
that show that a dose response and/or a clear difference 
between drug and placebo rates) for relationship to relevant 
factors, including

• Dosage
• mg/kg or mg/m2 dose
• Dose regimen
• Duration of treatment
• Total dose
• Demographic characteristics such as age, sex, race
• Concomitant medication use
• Other baseline features such as renal status
• Efficacy outcomes
• Drug concentration, where available

It may also be useful to summarize the results of examination 
of time of onset and duration for these drug-related events.

Rigorous statistical evaluations of the possible relation-
ship of specific adverse events to each of the above factors are 
often unnecessary. It may be apparent from initial display and 
inspection of the data that there is no evidence of a significant 
relationship to demographic or other baseline features. In that 
case, no further analysis of these particular factors is needed. 
Further, it is not necessary that all such analyses be presented 
in this report. When the safety analyses are too extensive to 
be presented in detail in this report, they may be presented 
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in a separate report in Module 5, Section 5.3.5.3, and sum-
marized here.

Under certain circumstances, life table or similar analy-
ses may be more informative than reporting of crude adverse 
event rates.

2.7.4.2.1.2  Deaths
A table in the Section 2.7.4.7 Appendix should list all deaths 
occurring while on study (including deaths that occurred 
shortly following treatment termination, for example, within 
30 days or as specified in the study protocol, as well as 
all other deaths that occurred later but may have resulted 
from a process that began during studies). Only deaths that 
are clearly disease-related per protocol definitions and not 
related to the investigational product, either in studies of 
conditions with high mortality such as advanced cancer or in 
studies where mortality from disease is a primary study end 
point, should be excepted from this listing (it is assumed, 
however, that these deaths would still be reported in the 
individual ICH E3 study reports). Even these deaths should 
be examined for any unexpected patterns between study 
arms, and further analyzed if unexplained differences are 
observed. Deaths should be examined individually and ana-
lyzed on the basis of rates in individual trials and appropriate 
pools of trials, considering both total mortality and cause-
specific deaths. Potential relationships to the factors listed 
in Section 2.7.4.2.1.1 should also be considered. Although 
cause-specific mortality can be difficult to determine, some 
deaths are relatively easy to interpret. Thus, deaths due to 
causes expected in the patient population (heart attacks and 
sudden death in an angina population) are individually not 
considered to be informative, but even one death due to a 
QT interval prolongation-associated arrhythmia, aplastic 
anemia, or liver injury may be informative. Special caution 
is appropriate before an unusual death is attributed to con-
comitant illness.

2.7.4.2.1.3  Other Serious Adverse Events
Summaries of all serious adverse events (other than death but 
including the serious adverse events temporally associated 
with or preceding the deaths) should be displayed. Serious 
adverse events that occurred after the drug use was discon-
tinued should be included in this section. The display should 
include major laboratory abnormalities, abnormal vital signs, 
and abnormal physical observations that are considered seri-
ous adverse events using the ICH E2A definitions. Results of 
analyses or assessments of serious adverse events across stud-
ies should be presented. Serious events should be examined 
for frequency over time, particularly for drugs that may be 
used chronically. Potential relationships to the factors listed 
in Section 2.7.4.2.1.1 should also be considered.

2.7.4.2.1.4  Other Significant Adverse Events
Marked hematologic and other laboratory abnormalities 
(other than those meeting the definition of serious) and any 
events that led to a substantial intervention (premature dis-
continuation of study drug, dose reduction, or substantial 

additional concomitant therapy), other than those reported as 
serious adverse events, should be displayed.

Events that led to premature discontinuation of study drug 
represent an important safety concern and deserve particular 
attention in the analysis of drug safety for two reasons. First, 
even for expected events (based on pharmacological activ-
ity), the need to discontinue (or otherwise alter) treatment 
reflects the severity and perceived importance of the event 
to patient and physician. Second, discontinuation may repre-
sent a drug-related event not yet recognized as drug related. 
Adverse events leading to treatment discontinuation should be 
considered possibly drug-related even if this was not recog-
nized initially and even if the event was thought to represent 
intercurrent illness. Reasons for premature treatment discon-
tinuations should be discussed and rates of discontinuations 
should be compared across studies and compared with those 
for placebo and/or active control treatment. In addition, the 
study data should be examined for any potential relationships 
to the factors listed in Section 2.7.4.2.1.1.

2.7.4.2.1.5  Analysis of Adverse Events by Organ System or 
Syndrome

Assessment of the causality of, and risk factors for, deaths, 
other serious events, and other significant events is often com-
plicated by the fact that they are uncommon. As a result, con-
sideration of related events as a group, including less important 
events of potentially related pathophysiology, may be of criti-
cal value in understanding the safety profile. For example, 
the relationship to treatment of an isolated sudden death may 
become much clearer when considered in the context of cases 
of syncope, palpitations, and asymptomatic arrhythmias.

It is thus generally useful to summarize adverse events by 
organ system so that they may be considered in the context 
of potentially related events including laboratory abnormali-
ties. Such presentations of adverse events by organ system 
should be placed in subsections of Section 2.7.4.2.1.5, labeled 
as Sections 2.7.4.2.1.5.1, 2.7.4.2.1.5.2, etc., and titled by the 
organ system under consideration. The list of organ systems 
to be addressed and the approach to grouping certain events 
should be selected as appropriate to best present the adverse 
event data for the medicinal product. If some adverse events 
tend to occur in syndromes (e.g., influenza-like syndrome, 
cytokine release syndrome), the sponsor may choose to cre-
ate some subsections of 2.7.4.2.1.5 for syndromes rather than 
organ systems.

The same data and summarizations should generally not 
be repeated in more than one subsection of Section 2.7.4.2.1. 
Instead, a summary presentation may be placed in one sub-
section and cross-referenced as needed in the other.

2.7.4.2.2  Narratives
The locations in the application of individual narratives of 
patient deaths, other serious adverse events, and other signifi-
cant adverse events deemed to be of special interest because 
of clinical importance (as described in ICH E3 individual 
study reports) should be referenced here for the convenience 
of the reviewer. The narratives themselves should be a part 
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of the individual study reports, if there is such a report. In 
cases where there is no individual study report (e.g., if many 
open studies are pooled as part of a safety analysis and are not 
individually described), narratives can be placed in Module 5, 
Section 5.3.5.3. Narratives should not be included here, unless 
an abbreviated narrative of particular events is considered 
critical to the summary assessment of the drug.

2.7.4.3  Clinical Laboratory Evaluations
This section should describe changes in patterns of labora-
tory tests with drug use. Marked laboratory abnormalities and 
those that led to a substantial intervention should be reported in 
Section 2.7.4.2.1.3 or Section 2.7.4.2.1.4. If these data are also 
presented in this section, this duplicate reporting should be made 
clear for the reviewer. The appropriate evaluations of laboratory 
values will in part be determined by the results seen, but, in gen-
eral, the analyses described below should be provided. For each 
analysis, comparison of the treatment and control groups should 
be carried out, as appropriate and as compatible with study sizes. 
In addition, normal laboratory ranges should be given for each 
analysis (ICH E3). Where possible, laboratory values should be 
provided in standard international units.

A brief overview of the major changes in laboratory val-
ues across the clinical studies should be provided. Laboratory 
data should include hematology, clinical chemistry, urinaly-
sis, and other data as appropriate. Each parameter at each 
time over the course of the study (e.g., at each visit) should be 
described at the following three levels:

• The central tendency, that is, the group mean and 
median values.

• The range of values, and the number of subjects 
with abnormal values or with abnormal values of a 
certain size (e.g., twice the upper limit of normal, 5 
times the upper limit; choices should be explained). 
When data are pooled from centers with differences 
in normal laboratory ranges, the methodology used 
in pooling should be described. The analysis of indi-
vidual subject changes by treatment group can be 
shown with a variety of approaches (e.g., shift tables, 
see ICH E3 for examples).

• Individual clinically important abnormalities, 
including those leading to discontinuations. The sig-
nificance of the laboratory changes and the likely 
relation to the treatment should be assessed (e.g., 
by analysis of such features as relationship to dose, 
relation to drug concentration, disappearance on 
continued therapy, positive dechallenge, positive 
rechallenge, and the nature of concomitant therapy). 
Potential relationships to other factors listed in 
Section 2.7.4.2.1.1 should also be considered.

2.7.4.4  Vital Signs, Physical Findings, and Other 
Observations Related to Safety

The manner of presenting cross-study observations and 
comparisons of vital signs (e.g., heart rate, blood pres-
sure, temperature, respiratory rate), weight, and other data 

(e.g., electrocardiograms, x-rays) related to safety should be 
similar to that for laboratory variables. If there is evidence 
of a drug effect, any dose-response or drug concentration-
response relationship or relationship to individual variables 
(e.g., disease, demographics, concomitant therapy) should 
be identified and the clinical relevance of the observation 
described. Particular attention should be given to changes not 
evaluated as efficacy variables and to those considered to be 
adverse events. Particular attention should be given to stud-
ies that were designed to evaluate specific safety issues, for 
example, studies of QT interval prolongation.

2.7.4.5  Safety in Special Groups and Situations
2.7.4.5.1  Intrinsic Factors
This section should summarize safety data pertinent to indi-
vidualizing therapy or patient management on the basis of 
demographic and other factors defined as “intrinsic ethnic 
factors” in ICH E5. These factors include age, sex, height, 
weight, lean body mass, genetic polymorphism, body compo-
sition, other illness, and organ dysfunction. Safety in the pedi-
atric population should be routinely analyzed in applications 
for a proposed indication that occurs in children. Analysis of 
the impact of such factors on safety outcomes should have 
been presented in other sections but should be summarized 
here, together with pertinent PK or other information, for 
example, in patients with renal or hepatic disease. If a suf-
ficiently large number of subjects with a given comorbid con-
dition such as hypertension, heart disease, or diabetes, was 
enrolled, analyses should be carried out to assess whether 
the comorbid condition affected the safety of the drug under 
study. Cross-reference should be made to the tables or descrip-
tion of adverse events when analyses of such subgroups has 
been carried out.

2.7.4.5.2  Extrinsic Factors
This section should summarize safety data pertinent to indi-
vidualizing therapy or patient management on the basis of 
factors defined as “extrinsic ethnic factors” in ICH E5. These 
are factors associated with the patient environment. Examples 
are the medical environment, use of other drugs (see Section 
2.7.4.5.3, Drug Interactions), use of tobacco, use of alcohol, 
and food habits.

For example, if a potential interaction with alcohol is 
suggested by the metabolic profile, by the results of studies, 
by postmarketing experience, or by information on similar 
drugs, information should be provided here.

2.7.4.5.3  Drug Interactions
Studies on potential drug–drug or drug–food interac-
tions should be summarized in the Summary of Clinical 
Pharmacology Studies section of the CTD (Section 2.7.2). 
The potential impact on safety of such interactions should be 
summarized here, based on PK, PD, or clinical observations. 
Any observed changes in the adverse event profile, changes 
in blood levels thought to be associated with risk, or changes 
in drug effects associated with other therapy should be pre-
sented here.
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2.7.4.5.4  Use in Pregnancy and Lactation
Any information on safety of use during pregnancy or breast-
feeding that becomes available during clinical development or 
from other sources should be summarized here.

2.7.4.5.5  Overdose
All available clinical information relevant to overdose, includ-
ing signs/symptoms, laboratory findings, and therapeutic 
measures/treatments and antidotes (if available) should be 
summarized and discussed. Information on the efficacy of 
specific antidotes and dialysis should be provided if available.

2.7.4.5.6  Drug Abuse
Any relevant studies/information regarding the investigation 
of the dependence potential of a new therapeutic agent in 
animals and in humans should be summarized and cross-ref-
erenced to the nonclinical summary. Particularly susceptible 
patient populations should be identified.

2.7.4.5.7  Withdrawal and Rebound
Any information or study results pertinent to rebound effects 
should be summarized. Events that occur, or increase in 
severity, after discontinuation of double-blind or active study 
medication should be examined to see if they are the result 
of withdrawal of the study medication. Particular emphasis 
should be given to studies designed to evaluate withdrawal 
and/or rebound.

Data concerning tolerance should be summarized under 
Section 2.7.3.5 in the Summary of Clinical Efficacy.

2.7.4.5.8  Effects on Ability to Drive or Operate 
Machinery or Impairment of Mental Ability

Safety data related to any impairment in the senses, coordina-
tion, or other factor that would result in diminished ability 
to drive a vehicle or operate machinery or that would impair 
mental ability should be summarized. This includes relevant 
adverse effects reported in safety monitoring (e.g., drowsi-
ness) and specific studies concerning effects on ability to 
drive or operate machinery or impairment of mental ability.

2.7.4.6  Postmarketing Data
If the drug has already been marketed, all relevant postmar-
keting data available to the applicant (published and unpub-
lished, including periodic safety update reports if available) 
should be summarized. The periodic safety update reports 
can be included in Module 5. Details of the number of sub-
jects estimated to have been exposed should be provided 
and categorized, as appropriate, by indication, dosage, route, 
treatment duration, and geographic location. The methodol-
ogy used to estimate the number of subjects exposed should 
be described. If estimates of the demographic details are 
available from any source, these should be provided.

A tabulation of serious events reported after the drug is 
marketed should be provided, including any potentially seri-
ous drug interactions.

Any postmarketing findings in subgroups should be 
described.

2.7.4.7  Appendix
Tabular presentations should be provided that summarize the 
important results from all studies pertinent to the evaluation 
of safety and particularly to support product labeling.

Tables and figures should be embedded in the text of the 
appropriate sections when that enhances the readability of the 
document. Lengthy tables can be provided in the appendix at 
the end of the section.

A few illustrative tables are provided, but a clinical sum-
mary will routinely need tables and figures that have been 
developed for the particular drug, drug class, and clinical 
indication(s).

See Sections 2.7.4.2.1, 2.7.4.2.2.3, and 2.7.4.3 of this guid-
ance for additional discussion regarding the content of Section 
2.7.4 tables.

Table 2.7.4.1  Study Subject Drug Exposure by Mean Daily 
Dose and Duration of Exposure

Table 2.7.4.2  Demographic Profile of Patients in Controlled 
Trials

Table 2.7.4.3  Incidence of Adverse Events in Pooled 
Placebo- and Active Controlled Trials

Table 2.7.4.4  Incidence of Adverse Events in the Largest 
Trials

Table 2.7.4.5  Patient Withdrawals by Study: Controlled 
Trials

Table 2.7.4.6  Listing of Deaths

2.7.5  literature referenceS

A list of references cited in the Clinical Summary should be 
provided. Copies of all important references should be pro-
vided in Module 5, Section 5.4. The reference list should indi-
cate which references are available in Module 5, Section 5.4. 
All references that have not been provided should be available 
upon request.

2.7.6  SynoPSeS of inDiviDual StuDieS

The ICH E3 guideline (Structure and Content of Clinical 
Study Reports) suggests inclusion of a study synopsis with 
each clinical study report, and provides one example of a for-
mat for such synopses.

This section should include the table entitled Listing of 
Clinical Studies, described in guidance for Module 5, fol-
lowed by all individual study synopses organized in the same 
sequence as the study reports in Module 5.

It is expected that one synopsis will be prepared per study 
for use in all regions, and that the same synopsis will be 
included in this section and as part of the clinical study report 
in Module 5. The length of a synopsis will usually be up to 
three pages, but a synopsis for a more complex and important 
study may be longer, for example, 10 pages. Within the indi-
vidual synopsis, tables and figures should be used as appropri-
ate to aid clarity.

Table 2.7.1.1
Summary of Bioavailability Studies
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Table 2.7.1.2
Summary of In Vitro Dissolution Studies
Table 2.7.2.1
Summary of Drug–Drug Interaction PK Studies

MODULE 3: QUALITY

SCOPE OF THE GUIDELINE

This document is intended to provide guidance on the for-
mat of a registration application for drug substances and their 
corresponding drug products as defined in the scope of the 
ICH Guidelines Q 6A (“NCE”) and ICH Guideline Q 6B 
(“Biotech”). This format may also be appropriate for certain 
other categories of products. To determine the applicability of 
this format for a particular type of product, applicants should 
consult with the appropriate regulatory authorities.

The text following the section titles is intended to be 
explanatory and illustrative only. The content of these sections 
should include relevant information described in existing ICH 
guidelines, but harmonized content is not available for all sec-
tions. The “Body of Data” in this guideline merely indicates 
where the information should be located. Neither the type nor 
the extent of specific supporting data has been addressed in 
this guideline, and both may depend upon regional guidance.

The section titles of Module 3.2.R (Regional Information) 
represent examples of typical topics of information that are 
not common to all ICH regions. Hence, the information to 
be provided in these sections should be based on the relevant 
regional guidelines.

3.1  TABLE OF CONTENTS OF MODULE 3

A Table of Contents for the filed application should be 
provided.

3.2  BODY OF DATA

3.2.S DRUG SUBSTANCE (NAME, 
MANUFACTURER)

3.2.S.1  General information (name, manufacturer)

3.2.S.1.1  Nomenclature (Name, Manufacturer)
Information on the nomenclature of the drug substance should 
be provided. For example,

• Recommended International Nonproprietary Name 
(INN)

• Compendial name, if relevant
• Chemical name(s)
• Company or laboratory code
• Other nonproprietary name(s), for example, national 

name, United States adopted name (USAN), Japanese 
accepted name (JAN), British approved name (BAN)

• Chemical abstracts service (CAS) registry number

3.2.S.1.2  Structure (Name, Manufacturer)
NCE:
The structural formula, including relative and absolute stereo-
chemistry, the molecular formula, and the relative molecular 
mass should be provided.

Biotech:
The schematic amino acid sequence indicating glycosylation 
sites or other posttranslational modifications and relative 
molecular mass should be provided, as appropriate.

3.2.S.1.3  General Properties (Name, Manufacturer)
A list should provide physicochemical and other relevant 
properties of the drug substance, including biological activity 
for biotech.

Reference ICH Guidelines: Q6A and Q6B.

3.2.S.2  manufacture (name, manufacturer)

3.2.S.2.1  Manufacturer(s) (Name, Manufacturer)
The name, address, and responsibility of each manufacturer, 
including contractors, and each proposed production site 
or facility involved in manufacturing and testing should be 
provided.

3.2.S.2.2  Description of Manufacturing Process and 
Process Controls (Name, Manufacturer)

The description of the drug substance manufacturing process 
represents the applicant’s commitment for the manufacture 
of the drug substance. Information should be provided to 
adequately describe the manufacturing process and process 
controls. For example,

NCE:
A flow diagram of the synthetic process(es) should be pro-
vided that includes molecular formulae, weights, yield ranges, 
chemical structures of starting materials, intermediates, 
reagents and drug substance reflecting stereochemistry, and 
identifies operating conditions and solvents.

A sequential procedural narrative of the manufacturing 
process should be submitted. The narrative should include, 
for example, quantities of raw materials, solvents, catalysts 
and reagents reflecting the representative batch scale for com-
mercial manufacture, identification of critical steps, process 
controls, equipment, and operating conditions (e.g., tempera-
ture, pressure, pH, time).

Alternate processes should be explained and described with 
the same level of detail as the primary process. Reprocessing 
steps should be identified and justified. Any data to support 
this justification should be either referenced or filed in Section 
3.2.S.2.5.

Biotech:
Information should be provided on the manufacturing pro-
cess, which typically starts with a vial(s) of the cell bank, and 
includes cell culture, harvest(s), purification and modification 
reactions, filling, storage, and shipping conditions.



61Regulatory and Manufacturing Guidelines 

Batch(es) and Scale Definition
An explanation of the batch numbering system, including 
information regarding any pooling of harvests or intermedi-
ates and batch size or scale should be provided.

Cell Culture and Harvest
A flow diagram should be provided that illustrates the 

manufacturing route from the original inoculum (e.g., cells 
contained in one or more vials(s) of the Working Cell Bank up 
to the last harvesting operation. The diagram should include 
all steps (i.e., unit operations) and intermediates. Relevant 
information for each stage, such as population doubling lev-
els, cell concentration, volumes, pH, cultivation times, hold-
ing times, and temperature, should be included. Critical steps 
and critical intermediates for which specifications are estab-
lished (as mentioned in Section 3.2.S.2.4) should be identified.

A description of each process step in the flow diagram 
should be provided. Information should be included on, for 
example, scale; culture media and other additives (details 
provided in 3.2.S.2.3); major equipment (details provided in 
Section 3.2.A.1); and process controls, including in-process 
tests and operational parameters, process steps, equipment, 
and intermediates with acceptance criteria (details provided 
in Section 3.2.S.2.4). Information on procedures used to trans-
fer material between steps, equipment, areas, and buildings, 
as appropriate, and shipping and storage conditions should 
be provided. (Details on shipping and storage provided in 
Section 3.2.S.2.4.)

Purification and Modification Reactions
A flow diagram should be provided that illustrates the puri-

fication steps (i.e., unit operations) from the crude harvest(s) 
up to the step preceding filling of the drug substance. All steps 
and intermediates and relevant information for each stage 
(e.g., volumes, pH, critical processing time, holding times, 
temperatures and elution profiles and selection of fraction, 
storage of intermediate, if applicable) should be included. 
Critical steps for which specifications are established as men-
tioned in Section 3.2.S.2.4 should be identified.

A description of each process step (as identified in the 
flow diagram) should be provided. The description should 
include information on, for example, scale, buffers and other 
reagents (details provided in Section 3.2.S.2.3), major equip-
ment (details provided in Section 3.2.A.1), and materials. For 
materials such as membranes and chromatography resins, 
information for conditions of use and reuse should also be 
provided. (Equipment details in Section 3.2.A.1; validation 
studies for the reuse and regeneration of columns and mem-
branes in Section 3.2.S.2.5.) The description should include 
process controls (including in-process tests and operational 
parameters) with acceptance criteria for process steps, equip-
ment, and intermediates. (Details in Section 3.2.S.2.4.)

Reprocessing procedures with criteria for reprocessing of 
any intermediate or the drug substance should be described. 
(Details should be given in Section 3.2.S.2.5.)

Information on procedures used to transfer material between 
steps, equipment, areas, and buildings, as appropriate, and 

shipping and storage conditions should be provided (details 
on shipping and storage provided in Section 3.2.S.2.4).

Filling, Storage, and Transportation (Shipping)
A description of the filling procedure for the drug sub-

stance, process controls (including in-process tests and opera-
tional parameters), and acceptance criteria should be provided 
(Details in Section 3.2.S.2.4.) The container closure system(s) 
used for storage of the drug substance (details in Section 
3.2.S.6) and storage and shipping conditions for the drug sub-
stance should be described.

Reference ICH Guidelines: Q5A, Q5B, and Q6B.

3.2.S.2.3  Control of Materials (Name, Manufacturer)
Materials used in the manufacture of the drug substance (e.g., 
raw materials, starting materials, solvents, reagents, catalysts) 
should be listed identifying where each material is used in 
the process. Information on the quality and control of these 
materials should be provided. Information demonstrating that 
materials (including biologically sourced materials, for exam-
ple, media components, monoclonal antibodies, enzymes) 
meet standards appropriate for their intended use (includ-
ing the clearance or control of adventitious agents) should be 
provided, as appropriate. For biologically sourced materials, 
this can include information regarding the source, manufac-
ture, and characterization. (Details in Section 3.2.A.2 for both 
NCE and Biotech.)

Reference ICH Guidelines: Q6A and Q6B.

Biotech:
Control of Source and Starting Materials of Biological 
Origin
Summaries of viral safety information for biologically sourced 
materials should be provided. (Details in Section 3.2.A.2.)

Source, History, and Generation of the Cell Substrate
Information on the source of the cell substrate and the analy-
sis of the expression construct that is incorporated in the ini-
tial cell clone and used to genetically modify cells in order to 
develop the Master Cell Bank should be provided as described 
in Q5B and Q5D.

Cell Banking System, Characterization, and Testing
Information on the cell banking system, quality control 
activities, and cell line stability during production and stor-
age [including procedures used to generate the Master and 
Working Cell Bank(s)] should be provided as described in 
Q5B and Q5D.

Reference ICH Guidelines: Q5A, Q5B, Q5C, and Q5D.

3.2.S.2.4  Controls of Critical Steps and 
Intermediates (Name, Manufacturer)

Critical Steps: Tests and acceptance criteria (with justifica-
tion including experimental data) performed at critical steps 
identified in Section 3.2.S.2.2 of the manufacturing process to 
ensure that the process is controlled should be provided.

Intermediates: Information on the quality and control of 
intermediates isolated during the process should be provided.
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Reference ICH Guidelines: Q6A and Q6B.
Additionally for Biotech: Stability data supporting storage 

conditions should be provided.
Reference ICH Guideline: Q5C.

3.2.S.2.5  Process Validation and/or Evaluation 
(Name, Manufacturer)

Process validation and/or evaluation studies for aseptic pro-
cessing and sterilization should be included.

Biotech:
Sufficient information should be provided on validation 

and evaluation studies to demonstrate that the manufactur-
ing process (including reprocessing steps) is suitable for its 
intended purpose and to substantiate selection of critical pro-
cess controls (operational parameters and in-process tests) 
and their limits for critical manufacturing steps (e.g., cell cul-
ture, harvesting, purification, and modification).

The plan for conducting the study should be described and 
the results, analysis, and conclusions from the executed study 
or studies should be provided. The analytical procedures and 
corresponding validation should be cross-referenced (e.g., 
Section 3.2.S.2.4, Section 3.2.S.4.3) or provided as part of 
justifying the selection of critical process controls and accep-
tance criteria.

For manufacturing steps intended to remove or inactivate 
viral contaminants, the information from evaluation studies 
should be provided in Section 3.2.A.2.

3.2.S.2.6  Manufacturing Process Development 
(Name, Manufacturer)

NCE:
A description and discussion should be provided of the sig-
nificant changes made to the manufacturing process and/or 
manufacturing site of the drug substance used in producing 
nonclinical, clinical, scale-up, pilot, and, if available, produc-
tion scale batches.

Reference should be made to the drug substance data pro-
vided in Section 3.2.S.4.4.

Reference ICH Guideline: Q3A.

Biotech:
The developmental history of the manufacturing process, 
as described in Section 3.2.S.2.2, should be provided. The 
description of change(s) made to the manufacture of drug 
substance batches used in support of the marketing applica-
tion (e.g., nonclinical or clinical studies) should include, for 
example, changes to the process or to critical equipment. The 
reason for the change should be explained. Relevant informa-
tion on drug substance batches manufactured during develop-
ment, such as the batch number, manufacturing scale, and use 
(e.g., stability, nonclinical, reference material) in relation to 
the change, should be provided.

The significance of the change should be assessed by 
evaluating its potential to impact the quality of the drug 
substance (and/or intermediate, if appropriate). For manu-
facturing changes that are considered significant, data from 

comparative analytical testing on relevant drug substance 
batches should be provided to determine the impact on qual-
ity of the drug substance (see Q6B for additional guidance). A 
discussion of the data, including a justification for selection of 
the tests and assessment of results, should be included.

Testing used to assess the impact of manufacturing 
changes on the drug substance(s) and the corresponding drug 
product(s) can also include nonclinical and clinical studies. 
Cross-reference to the location of these studies in other mod-
ules of the submission should be included.

Reference should be made to the drug substance data pro-
vided in Section 3.2.S.4.4.

Reference ICH Guideline: Q6B.

3.2.S.3  characterization (name, manufacturer)

3.2.S.3.1  Elucidation of Structure and Other 
Characteristics (Name, Manufacturer)

NCE:
Confirmation of structure based on, for example, synthetic 
route and spectral analyses should be provided. Information 
such as the potential for isomerism, the identification of ste-
reochemistry, or the potential for forming polymorphs should 
also be included.

Reference ICH Guideline: Q6A.

Biotech:
For desired product and product-related substances, details 
should be provided on primary, secondary, and higher-order 
structure, posttranslational forms (e.g., glycoforms), biologi-
cal activity, purity, and immunochemical properties, when 
relevant.

Reference ICH Guideline: Q6B.

3.2.S.3.2  Impurities (Name, Manufacturer)
Information on impurities should be provided.

Reference ICH Guidelines: Q3A, Q3C, Q5C, Q6A, and 
Q6B.

3.2.S.4  control of DruG SubStance 
(name, manufacturer)

3.2.S.4.1  Specification (Name, Manufacturer)
The specification for the drug substance should be provided. 
Reference ICH Guidelines: Q6A and Q6B.

3.2.S.4.2  Analytical Procedures (Name, Manufacturer)
The analytical procedures used for testing the drug substance 
should be provided.

Reference ICH Guidelines: Q2A and Q6B.

3.2.S.4.3  Validation of Analytical Procedures 
(Name, Manufacturer)

Analytical validation information, including experimental 
data for the analytical procedures used for testing the drug 
substance, should be provided.
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Reference ICH Guidelines: Q2A, Q2B, and Q6B.

3.2.S.4.4  Batch Analyses (Name, Manufacturer)
Description of batches and results of batch analyses should 
be provided.

Reference ICH Guidelines: Q3A, Q3C, Q6A, and Q6B.

3.2.S.4.5  Justification of Specification 
(Name, Manufacturer)

Justification for the drug substance specification should be 
provided.

Reference ICH Guidelines: Q3A, Q3C, Q6A, and Q6B.

3.2.S.5  reference StanDarDS or materialS 
(name, manufacturer)

Information on the reference standards or reference materi-
als used for testing of the drug substance should be provided. 
Reference ICH Guidelines: Q6A and Q6B.

3.2.S.6  container cloSure SyStem 
(name, manufacturer)

A description of the container closure system(s) should be pro-
vided, including the identity of materials of construction of 
each primary packaging component, and their specifications. 
The specifications should include description and identifica-
tion (and critical dimensions with drawings, where appro-
priate). Noncompendial methods (with validation) should be 
included, where appropriate.

For nonfunctional secondary packaging components (e.g., 
those that do not provide additional protection), only a brief 
description should be provided. For functional secondary pack-
aging components, additional information should be provided.

The suitability should be discussed with respect to, for 
example, choice of materials, protection from moisture and 
light, compatibility of the materials of construction with the 
drug substance, including sorption to container and leaching, 
and/or safety of materials of construction.

3.2.S.7  Stability (name, manufacturer)

3.2.S.7.1  Stability Summary and Conclusions 
(Name, Manufacturer)

The types of studies conducted, protocols used, and the results 
of the studies should be summarized. The summary should 
include results, for example, from forced degradation studies 
and stress conditions, as well as conclusions with respect to 
storage conditions and retest date or shelf life, as appropriate.

Reference ICH Guidelines: Q1A, Q1B, and Q5C.

3.2.S.7.2  Postapproval Stability Protocol and Stability 
Commitment (Name, Manufacturer)

The postapproval stability protocol and stability commitment 
should be provided.

Reference ICH Guidelines: Q1A and Q5C.

3.2.S.7.3  Stability Data (Name, Manufacturer)
Results of the stability studies (e.g., forced degradation studies 
and stress conditions) should be presented in an appropriate 
format such as tabular, graphical, or narrative. Information 
on the analytical procedures used to generate the data and 
validation of these procedures should be included.

Reference ICH Guidelines: Q1A, Q1B, Q2A, Q2B, and Q5C.

3.2.P DRUG PRODUCT (NAME, DOSAGE FORM)

3.2.P.1  DeScriPtion anD comPoSition of the 
DruG ProDuct (name, DoSaGe form)

A description of the drug product and its composition should 
be provided. The information provided should include, for 
example:

• Description of the dosage form
• Composition, that is list of all components of the 

dosage form, and their amount on a per-unit basis 
(including overages, if any), the function of the com-
ponents, and a reference to their quality standards 
(e.g., compendial monographs or manufacturer’s 
specifications)

• Description of accompanying reconstitution 
diluent(s) 

• Type of container and closure used for the dosage 
form and accompanying reconstitution diluent, if 
applicable

Reference ICH Guidelines: Q6A and Q6B.

3.2.P.2  Pharmaceutical DeveloPment 
(name, DoSaGe form)

The pharmaceutical development section should contain 
information on the development studies conducted to estab-
lish that the dosage form, the formulation, manufacturing pro-
cess, container closure system, microbiological attributes, and 
usage instructions are appropriate for the purpose specified in 
the application. The studies described here are distinguished 
from routine control tests conducted according to specifica-
tions. Additionally, this section should identify and describe 
the formulation and process attributes (critical parameters) 
that can influence batch reproducibility, product perfor-
mance, and drug product quality. Supportive data and results 
from specific studies or published literature can be included 
within or attached to the pharmaceutical development section. 
Additional supportive data can be referenced to the relevant 
nonclinical or clinical sections of the application. Reference 
ICH Guidelines: Q6A and Q6B.

3.2.P.2.1  Components of the Drug Product 
(Name, Dosage Form)

3.2.P.2.1.1  Drug Substance (Name, Dosage Form)
The compatibility of the drug substance with excipients listed 
in Section 3.2.P.1 should be discussed. Additionally, key 
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physicochemical characteristics (e.g., water content, solubil-
ity, particle size distribution, polymorphic or solid state form) 
of the drug substance that can influence the performance of 
the drug product should be discussed.

For combination products, the compatibility of drug sub-
stances with each other should be discussed.

3.2.P.2.1.2  Excipients (Name, Dosage Form)
The choice of excipients listed in Section 3.2.P.1, their con-
centration, their characteristics that can influence the drug 
product performance should be discussed relative to their 
respective functions.

3.2.P.2.2  Drug Product (Name, Dosage Form)
3.2.P.2.2.1  Formulation Development 

(Name, Dosage Form)
A brief summary describing the development of the drug 
product should be provided, taking into consideration the 
proposed route of administration and usage. The differences 
between clinical formulations and the formulation (i.e., com-
position) described in Section 3.2.P.1 should be discussed. 
Results from comparative in vitro studies (e.g., dissolution) or 
comparative in vivo studies [e.g., bioequivalence (BE)] should 
be discussed when appropriate.

3.2.P.2.2.2  Overages (Name, Dosage Form)
Any overages in the formulation(s) described in Section 
3.2.P.1 should be justified.

3.2.P.2.2.3  Physicochemical and Biological 
Properties (Name, Dosage Form)

Parameters relevant to the performance of the drug product, 
such as pH, ionic strength, dissolution, redispersion, reconsti-
tution, particle size distribution, aggregation, polymorphism, 
rheologic properties, biological activity or potency, and/or 
immunological activity, should be addressed.

3.2.P.2.3  Manufacturing Process Development 
(Name, Dosage Form)

The selection and optimization of the manufacturing process 
described in Section 3.2.P.3.3, in particular its critical aspects, 
should be explained. Where relevant, the method of steriliza-
tion should be explained and justified.

Differences between the manufacturing process(es) used 
to produce pivotal clinical batches and the process described 
in Section 3.2.P.3.3 that can influence the performance of the 
product should be discussed.

3.2.P.2.4  Container Closure System 
(Name, Dosage form)

The suitability of the container closure system (described in 
Section 3.2.P.7) used for the storage, transportation (shipping), 
and use of the drug product should be discussed. This discus-
sion should consider, for example, choice of materials, protec-
tion from moisture and light, compatibility of the materials 
of construction with the dosage form (including sorption to 
container and leaching), safety of materials of construction, 

and performance (such as reproducibility of the dose delivery 
from the device when presented as part of the drug product).

3.2.P.2.5  Microbiological Attributes 
(Name, Dosage Form)

Where appropriate, the microbiological attributes of the 
dosage form should be discussed, including, for example, 
the rationale for not performing microbial limits testing for 
nonsterile products and the selection and effectiveness of 
preservative systems in products containing antimicrobial 
preservatives. For sterile products, the integrity of the con-
tainer closure system to prevent microbial contamination 
should be addressed.

3.2.P.2.6  Compatibility (Name, Dosage Form)
The compatibility of the drug product with reconstitution 
diluent(s) or dosage devices (e.g., precipitation of drug sub-
stance in solution, sorption on injection vessels, stability) 
should be addressed to provide appropriate and supportive 
information for the labeling.

3.2.P.3  manufacture (name, DoSaGe form)

3.2.P.3.1  Manufacturer(s) (Name, Dosage Form)
The name, address, and responsibility of each manufacturer, 
including contractors, and each proposed production site 
or facility involved in manufacturing and testing should be 
provided.

3.2.P.3.2  Batch Formula (Name, Dosage Form)
A batch formula should be provided that includes a list of all 
components of the dosage form to be used in the manufac-
turing process, their amounts on a per batch basis, including 
overages, and a reference to their quality standards.

3.2.P.3.3  Description of Manufacturing Process and 
Process Controls (Name, Dosage Form)

A flow diagram should be presented giving the steps of the 
process and showing where materials enter the process. The 
critical steps and points at which process controls, intermedi-
ate tests, or final product controls are conducted should be 
identified.

A narrative description of the manufacturing process, 
including packaging, that represents the sequence of steps 
undertaken and the scale of production should also be pro-
vided. Novel processes or technologies and packaging opera-
tions that directly affect product quality should be described 
with a greater level of detail. Equipment should, at least, be 
identified by type (e.g., tumble blender, in-line homogenizer) 
and working capacity, where relevant.

Steps in the process should have the appropriate process 
parameters identified, such as time, temperature, or pH. 
Associated numeric values can be presented as an expected 
range. Numeric ranges for critical steps should be justified 
in Section 3.2.P.3.4. In certain cases, environmental condi-
tions (e.g., low humidity for an effervescent product) should 
be stated.
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Proposals for the reprocessing of materials should be jus-
tified. Any data to support this justification should be either 
referenced or filed in this section (3.2.P.3.3).

Additionally for Biotech, see Section 3.2.A.1 for facilities, 
if appropriate.

Reference ICH Guideline: Q6B.

3.2.P.3.4  Controls of Critical Steps and 
Intermediates (Name, Dosage Form)

Critical steps: Tests and acceptance criteria should be pro-
vided (with justification, including experimental data) per-
formed at the critical steps identified in Section 3.2.P.3.3 
of the manufacturing process, to ensure that the process is 
controlled.

Intermediates: Information on the quality and control 
of intermediates isolated during the process should be 
provided.

Reference ICH Guidelines: Q2A, Q2B, Q6A, and Q6B.

3.2.P.3.5  Process Validation and/or Evaluation 
(Name, Dosage Form)

Description, documentation, and results of the validation and/
or evaluation studies should be provided for critical steps or 
critical assays used in the manufacturing process (e.g., valida-
tion of the sterilization process or aseptic processing or fill-
ing). Viral safety evaluation should be provided in Section 
3.2.A.2, if necessary.

Reference ICH Guideline: Q6B.

3.2.P.4  control of exciPientS (name, DoSaGe form)

3.2.P.4.1  Specifications (Name, Dosage Form)
The specifications for excipients should be provided. 
Reference ICH Guideline: Q6A and Q6B.

3.2.P.4.2  Analytical Procedures (Name, Dosage Form)
The analytical procedures used for testing the excipients 
should be provided, where appropriate.

Reference ICH Guidelines: Q2A and Q6B.

3.2.P.4.3  Validation of Analytical Procedures 
(Name, Dosage Form)

Analytical validation information, including experimental 
data, for the analytical procedures used for testing the excipi-
ents should be provided, where appropriate.

Reference ICH Guidelines: Q2A, Q2B, and Q6B.

3.2.P.4.4  Justification of Specifications 
(Name, Dosage Form)

Justification for the proposed excipient specifications should 
be provided, where appropriate.

Reference ICH Guidelines: Q3C and Q6B.

3.2.P.4.5  Excipients of Human or Animal 
Origin (Name, Dosage Form)

For excipients of human or animal origin, information should 
be provided regarding adventitious agents (e.g., sources; 

specifications; description of the testing performed; viral 
safety data.) (Details in Section 3.2.A.2.)

Reference ICH Guidelines: Q5A, Q5D, and Q6B.

3.2.P.4.6  Novel Excipients (Name, Dosage Form)
For excipient(s) used for the first time in a drug product or 
by a new route of administration, full details of manufacture, 
characterization, and controls, with cross-references to sup-
porting safety data (nonclinical and/or clinical) should be 
provided according to the drug substance format. (Details in 
Section 3.2.A.3.)

3.2.P.5  control of DruG ProDuct 
(name, DoSaGe form)

3.2.P.5.1  Specification(s) (Name, Dosage Form)
The specification(s) for the drug product should be provided.

Reference ICH Guidelines: Q3B, Q6A, and Q6B.

3.2.P.5.2  Analytical Procedures (Name, Dosage Form)
The analytical procedures used for testing the drug product 
should be provided.

Reference ICH Guidelines: Q2A and Q6B.

3.2.P.5.3  Validation of Analytical Procedures 
(Name, Dosage Form)

Analytical validation information, including experimental 
data, for the analytical procedures used for testing the drug 
product, should be provided.

Reference ICH Guidelines: Q2A, Q2B, and Q6B.

3.2.P.5.4  Batch Analyses (Name, Dosage Form)
A description of batches and results of batch analyses should 
be provided.

Reference ICH Guidelines: Q3B, Q3C, Q6A, and Q6B.

3.2.P.5.5  Characterization of Impurities 
(Name, Dosage Form)

Information on the characterization of impurities should be 
provided, if not previously provided in “3.2.S.3.2 Impurities.”

Reference ICH Guidelines: Q3B, Q5C, Q6A, and Q6B.

3.2.P.5.6  Justification of Specification(s) 
(Name, Dosage Form)

Justification for the proposed drug product specification(s) 
should be provided.

Reference ICH Guidelines: Q3B, Q6A, and Q6B.

3.2.P.6  reference StanDarDS or materialS 
(name, DoSaGe form)

Information on the reference standards or reference materials 
used for testing of the drug product should be provided, if not 
previously provided in Section 3.2.S.5 Reference Standards 
or Materials.

Reference ICH Guidelines: Q6A and Q6B.
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3.2.P.7  container cloSure SyStem 
(name, DoSaGe form)

A description of the container closure systems should be pro-
vided, including the identity of materials of construction of each 
primary packaging component and its specification. The specifi-
cations should include description and identification (and critical 
dimensions, with drawings where appropriate). Noncompendial 
methods (with validation) should be included where appropriate.

For nonfunctional secondary packaging components (e.g., 
those that neither provide additional protection nor serve to 
deliver the product), only a brief description should be pro-
vided. For functional secondary packaging components, addi-
tional information should be provided.

Suitability information should be located in Section 3.2.P.2.

3.2.P.8  Stability (name, DoSaGe form)

3.2.P.8.1  Stability Summary and Conclusion 
(Name, Dosage Form)

The types of studies conducted, protocols used, and the 
results of the studies should be summarized. The summary 
should include, for example, conclusions with respect to stor-
age conditions and shelf life, and, if applicable, in-use storage 
conditions and shelf life.

Reference ICH Guidelines: Q1A, Q1B, Q3B and Q5C, Q6A.

3.2.P.8.2  Postapproval Stability Protocol and Stability 
Commitment (Name, Dosage Form)

The postapproval stability protocol and stability commitment 
should be provided.

Reference ICH Guidelines: Q1A and Q5C.

3.2.P.8.3  Stability Data (Name, Dosage Form)
Results of the stability studies should be presented in an appro-
priate format (e.g., tabular, graphical, narrative). Information 
on the analytical procedures used to generate the data and 
validation of these procedures should be included.

Information on characterization of impurities is located in 
Section 3.2.P.5.5.

Reference ICH Guidelines: Q1A, Q1B, Q2A, Q2B, and Q5C.

3.2.A APPENDICES

3.2.a.1  facilitieS anD equiPment 
(name, manufacturer)

Biotech:
A diagram should be provided illustrating the manufactur-
ing flow, including movement of raw materials, personnel, 
waste, and intermediate(s) in and out of the manufacturing 
areas. Information should be presented with respect to adja-
cent areas or rooms that may be of concern for maintaining 
integrity of the product.

Information on all developmental or approved products 
manufactured or manipulated in the same areas as the appli-
cant’s product should be included.

A summary description of product-contact equipment, 
and its use (dedicated or multiuse) should be provided. 
Information on preparation, cleaning, sterilization, and stor-
age of specified equipment and materials should be included, 
as appropriate.

Information should be included on procedures (e.g., clean-
ing and production scheduling) and design features of the 
facility (e.g., area classifications) to prevent contamination or 
cross-contamination of areas and equipment, where opera-
tions for the preparation of cell banks and product manufac-
turing are performed.

3.2.a.2  aDventitiouS aGentS Safety evaluation 
(name, DoSaGe form, manufacturer)

Information assessing the risk with respect to potential con-
tamination with adventitious agents should be provided in this 
section.

For nonviral adventitious agents:
Detailed information should be provided on the avoidance 
and control of nonviral adventitious agents (e.g., transmissible 
spongiform encephalopathy agents, bacteria, mycoplasma, 
fungi). This information can include, for example, certifica-
tion and/or testing of raw materials and excipients, and con-
trol of the production process, as appropriate for the material, 
process, and agent.

Reference ICH Guidelines: Q5A, Q5D, and Q6B.

For viral adventitious agents:
Detailed information from viral safety evaluation studies 
should be provided in this section. Viral evaluation studies 
should demonstrate that the materials used in production are 
considered safe, and that the approaches used to test, evaluate, 
and eliminate the potential risks during manufacturing are 
suitable. The applicant should refer to Q5A, Q5D, and Q6B 
for further guidance.

Materials of biological origin
Information essential to evaluate the virologic safety of mate-
rials of animal or human origin (e.g., biological fluids, tissue, 
organ, cell lines) should be provided. (See related information 
in Sections 3.2.S.2.3 and 3.2.P.4.5.) For cell lines, information 
on the selection, testing, and safety assessment for potential 
viral contamination of the cells and viral qualification of cell 
banks should also be provided. (See related information in 
Section 3.2.S.2.3.)

Testing at appropriate stages of production
The selection of virologic tests that are conducted during 
manufacturing (e.g., cell substrate, unprocessed bulk, or post-
viral clearance testing) should be justified. The type of test, 
sensitivity and specificity of the test, if applicable, and fre-
quency of testing should be included. Test results to confirm, 
at an appropriate stage of manufacture, that the product is free 
from viral contamination should be provided. (See related 
information in Sections 3.2.S.2.4 and 3.2.P.3.4.)
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Viral testing of unprocessed bulk
In accordance with Q5A and Q6B, results for viral testing of 
unprocessed bulk should be included.

Viral clearance studies
In accordance with Q5A, the rationale and action plan for 
assessing viral clearance and the results and evaluation of the 
viral clearance studies should be provided. Data can include 
those that demonstrate the validity of the scaled-down model 
compared to the commercial scale process; the adequacy 
of viral inactivation or removal procedures for manufactur-
ing equipment and materials; and manufacturing steps that 
are capable of removing or inactivating viruses. (See related 
information in Sections 3.2.S.2.5 and 3.2.P.3.5.)

Reference ICH Guidelines: Q5A, Q5D, and Q6B.

3.2.a.3  exciPientS

3.2.r reGional information

Any additional drug substance and/or drug product informa-
tion specific to each region should be provided in section R 
of the application. Applicants should consult the appropriate 
regional guidelines and/or regulatory authorities for addi-
tional guidance.

Some examples are as follows:

• Executed batch records (USA only)
• Method validation package (USA only)
• Comparability protocols (USA only)
• Process validation scheme for the drug product 

(EU only)

Where validation is still to be completed, a summary of the 
studies intended to be conducted should be provided.

• Medical device (EU only)

3.3  LITERATURE REFERENCES

Key literature referenced should be provided, if applicable.

MODULE 4: NONCLINICAL STUDY REPORTS

General PrinciPleS of nonclinical 
overvieW anD SummarieS

This guideline provides recommendations for the harmo-
nization of the Nonclinical Overview, Nonclinical Written 
Summary, and Nonclinical Tabulated Summaries.

The primary purpose of the Nonclinical Written and 
Tabulated Summaries should be to provide a comprehensive 
factual synopsis of the nonclinical data. The interpretation of 
the data, the clinical relevance of the findings, cross-linking 
with the quality aspects of the pharmaceutical, and the impli-
cations of the nonclinical findings for the safe use of the phar-
maceutical (i.e., as applicable to labeling) should be addressed 
in the overview.

This guideline presents an agreed format for the organiza-
tion of the nonclinical reports in the CTD for applications that 
will be submitted to Regulatory Authorities. This guideline is 
not intended to indicate what studies are required. It merely 
indicates an appropriate format for the nonclinical data that 
have been acquired.

The appropriate location for individual-animal data is in 
the study report or as an appendix to the study report.

4.1  TABLE OF CONTENTS OF MODULE 4

A Table of Contents should be provided that lists all of the 
nonclinical study reports and gives the location of each study 
report in the CTD.

4.2  STUDY REPORTS

The study reports should be presented in the following order:

4.2.1 Pharmacology
4.2.1.1  Primary Pharmacodynamics
4.2.1.2  Secondary Pharmacodynamics
4.2.1.3  Safety Pharmacology
4.2.1.4  Pharmacodynamic Drug Interactions

4.2.2 Pharmacokinetics
4.2.2.1  Analytical Methods And Validation 

Reports (if separate reports are available)
4.2.2.2  Absorption
4.2.2.3  Distribution
4.2.2.4  Metabolism
4.2.2.5  Excretion
4.2.2.6  Pharmacokinetic Drug Interactions 

(nonclinical)
4.2.2.7  Other Pharmacokinetic Studies

4.2.3 Toxicology
4.2.3.1  Single-Dose Toxicity (in order by spe-

cies, by route)
4.2.3.2  Repeat-Dose Toxicity (in order by spe-

cies, by route, by duration; including sup-
portive toxicokinetics evaluations)

4.2.3.3  Genotoxicity
4.2.3.3.1  In Vitro
4.2.3.3.2  In Vivo (including supportive 

toxicokinetics evaluations)
4.2.3.4  Carcinogenicity (including supportive 

toxicokinetics evaluations)
4.2.3.4.1  Long-Term Studies (in order by 

species; including range-finding 
studies that cannot appropriately 
be included under repeat-dose 
toxicity or pharmacokinetics)

4.2.3.4.2  Short- or Medium-Term Studies 
(including range-finding stud-
ies that cannot appropriately be 
included under repeat-dose tox-
icity or pharmacokinetics)

4.2.3.4.3  Other Studies
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4.2.3.5  Reproductive and Developmental Toxicity 
(including range-finding studies and sup-
portive toxicokinetics evaluations) (If 
modified study designs are used, the fol-
lowing subheadings should be modified 
accordingly)
4.2.3.5.1  Fertility and Early Embryonic 

Development
4.2.3.5.2  Embryo-Fetal Development
4.2.3.5.3  Prenatal and Postnatal 

Development (including mater-
nal function)

4.2.3.5.4  Studies in Which the Offspring 
(juvenile animals) Are Dosed 
and/or Further Evaluated

4.2.3.6  Local Tolerance
4.2.3.7  Other Toxicity Studies (if available)

4.2.3.7.1  Antigenicity
4.2.3.7.2  Immunotoxicity
4.2.3.7.3  Mechanistic Studies (if not 

included elsewhere)
4.2.3.7.4  Dependence
4.2.3.7.5  Metabolites
4.2.3.7.6  Impurities
4.2.3.7.7  Other

4.3  LITERATURE REFERENCES

Appendix A
Tables and Figures for Written Summaries

Appendix B
The Nonclinical Tabulated SummariesTemplates

The Nonclinical Tabulated SummariesTemplates

MODULE 5: CLINICAL STUDY REPORTS

Preamble
Through the ICH process, a guideline has been published on 
the structure and content of clinical study reports (E3). This 
document provides guidance on the organization of these 
study reports, other clinical data, and references within a 
CTD for registration of a pharmaceutical product for human 
use. These elements should facilitate the preparation and 
review of a marketing application.

This guideline is not intended to indicate what studies are 
required for successful registration. It indicates an appropri-
ate organization for the clinical study reports that are in the 
application.

Detailed Organization of Clinical Study Reports and Related 
Information in Module 5.

This guideline recommends a specific organization for the 
placement of clinical study reports and related information 
to simplify preparation and review of dossiers and to ensure 

completeness. The placement of a report should be deter-
mined by the primary objective of the study. Each study report 
should appear in only one section. Where there are multiple 
objectives, the study should be cross-referenced in the various 
sections. An explanation such as “not applicable” or “no study 
conducted” should be provided when no report or information 
is available for a section or subsection.

5.1 Table of Contents of Module 5
A Table of Contents for study reports should be provided.

5.1     Table of Contents of Module 5
5.2     Tabular Listing of All Clinical Studies
5.3     Clinical Study Reports
5.3.1     Reports of Biopharmaceutical Studies
5.3.1.1  Bioavailability (BA) Study Reports
5.3.1.2  Comparative BA and BE Study Reports
5.3.1.3  In Vitro–In Vivo Correlation Study Reports
5.3.1.4  Reports of Bioanalytical and Analytical 

Methods for Human Studies
5.3.2     Reports of Studies Pertinent to Pharmacokinetics 

using Human Biomaterials
5.3.2.1  Plasma Protein Binding Study Reports
5.3.2.2  Reports of Hepatic Metabolism and Drug 

Interaction Studies
5.3.2.3  Reports of Studies Using Other Human 

Biomaterials
5.3.3     Reports of Human Pharmacokinetic (PK) 

Studies
5.3.3.1  Healthy Subject PK and Initial Tolerability 

Study Reports
5.3.3.2  Patient PK and Initial Tolerability Study Reports
5.3.3.3  Intrinsic Factor PK Study Reports
5.3.3.4  Extrinsic Factor PK Study Reports
5.3.3.5  Population PK Study Reports
5.3.4     Reports of Human Pharmacodynamic (PD) 

Studies
5.3.4.1  Healthy Subject PD and PK/PD Study Reports
5.3.4.2  Patient PD and PK/PD Study Reports
5.3.5     Reports of Efficacy and Safety Studies
5.3.5.1  Study Reports of Controlled Clinical Studies 

Pertinent to the Claimed Indication
5.3.5.2  Study Reports of Uncontrolled Clinical Studies
5.3.5.3  Reports of Analyses of Data from More Than 

One Study
5.3.5.4  Other Clinical Study Reports
5.3.6     Reports of Postmarketing Experience
5.3.7   Case Report Forms and Individual Patient 

Listings
5.4     Literature References

5.2  TABULAR LISTING OF ALL 
CLINICAL STUDIES

A tabular listing of all clinical studies and related information 
should be provided. For each study, this tabular listing should 
generally include the type of information identified in Table 
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5.1 of this guideline. Other information can be included in 
this table if the applicant considers it useful. The sequence 
in which the studies are listed should follow the sequence 
described in Section 5.3 below. Use of a different sequence 
should be noted and explained in an introduction to the tabu-
lar listing.

5.3  CLINICAL STUDY REPORTS

5.3.1  rePortS of bioPharmaceutical StuDieS

BA studies evaluate the rate and extent of release of the active 
substance from the medicinal product. Comparative BA or BE 
studies may use PK, PD, clinical, or in vitro dissolution end 
points, and may be either single dose or multiple dose. When 
the primary purpose of a study is to assess the PK of a drug, 
but also includes BA information, the study report should be 
submitted in Section 5.3.1, and referenced in Sections 5.3.1.1 
and/or 5.3.1.2.

5.3.1.1  Bioavailability (BA) Study Reports
BA studies in this section should include

• Studies comparing the release and systemic avail-
ability of a drug substance from a solid oral dosage 
form to the systemic availability of the drug sub-
stance given intravenously or as an oral liquid dos-
age form

• Dosage form proportionality studies
• Food-effect studies

5.3.1.2  Comparative BA and BE Study Reports
Studies in this section compare the rate and extent of release 
of the drug substance from similar drug products (e.g., tablet 
to tablet, tablet to capsule). Comparative BA or BE studies 
may include comparisons between

• The drug product used in clinical studies supporting 
effectiveness and the to-be-marketed drug product

• The drug product used in clinical studies supporting 
effectiveness and the drug product used in stability 
batches

• Similar drug products from different manufacturers

5.3.1.3  In Vitro–In Vivo Correlation Study Reports
In vitro dissolution studies that provide BA information, 
including studies used in seeking to correlate in vitro data 
with in vivo correlations, should be placed in Section 5.3.1.3. 
Reports of in vitro dissolution tests used for batch quality con-
trol and/or batch release should be placed in the Quality sec-
tion of the CTD.

5.3.1.4  Reports of Bioanalytical and Analytical 
Methods for Human Studies

Bioanalytical and/or analytical methods for biopharmaceuti-
cal studies or in vitro dissolution studies should ordinarily be 
provided in individual study reports. Where a method is used 

in multiple studies, the method and its validation should be 
included once in Section 5.3.1.4 and referenced in the appro-
priate individual study reports.

5.3.2  rePortS of StuDieS Pertinent to 
PharmacokineticS uSinG human biomaterialS

Human biomaterials is a term used to refer to proteins, cells, 
tissues, and related materials derived from human sources 
that are used in vitro or ex vivo to assess PK properties of 
drug substances. Examples include cultured human colonic 
cells that are used to assess permeability through biological 
membranes and transport processes, and human albumin that 
is used to assess plasma protein binding. Of particular impor-
tance is the use of human biomaterials such as hepatocytes 
and/or hepatic microsomes to study metabolic pathways and 
to assess drug–drug interactions with these pathways. Studies 
using biomaterials to address other properties (e.g., sterility 
or pharmacodynamics) should not be placed in the Clinical 
Study Reports Section, but in the Nonclinical Study Section 
(Module 4).

5.3.2.1  Plasma Protein Binding Study Reports
Ex vivo protein binding study reports should be provided 
here. Protein-binding data from PK blood and/or plasma stud-
ies should be provided in Section 5.3.3.

5.3.2.2  Reports of Hepatic Metabolism 
and Drug Interaction Studies

Reports of hepatic metabolism and metabolic drug interaction 
studies with hepatic tissue should be placed here.

5.3.2.3  Reports of Studies Using Other 
Human Biomaterials

Reports of studies with other biomaterials should be placed 
in this section.

5.3.3  rePortS of human Pk StuDieS

Assessment of the PK of a drug in healthy subjects and/or 
patients is considered critical to designing dosing strategies 
and titration steps, to anticipating the effects of concomi-
tant drug use, and to interpreting observed PD differences. 
These assessments should provide a description of the body’s 
handling of a drug over time, focusing on maximum plasma 
concentrations (peak exposure), area-under-curve (total expo-
sure), clearance, and accumulation of the parent drug and its 
metabolite(s), in particular those that have pharmacological 
activity.

The PK studies whose reports should be included in 
Sections 5.3.3.1 and 5.3.3.2 are generally designed to (1) mea-
sure plasma drug and metabolite concentrations over time, 
(2) measure drug and metabolite concentrations in urine or 
feces when useful or necessary, and/or (3) measure drug and 
metabolite binding to protein or red blood cells.

On occasion, PK studies may include measurement of drug 
distribution into other body tissues, body organs, or fluids 
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(e.g., synovial fluid or cerebrospinal fluid), and the results of 
these tissue distribution studies should be included in Section 
5.3.3.1 to Section 5.3.3.2, as appropriate. These studies should 
characterize the drug’s PK and provide information about the 
absorption, distribution, metabolism, and excretion of a drug 
and any active metabolites in healthy subjects and/or patients. 
Studies of mass balance and changes in PK related to dose 
(e.g., determination of dose proportionality) or time (e.g., 
due to enzyme induction or formation of antibodies) are of 
particular interest and should be included in Sections 5.3.3.1 
and/or 5.3.3.2. Apart from describing mean PK in normal and 
patient volunteers, PK studies should also describe the range 
of individual variability. In the ICH E5 guideline on Ethnic 
Factors in the Acceptance of Foreign Data, factors that may 
result in different responses to a drug in different populations 
are categorized as intrinsic ethnic factors or extrinsic ethnic 
factors. In this document, these categories are referred to as 
intrinsic factors and extrinsic factors, respectively. Additional 
studies can also assess differences in systemic exposure as 
a result of changes in PK due to intrinsic (e.g., age, gender, 
racial, weight, height, disease, genetic polymorphism, and 
organ dysfunction) and extrinsic (e.g., drug–drug interactions, 
diet, smoking, and alcohol use) factors. Reports of PK studies 
examining the influence of intrinsic and extrinsic factors on 
exposure should be organized in Sections 5.3.3.3 and 5.3.3.4, 
respectively.

In addition to standard multiple-sample PK studies, popu-
lation PK analyses based on sparse sampling during clinical 
studies can also address questions about the contributions of 
intrinsic and extrinsic factors to the variability in the dose-
PK-response relationship. Because the methods used in popu-
lation PK studies are substantially different from those used 
in standard PK studies, these studies should be placed in 
Section 5.3.3.5.

5.3.3.1  Healthy Subject PK and Initial 
Tolerability Study Reports

Reports of PK and initial tolerability studies in healthy sub-
jects should be placed in this section.

5.3.3.2  Patient PK and Initial Tolerability 
Study Reports

Reports of PK and initial tolerability studies in patients should 
be placed in this section.

5.3.3.3  Intrinsic Factor PK Study Reports
Reports of PK studies to assess effects of intrinsic factors 
should be placed in this section.

5.3.3.4  Extrinsic Factor PK Study Reports
Reports of PK studies to assess the effects of extrinsic factors 
should be placed in this section.

5.3.3.5  Population PK Study Reports
Reports of population PK studies based on sparse samples 
obtained in clinical trials including efficacy and safety trials 
should be placed in this section.

5.3.4  rePortS of human PharmacoDynamic 
(PD) StuDieS

Reports of studies with a primary objective of determining 
the PD effects of a drug product in humans should be placed 
in this section. Reports of studies whose primary objective is 
to establish efficacy or to accumulate safety data, however, 
should be placed in Section 5.3.5.

This section should include reports of (1) studies of phar-
macological properties known or thought to be related to the 
desired clinical effects (biomarkers), (2) short-term stud-
ies of the main clinical effect, and (3) PD studies of other 
properties not related to the desired clinical effect. Because 
a quantitative relationship of these pharmacological effects 
to dose and/or plasma drug and metabolite concentrations 
is usually of interest, PD information is frequently collected 
in dose-response studies or together with drug concentration 
information in PK studies (concentration-response or PK/PD 
studies). Relationships between PK and PD effects that are not 
obtained in well-controlled studies are often evaluated using 
an appropriate model and used as a basis for designing fur-
ther dose-response studies or, in some cases, for interpreting 
effects of concentration differences in population subsets.

Dose-finding, PD, and/or PK-PD studies can be conducted 
in healthy subjects and/or patients, and can also be incorpo-
rated into the studies that evaluate safety and efficacy in a 
clinical indication. Reports of dose-finding, PD, and/or PK/
PD studies conducted in healthy subjects should be placed in 
Section 5.3.4.1, and the reports for those studies conducted in 
patients should be placed in Section 5.3.4.2.

In some cases, the short-term PD, dose-finding, and/or 
PK-PD information found in PD studies conducted in patients 
will provide data that contribute to assessment of efficacy, 
either because they show an effect on an acceptable surrogate 
marker (e.g., blood pressure) or on a clinical benefit end point 
(e.g., pain relief). Similarly, a PD study may contain impor-
tant clinical safety information. When these studies are part 
of the efficacy or safety demonstration, they are considered 
clinical efficacy and safety studies that should be included in 
Section 5.3.5, not in Section 5.3.4.

5.3.4.1  Healthy Subject PD and PK/PD Study Reports
PD and/or PK/PD studies having nontherapeutic objectives in 
healthy subjects should be placed in this section.

5.3.4.2  Patient PD and PK/PD Study Reports
PD and/or PK/PD studies in patients should be submitted in 
this section.

5.3.5  rePortS of efficacy anD Safety StuDieS

This section should include reports of all clinical studies of 
efficacy and/or safety carried out with the drug, conducted 
by the sponsor, or otherwise available, including all com-
pleted and all ongoing studies of the drug in proposed and 
nonproposed indications. The study reports should provide 
the level of detail appropriate to the study and its role in the 
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application. ICH E3 describes the contents of a full report for 
a study contributing evidence pertinent to both safety and effi-
cacy. Abbreviated reports can be provided for some studies 
(see ICH E3 and individual guidance by region).

Within Section 5.3.5, studies should be organized by design 
(controlled, uncontrolled) and, within controlled studies, by 
type of control. Within each section, studies should be catego-
rized further, ordered by whether the study report is complete 
or abbreviated (ICH E3), with completely reported studies pre-
sented first. Published reports with limited or no further data 
available to the sponsor should be placed last in this section.

In cases where the application includes multiple therapeu-
tic indications, the reports should be organized in a separate 
Section 5.3.5 for each indication. In such cases, if a clinical 
efficacy study is relevant to only one of the indications included 
in the application, it should be included in the appropriate 
Section 5.3.5; if a clinical efficacy study is relevant to multiple 
indications, the study report should be included in the most 
appropriate Section 5.3.5 and referenced as necessary in other 
Sections 5.3.5, for example, Section 5.3.5A, Section 5.3.5B.

5.3.5.1  Study Reports of Controlled Clinical Studies 
Pertinent to the Claimed Indication

The controlled clinical study reports should be sequenced by 
type of control:

• Placebo control (could include other control groups, 
such as an active comparator or other doses)

• No-treatment control
• Dose response (without placebo)
• Active control (without placebo)
• External (historical) control, regardless of the con-

trol treatment

Within each control type, where relevant to assessment of 
drug effect, studies should be organized by treatment dura-
tion. Studies of indications other than the one proposed in the 
application, but that provide support for efficacy in the pro-
posed use, should be included in Section 5.3.5.1.

Where a PD study contributes to evidence of efficacy, it 
should be included in Section 5.3.5.1. The sequence in which 
studies were conducted is not considered pertinent to their 
presentation. Thus, placebo-controlled trials, whether early 
or late, should be placed in Section 5.3.5.1. Controlled safety 
studies, including studies in conditions that are not the subject 
of the application, should also be reported in Section 5.3.5.1.

5.3.5.2  Study Reports of Uncontrolled Clinical Studies
Study reports of uncontrolled clinical studies (e.g., reports 
of open label safety studies) should be included in Section 
5.3.5.2. This includes studies in conditions that are not the 
subject of the marketing application.

5.3.5.3  Reports of Analyses of Data from 
More than One Study

Many clinical issues in an application can be addressed by 
an analysis considering data from more than one study. The 

results of such an analysis should generally be summarized in 
the clinical summary documents, but a detailed description 
and presentation of the results of such analyses are considered 
critical to their interpretation. Where the details of the analy-
sis are too extensive to be reported in a summary document, 
they should be presented in a separate report. Such reports 
should be placed in Section 5.3.5.3. Examples of reports that 
would be found in this section include: a report of a formal 
meta-analysis or extensive exploratory analysis of efficacy to 
determine an overall estimate of effect size in all patients and/
or in specific subpopulations, and a report of an integrated 
analysis of safety that assesses such factors as the adequacy of 
the safety database, estimates of event rates, and safety with 
respect to variables such as dose, demographics, and concom-
itant medications. A report of a detailed analysis of bridging, 
considering formal bridging studies, other relevant clinical 
studies, and other appropriate information (e.g., PK and PD 
information), should be placed in this section if the analysis is 
too lengthy for inclusion in the Clinical Summary.

5.3.5.4  Other Study Reports
This section can include

• Reports of interim analyses of studies pertinent to 
the claimed indications

• Reports of controlled safety studies not reported 
elsewhere

• Reports of controlled or uncontrolled studies not 
related to the claimed indication

• Published reports of clinical experiences with the 
medicinal product that are not included in Section 
5.3.5.1. However, when literature is important to the 
demonstration or substantiation of efficacy, it should 
be included in Section 5.3.5.1

• Reports of ongoing studies

5.3.6  rePortS of PoStmarketinG exPerience

For products that are currently marketed, reports that sum-
marize marketing experience (including all significant safety 
observations) should be included in Section 5.3.6.

5.3.7  caSe rePort formS anD 
inDiviDual Patient liStinGS

Case report forms and individual patient data listings that are 
described as Appendices 16.3 and 16.4 in the ICH clinical 
study report guideline, should be placed in this section when 
submitted, in the same order as the clinical study reports and 
indexed by study.

5.4  LITERATURE REFERENCES

Copies of referenced documents, including important pub-
lished articles, official meeting minutes, or other regulatory 
guidance or advice should be provided here. This includes 
copies of all references cited in the Clinical Overview, and 
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copies of important references cited in the Clinical Summary 
or in the individual technical reports that were provided 
in Module 5, Section 5.3. Only one copy of each reference 
should be provided. Copies of references that are not included 
here should be immediately available on request.

1  General queStionS format or content?

Will a dossier using the CTD format (Modules 2–5) be 
identical for all regions? Not necessarily. The CTD provides 
a common format for the submission of information to regula-
tory authorities in the three ICH regions. However, the CTD 
does not address the content of submissions. There are many 
regional requirements, as well as applicants’ preferences, that 
could affect the contents of dossiers submitted in each region.

Are expert reports still required for submissions 
under the CTD format? No. Expert reports are replaced 
by Module 2. (N.B.: For specific European requirements 
regarding experts’ signatures, please refer to the European 
Commission Web site.)

For a paper CTD submission, the guideline states that, 
for the comprehensive Table of Contents in Module 1, no 
page numbers should be used. Does this apply only to the 
TOC in Module 1, or for all TOCs in every module? Also, 
besides the volume numbers and tab identifiers, should 
the module numbers also be included? For Modules 3, 4, 
and 5, should the volume number be part of the Table of 
Contents? There are no specific guidelines for the page num-
bers of the TOC. Module numbers, volume numbers, and tab 
dividers should be part of all TOCs.

When provided, how should Literature References be 
paginated in a paper CTD? Should each reference start 
with page 1, or should the page number from the source 
(journal, abstract, etc.) be the only page number included? 
Literature References should be paginated according to the 
page numbering of the source (journal, abstract, etc.).

How should subnumbering within a document be orga
nized? Some documents can be up to 50 pages in length with 
no defined CTD guideline heading, and potentially therefore 
no TOC entries or bookmarks (in the electronic version). 
Some guidance would be welcome to avoid regional interpre-
tations on what is considered acceptable. Within the docu-
ment, the applicant can use section numbers at a lower level 
than those specified in the CTD guideline. However, there 
should be no other headings appearing in the overall TOC 
going below the numbering given in the CTD guideline. For 
example, for Section 3.2.P.3.3 it would be possible to use 
subsequent numbers (3.2.P.3.3.1, 3.2.P.3.3.2, etc.) to provide 
further navigation within the document. These should not 
appear in the overall TOC but can be included as bookmarks 
within the PDF files.

In the header or footer of each document in a dossier, 
the appropriate TOC title entry should be included. In 
case of, for example, a clinical report, the TOC entry is the 
title of the report and this can be really long. Would the 
use of the report number (alone) be considered sufficient? 

In other words, can the layout of the pages throughout 
the dossier be different: One page layout for reports and 
another one for Quality sections? It is recommended that 
a distinct identifier be put in headers/footers on every page. 
However, it does not need to be the full title. An abbreviation 
would suffice.

It is stated in the CTD that the section should be indi
cated in crossstrings. What is meant here: The section 
number, or the section number and section name? (The 
section name is in many cases too long to indicate in a 
crossstring.) Providing the section header in addition to the 
section number improves the clarity of the reference, particu-
larly for the uninitiated reader. To reduce the length of the 
cross-string while maintaining the ease of use, it is recom-
mended to include only the section number in the cross-string 
and write the text so the reader will also know the section con-
tent. For example, “. . . as seen in the population PK study 101 
(Section 5.3.3.5)” helps the reader to find the referenced study 
report under the Population PK Study Reports section. The 
text “. . . no safety problems were noted in the uncontrolled 
pneumonia study 101A (Section 5.3.5.2)” helps the reader find 
the referenced study report under the section Study Reports of 
Uncontrolled Clinical Studies for the Pneumonia indication.

Will there be a general glossary of recommended ter
minology for use in the CTD?

No glossary of terms is planned at this time.
A combined comparability section might be beneficial 

to the review process. Is it possible to consider a modifica
tion to the CTD to provide for such a section for Biological 
products? N.B. Currently, comparability data should be 
included under Section 2.3.S.2/3; preclinically as proposed; 
and clinically under Sections 2.5.2 and 2.5.6. Each part 
should summarize briefly the conclusions from the other sec-
tions (in the clinical summary, antigenicity should go under 
either Section 2.7.4.3 or Section 2.7.4.4 and in the clinical 
summary, “AEs of special interest” and “Mortality and 
Hospital Readmission” should go under Section 2.7.4.2.1.4 
(Other significant AEs). No, for the moment, the CTD does 
not foresee any separate section combining all the compara-
bility data.

Should the preclinical and clinical summary sections 
of the CTD be included in applications for generic drug 
approvals? More specifically, are Module 4 and 5 of the 
CTD applicable to Abbreviated New Drug Applications 
(ANDA) in the US and Abridged Marketing Authorization 
applications in the EU? Both categories of applications 
apply to generic drug applications, which ordinarily provide 
preclinical and clinical data based on available literature. The 
CTD provides a format for the submission of information to 
regulatory authorities. It does not define content. Please refer 
to region-specific requirements to determine content require-
ments for the specific submission type.

On the basis of corporate identity, we use the font 
style “Arial” for all of our documents. Can we use the 
font style “Arial” for CTDs, or do we have to use “Times 
New Roman” style to match the recommendation for 
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narrative texts according to the Guidance for Industry 
“Organization of the CTD”? “Times New Roman 12 point” 
is recommended for use in the CTD. This corresponds to MS 
Mincho, 10.5 point for the text written in Japanese.

Can the CTD be in any language (e.g., Japanese, 
German, French, English)? Is it limited to a single lan
guage? The CTD does not address this issue. Please refer to 
regional guidance.

With regard to the changes regarding numbering and 
section headers (September 11–12, 2002), are the details 
in brackets (e.g., name, manufacturer or name, dosage 
form) only for use in eCTD format or for paper files also? 
Headers and page numbering: What is your guidance for 
externally produced documents, for example chromato
grams, CTD format DMF, regarding page numbering 
and appropriate headers? Are there allowances regarding 
these documents with regard to pagination and headers, 
that is, are we allowed to submit them in the relevant doc
ument without a header or page number? Tab: Do Tabs 
have to be printed? Do we have to use the full title with the 
number string on the tab? This is very difficult if the title 
is long. These changes in recommendation apply to all CTD/
eCTD submissions. Please refer to the CTD General Q & As 
No. 5 on the ICH Web site. Tabs should be printed for a paper 
submission. Tab abbreviations are acceptable.

Is there a difference in the level of analysis in the non
clinical overview and the clinical overview in Module 2? Is 
there a difference between “critical analysis” (nonclinical 
overview) and “critical assessment” (clinical overview)? 
Please refer to the general guidance for both the nonclinical 
and clinical overviews. The level of analysis does not differ 
between these two overviews. The guidance describes the 
information that should be included in the “critical and inte-
gral” assessment/analysis in both overviews.

Is the term “section,” defined in the CTD? Is there a 
different use of the term in Module 2 and 3? Do the ICH 
regions define sections differently? Each section in the 
CTD is identified by a number and a heading. Please refer to 
the Granularity Document Annex for description documents 
to be provided in each section. The annex delineates when 
multiple documents per heading may be provided. Also, refer 
to regional guidance as to when one or multiple documents 
should be provided per heading.

Does the deadline for mandatory submission of the 
CTD in Japan, the EU, and the US (highly recommended 
in the US) also refer to eCTD? Has ICH considered plan
ning a seminar to help with CTD and eCTD submissions? 
The deadline does not refer to the eCTD although the regula-
tory authorities are accepting eCTD submissions. Please refer 
to regional guidance for specific guidance on eCTD submis-
sions. Currently the ICH is not planning to conduct a CTD 
seminar. However, the ICH6 Conference, November 2003 in 
Osaka Japan, will focus on the CTD and eCTD.

Has the DTD reached its final stage of approval in the 
ICH process? The eCTD DTD has reached step 5 in the ICH 
process, which is the implementation step.

Is there a definition of which attachments should be 
included in the CTD? It is not suggested that additional 
attachments be included in the CTD.

Does ICH recommend any particular comprehensive 
training course on the implementation of the CTD? No, 
there are no general ICH recommendations for training on 
CTD implementation.

Is it permitted to add the applicant’s logo either on top 
of the CTD, or in the titles of CTD sections? The appli-
cant is free to put his logo on top of the CTD. However, logos 
are not acceptable in CTD sections’ titles. (The latter have 
been harmonized internationally; therefore, applicants are not 
allowed to modify them.)

Will a Herbal Products version of the CTD be pub
lished and how much will it vary from the pharmaceutical 
CTD? ICH does not plan to issue any specific version of the 
CTD for Herbal Products.

The CTD specifies many section headings and num
bers. Could guidance be provided for all modules on 
headings in relation to document location and the sec
tion headings within those documents? Could guid
ance also be provided on where in the CTD and eCTD 
multiple documents can be located in the hierarchy? 
As a consequence of this definition, could guidance be 
given on how documents should be paginated and on 
what the module Table of Contents should therefore 
include? Please refer to the Annex of the Organization 
of the Common Technical Document: “Granularity 
Document.”

Is there a separate format for amendments/variations 
submitted in CTD format or should applicants use the 
CTD format as it is now? If used as it is now, is it enough to 
simply indicate whatever modules are not used? The CTD 
structure is suitable for amendments and variations (refer to 
regional guidance for applicabilities). The applicant should 
not submit the modules that are not used, that is, it is unneces-
sary to include “not applicable” pages against unused CTD 
headings.

2  queStionS reGarDinG location iSSueS

Introduction: This document is intended to provide addi-
tional guidance for the preparation of an application file in 
the CTD-Q format (see Section 2 General Issues). It should 
be read in conjunction with the CTD-Q guideline (Modules 
2 and 3). The document also addresses the relationship 
between linked CTD-Q sections for certain parameters, such 
as polymorphism, impurities, or particle size (see Section 3 
Associated Information Located in Different Sections). This 
document also clarifies location issues; that is, it indicates 
in which CTD-Q section(s), requested information should 
be placed (see Section 4 Location Issues in Drug Substance, 
Section 5 Location Issues in Drug Product, and Section 
6 Location Issues in Appendices). This document does not 
address the content of an application file. For content ques-
tions, refer to regional guidance.
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General Issues
Separate or Repeated Sections. There can be a number of 
instances where repeated sections can be considered appro-
priate. Whenever a section is repeated, it should be made clear 
what the section refers to by creating a distinguishing title 
in parentheses following the CTD-Q heading, for example, 
Section 2.3.S Drug Substance (Name, Manufacturer A).

Drug Substance. When more than one drug substance 
is used in a drug product, information should be presented 
separately as one complete Drug Substance section fol-
lowed by other complete Drug Substance sections. In some 
cases, for a single drug substance, it could be considered 
appropriate and logical to have information presented in 
multiple Drug Substance sections. For example, separate 
sections can be warranted when a single drug substance is 
made at two different manufacturing sites with differences 
in the manufacturing processes. However, despite these dif-
ferences, it is likely that these different processes will be 
described within the same relevant subsection of Section 
3.2.S. If, on the other hand, the differences result in, for 
example, different specifications, then adding an additional 
Drug Substance section is recommended (see also Regional 
Guidance).

Drug Product. Depending upon regional requirements, 
different drug product presentations (e.g., strengths, con-
tainer closure types and configurations, formulations) 
and/or manufacturing schemes (e.g., aseptic and terminal 
sterilization) can be submitted in the same dossier. In gen-
eral, when a single dossier can be submitted, information 
for each of the product presentations and manufacturing 
schemes should be combined and presented together in 
one Drug Product section, with information for each of the 
product presentations and manufacturing schemes provided 
in the Appendices and Regional Information sections, as 
warranted. For example, if 100-mg tablets will be marketed 
in a bottle and a unit-dose blister package, the information 
should be presented in one Drug Product section. Where 
most of the quality information would be identical for 
the two drug products, the data common to both presenta-
tions should appear only once. The information that differs 
between the two should be presented as separate documents 
under the appropriate subsections (e.g., Section 3.2.P.7 
Container Closure System, Section 3.2.P.8 Stability). In 
some cases, however, for product presentations or manufac-
turing schemes that can be included in a single dossier, it is 
considered more appropriate and logical to have informa-
tion presented separately. Information presented separately 
means one complete Drug Product section followed by 
other complete Drug Product sections. One such example is 
that information on a drug product supplied with a reconsti-
tution diluent should be presented in separate Drug Product 
sections for the drug product and the reconstitution dilu-
ent. These could be titled Section 3.2.P (Drug Product) and 
Section 3.2.P (Diluent).

Excipients. If appropriate, where a novel or noncompen-
dial nonnovel excipient is proposed and a significant amount 

of data is provided for the excipient, this information should 
be provided in Section 3.2.A.3 Excipients, which follows the 
same format and level of subsections as the Drug Substance 
section. There should be a complete section of Section 3.2.A.3 
Excipients for each novel excipient, or noncompendial non-
novel excipient.

Appendices. There can be occasions where it is appro-
priate to repeat an Appendix. For example, where a sponsor 
registers more than one manufacturing facility for the manu-
facture of a “Biotech” drug, the Appendix 3.2.A.1 should then 
be repeated.

Regional Information. The content of the Regional 
Information section (Section 3.2.R) is not harmonized. 
In this section the documents, their titling and their order 
should be consistent with the requirements of the relevant 
region.

Multiple Containers. When there are two containers (e.g., 
PVC blister and PE bottle) for one drug product, the docu-
ments for the drug product part in Module 3 should generally 
be common. In this case, one set of documentation, Sections 
3.2.P.1 through 3.2.P.8, should be provided. The information 
for the blister and the bottle should be presented in the cor-
responding sections of the single drug product part in Module 
3 (e.g., Section 3.2.P.7, Section 3.2.P.8), divided by subsec-
tions for each type of container and identified by the type of 
container.

Bioanalytical Methods. In the CTD, under what section 
should bioanalytical methods and their associated valida-
tion reports be included? In this context, bioanalytical meth-
ods are understood to mean analytical procedures used in 
clinical studies (human clinical pharmacology/bioavailabil-
ity/bioequivalence) and/or nonclinical studies (nonhuman 
pharmacology/toxicity studies). The description of analyti-
cal procedures and associated validation reports should be 
submitted in those modules where the corresponding studies 
are described (i.e., in Module 4, Section 4.2.2.1 for analyti-
cal procedures and associated validation reports for nonclini-
cal studies and in Module 5, Section 5.3.1.4 for analytical 
procedures and associated validation reports used in clinical 
studies).

Drug Master Files (DMFs). Can the Drug Master File use 
the CTD format? Since the DMF systems differ in the three 
regions, ICH does not address this issue. Consequently, the 
applicant should check with the relevant competent authority 
in the region(s).

Drug Substance Containing Additives. If a drug sub-
stance is used in the form of a preparation (e.g., a [com-
mercially available] vitamin trituration) in which module/
section should the excipient(s) included in the preparation 
be described? Should the relevant information be given for 
example in Section 3.2.S Drug Substance or in Section 3.2.P.4 
Drug Product—Control of Excipients? If the drug substance 
is defined as two or more materials, the manufacturing infor-
mation would be described in Section 3.2.S.2.2 and the con-
trol of the additional material(s) [e.g., excipient(s)] would be 
described in Section 3.2.S.2.3.
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3  AssociAted informAtion LocAted 
in different sections

Below, examples of multiple references in CTD-Q are pro-
posed for polymorphism, particle size, and impurities. They 
indicate for some parameters that the information should not 
necessarily be located in one section, but should be split into 
different sections.

3.1  PoLymorPhism

3.2.S.1.3 If called for, list the polymorphic form(s) present in the 
proposed active as a characteristic of the drug substance.

3.2.S.2.2 Description of manufacturing process and process controls 
should indicate which polymorphic form is synthesized.

3.2.S.3.1 Studies performed to identify the potential polymorphic 
forms of the drug substance, including study results. Total 
number of polymorphs should be listed here and those 
intended to form the active should be summarized in 
Section 3.2.S.1.3.

3.2.S.4.1 Specification. If a polymorph is to be defined or limited, it 
should be discussed here.

3.2.S.4.2 Analytical procedures.

3.2.S.4.3 Validation of analytical procedures.

3.2.S.4.4 Results of batch analyses.

3.2.S.4.5 Justification of specification (if appropriate). Reasons as to 
why a particular limit on form is appropriate (should also 
probably refer to Section 3.2.P.2).

3.2.P.2. 1.1 
and 
3.2.P.2.2.3

Identifies the influence of polymorphism on the drug 
substance and dosage form.

3.2.P.5.1 Specification. If polymorphs are to be controlled in the drug 
product, they should appear here.

3.2.P.5.6 Justification of specification (if called for).

3.2  PArticLe size

3.2.S.2.2 Description of manufacturing process and 
process controls.

3.2.S.3.1 Studies performed to identify the particle size 
distribution of the drug substance.

3.2.S.4.1 Specification.

3.2.S.4.2 Analytical procedures.

3.2.S.4.3 Validation of analytical procedures.

3.2.S.4.4 Results of batch analyses.

3.2.S.4.5 Justification of specification.

3.2.P.2.1.1 and 3.2.P.2.2.1 Identification of the influence of particle size 
on, for instance, dissolution performance 
(consult the ICH Q6A Decision Tree).

3.3  imPurities

3.2.S.3.2 Here, the discussion on impurities and information on their 
qualification should take place (reference to preclinical and 
clinical studies): For example, the absolute amount at which 
the impurities can be considered as qualified.

3.2.S.4.1 Specification.

3.2.S.4.2 Analytical procedures.

3.2.S.4.3 Validation of analytical procedures.

3.2.S.4.4 Results of batch analyses (all batches including development, 
clinical, stability).

3.2.S.4.5 Justification of specification.

3.2.P.5.1 Specification.

3.2.P.5.2 Analytical procedures.

3.2.P.5.3 Validation of analytical procedures.

3.2.P.5.4 Results of batch analyses (all batches including development, 
clinical, stability).

3.2.P.5.5 Characterization of impurities (for those impurities not already 
discussed under Section 3.2.S).

3.2.P.5.6 Justification of specification.

3.4  new LocAtion of QuALity informAtion 
for investigAtionAL formuLAtions

How does the CTD link information on drug substance batch 
numbers, drug product batch numbers, nonclinical and clinical 
study numbers, the levels of impurities, history of formulation 
development, and any other relevant information? Please clarify 
the assignment of this information to the nonclinical and clinical 
sections. The history of development for the drug substance should 
be included in Section 3.2.S.2.6.A description of batches and the 
result of batch analyses should be included in Section 3.2.S.4.4. 
The history of formulation development should be included in 
Section 3.2.P.2.2.1. A description (including a summary table) 
of batches and the results of batch analyses for the drug prod-
uct should be included in Section 3.2.P.5.4. This information on 
the history of development and description of batches can also 
be linked to the impurity levels of batches described in Sections 
3.2.S.3.2 and 3.2.P.5.5. Appropriate references to Modules 4 and 5 
for the nonclinical and clinical studies can also be made.

3.5  where wouLd the informAtion reLAted 
to nonvirAL Adventitious Agents be 
PLAced within moduLe 3.2?

The following guidance supersedes the first sentence under 
Section 3.2.A.2 for nonviral adventitious agents: The detailed 
information regarding the routine manufacturing control of 
adventitious agents, such as bacteria, mycoplasma, and fungi, 
typically using well-established (e.g., pharmacopoeial) ana-
lytical procedures, should be provided in the appropriate sec-
tions within Modules 3.2.S and 3.2.P. If well-established (e.g., 
pharmacopoeial) analytical procedures are not used, more 
detailed information regarding the analytical procedure(s) 
used should also be included in Modules 3.2.S and 3.2.P. With 
respect to other nonviral adventitious agents, such as trans-
missible spongiform encephalopathy agents and prions, the 
detailed information, should be placed in Section 3.2.A.2.
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5  LOCATION ISSUES IN APPENDICES: 3.2.A

6  SAFETY

Kinetics in pregnant animals and neonates are included in 
the PK section. Is it expected that these data will come from 
PK studies, or can they be from kinetics in the Segment 
2 studies? The CTD-S guideline is not intended to indicate 
what studies are required. It merely indicates an appropriate 
format for the nonclinical data that have been acquired.

If a particular category of toxicology studies (e.g., car
cinogenicity) is not conducted for a drug because of the 
nature of the drug (e.g., oncology agent), should the sec
tion heading be maintained in the CTD document with 
an explanation provided as to why these studies were not 
conducted, or should the heading section be deleted and 
subsequent sections renumbered? Section headings should 
be maintained in the CTD document and a brief explanation 
provided as to why these studies were not conducted.

Would a 3month toxicity study that was needed to sup
port clinical studies of 3month duration, that was later 
replaced with a 9month toxicity study, be considered 
“pivotal” and tabulated as in Table 2.6.7.7? Yes. There 
should be one table for each of the repeat-dose toxicity studies 
specified by ICH Guideline M3, as well as any other repeat-
dose toxicity studies that could be considered pivotal.

Are only toxicologically significant changes, as consid
ered by applicants, to be tabulated in CTD? Only notewor-
thy findings should be tabulated in CTD. These might include 
statistically significant differences from controls, as well as 
noteworthy findings that are not statistically significant.

Impurity Data Table in CTDSafety—(1). Generally 
speaking, it is unlikely to have the finalized specification for 
related substances and their analytical method throughout drug 
development. Therefore, direct comparison of related-substance 
data between different stages of development would be very dif-
ficult, because of analytical method changes. One purpose of the 
“Drug Substance” table is to facilitate a review of the qualifica-
tion of the specified impurities. If the analytical methods have 
changed, information on early batches may not be applicable for 
qualification of impurities. In this case, it is recommended to use 
footnotes in the “Drug Substance” table to identify the batches 
that are relevant to qualification of impurities.

Impurity Data Table in CTD Safety—(2). Should impu
rityspecification test results of test articles used in early 

stage toxicology studies be included in CTD tables? Do 
test articles of nonGLP studies in the CTD need to have 
specification test data? There is no requirement to analyze 
the drug substance used in non-GLP studies. However, if such 
analyses have been conducted, the results should be included 
in the “Drug Substance” table.

A section for list of references of the nonclinical sum
mary (2.6.8 or 2.6.2.8 plus 2.6.4.11 plus 2.6.6.11) is not 
covered in the guidance, unlike for the clinical summary 
and both nonclinical and clinical overview. Could you 
please provide clarity where in these summaries lists of 
references should be included? Applicants can place the list 
of references in the most appropriate location and create new 
subsection numbers as far as it facilitates the best possible 
understanding by the regulatory reviewers.

A number of studies in nonclinical PKs could appear 
more than one place in this section. Should we add non
clinical PK studies to all PKs sections? In such a case, the 
sponsor could either put that study report in the first place in 
the CTD module (i.e., Absorption section) and then cross ref-
erence to this study report in the remaining sections, or place 
the full study report in each adequate section. If submitting 
an eCTD, a sponsor needs not submit multiple files are not 
required. References to the one file should be provided.

The microbiology data will include both in vitro and 
in vivo studies. Where should the microbiology summary, 
overview, and study reports be included? The Microbiology 
data from both in vitro and in vivo studies should be included 
with the Efficacy information. The summary information 
should be provided in the appropriate section 2.7 Clinical 
Summary and the reports should be filed in section 5.3.5.4 
Other Study Reports. In addition, the microbiology infor-
mation can be described in the Nonclinical sections as 
appropriate.

The template for local tolerances (2.6.7.16) in M4S does 
not provide an example of a tabulated summary of a local 
tolerance. Is there one available? The template for 2.6.7.16 is 
the same as the template for 2.6.7.17. Therefore for an example 
of 2.6.7.16, please refer to the example of 2.6.7.17.

In the development of human monoclonal antibodies, 
part of the nonclinical development is to perform two 
crossreactivity studies (1) animal species cross reactiv
ity study and (2) human tissue cross reactivity study. The 

CTDQ Section 3.2. Issues/Questions Answers

A Appendices If information for both the drug substance and the 
drug product should be included in an appendix 
(e.g., Section 3.2.A.1), how should it be presented?

Should Section 3.2.A.3 be retitled from Novel 
Excipients to Excipients to include noncompendial 
nonnovel excipients?

If drug substance and drug product information is included in the 
appendices, then the preferred presentation is drug substance first and then 
drug product within each section, for example, Section 3.2.A.1 (Drug 
Substance, then Drug Product), then Section 3.2.A.2 (Drug Substance, 
then Drug Product), then Section 3.2.A.3 (Drug Substance, if applicable, 
then Drug Product).

At ICH, the title of Section 3.2.A.3 was changed to Excipients (see Section 
3.2.P.4) to include noncompendial nonnovel excipients.
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animal species cross reactivity test is not really a toxic
ity study, and the human tissue cross reactivity study is 
not a study generally performed. We are in doubt where 
to place these in Module 4. Where should these studies 
be placed in Module 4? Under 4.2.3.7 Other toxicity stud
ies? Applicants can place such studies in the most appropriate 
location in Module 4 in order to facilitate the best possible 
understanding by the regulatory reviewers. (This can be the 
similar answer to the Question 8.)

7  EFFICACY

Clinical study reports contained in Module 5 are cited 
in the Clinical Overview and/or the Clinical Summary 
in Module 2. Each clinical study report may be given a 
unique short name when cited. Does the method of citing 
and naming have to be uniform throughout all modules? 
We recommend that each study have a unique short identi-
fier that is used consistently throughout the application. The 
applicant can select the identifier. The full title of the study is 
provided in the Tabular Listing of All Clinical Studies (sec-
tion 5.2).

Definitions/Terminology: What is the definition of 
“Common Adverse Events” as used in the CTD? Guidance 
is provided by ICH E3 Guideline.

In the module 5 of the CTD, is it necessary to have a 
section number for each clinical study report in a certain 
section, or is it enough just to mention the title:

How many pages should a Clinical Summary be for 
an application that contains multiple indications (Section 
2.7)? The estimated size of this document is 50 to 400 pages, 
assuming one indication. Applications that include multiple 
indications will be larger, reflecting the submission of mul-
tiple efficacy sections.

The Guideline provides “This section should also cross
reference important evidence from Section 2, such as data 
that supports the dosage and administration section of the 
labeling.” However, this Guideline also provides “Section 
2.7.3.4. Analysis of Clinical Information Relevant to 
Recommended Dose.” Please specify how to differenti
ate the two sections “2.7.3.3” and “2.7.3.4.” Section 2.7.3.3 
summarizes the data across all studies that characterize effi-
cacy of the drug; Section 2.7.3.4 provides an integrated sum-
mary of the dose-response or blood concentration-response 
relationships of effectiveness. In both cases, supportive data 
from Section 2.7.2 can also be incorporated.

In the Guideline, a table is required to be generated to 
present the overall extent of drug exposure in all phases 
of the clinical development. Should the table include 
“patients alone” or “patients and healthy subjects?” The 
table should refer to all subjects exposed to at least one dose 
of the drug product. Appropriate subsets of subjects relevant 
to the proposed indications should also be identified and 
considered.

Where should information be described concerning 
the validity of extrapolation of foreign clinical safety data 
to a new region? Summaries of any bridging studies using 

clinical end points [i.e., certain studies intended to evaluate 
the ability to extrapolate certain types of foreign clinical data 
to the new region (see ICH E5)] should be included in Section 
2.7.3.2. Where appropriate, such information should also be 
described in the summarization of safety data as related to 
intrinsic and extrinsic ethnic factors (ICH E5), in Sections 
2.7.4.5.1 and 2.7.4.5.2.

Finally, some applications might include in Section 5.3.5.3a 
detailed analysis of bridging, considering formal bridging 
studies, other relevant clinical studies, and other appropri-
ate information. Such information should be included in that 
detailed analysis of bridging.

Where should the information on bioequiva
lence studies for a generic application be included? 
Bioavailability study reports should be included in Module 
5 (Clinical documentation), under Section 5.3.1 “Reports of 
Biopharmaceutical Studies.” More specifically, reports of 
comparative Bioavailability/Bioequivalence studies should go 
under Section 5.3.1.2.

In Module 5, Section 5.2 is denoted as the “Tabular 
Listing of all Clinical Studies.” Is this section for a sum
mary listing of all clinical studies in the submission, or it 
is for the listings of the individual study reports? In other 
words, should the listings from the appendices of the indi
vidual study reports be included here, rather than as an 
appendix to the CSR, or are these only listings that sum
marize all studies?

The tabular listing described in Section 5.2 is a listing of 
all clinical studies in the submission.

8 iSS/iSe

Does the CTD section on safety in Module 2 replace the 
section under 21 CFR 314.50(d)(5)(v, vi) calling for inte
grated summary of safety and effectiveness (ISS/ISE)? The 
ISS/ISE are critical components of the safety and effectiveness 
submission and are expected to be submitted in the applica-
tion in accordance with the regulation. FDAs Guideline for 
the Format and Content of Clinical and Statistical Sections of 
Application gives advice on how to construct these summa-
ries. Note that, despite the name, these are integrated analyzes 
of all relevant data, not summaries. The Clinical Safety sec-
tions of the CTD follow approximately the outline of the sec-
tions of the ISS/ISE, although they are somewhat modified by 
experience with ICH E-3 (Structure and Content of Clinical 
Study Reports). The CTD Clinical Overview and Summary in 
Module 2 will not usually contain the level of detail expected 
for an ISS. It may contain the level of detail needed for an ISE, 
but this would need to be determined on a case-by-case basis. 
If, the requirements of 21 CFR 314.50 can be met for a particu-
lar application by what is in the CTD Module 2 summary, then 
the CTD Module 2 section would fulfill the need for an ISS/
ISE. In some cases it will be convenient to write much of what 
is needed in the CTD Module 2 with appropriate appendices 
in Module 5. In other cases, the ISS/ISE would be summarized 
in Module 2, with detailed reports in Module 5. Any questions 
about these matters can be raised with the reviewing division.
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The microbiology data will include both in vitro and 
in vivo studies. Where should the microbiology summary, 
overview and study reports be included? The Microbiology 
data from both in vitro and in vivo studies should be included 
with the Efficacy information. The summary information 
should be provided in the appropriate Section 2.7 Clinical 
Summary and the reports should be filed in Section 5.3.5.4 
Other Study Reports. In addition, the microbiology informa-
tion can be described in the nonclinical sections as appropriate.

For a clinical variation application, is it mandatory to 
submit a clinical overview and a clinical summary, or is 
it acceptable to submit either only an overview or only 
a summary? What are the parameters/conditions to be 
taken into account for choosing one or the other approach? 
Since variation is a term from the EU regulations, the answer 
should be provided by the EMEA.

What approach should applicants take for the format
ting and presentation of their integrated analyzes when 
they have large amounts of statistical output to present 
(several thousands of pages)?

As stated in Section 5.3.5.3 Reports of Analyses from 
More Than One Study, where the details of the analysis are 
too extensive to be reported in a summary document, for 
example, section Clinical Summary 2.7, they should be pre-
sented in a separate report. Such report should be placed in 
Section 5.3.5.3.

It is stated in the CTD that the section should be indi
cated in crossstrings. What is meant here: The section 
number, or the section number and section name? (The 
section name is in many cases too long to indicate in a 
crossstring.) Providing the section header in addition to the 
section number improves the clarity of the reference, par-
ticularly for the uninitiated reader. To reduce the length of 
the cross-string while maintaining the ease of use, it is rec-
ommended to include only the section number in the cross-
string and write the text so the reader will also know the 
section content. For example, “. . . as seen in the population 
PK study 101 (5.3.3.5)” helps the reader to find the refer-
enced study report under the Population PK Study Reports 
section. The text “. . . no safety problems were noted in 
the uncontrolled pneumonia study 101A (5.3.5.2)” helps 
the reader find the referenced study report under the sec-
tion Study Reports of Uncontrolled Clinical Studies for the 
Pneumonia indication.

Section 2.5 Clinical Overview and Section 2.5.5 
Overview of Safety both refer to an assessment of the 
limitations of the safety database but give few details on 
how to describe them. How should these limitations be 
described? In addition, there is no specific reference to 
any postmarketing steps the applicant can take to remedy 
those limitations. Where should a discussion of any post
marketing pharmacovigilance and other postmarketing 
study plans go? A fuller discussion of how to describe in the 
CTD the limitations of the safety database and the potential 
implications for the safety of the drug when marketed is as 
follows:

• Nonclinical toxicology and safety pharmacology 
concerns, such as those arising from reproductive/
developmental toxicity, carcinogenicity, hepatic 
injury, central nervous system injury, or effects on 
cardiac repolarization that are not fully resolved by 
available human data, or that arise from incomplete 
testing

• Limitations of human safety database, such as:
• Patient selection criteria that excluded people 

who are likely to be candidates for treatment in 
medical practice

• Evaluations that were deficient for certain pur-
poses (e.g., many drugs with sedative properties 
are not evaluated for effects on cognitive func-
tion in the elderly)

• Limited exposure of demographic or other sub-
groups, such as children, women, the elderly, 
or patients with abnormal hepatic or renal 
function

• Identified adverse events and potential adverse 
events that require further characterization or evalu-
ation with respect to frequency and/or seriousness in 
the general population or in specific subgroups

• Important potential risks (e.g., known risks of phar-
macologically related drugs) that require further 
evaluation

• Drug–drug interactions that have not been assessed 
adequately

Such information should be described and discussed in 
Section 2.5.5 Overview of Safety, with appropriate cross ref-
erences to Section 2.7.4 Summary of Clinical Safety and any 
other relevant sections.

A discussion of any planned postmarketing activity or 
study to address the limitations of the premarketing safety 
database, should also be included in Section 2.5.5 Overview 
of Safety, with any protocols for specific studies provided in 
Section 5.3.5.4 Other Clinical Study Reports or other sections 
as appropriate (e.g., Module 4 if the study is a nonclinical 
study).

An ICH guideline (E2E Pharmacovigilance Planning) is 
being developed to further address the question of how to 
describe the safety data and its limitations and how to describe 
planned postmarketing activities and studies.

When submitting one dossier for multiple indications, 
how should the applicant present them in the clinical 
part of the registration dossier, for example Sections 2.5 
Clinical Overview, 2.7.3 Summary of Clinical Efficacy and 
5.3.5 Reports of Efficacy and Safety Studies? Section 2.5 
Clinical Overview is recommended for multiple indications 
to be registered along with development rationale and cross-
referencing to the corresponding Sections 2.7.3 and 5.3.5; 
the “benefit/risk” conclusions should support corresponding 
claimed indications. For Section 2.7.3 Summary of Clinical 
Efficacy, in the case of more than one indication, the follow-
ing organization is recommended as applicable. The current 
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CTD numbering should be retained with identification of the 
indication, for example:

2.7.3.UTI Summary of Clinical Efficacy

2.7.3.1. UTI Background

2.7.3.2. UTI Summary of Results of Individual Studies

2.7.3.3. UTI Comparison and Analysis

2.7.3.3.1 UTI Study Population

2.7.3.3.2. UTI Comparison of Efficacy Results

2.7.3. Pneumonia Summary of Clinical Efficacy

2.7.3.1. Pneumonia Background

Other sections follow the same organization where applicable.
For Section 5.3.5 Reports of Efficacy and Safety Studies, 

in case of more than one indication, the following organiza-
tion is recommended as applicable. The current CTD number-
ing should be retained with identification of the indications, 
for example:

5.3.5. UTI

5.3.5.1. UTI Controlled Studies

5.3.5.2. UTI Uncontrolled Studies

5.3.5. Pneumonia

5.3.5.1. Pneumonia Controlled Studies

5.3.5.2. Pneumonia Uncontrolled Studies

Other sections follow the same organization, where applicable.
The CTD guidance for Section 2.7.4.1.1 Overall Safety 

Evaluation Plan and Narratives of Safety Studies states 
that narrative descriptions for studies that contributed 
both efficacy and safety should be included in Section 
2.7.3.2 Summary of Results of Individual Studies and only 
referenced in the safety section. Please clarify whether the 
narrative to be included in Section 2.7.3.2 should include 
the safety results as well as “enough detail to allow the 
reviewer to understand the exposure . . . and how safety 
data were collected” or whether the results should be 
included in Section 2.7.4.1.1. In general, safety results 
should be described in Section 2.7.4.1.1, because Section 2.7.3 
Summary of Clinical Efficacy is devoted to efficacy. To avoid 
the need to describe the same study twice, Section 2.7.3.2 asks 

for a reasonably complete description of studies pertinent to 
both safety and efficacy, including, in study narratives, infor-
mation about the extent of exposure of study subjects to the 
test drug and how safety data were collected. This approach 
is confirmed in Section 2.7.4.1.1, which notes that narra-
tives for studies contributing both safety and efficacy data 
should be included in Section 2.7.3.2. As noted in Section 
2.7.3.1Background and Overview of Clinical Efficacy, how-
ever, any results of these studies that are pertinent to evalua-
tion of safety should be discussed in Section 2.7.4 Summary 
of Clinical Safety.

According to ICH E3 Structure and Content of Clinical 
Study Reports, the case report forms should be located 
in Appendix 16.3, the individual patient data listings in 
Appendix 16.4 and the publications and literature ref
erences in Appendices 16.1.11 and 16.1.12 respectively. 
The CTD organization provides locations for case report 
forms and individual patient data listings in Module 5.3.7 
and for literature references in Module 5.4. Can clarity be 
provided as to where these items should actually be placed 
in CTD and the eCTD submissions? For paper submissions, 
case report forms and individual patient data listings should 
be located in Module 5.3.7, identified by study. For eCTD, 
PDF files for case report forms and individual patient data 
listings should be organized by study in the folder for Module 
5.3.7. However, in the index.xml file the leaf elements for the 
case report forms and individual patient data listings should 
be included under the same heading as other study report files 
with additional information included with any accompany-
ing study tagging file. In addition, a repeat of the leaf ele-
ment can be placed under Module 5.3.7 Case Report Forms 
and Individual Patient Data Listings. Datasets, if required by 
the region, should be organized according to regional guid-
ance. For paper submissions publications and literature refer-
ences should be located in Module 5.4. For eCTD, the files for 
publications and literature references should be located in the 
folder for Module 5.4. However, in the index.xml file the leaf 
elements for the publications and literature references should 
be included under the same heading as other study report files 
with additional information included with any accompanying 
study tagging file. In addition, a repeat of the leaf element 
should be placed under the heading for Module 5.4 Literature 
References.
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Process Validation: General 
Principles and Practices

I.  INTRODUCTION

This guidance outlines the general principles and 
approaches that FDA considers to be appropriate elements 
of process validation for the manufacture of human and 
animal drug and biological products, including active 
pharmaceutical ingredients (API or drug substance), col-
lectively referred to in this guidance as drugs or products. 
This guidance incorporates principles and approaches that 
manufacturers can use in validating a manufacturing pro-
cess based on guidance principles listed in the references 
at the end of this chapter.

This guidance aligns process validation activities with the 
product lifecycle concept and with existing FDA guidance. 
The lifecycle concept links product and process development, 
qualification of the commercial manufacturing process, and 
maintenance of the process in a state of control during rou-
tine commercial production. This guidance promotes modern 
manufacturing principles, process improvement, innovation, 
and sound science, and applies to all drugs, human, veteri-
nary, biological, finished products, and pharmaceutical and 
biological API, but is not relevant for dietary supplements, 
medical devices, type A medicated articles, and human trans-
plant tissues.

This guidance also does not specifically discuss the vali-
dation of automated process control systems (i.e., computer 
hardware and software interfaces), which are commonly 
integrated into modern drug manufacturing equipment. This 
aspect is discussed elsewhere in another chapter. This guid-
ance is relevant, however, to the validation of processes that 
include automated equipment in processing.

II.  BACKGROUND

In the Federal Register of May 11, 1987 (52 FR 17638), FDA 
issued a notice announcing the availability of a guidance enti-
tled “Guideline on General Principles of Process Validation” 
(the 1987 guidance). This guidance includes many changes to 
the original concepts of validation and includes FDA’s cur-
rent thinking on process validation in concordance with the 
goals of FDA’s initiative entitled “Pharmaceutical CGMPs for 
the 21st Century—A Risk-Based Approach,” particularly with 
regard to the use of technological advances in pharmaceuti-
cal manufacturing, as well as implementation of modern risk 
management and quality system tools and concepts.

FDA has the authority and responsibility to inspect and 
evaluate process validation performed by manufacturers. The 
current good manufacturing practice (CGMP) regulations for 
validating pharmaceutical (drug) manufacturing require that 

drug products be produced with a high degree of assurance 
of meeting all the attributes they are intended to possess [21 
CFR 211.100(a) and 211.110(a)]. Effective process validation 
contributes significantly to assuring drug quality. The basic 
principle of quality assurance is that a drug should be pro-
duced that is fit for its intended use; this principle incorporates 
the understanding that the following conditions exist:

• Quality, safety, and efficacy are designed or built 
into the product

• Quality cannot be adequately assured merely by in-
process and finished-product inspection or testing

• Each step of a manufacturing process is controlled 
to assure that the finished product meets all design 
characteristics and quality attributes including 
specifications

For purposes of this chapter, process validation is defined as 
the collection and evaluation of data, from the process design 
stage throughout production, which establishes scientific evi-
dence that a process is capable of consistently delivering qual-
ity products. Process validation involves a series of activities 
taking place over the lifecycle of the product and process. 
This guidance describes the process validation activities in 
three stages.

• Stage 1—Process Design: The commercial process 
is defined during this stage based on knowledge 
gained through development and scale-up activities

• Stage 2—Process Qualification: During this stage, 
the process design is confirmed as being capable of 
reproducible commercial manufacturing

• Stage 3—Continued Process Verification: Ongoing 
assurance is gained during routine production that 
the process remains in a state of control

This chapter describes activities typical in each stage, but in 
practice, some activities in different stages might overlap.

Before any batch from the process is commercially dis-
tributed for use by consumers, a manufacturer should have 
gained a high degree of assurance in the performance of the 
manufacturing process such that it will consistently produce 
APIs and drug products meeting those attributes relating to 
identity, strength, quality, purity, and potency. The assur-
ance should be obtained from objective information and data 
from laboratory-, pilot-, and/or commercial-scale studies. 
Information and data should demonstrate that the commercial 
manufacturing process is capable of consistently producing 
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acceptable quality products within commercial manufactur-
ing conditions, including those conditions that pose a high 
risk of process failure.

A successful validation program depends upon informa-
tion and knowledge from product and process development. 
This knowledge and understanding is the basis for establish-
ing an approach to control that is appropriate for the manufac-
turing process. Manufacturers should

• Understand the sources of variation,
• Detect the presence and degree of variation,
• Understand the impact of variation on the process 

and ultimately on product attributes, and
• Control the variation in a manner commensurate 

with the risk it represents to the process and product

Each manufacturer should judge whether it has gained suf-
ficient understanding to provide a high degree of assurance 
in its manufacturing process to justify commercial distribu-
tion of the product. Focusing on qualification efforts without 
understanding the manufacturing process may not lead to 
adequate assurance of quality. After establishing and con-
firming the process, manufacturers must maintain the pro-
cess in a state of control over the life of the process, even 
as materials, equipment, production environment, personnel, 
and manufacturing procedures change.

III.  STATUTORY AND REGULATORY 
REQUIREMENTS FOR PROCESS VALIDATION

Process validation for drugs (finished pharmaceuticals and 
components) is a legally enforceable requirement under sec-
tion 501(a)(2)(B) of the Act, which states the following:

A drug … shall be deemed to be adulterated … if … the 
methods used in, or the facilities or controls used for, its man-
ufacture, processing, packing, or holding do not conform to or 
are not operated or administered in conformity with current 
good manufacturing practice to assure that such drug meets 
the requirements of this Act as to safety and has the identity 
and strength, and meets the quality and purity characteristics, 
which it purports or is represented to possess.

FDA regulations describing CGMP are provided in 21 CFR 
parts 210 and 211.

Process validation is required, in both general and spe-
cific terms, by the CGMP regulations in parts 210 and 
211. The foundation for process validation is provided in 
§ 211.100(a), which states that “[t]here shall be written 
procedures for production and process control designed to 
assure that the drug products have the identity, strength, 
quality, and purity they purport or are represented to 
possess” (emphasis added). This regulation requires that 
manufacturers design a process including operations and 
controls that will result in a product meeting these attri-
butes. Product quality in the context of process valida-
tion means that product performance is consistent from 

batch-to-batch and unit-to-unit. Many products are single-
source or involve complicated processes to manufacture. 
Validation also offers the assurance that a process is rea-
sonably safeguarded from sources of variability affecting 
production output, the loss of which can cause supply prob-
lems, thereby negatively affecting public health.

Other CGMP regulations define the various aspects of val-
idation. Section 211.110(a), Sampling and testing of in-process 
materials and drug products, requires that control procedures 
“… be established to monitor the output and to validate the 
performance of those manufacturing processes that may be 
responsible for causing variability in the characteristics of 
in-process material and the drug product” (emphasis added). 
This regulation establishes the requirement that even well-
designed processes must include in-process control proce-
dures to assure final product quality.

CGMP regulations require that batch samples represent 
the batch under analysis [see, e.g., § 211.160(b)(3)] and that 
the sampling plan result in statistical confidence [§ 211.165(c) 
and (d)] that the batch meets its predetermined specifications 
[§ 211.165(a)]. Section 211.110(b) provides two principles to 
follow when establishing in-process specifications. The first 
principle is that “… in-process specifications for such char-
acteristics (of in-process material and the drug product) 
shall be consistent with drug product final specifications 
…” Accordingly, in-process material should be controlled to 
assure that the final drug product will meet its quality require-
ments. The second principle in this regulation further requires 
that in-process specifications “… shall be derived from pre-
vious acceptable process average and process variability 
estimates where possible and determined by the application 
of suitable statistical procedures where appropriate.” This 
requirement, in part, establishes the need for manufacturers 
to analyze process performance and control batch-to-batch 
variability.

The CGMP regulations also describe and define activities 
connected with process design, development, and mainte-
nance. Section 211.180(e) requires that information and data 
about product performance and manufacturing experience 
be periodically reviewed to determine whether any changes 
to the established process are warranted. Ongoing feedback 
about product performance is an essential feature of process 
maintenance.

In addition, the CGMP regulations require that facilities in 
which drugs are manufactured be of suitable size, construction, 
and location to facilitate proper operations (21 CFR 211.42). 
Equipment must be of appropriate design, adequate size, and 
suitably located to facilitate operations for its intended use (21 
CFR 211.63). Automated, mechanical, and electronic equip-
ment must be calibrated, inspected, or checked according to 
a written program designed to assure proper performance (21 
CFR 211.68).

In summary, the CGMP regulations require that manu-
facturing processes be designed and controlled to assure 
that in-process materials and the finished product meet pre-
determined quality requirements and do so consistently and 
reliably.
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IV.  RECOMMENDATIONS

A.  GenerAl consiDerATions for Process vAliDATion

In all stages of the product lifecycle, good project manage-
ment and good archiving that capture scientific knowledge 
will make the process validation program more effective and 
efficient. These practices should ensure uniform collection 
and assessment of information about the process, reduce the 
chance for redundant information gathering and analysis, and 
enhance the accessibility of such information later in the prod-
uct lifecycle.

An integrated team approach is recommended to process 
validation that includes expertise from a variety of disci-
plines, including process engineering, industrial pharmacy, 
analytical chemistry, microbiology, statistics, manufactur-
ing, and quality assurance. Project plans, along with the full 
support of senior management, are essential elements for 
success.

Throughout the product lifecycle, various studies can be 
initiated to discover, observe, correlate, or confirm informa-
tion about the product and process. All studies should be 
planned and conducted according to sound scientific prin-
ciples, appropriately documented, and should be approved in 
accordance with the established procedure appropriate for the 
stage of the lifecycle.

b.  sPecific sTAGes AnD AcTiviTies of Process 
vAliDATion in The ProDucT lifecycle

The following subsections describe the recommended stages 
and specific activities.

1  Stage 1—Process Design
a.  Building and Capturing Process 

Knowledge and Understanding
Process design is the activity of defining the commercial 
manufacturing process that will be reflected in the master 
production and control records. The goal of this stage is to 
design a process suitable for routine commercial manufactur-
ing that can consistently deliver a product that meets its criti-
cal quality attributes.

Generally, early process design experiments do not need 
to be performed under CGMP conditions. They should, how-
ever, be conducted in accordance with sound scientific meth-
ods and principles, including good documentation practices. 
This recommendation is consistent with ICH guidance for 
industry, Q10 Pharmaceutical Quality System. Decisions and 
justification of the controls should be sufficiently documented 
and internally reviewed to verify and preserve their value for 
use later in the lifecycle of the process and product.

There are exceptions, however. For example, viral and 
impurity clearance studies have a direct impact on drug 
safety and should be performed under CGMP conditions, 
even when performed at small scale. The quality unit should 
be involved with these studies as is typical during commer-
cial production.

Product-development activities provide key inputs to the 
design stage, such as the intended dosage form, the quality 
attributes, and a general manufacturing pathway. Process 
information available from the product-development stage 
can be leveraged in the process-design stage. However, the 
full spectrum of input variability typical of commercial pro-
duction is not generally known at this stage. The functional-
ity and limitations of commercial manufacturing equipment 
should be considered, as well as the contributions of vari-
ability by different component lots, production operators, 
environmental conditions, and measurement systems in the 
production setting. Laboratory or pilot-scale models designed 
to be representative of the commercial process can be used to 
estimate variability. However, it is not a regulatory expecta-
tion that the process be developed and tested until it fails, but 
rather that a process be controlled within commercial manu-
facturing conditions, including those combinations of condi-
tions posing a high risk of process failure.

Designing an efficient process with an effective process 
control approach is dependent on the process knowledge and 
understanding obtained. Design of Experiment (DOE) stud-
ies can help develop process knowledge by revealing rela-
tionships, including multifactorial interactions, between the 
variable inputs (e.g., component characteristics or processing 
parameters) and the resulting outputs (e.g., in-process mate-
rial, intermediates, or the final product). Risk analysis tools 
can be used to screen potential variables for DOE studies to 
minimize the total number of experiments conducted while 
maximizing knowledge gained. The results of DOE studies 
can provide justification for establishing ranges of incoming 
component quality, equipment parameters, and in-process 
material quality attributes.

Other activities, such as experiments or demonstrations at 
laboratory or pilot scale, allow evaluation of certain conditions 
and prediction of performance of the commercial process. 
These activities also provide information that can be used to 
model or simulate the commercial process. Computer-based 
or virtual simulations of certain unit operations or dynam-
ics can provide process understanding and avoid problems at 
commercial scale. It is important to understand the degree to 
which models represent the commercial process, including 
any differences that might exist, as this may have an impact 
on the relevance of information derived from the studies.

It is essential that activities and studies resulting in product 
understanding be documented. Documentation should reflect 
the basis for decisions made about the process. For example, 
manufacturers should document the variables studied for a 
unit operation and the rationale for those variables identi-
fied as significant. This information is useful during the pro-
cess qualification and continued process verification stages, 
including when the design is revised or the strategy for control 
is refined or changed.

b.  Establishing a Strategy for Process Control
Process knowledge and understanding is the basis for estab-
lishing an approach to process control for each unit operation 
and the process overall. Strategies for process control can be 
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designed to reduce input variation, adjust for input variation 
during manufacturing (and so reduce its impact on the out-
put), or combine both approaches.

Process controls address variability to assure quality 
of the product. Controls can consist of material analysis 
and equipment monitoring at significant processing points 
designed to assure that the operation remains on target and 
in control with respect to output quality. Special attention 
to control of the process through operational limits and 
in-process monitoring is essential (1) where the product 
attribute is not readily measurable due to limitations of 
sampling or detectability (e.g., viral clearance or microbial 
contamination), or (2) when intermediates and products 
cannot be highly characterized and well-defined quality 
attributes cannot be identified. These controls are included 
in the master production and control records [see 21 CFR 
211.186(a) and (b)(9)].

More advanced strategies, such as process analytical tech-
nology (PAT), use timely analysis and control loops to adjust 
the processing conditions so that the output remains constant. 
Manufacturing systems of this type can provide a higher degree 
of process control. In the case of PAT strategy, the approach 
to process qualification will be different from that for other 
process designs. Further information on PAT processes can be 
found in FDA’s guidance for industry on PAT—A Framework 
for Innovative Pharmaceutical Development, Manufacturing, 
and Quality Assurance (available on the Internet at http: //
www .fda. gov/c der/g uidan ce/in dex.h tm).

The planned commercial production and control records, 
which contain the operational limits and overall strategy for 
process control, should be carried forward to the next stage 
for confirmation.

2  Stage 2—Process Qualification
During the process qualification stage of process validation, 
the process design is confirmed as being capable of reproduc-
ible commercial manufacture. This stage has two elements: 
(1) design of the facility and qualification of the equipment 
and utilities, and (2) performance qualification (PQ). During 
this stage, CGMP-compliant procedures must be followed and 
successful completion of this stage is necessary before com-
mercial distribution. Products manufactured during this stage, 
if acceptable, can be released.

a.  Design of a Facility and Qualification 
of Utilities and Equipment

Proper design of a manufacturing facility is required under 
21 CFR part 211, subpart C, of the CGMP regulations on 
Buildings and Facilities. It is essential that activities per-
formed to assure proper facility design and commissioning 
precede PQ. Activities undertaken to demonstrate that utili-
ties and pieces of equipment are suitable for their intended use 
and perform properly is referred to in this guidance as quali-
fication. These activities necessarily precede manufacturing 
products at the commercial scale.

Qualification of utilities and equipment generally includes 
the following activities:

• Selecting utilities and equipment construction mate-
rials, operating principles, and performance charac-
teristics based on whether they are appropriate for 
their specific use.

• Verifying that utility systems and equipment are 
built and installed in compliance with the design 
specifications (e.g., built as designed with proper 
materials, capacity, and functions, and properly con-
nected and calibrated).

• Verifying that the utility system and equipment 
operate in accordance with the process requirements 
in all anticipated operating ranges. This should 
include challenging the equipment or system func-
tions while under load comparable to that expected 
during routine production. It should also include the 
performance of interventions, stoppage, and start-up 
as is expected during routine production. Operating 
ranges should be shown capable of being held as long 
as would be necessary during routine production.

Qualification of utilities and equipment can be covered under 
individual plans or as part of an overall project plan. The plan 
should consider the requirements of use and can incorporate 
risk management to prioritize certain activities and to identify 
a level of effort in both the performance and documentation of 
qualification activities. The plan should identify (1) the studies 
or tests to use, (2) the criteria appropriate to assess outcomes, 
(3) the timing of qualification activities, (4) responsibilities, 
and (5) the procedures for documenting and approving the 
qualification. It should also include the firm’s requirements 
for the evaluation of changes. Qualification activities should 
be documented and summarized in a report with conclusions 
that address criteria in the plan. The quality control unit must 
review and approve the qualification plan and report (21 CFR 
211.22).

b.  Performance Qualification Approach
The PQ is the second element of stage 2, process qualifica-
tion. The PQ combines the actual facility, utilities, equipment 
(each now qualified), and the trained personnel with the com-
mercial manufacturing process, control procedures, and com-
ponents to produce commercial batches. A successful PQ will 
confirm the process design and demonstrate that the commer-
cial manufacturing process performs as expected.

Success at this stage signals an important milestone in the 
product lifecycle and needs to be completed before a manufac-
turer commences commercial distribution of the drug prod-
uct. The decision to begin commercial distribution should 
be supported by data from commercial batches. Data from 
laboratory and pilot studies can provide additional assurance.

The approach to PQ should be based on sound science 
and the manufacturer’s overall level of product and process 
understanding. The cumulative data from all relevant studies 
(e.g., designed experiments; laboratory, pilot, and commercial 
batches) should be used to establish the manufacturing condi-
tions in the PQ. For example, to have sufficient understand-
ing of the commercial process, the manufacturer will need to 

http://www.fda.gov
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consider the effects of scale; however, it is not typically neces-
sary to explore the entire operating range at commercial scale 
if assurance can be provided by other data. Previous credible 
experience with sufficiently similar products and processes can 
also be considered. In addition, it is strongly recommended that 
firms employ objective measures (e.g., statistical metrics), wher-
ever feasible and meaningful to achieve adequate assurance.

In most cases, PQ will have a higher level of sampling, 
additional testing, and greater scrutiny of process perfor-
mance. The level of monitoring and testing should be suffi-
cient to confirm uniform product quality throughout the batch 
during processing. This greater scrutiny accompanied by a 
higher level of sampling should continue through the process 
verification stage, as appropriate.

The extent to which some materials, such as column resins 
or molecular filtration media, can be reused without adversely 
affecting product quality can be assessed in relevant labora-
tory studies, and their usable lifetime should be confirmed 
by an ongoing PQ protocol during commercial manufacture.

A manufacturing process that uses PAT may warrant a dif-
ferent PQ approach. Such a process is one that is designed to 
measure in real time the attributes of an in-process material 
and then adjust the process in a timely control loop so the 
process maintains the desired quality of the output material. 
The process design stage and the process qualification stage 
should have as a focus the measurement system and control 
loop. Regardless, the goal remains the same: establishing sci-
entific evidence that the process is reproducible and will con-
sistently deliver quality products.

c.  Performance Qualification Protocol
A written protocol that specifies the manufacturing condi-
tions, controls, testing, and expected outcomes is essential for 
this stage of process validation. It is recommended that the 
protocol discuss

• The manufacturing conditions, including operating 
parameters, processing limits, and component (raw 
material) inputs.

• The data to be collected and when and how it will 
be evaluated.

• Tests to be performed (in-process, release, character-
ization) and acceptance criteria for each significant 
processing step.

• The sampling plan including sampling points, num-
ber of samples, and the frequency of sampling for 
each unit operation and attribute. The number of 
samples should be adequate to provide sufficient sta-
tistical confidence of quality both within a batch and 
between batches. The confidence level selected can 
be based on risk analysis as it relates to the particular 
attribute under examination. Sampling during this 
stage should be more extensive than is typical during 
routine production.

• Criteria that provide for a rational conclusion of 
whether the process consistently produces quality 
products. The criteria should include the following:

• A description of the statistical methods to be used in 
analyzing all collected data (e.g., statistical metrics 
defining both intra-batch and inter-batch variability).

• Provision for addressing deviations from expected 
conditions and handling of nonconforming data. 
Data should not be excluded from further consider-
ation in terms of PQ without a documented, science-
based justification.

• Design of facilities and the qualification of utilities 
and equipment, personnel training and qualification, 
and verification of material sources (components and 
container/closures), if not previously accomplished.

• Status of the validation of analytical methods used 
in measuring the process, in-process materials, and 
the product.

• Review and approval by appropriate departments 
and the quality unit.

d.  Protocol Execution and Report
Protocol execution should not begin until the protocol has 
been reviewed and approved by all appropriate departments, 
including the quality unit. Departure from the established 
protocol must be made according to established procedure or 
provisions in the protocol. Such departures must be justified 
and approved by all appropriate departments and the quality 
unit before implementation (§ 211.100).

The commercial manufacturing process and routine pro-
cedures must be followed [§§ 211.100(b) and 211.110(a)]. The 
PQ lots should be manufactured under normal conditions by 
personnel expected to routinely perform each step of each unit 
operation in the process. Normal operating conditions should 
cover the utility systems (e.g., air handling and water purifi-
cation), material, personnel, environment, and manufacturing 
procedures.

A report documenting and assessing adherence to the writ-
ten protocol should be prepared in a timely manner after the 
completion of the protocol. This report should

• Discuss and cross-reference all aspects of the 
protocol.

• Summarize data collected and analyze the data, as 
specified by the protocol.

• Evaluate any unexpected observations and additional 
data not specified in the protocol.

• Summarize and discuss all manufacturing noncon-
formances such as deviations, aberrant test results, 
or other information that has bearing on the validity 
of process.

• Describe in sufficient detail any corrective actions or 
changes that should be made to existing procedures 
and controls.

• State a clear conclusion as to whether the data indi-
cates the process met the conditions established in 
the protocol and whether the process is considered 
to be in a sufficient state of control. If not, the report 
should state what should be accomplished before 
such a conclusion can be reached. This conclusion 
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should be based on a documented justification for the 
approval of the process, and release of lots produced 
by it to the market in consideration of the entire com-
pilation of knowledge and information gained from 
the design stage through the process qualification 
stage.

• Include all appropriate department and quality unit 
review and approvals

3  Stage 3—Continued Process Verification
The goal of the third validation stage is to continually assure 
that the process remains in a state of control (the validated 
state) during commercial manufacture. A system or sys-
tems for detecting unplanned departures from the process as 
designed is essential to accomplish this goal. Adherence to 
the CGMP requirements, specifically including the collection 
and evaluation of information and data about the performance 
of the process (see below), will allow detection of process 
drift. The evaluation should determine whether action must 
be taken to prevent the process from drifting out of control 
[§ 211.180(e)].

An ongoing program to collect and analyze product and 
process data that relate to product quality must be established 
[§ 211.180(e)]. The data collected should include relevant pro-
cess trends and quality of incoming materials or components, 
in-process material, and finished products. The data should be 
statistically trended and reviewed by trained personnel. The 
information collected should verify that the critical quality 
attributes are being controlled throughout the process.

It is recommended that a statistician or person with ade-
quate training in statistical process control techniques develop 
the data collection plan and statistical methods and procedures 
used in measuring and evaluating process stability and pro-
cess capability. Procedures should describe how trending and 
calculations are to be performed. Procedures should guard 
against overreaction to individual events as well as against 
failure to detect process drift. Production data should be col-
lected to evaluate process stability and capability. The quality 
unit should review this information. If done properly, these 
efforts can identify variability in the process and/or product; 
this information can be used to alert the manufacturer that the 
process should be improved.

Good process design and development should anticipate 
significant sources of variability and establish appropri-
ate detection, control, and/or mitigation strategies, as well 
as appropriate alert and action limits. However, a process is 
likely to encounter sources of variation that were not previ-
ously detected or to which the process was not previously 
exposed. Many tools and techniques, some statistical and oth-
ers more qualitative, can be used to detect variation, char-
acterize it, and determine the root cause. It is recommended 
that the manufacturer use quantitative, statistical methods 
whenever feasible. It is also recommended that it scrutinize 
intra-batch as well as inter-batch variation as part of a com-
prehensive continued process verification program.

It is recommended to continue monitoring and/or sam-
pling at the level established during the process qualification 

stage, until sufficient data are collected to generate variabil-
ity estimates. Once the variability is known, sampling and/
or monitoring should be adjusted to a statistically appropriate 
and representative level. Process variability should be peri-
odically assessed and sampling and/or monitoring adjusted 
accordingly.

Variation can also be detected by the timely assessment 
of defect complaints, out-of-specification findings, process 
deviation reports, process yield variations, batch records, 
incoming raw material records, and adverse event reports. 
Production line operators and quality unit staff should be 
encouraged to provide feedback on process performance. 
Operator errors should also be tracked to measure the qual-
ity of the training program; to identify operator performance 
issues; and to look for potential batch record, procedural, and/
or process improvements that could help to reduce operator 
error. It is recommended that the quality unit meet periodi-
cally with production staff to evaluate data, discuss possible 
trends or drifts in the process, and coordinate any correction 
or follow-up actions by production.

Data gathered during this stage might suggest ways to 
improve and/or optimize the process by altering some aspect of 
the process or product, such as the operating conditions (ranges 
and set-points), process controls, component, or in-process 
material characteristics. A description of the planned change, 
a well-justified rationale for the change, an implementation 
plan, and quality unit approval before implementation must be 
documented (21 CFR 211.100). Depending on the significance 
to product quality, modifications may warrant performing addi-
tional process design and process qualification activities.

Maintenance of the facility, utilities, and equipment is 
another important aspect of ensuring that a process remains in 
control. Once established, qualification status must be main-
tained through routine monitoring, maintenance, and calibra-
tion procedures and schedules (21 CFR part 211, subparts C 
and D). The data should be assessed periodically to determine 
whether requalification should be performed and the extent of 
that requalification. Maintenance and calibration frequency 
should be adjusted based on feedback from these activities.

V.  CONCURRENT RELEASE OF PERFORMANCE 
QUALIFICATION BATCHES

In most cases, the PQ protocol needs to be completed before 
the commercial distribution of a product. In special situations, 
the PQ protocol can be designed to release a PQ batch for dis-
tribution before completion of the protocol. The conclusions 
about the manufacturing process should be made when the 
protocol is completed and the data is fully evaluated.

FDA expects that concurrent release will be used rarely. 
Concurrent release might be appropriate for processes used 
infrequently because of limited demand for the product (e.g., 
orphan drugs), processes with necessarily low production vol-
ume per batch (e.g., radiopharmaceuticals, including positron 
emission tomography drugs), and processes manufacturing 
medically necessary drugs to alleviate a short supply, which 
should be coordinated with the Agency (FDA).
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When warranted and used, concurrent release should be 
accompanied by a system for careful oversight of the distrib-
uted batch to facilitate rapid customer feedback. For example, 
customer complaints and defect reports should be rapidly 
assessed to determine root cause and whether the process 
should be improved or changed. It is recommended that each 
batch in a concurrent release program also undergo stability 
testing and that this test data be promptly evaluated to ensure 
rapid detection and correction of any problems.

VI.  DOCUMENTATION

Documentation at each stage of the process validation lifecycle 
is essential for effective communication in complex, lengthy, and 
multidisciplinary projects. Documentation is important so that 
knowledge gained about a product and process is accessible and 
comprehensible to others involved in each stage of the lifecycle. 
In addition to being a fundamental tenet of following the sci-
entific method, information transparency and accessibility are 
essential so that organizational units responsible and account-
able for the process can make informed, science-based decisions 
that ultimately support the release of a product to commerce.

The degree and type of documentation required by CGMP 
are greatest during stage 2, process qualification, and stage 
3, continued process verification. Studies during these stages 
must conform to CGMPs and must be approved by the quality 
unit in accordance with the regulations (see 21 CFR 211.22 
and 211.100). Viral and impurity clearance studies, even when 
performed at a small scale, also require full quality unit over-
sight as is necessary during routine commercial production.

CGMP documents for commercial manufacturing [i.e., the 
initial commercial master batch production and control record 
(21 CFR 211.186) and supporting procedures] are key outputs 
of stage 1, process design. It is recommended that firms dia-
gram the process flow for the full-scale process. Process flow 
diagrams should describe each unit operation, its placement 
in the overall process, monitoring and control points, and the 
component, as well as other processing material inputs (e.g., 
processing aids) and expected outputs (i.e., in-process mate-
rials and finished product). It is also useful to generate and 
preserve process flow diagrams of the various scales as the 
process design progresses to facilitate comparison and deci-
sion-making about their comparability.

VII.  ANALYTICAL METHODOLOGY

Process knowledge is dependent on accurate and precise mea-
suring techniques that are used to test and examine the quality 
of drug components, in-process materials, and finished prod-
ucts. For data to have value in predicting process outcomes, it 
is essential that the analytical tests be scientifically sound (as 
required under 21 CFR 211.160). While validated analytical 
methods are not required during product- and process-devel-
opment activities, methods should be scientifically sound 
(e.g., specific, sensitive, and accurate), suitable, and reliable 
for the specified purpose. There should be assurance of proper 
equipment function for laboratory experiments. Procedures 
for analytical method and equipment maintenance, documen-
tation practices, and calibration practices supporting process-
development efforts should be documented or described. 
Analytical methods supporting clinical supply production, 
particularly stage 2 and 3 studies, must follow appropriate 
CGMPs in parts 210 and 211.
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Bioequivalence Regulatory Compliance

I.  BACKGROUND

Bioequivalence (BE) is defined in 21 CFR 320.1 as “the 
absence of a significant difference in the rate and extent to 
which the active ingredient or active moiety in pharmaceutical 
equivalents or pharmaceutical alternatives becomes available 
at the site of drug action when administered at the same molar 
dose under similar conditions in an appropriately designed 
study.” FDA usually considers that the plasma concentration 
of a drug is a surrogate for the concentration at the site of 
action for a systemically acting drug. 21 CFR 320.24 outlines 
options for BE testing. Therefore proving that equivalence 
requires the integration of several studies, such as pharmaco-
kinetic (PK), pharmacodynamic (PD), controlled-clinical, in 
vitro studies, and any other specific model or study that may 
prove useful in proving equivalence.

The concept of BE and the required proof by the regulatory 
agencies has evolved over the past several decades.

• In the United States, the 1902 federal law for bio-
logics, particularly vaccines, required evaluation for 
“safety, purity and potency.”

• The 1906 Food and Drugs Act added drugs other 
than biologics.

• The 1938 FDC act created FDA and evaluation of 
new drugs based on data in a filed NDA.

• The 1962 law added effectiveness requirement for 
the approval of NDA.

• 1960s, FDA permits marketing of “similars” while 
corresponding pioneer products undergo DESI 
reviews. “Similars” came into market between 1938 
and 1962.

• The 1970 FDA terminates marketing of “similars” 
unless
• DESI pioneer showed safety and efficacy, and
• “Similar” manufacturer submits aNDA with 

formulation and manufacture information. (The 
Supreme Court in the United States v. Generix 
Drug Corporation supported FDA requirement 
for aNDA.)

• The 1984 generic law in the United States 
(Waxman-Hatch) created a generic approval sys-
tem for all new drugs, including those approved 
after 1962. FDA finalized the bioequivalence 
(BA/BE) regulations (21 CFR 320) wherein the 
pioneer shows BA in NDA; “similars” to DESI-
effective pioneers show BE leading to first U.S. 
first generics. Several revisions to 21 CFR 320 
were made including the most recent one in 
April 2006. The Drug Price Competition and 
Patent Term Restoration Act of 1984 (Pub.L. 

No. 98–417) (the Hatch-Waxman Amendments) 
created section 505(j) of the Act, which estab-
lished the current aNDA approval process. The 
showing that must be made for an aNDA to be 
approved is quite different from what is required 
in an NDA. An NDA applicant must prove that 
the drug product is safe and effective. An aNDA 
does not have to prove the safety and effective-
ness of the drug product because an aNDA relies 
on the finding FDA has made that the reference-
listed drug (RLD) is safe and effective. Instead, 
an aNDA applicant must demonstrate, among 
other things, that its drug product is bioequiva-
lent to the RLD [21 USC 355(j)(2)(A)(iv)]. The 
scientific premise underlying the Hatch-Waxman 
amendments is that in most circumstances bio-
equivalent drug products may be substituted 
for each other. The Generic Animal Drug and 
Patent Term Restoration Act (GADPTRA) 
signed into law on November 16, 1988, permits 
sponsors to submit an abbreviated New Animal 
Drug Application (aNADA) for a generic version 
of any off-patent-approved animal drug (with 
certain exceptions noted in the law) regardless of 
whether the drug was approved prior to 1962 and 
subject to the National Academy of Sciences/
National Research Council/Drug Effectiveness 
Study Implementation (NAS/NRC/DESI) 
review.

A generic drug is bioequivalent to the listed drug if “the rate 
and extent of the absorption of the drug do not show a sig-
nificant difference from the rate and extent of absorption of 
the listed drug when administered at the same molar dose of 
the therapeutic ingredient under similar experimental con-
ditions in either a single dose or multiple doses” [21 USC 
355(j)(8)(B)(i)].

In vivo and/or in vitro BE testing is required for most 
generic drug products submitted for marketing approval. A 
proposed generic drug product must be compared in vivo and/
or in vitro to the officially designated reference drug prod-
uct. Harmonized BE criteria for the interchangeability of 
pharmaceutical products address the issue of waivers for in 
vivo trials, which are expensive and, as recently concluded, 
not always discriminating enough to form the sole basis of 
approval of interchangeability. As discussed later, the world-
wide requirements to demonstrate BE vary widely, mostly as 
a result of the ability of the regulatory authorities to enforce 
such requirements, both from an economic as well as ethical 
perspective.

Handbook of Pharmaceutical Manufacturing Formulations Regulatory and Manufacturing Guidelines
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Drug regulatory authorities must ensure that all pharma-
ceutical products, including generic drug products, conform 
to the same standards of quality, efficacy, and safety required 
of innovator drug products. Therefore, regulatory frameworks 
must be able to respond to varied and emerging drugs and 
dosage forms where BE demonstration is required; issues 
such as BE of topical products, products acting locally, endog-
enous therapeutic proteins, and more recently, botanical prod-
ucts now need regulatory pathways, besides streamlining and 
reducing cost of evaluation of more traditional dosage forms 
where cost considerations, especially in the Third World, and 
often a lack of good correlation between in vivo studies and 
clinical response are observed. This chapter addresses these 
issues and provides a pathway for the prospective filers of 
marketing approval applications worldwide.

II.  REGULATORY ASPECTS

The regulation of drug quality involves three arrange-
ments in this country. First, the U.S. Congress gave the U.S. 
Pharmacopoeia and the National Formulary revision com-
mittees the authority to set standards of strength, quality, and 
purity of drugs and their finished preparations. The FDA, also 
authorized by the U.S. Congress, establishes regulations for 
the development and manufacture of safe and effective drugs. 
Finally, in-house GMPs of the manufacturer, mostly dictated 
by the FDA regulations, ensure the quality of drug products. 
The FDA has also decreed on the bioavailability (BA) and BE 
of drug products. All NDAs and amended NDAs must dem-
onstrate in vivo BA of the drug product that is followed by an 
in vitro test, usually a dissolution test, of individual batches to 
ensure the quality. Table 1 shows a comparison of regulatory 
filing requirements under various applications.

Applicants submitting an NDA or New Animal Drug 
Application (NADA) under the provisions of section 505(b) in 
the Federal Food, Drug, & Cosmetic Act (the Act) are required 
to document BA [21 CFR 320.21(a)]. If approved, an NDA drug 
product may subsequently become an RLD. Under section 505(j) 
of the act, a sponsor of an aNDA or aNADA must document first 
pharmaceutical equivalence and then BE to be deemed thera-
peutically equivalent to an RLD. Defined as relative BA, BE is 

documented by comparing the performance of the generic (test) 
and listed (reference) products. (Pharmaceutical equivalents are 
drugs that have the same active ingredient; in the same strength; 
the same dosage form and route of administration; and have 
comparable labeling and meet compendia or other standards of 
identity, strength, quality, purity and potency.)

In addition to the standard CMC tests, the active bulk drug 
substance for an NDA should be studied and controlled via 
appropriate specifications for polymorphic form, particle 
size distribution, and other attributes important to the qual-
ity of the resulting drug product. To the extent possible and 
using compendial monographs where appropriate, sponsors of 
aNDAs should attempt to duplicate the specifications consid-
ered important for the RLD. Where the necessary information 
is not available, applicants may wish to rely on in vitro release 
to ensure batch-to-batch consistency. CMC guidances avail-
able from FDA are generally applicable to ensure the identity, 
strength, quality, purity, and potency of the drug substance 
and drug product for a topical dermatological drug product.

As stated in 21 CFR 320.24, approaches to document BE 
in order of preference are (1) PK measurements based on 
measurement of an active drug and/or metabolite in blood, 
plasma, and/or urine; (2) PD measurements; (3) comparative 
clinical trials; and (4) in vitro studies.

The science of BE is still undergoing major changes and 
final rules are established after years of debate and validation 
of protocols. The U.S. FDA has finalized or drafted several 
guidelines (Table 2).

III.  EQUIVALENCE DOCUMENTATION 
FOR MARKETING AUTHORIZATION

Pharmaceutically equivalent multisource pharmaceutical 
products must be verified to be therapeutically equivalent to 
one another to be considered interchangeable. Several test 
methods are available to assess equivalence, including:

• Comparative BA (BE) studies, in which the active 
drug substance or one or more metabolites is mea-
sured in an accessible biologic fluid such as plasma, 
blood or urine

TABLE 1
Data Requirement for Drug Approval In the United States

FD&C505(b)(1) FD&C505(b)(2) FD&C505(j) PHS

Application NDA NDA aNDA BLA

Preclinical Yes Yes/No No Yes

Clinical Yes Yes/No No Yes

CMC Yes Yes Yes (PE) Yes

PK & bioequivalence Yes Yes Yes

Labeling Yes Yes Yes Yes

Abbreviations: aNDA, abbreviated New Drug Application; CMC, chemistry, manufactur-
ing, and control; FD&C, Food, Drug, and Cosmetic Act; NDA, New Drug Application 
PHS, Public Health Service; BLA, Biologic License Application.
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• Comparative PD studies in humans
• Comparative clinical trials
• In vitro dissolution tests in combination with the 

Biopharmaceutics Classification System (BCS, see 
below)

Acceptance of any test procedure in the equivalence docu-
mentation between two pharmaceutical products by a drug 
regulatory authority depends on many factors, including char-
acteristics of the active drug substance and the drug product 
and the availability of resources to carry out a specific type of 
study. Wherever a drug produces meaningful concentrations 
in an accessible biological fluid, such as plasma, BE studies 
are preferred. Wherever a drug does not produce measurable 
concentrations in an accessible biological fluid, comparative 
clinical trials or PD studies may be necessary to document 
equivalence. In vitro testing, preferably based on a docu-
mented in vitro/in vivo correlation or on consideration based 
on the BCS, may sometimes provide an indication of equiva-
lence between two pharmaceutical products

Oral drugs/drug products for which in vivo equiva-
lence documentation is important: Regulatory 
authorities require equivalence documentation for 
multisource pharmaceutical products in which the 
product is compared to the reference pharmaceuti-
cal product. Studies must be carried out using the 
formulation proposed for marketing. For certain 
drugs and dosage forms, in vivo equivalence docu-
mentation, through either a BE study, a comparative 
clinical PD study, or a comparative clinical trial, 
is considered especially important. The following 
are the factors for oral drug products that should 

be considered when requiring in vivo equivalence 
documentation.

Immediate-release oral pharmaceutical products 
with systemic action when one or more of the fol-
lowing criteria apply.

 1. Indicated for serious conditions requiring defi-
nite therapeutic response.

 2. Narrow therapeutic window/safety margin, steep 
dose-response curve.

 3. PKs complicated by variable or incomplete 
absorption or absorption window, nonlinear 
PKs, pre-systemic elimination/high first-pass 
metabolism >70%.

 4. Unfavorable physicochemical properties, e.g., 
low solubility, instability, metastable modifica-
tions, poor permeability.

 5. Documented evidence of BA problems related to 
the drug or drugs of similar chemical structure 
or formulations.

 6. Where there is a high ratio of excipients to active 
ingredients.

Nonoral and nonparenteral pharmaceutical prod-
ucts designed to act through systemic absorption 
(such as transdermal patches, suppositories): 
Plasma concentration measurements over time (BE) 
are normally sufficient proof for efficacy and safety.

Sustained or otherwise modified-release pharmaceu-
tical products designed to act through systemic 
absorption: Plasma concentration measurements 
over time (BE) are normally sufficient proof for effi-
cacy and safety.

Fixed combination products (see WHO Technical 
Report Series No. 825, 1992) with systemic action: 

TABLE 2
Final and Draft-Stage Biopharmaceutics Guidelines of the U.S. FDA

Guideline Date Finalized/Draft Issued

Bioanalytical method validation-final 21 May 2018

Bioavailability and bioequivalence studies for orally administered drug products-general considerations 
(revised)-final

19 March 2003

Cholestyramine powder in vitro bioequivalence-final 15 July 1993

Clozapine tablets: in vivo bioequivalence and in vitro dissolution testing-final 20 June 2005

Corticosteroids, dermatological (topical) in vivo-final 2 June 1999

Dissolution testing of immediate-release solid oral dosage forms-final 25 August 1997

Extended-release oral dosage forms: development, evaluation, and application of in vitro/in vivo correlations-final 26 September 1997

Metaproterenol sulfate and albuterol metered dose inhalers-final 27 June 1989

Statistical approach to establishing bioequivalence-final 2 February 2001

Waiver of in vivo bioavailability and bioequivalence studies for immediate-release solid oral dosage forms on a 
biopharmaceutical classification system-final

31 August 2000

Potassium chloride (slow-release tablets and capsules) in vivo bioequivalence and in vitro dissolution testing 6 June 1994

Food-effect bioavailability and fed bioequivalence studies December 2002

Antifungal (topical)-draft 24 February 1990

Antifungal (vaginal)-draft 24 February 1990

Bioavailability and bioequivalence studies for nasal aerosols and nasal sprays for local action-draft 3 April 2003
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Plasma concentration measurements over time (BE) 
are normally sufficient proof for efficacy and safety.

Nonsolution pharmaceutical products for nonsys-
temic use (oral, nasal, ocular, dermal, rectal, 
vaginal application) and intended to act without 
systemic absorption: In these cases, the BE concept 
is not suitable and comparative clinical or PD stud-
ies are required to prove equivalence. This does not, 
however, exclude the potential need for drug concen-
tration measurements to assess unintended partial 
absorption.

IV. THERAPEUTIC CLASSIFICATION

FDA has also provided a therapeutic classification of drugs 
and dosage forms for the purpose of BE testing (Table 3).

V.  TOPICS RELATED TO REGULATORY 
COMPLIANCE

A.  is A be sTuDy requireD?

The submission of an NDA, aNDA, or supplemental applica-
tion requires that it contains in vivo BA and BE data either 
by direct measurement of in vivo BA of the drug product 
that is the subject of the application or information to permit 
FDA to waive the submission of evidence measuring in vivo 
BA. The supplemental application involves a change in the 
manufacturing site or a change in the manufacturing process, 
including a change in product formulation or dosage strength, 
beyond the variations provided for in the approved applica-
tion, or a change in the labeling to provide for a new indica-
tion for use of the drug product, for which a new clinical trial 
may be required.

FDA may approve a full NDA, or a supplemental applica-
tion proposing any of the changes set forth earlier that does 
not contain evidence of in vivo BA or information to permit 
waiver of the requirement for in vivo BA data.

• For certain drug products, the in vivo BA or BE of 
the drug product may be self-evident. FDA shall 
waive the requirement for the submission of evidence 
obtained in vivo measuring the BA or demonstrating 
the BE of these drug products. A drug product’s in 
vivo BA or BE may be considered self-evident based 
on other data in the application.

• If the drug product is a parenteral solution intended 
solely for administration by injection, or an ophthal-
mic or otic solution, and contains the same active 
and inactive ingredients in the same concentration as 
a drug product that is the subject of an approved full 
NDA or aNDA; or

• if the drug product is administered by inhalation as a 
gas, for example, a medicinal or an inhalation anes-
thetic, and contains an active ingredient in the same 
dosage form as a drug product that is the subject of 
an approved full NDA or aNDA; or

• if the drug product is a solution for application to 
the skin, an oral solution, elixir, syrup, tincture, a 
solution for aerosolization or nebulization, a nasal 
solution, or similar other solubilized form and con-
tains an active drug ingredient in the same concen-
tration and dosage form as a drug product that is 
the subject of an approved full NDA or aNDA and 
contains no inactive ingredient or other change in 
formulation from the drug product that is the subject 
of the approved full NDA or aNDA that may signifi-
cantly affect absorption of the active drug ingredient 
or active moiety for products that are systemically 
absorbed, or that may significantly affect systemic or 
local availability for products intended to act locally.

FDA also waives the requirement for the submission of evi-
dence measuring the in vivo BA or demonstrating the in vivo 
BE of a solid oral dosage form (other than a delayed-release or 
extended-release dosage form) of a drug product determined 
to be effective for at least one indication in a Drug Efficacy 
Study Implementation (DESI) notice or which is identical, 
related, or similar (IRS) to such a drug product unless FDA 
has evaluated the drug product, included the drug product in 
the Approved Drug Products with Therapeutic Equivalence 
Evaluations List, and rated the drug product as having a 
known or potential BE problem. A drug product so rated 
reflects a determination by FDA that an in vivo BE study is 
required. [A DESI drug is any drug that lacks substantial evi-
dence of effectiveness (less than effective [LTE]) and is sub-
ject by FDA to a Notice of Opportunity for Hearing (NOOH). 
This includes drugs, which are IRS to DESI drugs. Valid val-
ues: 2 = safe and effective or non-DESI drug; 3 = drug under 
review (no NOOH issued); 4 = LTE/IRS drug for some indica-
tions; 5 = LTE/IRS drug for all indications; 6 = LTE/IRS drug 
withdrawn from market.]

For certain drug products, BA may be measured or BE 
may be demonstrated by evidence obtained in vitro in lieu 
of in vivo data. FDA shall waive the requirement for the sub-
mission of evidence obtained in vivo measuring the BA or 
demonstrating the BE of the drug product if the drug product 
meets one of the following criteria:

• The drug product is in the same dosage form, but 
in a different strength, and is proportionally simi-
lar in its active and inactive ingredients to another 
drug product for which the same manufacturer has 
obtained approval and the following conditions are 
met that the BA of this other drug product has been 
measured and both drug products meet an appropri-
ate in vitro test approved by FDA and the applicant 
submits evidence showing that both drug products 
are proportionally similar in their active and inac-
tive ingredients. (except for the delayed-release or 
extended-release products).

• The drug product is, on the basis of scientific evi-
dence submitted in the application, shown to meet an 
in vitro test that has been correlated with in vivo data.
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TABLE 3
Therapeutic Equivalence Code Classifications of the U.S. FDA

Name Definition FDA code

Products in conventional 
dosage forms not presenting 
bioequivalence problems

Products coded as AA contain active ingredients and dosage forms that are not regarded as presenting either 
actual or potential bioequivalence problems or drug quality or standards issues. However, all oral dosage 
forms must, nonetheless, meet an appropriate in vitro test(s) for approval.

AA

Products meeting necessary 
bioequivalence 
requirements

Products generally will be coded AB if a study is submitted demonstrating bioequivalence. Even though drug 
products of distributors and/or repackagers are not included in the list, they are considered therapeutically 
equivalent to the application holder’s drug product if the application holder’s drug product is rated AB or is 
single source in the List. The only instance in which a multisource product will be rated AB on the basis of 
bioavailability rather than bioequivalence is where the innovator product is the only one listed under that 
drug ingredient heading and has completed an acceptable bioavailability study. However, it does not signify 
that this product is therapeutically equivalent to the other drugs under the same heading. Drugs coded AB 
under an ingredient heading are considered therapeutically equivalent only to other drugs coded AB under 
that heading.

AB

Solutions and powders for 
aerosolization

Uncertainty regarding the therapeutic equivalence of aerosolized products arises primarily because of 
differences in the drug delivery system. Solutions and powders intended for aerosolization that are marketed 
for use in any of several delivery systems are considered to be pharmaceutically and therapeutically 
equivalent and are coded AN. Those products that are compatible only with a specific delivery system or 
those products that are packaged in and with a specific delivery system are coded BN, unless they have met 
an appropriate bioequivalence standard because drug products in their respective delivery systems are not 
necessarily pharmaceutically equivalent to each other and, therefore, are not therapeutically equivalent.

AN

Injectable oil solutions The absorption of drugs in injectable (parenteral) oil solutions may vary substantially with the type of oil 
employed as a vehicle and the concentration of the active ingredient. Injectable oil solutions are therefore 
considered to be pharmaceutically and therapeutically equivalent only when the active ingredient, its 
concentration, and the type of oil used as a vehicle are all identical.

AO

Injectable aqueous solutions It should be noted that even though injectable (parenteral) products under a specific listing may be evaluated 
as therapeutically equivalent, there may be important differences among the products in the general 
category, Injectable; Injection. For example, some injectable products that are rated therapeutically 
equivalent are labeled for different routes of administration. In addition, some products evaluated as 
therapeutically equivalent may have different preservatives or no preservatives at all. Injectable products 
available as dry powders for reconstitution, concentrated sterile solutions for dilution, or sterile solutions 
ready for injection are all considered to be pharmaceutically and therapeutically equivalent provided they 
are designed to produce the same concentration prior to injection and are similarly labeled. Consistent with 
accepted professional practice, it is the responsibility of the prescriber, dispenser, or individual 
administering the product to be familiar with a product’s labeling to ensure that it is given only by the 
route(s) of administration stated in the labeling.

Certain commonly used large volume intravenous products in glass containers are not included on the list 
(e.g., dextrose injection 5%, dextrose injection 10%, sodium chloride injection 0.9%) since these products 
are on the market without FDA approval and the FDA has not published conditions for marketing such 
parenteral products under approved NDAs. When packaged in plastic containers, however, FDA regulations 
require approved applications prior to marketing. Approval then depends on, among other things, the extent 
of the available safety data involving the specific plastic component of the product. All large volume 
parenteral products are manufactured under similar standards, regardless of whether they are packaged in 
glass or plastic. Thus, FDA has no reason to believe that the packaging container of large volume parenteral 
drug products that are pharmaceutically equivalent would have any effect on their therapeutic equivalence.

AP

Topical products There are a variety of topical dosage forms available for dermatologic, ophthalmic, otic, rectal, and vaginal 
administration, including solutions, creams, ointments, gels, lotions, pastes, sprays, and suppositories. Even 
though different topical dosage forms may contain the same active ingredient and potency, these dosage 
forms are not considered pharmaceutically equivalent. Therefore, they are not considered therapeutically 
equivalent. All solutions and DESI drug products containing the same active ingredient in the same topical 
dosage form for which a waiver of in vivo bioequivalence has been granted and for which chemistry and 
manufacturing processes are adequate, are considered therapeutically equivalent, and coded AT. 
Pharmaceutically equivalent topical products that raise questions of bioequivalence including all post 1962 
topical drug products are coded AB when supported by adequate bioequivalence data, and BT in the 
absence of such data.

AT

(Continued )
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TABLE 3
Therapeutic Equivalence Code Classifications of the U.S. FDA

Name Definition FDA code

Extended-release dosage 
forms (capsules, injectables, 
and tablets)

An extended-release dosage form is defined by the official compendia as one that allows at least a twofold 
reduction in dosing frequency as compared to that drug presented as a conventional dosage form (e.g., as a 
solution or a prompt drug-releasing, conventional solid dosage form).

Although bioavailability studies have been conducted on these dosage forms, they are subject to bioavailability 
differences, primarily because firms developing extended-release products for the same active ingredient 
rarely employ the same formulation approach. FDA, therefore, does not consider different extended-release 
dosage forms containing the same active ingredient in equal strength to be therapeutically equivalent unless 
equivalence between individual products in both rate and extent has been specifically demonstrated through 
appropriate bioequivalence studies. Extended-release products for which such bioequivalence data have not 
been submitted are coded BC, while those for which such data are available have been coded AB.

BC

Active ingredients and dosage 
forms with documented 
bioequivalence problems

The BD code denotes products containing active ingredients with known bioequivalence problems and for 
which adequate studies have not been submitted to FDA demonstrating bioequivalence. Where studies 
showing bioequivalence have been submitted, the product has been coded AB.

BD

Delayed-release oral dosage 
forms

A delayed-release dosage form is defined by the official compendia as one that releases a drug (or drugs) at a 
time other than promptly after administration. Enteric-coated articles are delayed-release dosage forms. Drug 
products in delayed-release dosage forms containing the same active ingredients are subject to significant 
differences in absorption. Unless otherwise specifically noted, the agency considers different delayed-release 
products containing the same active ingredients as presenting a potential bioequivalence problem and codes 
these products BE in the absence of in vivo studies showing bioequivalence. If adequate in vivo studies have 
demonstrated the bioequivalence of specific delayed-release products, such products are coded AB.

BE

Products in aerosol nebulizer 
drug delivery systems

This code applies to drug solutions or powders that are marketed only as a component of, or as compatible 
with, a specific drug delivery system. There may, for example, be significant differences in the dose of drug 
and particle size delivered by different products of this type. Therefore, the agency does not consider 
different metered aerosol dosage forms containing the same active ingredient(s) in equal strengths to be 
therapeutically equivalent unless the drug products meet an appropriate bioequivalence standard.

BN

Active ingredients and 
dosage forms with potential 
bioequivalence problems

FDA’s bioequivalence regulations (21 CFR 320.33) contain criteria and procedures for determining whether a 
specific active ingredient in a specific dosage form has a potential for causing a bioequivalence problem. It 
is FDA’s policy to consider an ingredient meeting these criteria as having a potential bioequivalence 
problem even in the absence of positive data demonstrating inequivalence. Pharmaceutically equivalent 
products containing these ingredients in oral dosage forms are coded BP until adequate in vivo 
bioequivalence data are submitted.

Injectable suspensions containing an active ingredient suspended in an aqueous or oleaginous vehicle have 
also been coded BP. Injectable suspensions are subject to bioequivalence problems because differences in 
particle size, polymorphic structure of the suspended active ingredient, or the suspension formulation can 
significantly affect the rate of release and absorption. FDA does not consider pharmaceutical equivalents of 
these products bioequivalent without adequate evidence of bioequivalence.

BP

Suppositories or enemas that 
deliver drugs for systemic 
absorption

The absorption of active ingredients from suppositories or enemas that are intended to have a systemic effect 
(as distinct from suppositories administered for local effect) can vary significantly from product to product. 
Therefore, FDA considers pharmaceutically equivalent systemic suppositories or enemas bioequivalent only 
if in vivo evidence of bioequivalence is available. In those cases where in vivo evidence is available, the 
product is coded AB. If such evidence is not available, the products are coded BR.

BR

Products having drug 
standard deficiencies

If the drug standards for an active ingredient in a particular dosage form are found by FDA to be deficient so 
as to prevent an FDA evaluation of either pharmaceutical or therapeutic equivalence, all drug products 
containing that active ingredient in that dosage form are coded BS. For example, if the standards permit a 
wide variation in pharmacologically active components of the active ingredient such that pharmaceutical 
equivalence is in question, all products containing that active ingredient in that dosage form are coded BS.

BS

Topical products with 
bioequivalence issues

This code applies mainly to post 1962 dermatologic, ophthalmic, otic, rectal, and vaginal products for topical 
administration, including creams, ointments, gels, lotions, pastes, and sprays, as well as suppositories not 
intended for systemic drug absorption. Topical products evaluated as having acceptable clinical 
performance, but that are not bioequivalent to other pharmaceutically equivalent products or that lack 
sufficient evidence of bioequivalence will be coded BT.

BT

Drug products for which the 
data are insufficient to 
determine therapeutic 
equivalence

The code BX is assigned to specific drug products for which the data that have been reviewed by the agency 
are insufficient to determine therapeutic equivalence under the policies stated in this document. In these 
situations, the drug products are presumed to be therapeutically inequivalent until the agency has 
determined that there is adequate information to make a full evaluation of therapeutic equivalence.

BX

Abbreviation: DESI, Drug Effectiveness Study Implementation.
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• The drug product is a reformulated product that is 
identical, except for a different color, flavor, or pre-
servative that could not affect the BA of the reformu-
lated product, to another drug product for which the 
same manufacturer has obtained approval and the 
following conditions are met. The BA of the other 
product has been measured, and both drug products 
meet an appropriate in vitro test approved by FDA.

FDA, for good cause, may waive a requirement for the sub-
mission of evidence of in vivo BA or BE if waiver is compat-
ible with the protection of the public health. For full NDAs, 
FDA may defer a requirement for the submission of evidence 
of in vivo BA if deferral is compatible with the protection of 
the public health.

FDA, for good cause, may require evidence of in vivo BA 
or BE for any drug product if the agency determines that any 
difference between the drug product and a listed drug may 
affect the BA or BE of the drug product.

b.  Prior revieW

The Commissioner of Food and Drugs strongly recommends 
that, to avoid the conduct of an improper study and unneces-
sary human research, any person planning to conduct a BA or 
BE study submit the proposed protocol for the study to FDA 
for review prior to the initiation of the study. FDA may review 
a proposed protocol for a BE study and will offer advice with 
respect to whether the conditions an appropriate design, the 
choice of reference product, and the proposed chemical and 
statistical analysis methods are met.

The Commissioner of Food and Drugs shall consider the 
following factors, when supported by well-documented evi-
dence, to identify specific pharmaceutical equivalents and 
pharmaceutical alternatives that are not or may not be bio-
equivalent drug products.

• Evidence from well-controlled clinical trials or con-
trolled observations in patients that such drug prod-
ucts do not give comparable therapeutic effects.

• Evidence from well-controlled BE studies that such 
products are not bioequivalent drug products.

• Evidence that the drug products exhibit a narrow 
therapeutic ratio, for example, there is less than a 
twofold difference in median lethal dose (LD50) and 
median effective dose (ED50) values, or have less 
than a twofold difference in the minimum toxic con-
centrations and minimum effective concentrations 
in the blood, and safe and effective use of the drug 
products requires careful dosage titration and patient 
monitoring.

• Competent medical determination that a lack of BE 
would have a serious adverse effect in the treatment 
or prevention of a serious disease or condition.

• The physicochemical evidence that the active drug 
ingredient has a low solubility in water, for example, 
less than 5 mg/mL, or, if dissolution in the stomach 

is critical to absorption, the volume of gastric flu-
ids required to dissolve the recommended dose far 
exceeds the volume of fluids present in the stom-
ach (taken to be 100 mL for adults and prorated for 
infants and children); or, the dissolution rate of one 
or more such products is slow, for example, less than 
50% in 30 minutes when tested using either a gen-
eral method specified in an official compendium or 
a paddle method at 50 revolutions/min in 900 mL 
of distilled or deionized water at 37°C, or differs 
significantly from that of an appropriate reference 
material such as an identical drug product that is the 
subject of an approved full NDA; or, the particle size 
and/or surface area of the active drug ingredient is 
critical in determining its BA; or, certain physical 
structural characteristics of the active drug ingre-
dient, for example, polymorphic forms, conforms, 
solvates, complexes, and crystal modifications, dis-
solve poorly and this poor dissolution may affect 
absorption; or, such drug products have a high ratio 
of excipients to active ingredients, for example, 
greater than 5: 1; or, specific inactive ingredients, 
for example, hydrophilic or hydrophobic excipients 
and lubricants, either may be required for absorption 
of the active drug ingredient or therapeutic moiety 
or, alternatively, if present, may interfere with such 
absorption.

• The PK evidence that the active drug ingredient, 
therapeutic moiety, or its precursor is absorbed in 
large part in a particular segment of the GI tract or 
is absorbed from a localized site, or, the degree of 
absorption of the active drug ingredient, therapeu-
tic moiety, or its precursor is poor, for example, less 
than 50%, ordinarily in comparison to an intravenous 
dose, even when it is administered in pure form, for 
example, in solution; or, there is rapid metabolism of 
the therapeutic moiety in the intestinal wall or liver 
during the process of absorption (first-class metabo-
lism) so the therapeutic effect and/or toxicity of such 
drug product is determined by the rate as well as the 
degree of absorption; or, the therapeutic moiety is 
rapidly metabolized or excreted so that rapid disso-
lution and absorption are required for effectiveness; 
or, the active drug ingredient or therapeutic moiety 
is unstable in specific portions of the GI tract and 
requires special coatings or formulations, for exam-
ple, buffers, enteric coatings, and film coatings, to 
ensure adequate absorption; or, the drug product 
is subject to dose-dependent kinetics in or near the 
therapeutic range, and the rate and extent of absorp-
tion are important to BE.

VI.  RECORD MAINTENANCE

All records of in vivo or in vitro tests conducted on any mar-
keted batch of a drug product to ensure that the product meets 
a BE requirement shall be maintained by the manufacturer for 
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at least 2 years after the approval of the application submitted 
and would available to the FDA on request.

• If the formulation of the test article is the same as 
the formulation(s) used in the clinical studies dem-
onstrating substantial evidence of safety and effec-
tiveness for the test article’s claimed indications, a 
reserve sample of the test article used to conduct an 
in vivo BA study comparing the test article to a refer-
ence oral solution, suspension, or injection

• If the formulation of the test article differs from 
the formulation(s) used in the clinical studies dem-
onstrating substantial evidence of safety and effec-
tiveness for the test article’s claimed indications, a 
reserve sample of the test article and of the reference 
standard used to conduct an in vivo BE study com-
paring the test article to the formulation(s) (reference 
standard) used in the clinical studies

• For a new formulation, new dosage form, or a new 
salt or ester of an active drug ingredient or thera-
peutic moiety that has been approved for marketing, 
a reserve sample of the test article and of the refer-
ence standard used to conduct an in vivo BE study 
comparing the test article to a marketed product (ref-
erence standard) that contains the same active drug 
ingredient or therapeutic moiety

Each reserve sample shall consist of a sufficient quantity 
to permit FDA to perform five times all of the release tests 
required in the application or supplemental application. Each 
reserve sample shall be adequately identified so that the 
reserve sample can be positively identified as having come 
from the same sample as used in the specific BA study. Each 
reserve sample shall be stored under conditions consistent 
with product labeling and in an area segregated from the area 
where testing is conducted and with access limited to autho-
rized personnel. Each reserve sample shall be retained for a 
period of at least five years following the date on which the 
application or supplemental application is approved, or, if 
such application or supplemental application is not approved, 
at least 5 years following the date of completion of the BA 
study in which the sample from which the reserve sample was 
obtained was used.

Authorized FDA personnel will ordinarily collect reserve 
samples directly from the applicant or contract research orga-
nization at the storage site during a PAI. If authorized FDA 
personnel are unable to collect samples, FDA may require 
the applicant or contract research organization to submit the 
reserve samples to the place identified in the agency’s request. 
If FDA has not collected or requested delivery of a reserve 
sample, or if FDA has not collected or requested delivery 
of any portion of a reserve sample, the applicant or contract 
research organization shall retain the sample or remaining 
sample for the 5-year period.

Upon release of the reserve samples to FDA, the appli-
cant or contract research organization shall provide a writ-
ten assurance that, to the best knowledge and belief of the 

individual executing the assurance, the reserve samples came 
from the same samples as used in the specific BA or BE study 
identified by the agency. The assurance shall be executed by 
an individual authorized to act for the applicant or contract 
research organization in releasing the reserve samples to FDA.

A contract research organization may contract with an 
appropriate independent third party to provide storage of 
reserve samples provided that the sponsor of the study has 
been notified in writing of the name and address of the facil-
ity at which the reserve samples will be stored. If a contract 
research organization conducting a BA or BE study that 
requires reserve sample retention goes out of business, it shall 
transfer its reserve samples to an appropriate independent 
third party, and shall notify in writing the sponsor of the study 
of the transfer and provide the study sponsor with the name 
and address of the facility to which the reserve samples have 
been transferred.

The applicant of an abbreviated application or a supple-
mental application submitted under section 505 of the Federal 
Food, Drug, and Cosmetic Act, or, if BE, testing was per-
formed under contract, the contract research organization 
shall retain reserve samples of any test article, and reference 
standard used in conducting an in vivo or in vitro BE study 
required for approval of the abbreviated application or supple-
mental application and beyond as required.

VII.  CLARIFICATION ON REQUIREMENTS

After the revision of the note for guidance (NfG) on the 
Investigation on BA and Bioequivalence in 2002, (http ://
ww w.eme a.eur opa.e u/pdf s/hum an/qw p/140 198en fin.p df), it 
appears that some harmonization in the interpretation of criti-
cal parts of the guideline is needed.

A.  in Which cAses is iT AlloWeD To use A WiDer 
AccePTAnce rAnGe for The rATio of cMAx?

NfG states under 3.6.2 “With respect to the ratio of Cmax the 
90% CI for this measure of relative bioavailability should lie 
within an acceptance range of 0.80–1.25. In specific cases, 
such as a narrow therapeutic range, the acceptance interval 
may need to be tightened.”

NfG also states “In certain cases a wider interval may be 
acceptable. The interval must be prospectively defined, e.g. 
0.75–1.33, and justified addressing in particular any safety or 
efficacy concerns for patients switched between formulations.”

The possibility offered here by the guideline to widen the 
acceptance range of 0.80 to 1.25 for the ratio of Cmax (not 
for AUC) should be considered exceptional and limited to a 
small widening (0.75–1.33). Furthermore, this possibility is 
restricted to those products for which at least one of the fol-
lowing criteria applies:

 1. Data regarding PK/PD relationships for safety and 
efficacy are adequate to demonstrate that the pro-
posed wider acceptance range for Cmax does not 
affect PD studies in a clinically significant way.

http://www.emea.europa.eu/
http://www.emea.europa.eu/
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 2. If PK/PD data are either inconclusive or not available, 
clinical safety and efficacy data may still be used for 
the same purpose, but these data should be specific 
to the compound to be studied and persuasive.

 3. The reference product has a highly variable within-
subject BA. Please refer to the question on highly 
variable drug or drug products for guidance on 
how to address this issue at the planning stage of 
the BE trial.

A post hoc justification of an acceptance range wider than 
defined in the protocol cannot be accepted. Information that 
would be required to justify results lying outside the con-
ventional acceptance range at the post hoc stage should be 
utilized at the planning stage, either for a scientific justifica-
tion of a wider acceptance range for Cmax or for selecting an 
experimental approach that allows the assessment of different 
sources of variability.

b.  When cAn subjecTs clAssifieD As ouTliers be 
excluDeD froM The AnAlysis in be sTuDies?

Under 3.6.3 the NfG states “Post-hoc exclusion of outliers is 
generally not accepted” but at the same time acknowledges 
“the protocol should also specify methods for identifying bio-
logically implausible outliers.”

Unbiased assessment of results from randomized studies 
requires that all subjects are observed and treated according 
to the same rules that should be independent from treatment 
or outcome. In consequence, PK data can only be excluded 
based on nonstatistical reasons that have been either defined 
previously in the protocol or, at the very least, established 
before reviewing the data. Acceptable explanations to exclude 
PK data or to exclude a subject would be protocol violations 
like vomiting, diarrhea, analytical failure. The search for such 
explanations must apply to all subjects in all groups indepen-
dently of the size of the observed PK parameters or its outly-
ing position. Exclusion of data can never be accepted on the 
basis of statistical analysis or for PK reasons alone because it 
is impossible to distinguish between formulation effects and 
PK effects.

Exceptional reasons may justify post hoc data exclusion but 
this should be considered with utmost care. In such a case, the 
applicant must demonstrate that the condition stated to cause 
the deviation is present in the outlier(s) only and absence of 
this condition has been investigated using the same criteria for 
all other subjects.

Results of statistical analyses with and without the group 
of excluded subjects should be provided.

c.  if one siDe of The 90% ci of A Pk vAriAble 
for TesTinG be lies on 0.80 or 1.25, cAn We 
concluDe ThAT The ProDucTs Are bioequivAlenT?

For establishing BE, the 90% CI should lie within the accep-
tance interval (in most cases, 0.80–1.25), the borders being 

included. The conclusion that products are bioequivalent is 
based on the overall scientific assessment of the PK studies, 
not only on meeting the acceptance range.

D.  in Which cAses MAy A nonPArAMeTric 
sTATisTicAl MoDel be useD?

NfG states under 3.6.1, statistical analysis, “AUC and Cmax 
should be analysed using ANOVA after log transformation.” 
The reasons for this request are the following:

 a. The AUC and Cmax values as biological parameters 
are usually not normally distributed.

 b. A multiplicative model may be plausible.
 c. After log transformation, the distribution may allow 

a parametric analysis.

However, the true distribution in a PK data set usually cannot 
be characterized due to the small sample size, so it is not rec-
ommended to have the analysis strategy depend on a pretest 
for normality. Parametric testing using analysis of variance 
(ANOVA) on log-transformed data should be the rule. Results 
from nonparametric statistical methods or other statistical 
approaches are nevertheless welcome as sensitivity analyses. 
Such analyses can provide reassurance that conclusions from 
the experiment are robust against violations of the assump-
tions underlying the analysis strategy.

For Tmax, the use of nonparametric methods on the origi-
nal data set is recommended.

e.  When shoulD MeTAboliTe DATA 
be useD To esTAblish be?

According to the guideline, the only situations where metabo-
lite data can be used to establish BE are

• “If the concentration of the active substance is too 
low to be accurately measured in the biological 
matrix, thus giving rise to significant variability.” 
Comments. Metabolite data can only be used if the 
applicant presents convincing, state-of-the-art argu-
ments that measurements of the parent compound 
are unreliable. Even so, it is important to point out 
that Cmax of the metabolite is less sensitive to dif-
ferences in the rate of absorption than Cmax of the 
parent drug. Therefore, when the rate of absorption 
is considered of clinical importance, BE should, if 
possible, be determined for Cmax of the parent com-
pound, if necessary at a higher dose. Furthermore, 
when using metabolite data as a substitute for par-
ent drug concentrations, the applicant should present 
data supporting the view that the parent drug expo-
sure will be reflected by metabolite exposure.

• “If metabolites significantly contribute to the net 
activity of an active substance and the pharmacoki-
netic system is nonlinear.” Comments. To evaluate 
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the significance of the contribution of metabolites, 
relative AUCs and nonclinical or clinical PD activi-
ties should be compared with those of the parent 
drug. PK/PD modeling may be useful. If criteria 
for significant contribution to activity and PK non-
linearity are met, then “it is necessary to measure 
both parent drug and active metabolite plasma 
concentrations and evaluate them separately.” Any 
discrepancy between the results obtained with the 
parent compound and the metabolites should be dis-
cussed based on relative activities and AUCs. If the 
discrepancy lies in Cmax, the results of the parent 
compound should usually prevail. Pooling of the 
plasma concentrations or PK parameters of the par-
ent drug and its metabolite for calculation of BE is 
not acceptable.

f.  When usinG MeTAboliTe DATA To esTAblish 
be, MAy one use The sAMe jusTificATion for 
WiDeninG The cMAx AccePTAnce criTeriA As 
in The cAse of The PArenT coMPounD?

In principle, the same criteria apply as for the parent drug 
(see question on widening the acceptance range for Cmax). 
However, as stated earlier (see question regarding when 
metabolite data can be used), Cmax of the metabolite is less 
sensitive to differences in the rate of absorption than Cmax 
of the parent drug. Therefore, widening the Cmax acceptance 
range when using metabolites instead of the parent compound 
is generally not accepted. When the metabolite has a major 
contribution to, or is completely responsible for, the therapeu-
tic effect, and if it can be demonstrated that a widened accep-
tance range would not lead to any safety or efficacy concerns, 
which will usually prove more difficult than for the parent 
compound (see question on widening the acceptance range for 
Cmax), then a widened acceptance range for Cmax of metab-
olite may be accepted.

G.  WhAT is A “hiGhly vAriAble DruG 
or DruG ProDucT”?

The standard approach to the analysis of a two-treatment, 
two-sequence, two-period crossover trial is an ANOVA for 
the log-transformed PK parameters, where the factors formu-
lation, period, sequence, and subject nested within sequence 
are used to explain overall variability in the observations. 
The residual coefficient of variation (CV) is a measure of the 
variability that is unexplained by the aforementioned factors. 
Amongst others, within-subject variability, formulation vari-
ability, analytical errors, and subject by formulation interac-
tion can contribute to this residual variance.

A drug product is called highly variable if its intra- 
individual (i.e., within-subject) variability is greater than 
30%. A high CV as estimated from the ANOVA model is thus 
an indicator for high within-subject variability. However, a 
replicate design is needed to assess within-subject variability.

When testing for BE of a product with a nonlinear PK, how 
should one select the strengths with the largest sensitivity to 
detect differences in the two products?

Section 5.4 of the guideline states “If a new application 
concerns several strengths of the active substance a bioequiv-
alence study investigating only one strength may be accept-
able” provided five conditions are fulfilled, among which, 
when PKs is not linear over the therapeutic dose range “the 
strengths where the sensitivity is largest to identify differ-
ences in the two products should be used.” Nonlinear PK, in 
this case, should reflect a nonlinear drug input rate as stated 
in the guideline.

Generally, it is the studied dose and not the studied for-
mulation strength that is of importance when considering BE 
for drugs with nonlinear PK characteristics. An exception is 
when BA is governed by the solubility of the active ingredi-
ent. Then BE studies should include the highest formulation 
strength.

When studies are warranted at the high dose range, they 
should be performed at the highest commonly recommended 
dose. If this dose cannot be administered to volunteers, the 
study may need to be performed in patients. If the study is 
conducted at the highest acceptable dose in volunteers, the 
applicant should justify this and discuss how BE determined 
at this dose can be extrapolated to the highest commonly rec-
ommended dose.

When proof of linear absorption or elimination kinetics 
is lacking, or if evidence of nonlinearity is available, BE 
between test and reference formulations should be estab-
lished with both the lowest and the highest doses unless 
adequately justified by the applicant. This approach is 
the most sensitive for detecting differences in rate and 
extent of absorption for substances with dose-dependent 
PKs. On the other hand, if only one dose is chosen in the 
BE studies, which dose to choose depends on the cause of 
nonlinearity. For instance, single-strength studies may be 
conducted

• On the highest dose for drugs with a demonstrated 
greater than proportional increase in AUC or Cmax 
with increasing dose during single- or multiple-dose 
studies. In this case, an additional steady-state study 
may be needed if the drug accumulates (steady-state 
concentrations are higher than those reached after 
single-dose administration).

• On the lowest dose (or a dose in the linear range) 
for drugs with a demonstrated less than proportional 
increase in AUC or Cmax with increasing dose, for 
example, if this phenomenon is due to saturable 
absorption.

When BA of a substance with nonlinear PK is governed by the 
solubility of the active substance, resulting in a less than pro-
portional increase in AUC with increasing dose, BE should be 
established with both the lowest and the highest dose (which 
may exceed the recommended initial dose) and should include 
the highest formulation strength.
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It is worth mentioning that in case of linear kinetics but 
low or critical solubility, there is a similar need to test the 
highest strength and dose.

h.  WhAT Are The conDiTions for usinG 
urinAry Pk DATA for be AssessMenT?

Section 3.3 of the guideline states “The use of urinary excre-
tion data may be advantageous in determining the extent 
of drug input in case of products predominantly excreted 
renally, but has to be justified when used to estimate the rate 
of absorption.”

The extent of drug input may be determined by the use 
of urinary excretion data provided elimination is dose-linear 
and is predominantly renal as an intact drug. However, the 
use of urinary data has to be carefully justified when used to 
estimate the rate of absorption. If reliable plasma Cmax can 
be determined, this should be combined with urinary data on 
the extent of absorption for assessing BE.

i.  sTAnDArDizATion of be sTuDies WiTh 
reGArD To fooD inTAke. hoW sTricTly 
shoulD The GuiDeline be inTerPreTeD?

Section 3.2.2 of the guideline states “If the Summary of 
Product Characteristics (SPC) of the reference product con-
tains specific recommendations in relation to food intake 
related to food interaction the study should be designed 
accordingly.”

The recommendations concerning food intake in the SPC 
are not sufficient for regulatory decisions on the adequacy of 
BE studies. Preferably, the following conditions should be 
considered separately when the SPC recommends adminis-
tration of the substance together with food intake.

• If the recommendation of food intake in the SPC is 
based on PK properties such as higher BA, then a BE 
study under fed conditions is generally required

• If the recommendation of food intake is intended to 
decrease adverse events or improve tolerability, a BE 
study under fasting conditions is considered accept-
able although it would be advisable to perform the 
study under fed conditions

• If the SPC leaves a choice between fasting and fed 
conditions, then BE should preferably be tested 
under fasting conditions as this situation will be 
more sensitive to differences in PKs

The composition of the meal should be described and taken 
into account, since a light meal might sometimes be preferable 
to mimic clinical conditions, especially when the fed state is 
expected to be less sensitive to differences in PKs. However, 
for modified-release products, a high-fat meal is required.

For products with release characteristics differing from 
conventional immediate release (e.g., improved release, dis-
solution, or absorption), even if they cannot be classified as 

modified-release products with prolonged or delayed release, 
BE studies may be necessary in both the fasted and fed states.

j.  WorlDWiDe consiDerATions

Whereas there is a general consensus among the West 
European, North American, and Japanese regulatory authori-
ties on the BE requirements for marketing authorization of 
generic products, such is not the case in the rest of the world. 
For example, the varied nature of the requirement in South 
America perhaps typifies the heterogeneity in other continents. 
For example, an examination of the regulatory systems of the 
ten South American agencies showed that out of the 96 active 
ingredients, only four active ingredients commonly require 
BE studies in all ten countries: valproic acid, carbamazepine, 
cyclosporine, and phenytoin. All of them are considered high 
health risks. The countries with the least number of active 
ingredients with BE study requirements are Colombia (only 
five) followed by Costa Rica (only seven) and the countries 
with the highest number of requirements remain the United 
States and Canada. Chile is in the process of establishing the 
requirement for all active ingredients that require BE studies. 
Whereas the WHO has established certain guidelines, these 
are not widely followed in much of the Third World countries 
and BE studies remain haphazardly managed. Following are 
some of the common occurrences in the marketing approvals 
of generic products in the Third World countries:

• Nonvalidated test methods
• Statistically incorrect experimental designs
• Lack of authenticity of study
• Lack of assurance that the study is conducted on the 

manufactured batches; the MNCs routinely submit-
ting studies from their filings in the West in support 
of products to be manufactured locally

VIII.  POSTAPPROVAL CHANGES

Information on the types of in vitro dissolution and in vivo BE 
studies that should be conducted for immediate-release and 
modified-release drug products approved as NDAs or aNDAs 
in the presence of specified postapproval changes is provided 
in the FDA guidance for industry titled SUPAC-IR: Immediate 
Release Solid Oral Dosage Forms: Scale-Up and Post-
Approval Changes: Chemistry, Manufacturing, and Controls, 
In Vitro Dissolution Testing, and In Vivo Bioequivalence 
Documentation (November 1995) and SUPAC-MR: Modified 
Release Solid Oral Dosage Forms: Scale-Up and Post-
Approval Changes: Chemistry, Manufacturing, and Controls, 
In Vitro Dissolution Testing, and In Vivo Bioequivalence 
Documentation (September 1997). In the presence of certain 
major changes in components, composition, or methods of 
manufacture after approval, in vivo BE should be redemon-
strated. For approved NDAs, the drug product after the change 
should be compared with the drug product before the change. 
For approved aNDAs, the drug product after the change 
should be compared with the RLD. Under section 506A(c)(2)
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(B) of the Federal Food, Drug, and Cosmetic Act (the Act) [21 
USC 356a(c)(2)(B)], postapproval changes requiring comple-
tion of studies in accordance with Part 320 must be submitted 
in a supplement and approved by FDA before distributing a 
drug product made with the change.

A.  nDAs: bA AnD be sTuDies

An NDA can be submitted for a previously unapproved new 
molecular entity or for a new salt, new ester, prodrug, or other 
noncovalent derivative of a previously approved new molecu-
lar entity, formulated as a modified-release drug product. The 
first modified-release drug product for a previously approved 
immediate-release drug product should be submitted as an 
NDA. Subsequent modified-release products that are phar-
maceutically equivalent and bioequivalent to the listed drug 
product should be submitted as aNDAs. BA requirements for 
the NDA of an extended-release product are listed in 21 CFR 
320.25(f). The purpose of an in vivo BA study for which a 
controlled-release claim is made is to determine if all the fol-
lowing conditions are met:

• The drug product meets the controlled-release 
claims made for it.

• The BA profile established for the drug product rules 
out the occurrence of any dose dumping.

• The drug product’s steady-state performance is 
equivalent to a currently marketed noncontrolled-
release or controlled-release drug product that con-
tains the same active drug ingredient or therapeutic 
moiety and is subject to an approved full NDA.

• The drug product’s formulation provides consistent 
PK performance between individual dosage units.

As noted in 21 CFR 320.25(f)(2), “the reference material(s) 
for such a bioavailability study shall be chosen to permit an 
appropriate scientific evaluation of the controlled-release 
claims made for the drug product,” such as the following:

• Solution or suspension of the active drug ingredient 
or therapeutic moiety

• Currently marketed noncontrolled-release drug 
product containing the same active drug ingredient 
or therapeutic moiety and administered according to 
the dosage recommendations in the labeling

• Currently marketed controlled-release drug prod-
uct subject to an approved full NDA containing the 
same active drug ingredient or therapeutic moiety 
and administered according to the dosage recom-
mendations in the labeling

• This guidance recommends that the following BA 
studies be conducted for an extended-release drug 
product submitted as an NDA:

• Single-dose fasting study on all strengths of tablets 
and capsules and highest strength of beaded capsules

• Single-dose food-effect study on the highest strength
• Steady-state study on the highest strength

BE studies are recommended when substantial changes in the 
components or composition or method of manufacture for an 
extended-release drug product occur between the to-be-mar-
keted NDA dosage form and the clinical trial material.

b.  WAivers of in vivo be sTuDies 
(bioWAivers): nDAs AnD AnDAs

1  Beaded capsules-lower strength
For modified-release beaded capsules, where the strength dif-
fers only in the number of beads containing the active moiety, 
a single-dose fasting BE study should be carried out only on 
the highest strength, with waiver of in vivo studies for lower 
strengths based on dissolution profiles. A dissolution profile 
should be generated for each strength using the recommended 
dissolution method. The f2 test should be used to compare pro-
files from the different strengths of the product. An f2 value 
of 50 can be used to confirm that further in vivo studies are 
not needed.

2  Tablets-lower strength
For modified-release tablets, when the drug product is in the 
same dosage form but in a different strength, is proportionally 
similar in its active and inactive ingredients, and has the same 
drug release mechanism, an in vivo BE determination of one 
or more lower strengths can be waived based on dissolution 
profile comparisons, with an in vivo study only on the highest 
strength. The drug products should exhibit similar dissolution 
profiles between the highest strength and the lower strengths, 
based on the f2 test in at least three dissolution media (e.g., pH 
1.2, 4.5, and 6.8). The dissolution profile should be generated 
on the test and reference products of all strengths.

c.  risk-bAseD be

The guidance defines narrow therapeutic range drug products 
as those containing certain drug substances that are subject to 
therapeutic drug concentration or pharmacodynamic moni-
toring, and where product labeling indicates a narrow thera-
peutic range designation. Examples include digoxin, lithium, 
phenytoin, theophylline, and warfarin. Because not all drugs 
subject to therapeutic drug concentration or PD monitoring 
are narrow therapeutic range drugs, sponsors and applicants 
should contact the appropriate review division at CDER to 
determine whether a drug should or should not be considered 
to have a narrow therapeutic range.

The guidance recommends that sponsors consider addi-
tional testing and controls to ensure the quality of drug prod-
ucts containing narrow therapeutic range drugs. The approach 
is designed to provide increased assurance of interchangeabil-
ity for drug products containing specified narrow therapeu-
tic range drugs. It is not designed to influence the practice of 
medicine or pharmacy.

Unless otherwise indicated by a specific guidance, this 
guidance recommends that the traditional BE limit of 80% 
to 125% for non-narrow therapeutic range drugs remain 
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unchanged for the BA measures (AUC and Cmax) of narrow 
therapeutic range drugs.

The selection of active ingredients for which BE stud-
ies should be required is a public health decision and as such 
should take into account the benefit/risk ratio of the same. This 
situation leads to the health risk concept, that is, which active 
ingredients require rigorous handling to prevent public health 
problems. One way of doing this is to take into account which 
active ingredients, because of their pharmacological charac-
teristics, should be controlled through blood determinations.

As operational definition, the health risk concept should be 
established in the context of the problems of BE. For this pur-
pose it would be reasonable to establish what are the health 
consequences when the drug is outside (under or above) the 
therapeutic window (the margin determined by the nontoxic 
maximum concentration and the effective minimum concen-
tration). Thus, in relating the therapeutic window (the margin 
whose limits are the nontoxic maximum and effective mini-
mum concentrations) and adverse effects of the drugs, three 
risk levels can be established, as described below.

High health risk: This is the probability of the appearance 
of threatening complications of the disease for the life 
or the psychophysical integrity of the person and/or 
serious adverse reactions (death, patient hospitalization, 
extension of the hospitalization, significant or persistent 
disability, disability or threat of death), when the blood 
concentration of the active ingredient is not within the 
therapeutic window. For purposes of the selection, this 
risk level was assigned a score of 3 (three).

Intermediate health risk: This is the probability of the 
appearance of nonthreatening complications of the 
disease for the life or the psychophysical integrity of 
the person and/or adverse reactions, not necessarily 
serious, when the blood concentration of the active 
ingredient is not found within the therapeutic win-
dow. For purposes of the selection, this risk level was 
assigned a score of 2 (two).

Low health risk: This is the probability of the appear-
ance of a minor complication of the disease and/or 
mild adverse reactions, when the blood concentra-
tion of the active ingredient is not within the thera-
peutic window. For purposes of the selection, this 
risk level was assigned a score of 1 (one).

While there are other factors to be considered such as the 
physicochemical and PK parameters, from the standpoint of 
public health, the most important element to take into account 
is the health risk. Table 4 lists the active ingredients classified 
in accordance with their health risk and the established scores.

D.  TyPicAl exAMPles of coMPlex be

1  Digoxin
Digoxin in tablet form is not listed in the Orange Book, since 
this is a “grandfathered” dosage form of digoxin. Since the 
tablet formulation of digoxin was established in clinical use 

TABLE 4
Classification of Active Ingredients According to Their 
Health Risk

Active Ingredient Health Risk

Acetazolamide 1

Allopurinol 1

Calcium folinate 1

Captopril 1

Clomifene 1

Cloxacillin 1

Dexamethasone 1

Diazepam 1

Folic acid + ferrous sulfate 1

Ibuprofen 1

Isosorbide dinitrate 1

Levamisole 1

Mebendazole 1

Mefloquine 1

Nalidixic acid 1

Niclosamide 1

Nifedipine 1

Nystatin 1

Phenoxymethylpenicillin 1

Phytomenadione 1

Pyranatel 1

Praziquantel 1

Pyrazinamide 1

Sulfasalazine 1

Amiloride 2

Amitriptyline 2

Amoxicillin 2

Atenolol 2

Azathioprine 2

Biperiden 2

Chloramphenicol 2

Cimetidine 2

Ciprofloxacin 2

Clofazimine 2

Clomipramine 2

Chlorpromazine 2

Co-trimoxazole 2

Cyclophosphamide 2

Dapsone 2

Diethylcarbamazine 2

Doxycycline 2

Erythromycin 2

Ethinylestradiol 2

Etoposide 2

Flucytosine 2

Fludrocortisone 2

Furosemide 2

Haloperidol 2

Hydrochlorothiazide 2

Indometacin 2

Isoniazid 2

(Continued )
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before the passage of the Federal Food, Drug, and Cosmetic 
Act of 1938, generic versions of digoxin tablets may be mar-
keted without an approved aNDA. Data showing BE of generic 
digoxin tablet products to the innovator product Lanoxin are 
generally not available or forthcoming, so that comparable 
rate and extent of absorption between generic products and 
Lanoxin brand tablets, or between different generic prod-
ucts, is not ensured. Seventeen generic digoxin tablets (0.25 

mg) have been listed as currently marketed, though some of 
these may be marketed by suppliers or distributors of another 
manufacturer’s product. Without PK data to verify the BE of 
these products to Lanoxin, the clinical responses (both thera-
peutic and toxic) from these generic products compared with 
Lanoxin are unpredictable. This inability to guarantee thera-
peutic equivalence to a reference product opposes the entire 
premise of generic substitution: the practitioner should expect 
the same responses (no more, no less) from a therapeutically 
equivalent generic product. Consequently, generic substitu-
tion is not advised. Use of a generic digoxin product as ini-
tial therapy may result in lower or higher than expected BA, 
requiring additional monitoring and dosage adjustment, and 
ultimately increasing costs of therapy far above the cost sav-
ings from a less expensive generic product.

2  Levothyroxine
Levothyroxine sodium tablets are also currently not listed 
in the Orange Book. In the words of FDA, levothyroxine 
sodium was first introduced into the market before 1962 
without an approved NDA, apparently in the belief that it 
was not a new drug. The lack of BE data of generic prepara-
tions to the two major brand name products Synthroid and 
Levothroid has been noted, along with the adoption in 1984 
of the U.S. Pharmacopoeia guidelines for potency of levothy-
roxine sodium tablets. However, between 1987 and 1994, a 
total of 58 adverse drug experience reports with levothyroxine 
sodium tablets were received by FDA, with 47 of the inci-
dences apparently related to subpotency and nine incidences 
related to superpotency. These adverse events were caused 
not only by switching product brands, but also by inconsis-
tencies in BA between different lots from the same source. 
BE issues regarding levothyroxine sodium tablets were high-
lighted when the results of a BE study comparing the inno-
vator product Synthroid with several generic brands finally 
appeared in the literature. The study sponsor (the marketer of 
Synthroid) attempted to prevent publication of these results, 
which claimed BE of Synthroid to three other levothyroxine 
sodium products. After publication of these study results, 
advertisements appeared in journals and trade magazines 
advocating the substitution of other brand name levothyrox-
ine sodium products (e.g., Levothroid, Levoxyl) for Synthroid. 
In addition, statements were made such as “Feel comfort-
able using Levothroid, Levoxyl, or Synthroid in hypothyroid 
patients. These three are bioequivalent … even though they’re 
not AB-rated.”

Several points should be considered before routinely 
switching marketed brands of levothyroxine sodium tablets 
(at least 24 products for the 0.1 mg tablet are listed). First, 
although the conclusions stated in the peer-reviewed BE study 
cited appear to be generally accepted, the results of this study 
were not subjected to the scrutiny of the FDA review process. 
In view of significant stability and potency problems, FDA 
has issued a Federal Register notice stating that (1) orally 
administered levothyroxine sodium products are now consid-
ered new drugs and (2) manufacturers who intend to continue 
marketing these products must submit an NDA within 3 years 

TABLE 4 (CONTINUED)
Classification of Active Ingredients According to Their 
Health Risk

Active Ingredient Health Risk

Ketoconazole 2

Levodopa + inhib. DDC 2

Levonorgestrel 2

Levotiroxina 2

6-Mercaptopurine 2

Methotrexate 2

Methyldopa 2

Metoclopramide 2

Metronidazole 2

Nitrofurantoin 2

Norethindrone 2

Oxamniquine 2

Paracetamol 2

Penicillamine 2

Piperazine 2

Pyridostigmine 2

Procarbazine 2

Promethazine 2

Propranolol 2

Propylthiouracil 2

Pyrimethamine 2

Quinine 2

Rifampicin 2

Salbutamol, sulfate 2

Spironolactone 2

Tamoxifen 2

Tetracycline 2

Carbamazepine 3

Cyclosporine 3

Digoxin 3

Ethambutol 3

Ethosuximide 3

Griseofulvin 3

Lithium carbonate 3

Oxcarbazepine 3

Phenytoin 3

Procainamide 3

Quinidine 3

Theophylline 3

Tolbutamide 3

Valproic acid 3

Verapamil 3

Warfarin 3
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to obtain approval. Recently, FDA extended this deadline for 
an additional year. Second, the impression that all levothyrox-
ine sodium tablet formulations are likely to be bioequivalent 
is not currently supported with FDA-substantiated BE data; 
routine substitution of these products for refills of existing 
prescriptions is not advisable until FDA review is complete. 
Third, practitioners must always comply with the substitution 
laws in their individual states. If a statute mandates substitu-
tion of a therapeutically equivalent or bioequivalent product, 
reliance upon data reported in the scientific literature may not 
always guarantee these requirements will be satisfied.

3  Warfarin sodium
Three approved generic versions of warfarin sodium tablets 
(seven strengths) are currently listed in the Orange Book. 
Before approval of these generic warfarin sodium products, 
several states either enacted or were considering legislation to 
require pharmacists to obtain prescriber and patient approval 
for generic substitution of drugs with a narrow therapeutic 
index (NTI). In response, FDA issued a position statement. 
FDA’s position is clear with regard to the issue of tightening 
CIs and changing study designs for BE determinations of 
NTI drugs. The present requirements to prove BE, at least 
in the United States and Canada, are already so difficult and 
constrained that there is no possibility, even for NTI drugs, 
that dosage forms meeting the criteria could lead to thera-
peutic problems. Drugs approved through the NDA process 
with NTIs, by definition, must have low intrasubject vari-
ability. Otherwise, patients would have cycles of toxicity and 
lack of efficacy, and therapeutic drug monitoring would be 
useless. The low intrasubject variability associated with NTI 
drugs ensures that patient response to a specific drug should 
be consistent, and the statistical criteria required by FDA for 
BE appear more than adequate for confidence in generic sub-
stitution. This is especially true in light of the notable absence 
of data that prove otherwise. For the most part, the arguments 
against generic substitution of NTI drugs appear to be based 
on economic considerations. Commentaries debating the suit-
ability of generic warfarin products have focused on the results 
from reports of clinical studies with generic warfarin and the 
content uniformity requirements for warfarin sodium tablets. 
As indicated in a letter addressing these issues, no convincing 
and substantiated scientific data have been published show-
ing bioinequivalence of generic warfarin products or prod-
uct failure of these products in clinical studies. Recently, an 
evidence-based medicine approach was used to compare the 
results reported with Coumadin and a generic warfarin prod-
uct in clinical studies. No significant differences were found 
in the international normalized ratio (INR), number of dosage 
changes to adjust INR in range, or number of hospitalizations 
or incidences of bleeding between the reference and generic 
warfarin products. Physicians may sometimes encounter dif-
ficulties in maintaining stabilized INR in patients anticoagu-
lated with warfarin, because multiple drug interactions and 
patient variables affect warfarin levels and create difficulty 
in achieving consistently therapeutic INR values. However, 
factors such as diet, concurrent illnesses, interacting drugs, 

and noncompliance are intersubject variables that are unre-
lated to the BE issue. For crossover studies using log-trans-
formed data, it is largely the within-subject distribution of 
values (intrasubject variability) that determines the validity 
and efficiency of the standard parametric methods of analysis. 
For NTI drugs such as warfarin, intrasubject variability, by 
definition, is low and the available clinical data indicate that 
lack of BE does not appear to be the explanation for problems 
experienced during warfarin therapy. Another article intro-
duces the concept of “switchability,” that is, the substitution of 
one approved generic product for another generic product. BE 
studies submitted to FDA through an aNDA are conducted by 
comparing data from the proposed generic product and a ref-
erence product. The reference product is selected by FDA and 
is typically the innovator or pioneer product that was origi-
nally introduced into the market. Suppose approved generic 
product A differed from the reference product in at least one 
parameter (e.g., mean AUC values) by +4%, and that approved 
generic product B differed from the reference product by –4%. 
The net difference of generic products A and B would then be 
8%; could this magnitude of difference result in bioinequiva-
lence and lack of equivalent therapeutic response for an NTI 
drug? No data were presented from any clinical studies that 
could support the contention that switchability for NTI drugs 
is problematic. Rather, phrases such as “… with NTI drugs, 
small variations in bioavailability can potentially pose prob-
lems” and conceptual arguments are used to suggest the need 
for special BE criteria to be applied to NTI drugs. Reference 
is made to the FDA’s draft guidance for population and indi-
vidual BE studies, which propose the use of reference scal-
ing (essentially, modifying the BE criteria to account for the 
variability of the reference product) for NTI drugs, regardless 
of the intrasubject variability of the reference product. Since 
NTI drugs have low intrasubject variability as discussed, this 
approach would likely result in narrower CI requirements. 
Finally, a recent report further confirms the BE of generic 
warfarin to the innovator product. More than 100 subjects 
anticoagulated with Coumadin were switched to a generic 
warfarin product for 8 weeks in a nonrandomized compara-
tive clinical observational study. The overall conclusion was 
that the variability in INR in patients receiving generic warfa-
rin was not statistically significant from that seen in the con-
trol group receiving Coumadin. These investigators identified 
associated factors not related to the product change in subjects 
whose INR varied by >1.0 from baseline. This further empha-
sizes the critical role of interpatient factors (physical activity, 
dietary vitamin K, noncompliance, drug interactions, conges-
tive heart failure, diarrhea, alcohol consumption) affecting 
the anticoagulant response with warfarin.

4  Albuterol metered-dose inhalers
Four approved generic versions of albuterol metered-dose 
inhalers are currently listed in the Orange Book as thera-
peutically equivalent (AB-rated) to the reference product 
Ventolin. The Proventil product is rated BN, or not therapeu-
tically equivalent to Ventolin or the four generic products. 
For products administered by metered-dose inhalation and 
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intended for local therapeutic effects, the typical PK methods 
for evaluating BE cannot be used. Rather, an approach based 
on acute PD response (forced expiratory volume in 1 second, 
FEV1) was proposed, with asthmatic patients as subjects. The 
statistical criteria and appropriate CIs for BE determination 
are not as rigidly defined for PD methods as for PK meth-
ods. Consequently, variability in patient response may be of 
slightly greater concern, since albuterol metered-dose inhal-
ers are used as “rescue inhalers” for nocturnal asthma attacks 
(even though they are not considered NTI drugs). However, 
FDA is satisfied that these products will produce equivalent 
therapeutic responses.

e.  GenerAl Pk sTuDy DesiGn AnD DATA hAnDlinG

For replicate and nonreplicate in vivo PK BE studies, the fol-
lowing general approaches are recommended, recognizing 
that the elements may be adjusted for certain drug substances 
and drug products.

1  Study conduct
• The test or reference products should be adminis-

tered with approximately 8 oz (240 mL) of water 
to an appropriate number of subjects under fasting 
conditions, unless the study is a food-effect BA and 
BE study.

• Generally, the highest marketed strength should be 
administered as a single unit. If warranted for ana-
lytical reasons, multiple units of the highest strength 
can be administered, providing the total single dose 
remains within the labeled dose range.

• An adequate washout period (e.g., more than five 
half-lives of the moieties to be measured) should 
separate each treatment.

• The lot numbers of both test and reference-listed prod-
ucts and the expiration date for the reference product 
should be stated. The drug content of the test prod-
uct should not differ from that of the reference-listed 
product by more than 5%. The sponsor should include 
a statement of the composition of the test product and, 
if possible, a side-by-side comparison of the composi-
tions of test and reference-listed products. In accor-
dance with 21 CFR 320.38, samples of the test and 
reference-listed product must be retained for 5 years

• Before and during each study phase, subjects should 
be allowed water, as desired, except for 1 hour before 
and after drug administration; be provided standard 
meals no less than 4 hours after drug administration; 
and abstain from alcohol for 24 hours before each 
study period and until after the last sample from 
each period is collected

2  Sample collection and sampling times
• Under normal circumstances, blood, rather than 

urine or tissue, should be used. In most cases, drug 
or metabolites are measured in serum or plasma. 
However, in certain cases, whole blood may be more 

appropriate for analysis. Blood samples should be 
drawn at appropriate times to describe the absorp-
tion, distribution, and elimination phases of the drug. 
For most drugs, 12 to 18 samples, including a pre-
dose sample, should be collected per subject per dose. 
This sampling should continue for at least three or 
more terminal half-lives of the drug. The exact tim-
ing for sample collection depends on the nature of 
the drug and the input from the administered dosage 
form. The sample collection should be spaced in such 
a way that the maximum concentration of the drug in 
the blood (Cmax) and terminal elimination rate con-
stant (lz) can be estimated accurately. At least three to 
four samples should be obtained during the terminal 
log-linear phase to obtain an accurate estimate of lz 
from linear regression. The actual clock time when 
samples are drawn as well as the elapsed time related 
to drug administration should be recorded

3  Subjects with predose plasma concentrations
• If the predose concentration is less than or equal to 

5% of the Cmax value in that subject, the subject’s 
data, without any adjustments, can be included in all 
PK measurements and calculations. If the predose 
value is greater than 5% of Cmax, the subject should 
be dropped from all BE study evaluations.

4  Data deletion due to vomiting
• Data from subjects who experience emesis during the 

course of a BE study for immediate-release products 
should be deleted from statistical analysis if vomit-
ing occurs at or before two times median Tmax. In 
the case of modified-release products, the data from 
subjects who experience emesis any time during the 
labeled dosing interval should be deleted.

5  PK information recommended for submission
• Plasma concentrations and time points
• Subject, period, sequence, treatment
• AUC0-t, AUC0-°, Cmax, Tmax, kz, and t1/2

• Intersubject, intrasubject, and total variability, if 
available

• Concentration at the end of a dosing interval (Cmin), 
average concentration during a dosing interval 
(Cav), degree of fluctuation [(Cmax − Cmin)/Cav], and 
swing [(Cmax − Cmin)/Cmin], if steady-state studies are 
employed

• Partial AUC, if justified

6  BE demonstration measures
• Logarithmic transformation should be provided for 

measures used for BE demonstration.

7  CI values
• CI values should not be rounded off; therefore, to 

pass a CI limit of 80 to 125; the value should be at 
least 80 and not more than 125
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8  Statistical information for AUC0-T, AUC0-°, and Cmax
• Geometric mean
• Arithmetic mean
• Ratio of means
• CIs

f.  MeAsureMenT inDices

Whenever comparison of the test product and the reference 
material is to be based on blood concentration-time curves 
or cumulative urinary excretion-time curves at steady state, 
appropriate dosage administration and sampling should be 
carried out to document attainment of steady state. A more 
complete characterization of the blood concentration or uri-
nary excretion rate during the absorption and elimination 
phases of a single dose administered at steady state is encour-
aged to permit estimation of the total area under concentra-
tion-time curves or cumulative urinary excretion-time curves 
and to obtain PK information, for example, half-life or blood 
clearance, that is essential in preparing adequate labeling for 
the drug product.

When comparison of the test product and the reference 
material is to be based on acute pharmacological effect-time 
curves, measurements of this effect should be made with suf-
ficient frequency to demonstrate a maximum effect and a lack 
of significant difference between the test product and the ref-
erence material.

G.  Dose selecTion

Dose selection will depend upon the label claims, consider-
ation of assay sensitivity, and relevance to the practical use 
conditions of the reference product. A blood level BE study 
should generally be conducted at the highest dose approved 
for the pioneer product.

However, FDA will consider a BE study conducted at a 
higher than approved dose in certain cases. Such a study may 
be appropriate when a multiple of the highest approved dose 
achieves measurable blood levels, but the highest approved 
dose does not. In general, the study would be limited to two to 
three times the highest dose approved for the pioneer product. 
The pioneer product should have an adequate margin of safety 
at the higher than approved dose level. The generic sponsor 
should also confirm (e.g., through literature) that the drug fol-
lows linear kinetics. A higher than approved dose BE study in 
food animal species would be accompanied by a tissue resi-
due withdrawal study conducted at the highest approved dose 
for the pioneer product.

For products labeled for multiple claims involving differ-
ent pharmacological actions at a broad dose range (e.g., thera-
peutic and production claims), a single BE study at the highest 
approved dose will usually be adequate. However, multiple 
BE studies at different doses may be needed if the drug is 
known to follow nonlinear kinetics. The sponsor should con-
sult with FDA to discuss the BE study or studies appropriate 
to a particular drug.

h.  MulTiPle sTrenGThs of soliD orAl DosAGe forMs

The generic sponsor should discuss with FDA the appro-
priate in vivo BE testing and in vitro dissolution testing to 
obtain approval for multiple strengths (or concentrations) of 
solid oral dosage forms. FDA will consider the ratio of active 
to inactive ingredients and the in vitro dissolution profiles 
of the different strengths, the water solubility of the drug, 
and the range of strengths for which approval is sought. One 
in vivo BE study with the highest strength product may suf-
fice if the multiple strength products have the same ratio of 
active to inactive ingredients and are otherwise identical in 
formulation. In vitro dissolution testing should be conducted 
using an FDA approved method, to compare each strength 
of the generic product to the corresponding strength of the 
reference product.

i.  MAnufAcTurinG of PiloT bATch (“biobATch”)

A pilot batch or “biobatch” should be the source of the fin-
ished drug product used in the pivotal studies (i.e., BE stud-
ies and tissue residue studies), stability studies, and the 
validation studies for the proposed analytical and stability-
indicating methods. Batch testing Individual batch testing is 
necessary to ensure that all batches of the same drug prod-
uct meet an appropriate in vitro test. The Commissioner will 
ordinarily terminate a requirement for a manufacturer to sub-
mit samples for batch testing on a finding that the manufac-
turer has produced four consecutive batches that were tested 
by the FDA and found to meet the BE requirement, unless 
the public health requires that batch testing be extended to 
additional batches.

If a BE requirement specifies a currently available in vitro 
test or an in vitro BE standard comparing the drug product to 
a reference standard, the manufacturer shall conduct the test 
on a sample of each batch of the drug product to ensure batch-
to-batch uniformity.

j.  DosinG by lAbeleD concenTrATion

The potency of the pioneer and generic products should be 
assayed prior to conducting the BE study to ensure that FDA 
or compendial specifications are met. The center recommends 
that the potency of the pioneer and generic lots should differ 
by no more than ±5% for dosage form products.

The animals should be dosed according to the labeled con-
centration or strength of the product rather than the assayed 
potency of the individual batch (i.e., the dose should not be 
corrected for the assayed potency of the product). The BE data 
or derived parameters should not be normalized to account 
for any potency differences between the pioneer and generic 
product lots.

k.  sinGle Dose vs. MulTiPle Dose sTuDies

A single dose study at the highest approved dose will gener-
ally be adequate for the demonstration of BE. A single dose 
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study at a higher than approved dose may be appropriate for 
certain drugs.

A multiple-dose study may be appropriate when there 
are concerns regarding poorly predictable drug accumula-
tion, (e.g., a drug with nonlinear kinetics) or a drug with a 
narrow therapeutic window. A multiple-dose study may also 
be needed when assay sensitivity is inadequate to permit 
drug quantification out to three terminal elimination half-
lives beyond the time when maximum blood concentrations 
(Cmax) are achieved, or in cases where prolonged or delayed 
absorption exist. The determination of prolonged or delayed 
absorption (i.e., flip-flop kinetics) may be made from pilot 
data, from the literature, or from information contained with 
FOI summaries pertaining to the particular drug or family 
of drugs.

l.  GuiDelines on The DesiGn of A sinGle-Dose sTuDy

A BE study should be a single-dose comparison of the drug 
product to be tested and the appropriate reference material 
conducted in normal adults. The test product and the refer-
ence material should be administered to subjects in the fast-
ing state, unless some other approach is more appropriate 
for valid scientific reasons. A single-dose study should be 
crossover in design, unless a parallel design or other design 
is more appropriate for valid scientific reasons, and should 
provide for a drug elimination period. Unless some other 
approach is appropriate for valid scientific reasons, the drug 
elimination period should be either at least three times the 
halflife of the active drug ingredient or therapeutic moiety, 
or its metabolite(s), measured in the blood or urine or at 
least three times the half-life of decay of the acute pharma-
cological effect.

When comparison of the test product and the reference 
material is to be based on blood concentration-time curves, 
unless some other approach is more appropriate for valid 
scientific reasons, blood samples should be taken with suf-
ficient frequency to permit an estimate of both the peak 
concentration in the blood of the active drug ingredient or 
therapeutic moiety, or its metabolite(s), measured; and the 
total AUC for a time period at least three times the half-life 
of the active drug ingredient or therapeutic moiety, or its 
metabolite(s), measured.

In a study comparing oral dosage forms, the sampling 
times should be identical. In a study comparing an intrave-
nous dosage form and an oral dosage form, the sampling 
times should be those needed to describe both the distribution 
and elimination phase of the intravenous dosage form; and 
the absorption and elimination phase of the oral dosage form.

In a study comparing drug delivery systems other than 
oral or intravenous dosage forms with an appropriate refer-
ence standard, the sampling times should be based on valid 
scientific reasons.

When comparison of the test product and the reference 
material is to be based on cumulative urinary excretion-
time curves, unless some other approach is more appropriate 
for valid scientific reasons, samples of the urine should be 

collected with sufficient frequency to permit an estimate of the 
rate and extent of urinary excretion of the active drug ingredi-
ent or therapeutic moiety, or its metabolite(s), measured.

When comparison of the test product and the reference 
material is to be based on acute pharmacological effect-time 
curves, measurements of this effect should be made with suf-
ficient frequency to permit a reasonable estimate of the total 
AUC for a time period at least three times the half-life of decay 
of the pharmacological effect, unless some other approach is 
more appropriate for valid scientific reasons.

The use of an acute pharmacological effect to deter-
mine BA may further require demonstration of dose-related 
response. In such a case, BA may be determined by compari-
son of the dose-response curves as well as the total area under 
the acute pharmacological effect-time curves for any given 
dose.

M.  GuiDelines for MulTiPle-Dose sTuDy

In selected circumstances, it may be necessary for the test 
product and the reference material to be compared after 
repeated administration to determine steady-state levels of 
the active drug ingredient or therapeutic moiety in the body. 
The test product and the reference material should be admin-
istered to subjects in the fasting or nonfasting state, depending 
upon the conditions reflected in the proposed labeling of the 
test product.

A multiple-dose study may be required to determine the 
BA of a drug product in the following circumstances that there 
is a difference in the rate of absorption but not in the extent of 
absorption., there is excessive variability in BA from subject 
to subject.; the concentration of the active drug ingredient or 
therapeutic moiety, or its metabolite(s), in the blood resulting 
from a single dose is too low for accurate determination by 
the analytical method; the drug product is an extended-release 
dosage form.

A multiple-dose study should be crossover in design, 
unless a parallel design or other design is more appropriate for 
valid scientific reasons, and should provide for a drug elimi-
nation period if steady-state conditions are not achieved. A 
multiple-dose study is not required to be of crossover design 
if the study is to establish dose proportionality under a multi-
ple-dose regimen or to establish the PK profile of a new drug 
product, a new drug delivery system, or an extended-release 
dosage form.

If a drug elimination period is required, unless some other 
approach is more appropriate for valid scientific reasons, the 
drug elimination period should be either at least five times the 
half-life of the active drug ingredient or therapeutic moiety, or 
its active metabolite(s), measured in the blood or urine; or at 
least five times the half-life of decay of the acute pharmaco-
logical effect.

Whenever a multiple-dose study is conducted, unless some 
other approach is more appropriate for valid scientific rea-
sons, sufficient doses of the test product and reference mate-
rial should be administered in accordance with the labeling to 
achieve steady-state conditions.
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n.  feD vs. fAsTeD sTATe

Feeding may either enhance or interfere with drug absorption, 
depending upon the characteristics of the drug and the formu-
lation. Feeding may also increase the inter- and intrasubject 
variability in the rate and extent of drug absorption. The ratio-
nale for conducting each BE study under fasting or fed condi-
tions should be provided in the protocol. Fasting conditions, if 
used, should be fully described, giving careful consideration 
to the PKs of the drug and the humane treatment of the test 
animals. The protocol should describe the diet and feeding 
regime, which will be used in the study.

If a pioneer product label indicates that the product is lim-
ited to administration either in the fed or fasted state, then the 
BE study should be conducted accordingly. If the BE study 
parameters pass the agreed-upon CIs, then the single study is 
acceptable as the basis for approval of the generic drug.

However, for certain product classifications or drug entities, 
such as enteric-coated and oral sustained-release products, dem-
onstration of BE in both the fasted and the fed states may be nec-
essary, if drug BA is highly variable under feeding conditions, 
as determined from the literature or from pilot data. A BE study 
conducted under fasted conditions may be necessary to pass the 
CIs. A second smaller study may be necessary to examine meal 
effects. FDA will evaluate the smaller study with respect to the 
means of the pivotal parameters (AUC, Cmax). The sponsors 
should consult with FDA prior to conducting the studies.

o.  PhArMAcoloGicAl enD-PoinT sTuDies

Where the direct measurement of the rate and extent of absorp-
tion of the new animal drug in biological fluids is inappropriate 
or impractical, the evaluation of a pharmacological end point 
related to the labeled indications for use will be acceptable.

Typically the design of a pharmacological end-point study 
should follow the same general considerations as the blood 
level studies. However, specifics such as the number of sub-
jects or sampling times will depend on the pharmacological 
end point monitored. The parameters to be measured will also 
depend upon the pharmacological end points and may differ 
from those used in blood level studies. As with blood level 
studies, when pharmacological end-point studies are used to 
demonstrate BE, a tissue residue study will also be required in 
food-producing animals.

For parameters which can be measured over time, a time 
versus effect profile is generated, and equivalence is deter-
mined with the method of statistical analysis essentially the 
same as for the blood level BE study.

For pharmacological effects for which effect versus time 
curves cannot be generated, then alternative procedures for 
statistical analysis should be discussed with FDA prior to con-
ducting the study.

P.  clinicAl enD-PoinT sTuDies

If measurement of the drug or its metabolites in blood, bio-
logical fluids, or tissues is inappropriate or impractical, and 

there are no appropriate pharmacological end points to moni-
tor (e.g., most production drugs and some coccidiostats and 
anthelmintics), then well-controlled clinical end-point studies 
are acceptable for the demonstration of BE.

Generally, a parallel group design with three treatment 
groups should be used. The groups should be a placebo (or nega-
tive) control, a positive control (reference/pioneer product), and 
the test (generic) product. The purpose of the placebo (or nega-
tive) control is to confirm the sensitivity or validity of the study. 
Dosage(s) approved for the pioneer product should be used in 
the study. Dosage(s) should be selected following consultation 
with FDA and should reflect consideration for experimental sen-
sitivity and relevance to the common use of the pioneer product.

Studies should generally be conducted using the target ani-
mal species, with consideration for the sex, class, body weight, 
age, health status, and feeding and husbandry conditions, as 
described on the pioneer product labeling. In general, the 
length of time that the study is conducted should be consistent 
with the duration of use on the pioneer product labeling.

In general, the response(s) to be measured in a clinical end-
point study should be based upon the labeling claims of the 
pioneer product and selected in consultation with the Center 
for Veterinary Medicine (CVM, FDA). It may not be neces-
sary to collect data on some overlapping claims (e.g., for a 
production drug which is added at the same amount per ton of 
feed for both growth rate and feed efficiency, data from only 
one of the two responses need be collected).

When considering sample size, it is important to note that 
the pen, not the individual animal, is often the experimental 
unit. As with blood level BE studies, FDA is advocating the 
use of 90% CIs as the best method for evaluating clinical end-
point studies. The bounds for confidence limits [e.g., ±20% 
of the improvement over placebo (or negative) control] for the 
particular drug should be agreed upon with FDA prior to ini-
tiation of the study.

The analysis should be used to compare the test product 
and the reference product. In addition, a traditional hypothesis 
test should be performed comparing both the test and refer-
ence products separately to the placebo (or negative) control. 
The hypothesis test is conducted to ensure that the study has 
adequate sensitivity to detect differences when they actually 
occur. If no significant improvement (a=.05) is seen in the 
parameter [i.e., the mean of the test and the mean of the refer-
ence products are each not significantly better than the mean 
of the placebo (or negative) control], generally, the study will 
be considered inadequate to evaluate BE.

Assuming that the test and reference products have been 
shown to be superior to the placebo (or negative) control, the 
determination of BE is based upon the CI of the difference 
between the two products.

Some clinical end-point studies may not include a placebo 
(or negative) control for ethical and/or practical consider-
ations. If the placebo is omitted, then the response(s) to the 
test and reference products should each provide a statistically 
significant improvement over baseline.

If the results are ordered categorical data (e.g., excellent, 
good, fair, or poor), a nonparametric hypothesis test of no 
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difference between test product and placebo (or negative) 
control and between the reference product and placebo (or 
negative) control should be performed. As above, if these tests 
result in significant differences between the test product and 
control and the reference product and control, then a nonpara-
metric CI on the difference between the test and reference 
products is calculated.

Another acceptable approach for categorical data is to cal-
culate the CI on the odds ratio between the test and reference 
products after showing that the test and reference products are 
significantly better than the control.

q.  AnAlyTicAl MeThoDs

The analytical method used in an in vivo BA or BE study 
to measure the concentration of the active drug ingredient or 
therapeutic moiety, or its active metabolite(s), in body fluids 
or excretory products, or the method used to measure an acute 
pharmacological effect shall be demonstrated to be accurate 
and of sufficient sensitivity to measure, with appropriate pre-
cision, the actual concentration of the active drug ingredient 
or therapeutic moiety, or its active metabolite(s), achieved in 
the body. When the analytical method is not sensitive enough 
to measure accurately the concentration of the active drug 
ingredient or therapeutic moiety, or its active metabolite(s), in 
body fluids or excretory products produced by a single dose 
of the test product, two or more single doses may be given 
together to produce higher concentration.

Assay consideration
A properly validated assay method is pivotal to the acceptabil-
ity of any PK study. Sponsors should discuss any questions or 
problems concerning the analytical methodology with CVM 
before undertaking the BE studies. The aNADA submission 
should contain adequate information necessary for the CVM 
reviewer to determine the validity of the analytical method 
used to quantitate the level of drug in the biological matrix 
(e.g., blood).

The following aspects should be addressed in assessing 
method performance.

Concentration range and linearity
The quantitative relationship between concentration and 
response should be adequately characterized over the entire 
range of expected sample concentrations. For linear rela-
tionships, a standard curve should be defined by at least five 
concentrations. If the concentration response function is non-
linear, additional points would be necessary to define the non-
linear portions of the curve. Extrapolation beyond a standard 
curve is not acceptable.

Limit of detection
The standard deviation of the background signal and limit of 
detection (LoD) should be determined. The LoD is estimated 
as the response value calculated by adding three times the 
standard deviation of the background response to the average 
background response.

Limit of quantitation
The initial determination of limit of quantitation (LoQ) 
should involve the addition of ten times the standard devia-
tion of the background response to the average background 
response. The second step in determining LoQ is assessing 
the precision (reproducibility) and accuracy (recovery) of the 
method at the LoQ. The LoQ will generally be the lowest con-
centration on the standard curve that can be quantified with 
acceptable accuracy and precision.

Specificity
The absence of matrix interferences should be demonstrated 
by the analysis of six independent sources of control matrix. 
The effect of environmental, physiological, or procedural 
variables on the matrix should be assessed. Each indepen-
dent control matrix will be used to produce a standard curve, 
which will be compared to a standard curve produced under 
chemically defined conditions. The comparison of curves 
should exhibit parallelism and superimposability within the 
limits of analytical variation established for the chemically 
defined standard curve.

Accuracy (recovery)
This parameter should be evaluated using at least three known 
concentrations of analyte freshly spiked in control matrix, 
one being at a point two standard deviations above the LoQ, 
one in the middle of the range of the standard curve (“mid-
range”) and one at a point two standard deviations below the 
upper quantitative limit of the standard curve. The accuracy 
of the method, based upon the mean value of six replicate 
injections, at each concentration level, should be within 80% 
to 120% of the nominal concentration at each level (high, 
midrange, and LoQ).

Precision
This parameter should be evaluated using at least three known 
concentrations of analyte freshly spiked in control matrix, 
at the same points used for determination of accuracy. The 
CV of six replicates should be ±10% for concentrations at or 
above 0.1 ppm (0.1 μg/mL). A CV of ±20% is acceptable for 
concentrations below 0.1 ppm.

Analyte stability
Stability of the analyte in the biological matrix under the 
conditions of the experiment (including any period for which 
samples are stored before analyses) should be established. It is 
recommended that the stability be determined with incurred 
analyte in the matrix of dosed animals in addition to, or 
instead of, control matrix spiked with pure analyte. Also, the 
influence of three freeze-thaw cycles at two concentrations 
should be determined.

Stability samples at three concentrations should be stored 
with the study samples and analyzed through the period of 
time in which study samples are analyzed. These analyses 
will establish whether or not analyte levels have decreased 
during the time of analysis.
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Analytical system stability
To ensure that the analytical system remains stable over the 
time course of the assay, the reproducibility of the standard 
curve should be monitored during the assay. A minimal 
design would be to run analytical standards at the beginning 
and at the end of the analytical run.

QC samples
The purpose of QC samples is to ensure that the complete 
analytical method, sample preparation, extraction, cleanup, 
and instrumental analysis perform according to acceptable 
criteria. The stability of the drug in the text matrix for the 
QC samples should be known and any tendency for the drug 
to bind to tissue or serum components over time should also 
be known.

Drug-free control matrix, for example, tissue, serum, that 
is freshly spiked with known quantities of test drug, should 
be analyzed contemporaneously with test samples, evenly dis-
persed throughout each analytical run. This can be met by the 
determination of accuracy and precision of each analytical run.

Replicate and repeat analyses
Single rather than replicate analyses are recommended, unless 
the reproducibility and/or accuracy of the method are border-
line. Criteria for repeat analyses should be determined prior to 
running the study and recorded in the method SOP.

Summary of samples to be run with each analysis
 a. Accuracy estimate
 b. Precision estimate
 c. Analytical system stability
 d. Analyte stability samples

r.  sAMPlinG TiMe consiDerATions

The total number of sampling times necessary to characterize 
the blood level profiles will depend upon the curvature of the 
profiles and the magnitude of variability associated with the 
BA data (including PK variability, assay error, and interprod-
uct differences in absorption kinetics).

The sampling times should adequately define peak 
concentration(s) and the extent of absorption. The sampling 
times should extend to at least three terminal elimination half-
lives beyond Tmax. The sponsor should consult with FDA 
prior to conducting the pivotal BE study if the assay is unable 
to quantify samples to three half-lives.

Maximum sampling time efficiency may be achieved by 
conducting a pilot investigation. The pilot study should iden-
tify the general shapes of the test and reference curves, the 
magnitude of the difference in product profiles, and the noise 
associated with each blood-sampling time (e.g., variability 
attributable to assay error and the variability between sub-
jects, for parallel study designs, or within subjects, for cross-
over study designs). This information should be applied to 
the determination of an optimum blood-sampling schedule. 
Depending upon these variability estimates, it may be more 
efficient to cluster several blood samples rather than to have 

samples which are periodically dispersed throughout the 
duration of blood sampling.

s.  ProTein binDinG

In general, product BE should be based upon total (free plus 
protein bound) concentrations of the parent drug (or metabo-
lite, when applicable). However, if nonlinear protein binding 
is known to occur within the therapeutic dosing range (as 
determined from literature or pilot data), then sponsors may 
need to submit data on both the free and total drug concentra-
tions for the generic and pioneer products.

Similarly, if the drug is known to enter blood erythrocytes, 
the protocol should address the issue of potential nonlinear-
ity in erythrocyte uptake of the drug administered within the 
labeled therapeutic dosing range.

The BE protocol or completed study report should provide 
any information available from the literature regarding eryth-
rocyte uptake and protein binding characteristics of the drug 
or drug class, including the magnitude of protein binding and 
the type of blood protein to which it binds.

T.  subjecT nuMber

Pilot studies are recommended as a means of estimating the 
appropriate sample size for the pivotal BE study. Estimated 
sample size will vary depending upon whether the data are 
analyzed on a log or linear scale. Useful references for sample 
size estimates include Hauschke et al., (1992).

u.  crossover AnD PArAllel DesiGn consiDerATions

A two-period crossover design is commonly used in blood 
level studies. The use of crossover designs eliminates a major 
source of study variability: between subject differences in the 
rates of drug absorption, drug clearance, and the volume of 
drug distribution.

In a typical two-period crossover design, subjects are ran-
domly assigned to either sequence A or sequence B with the 
restriction that equal numbers of subjects are initially assigned 
to each sequence. The design is as follows:

Sequence A Sequence B

Period 1 Test Reference

Period 2 Reference Test

A crucial assumption in the two-period crossover design is 
that of equal residual effects. Unequal residual effects may 
result, for example, from an inadequate washout period. 
Another assumption of the crossover (or extended period) 
design is that there is no subject by formulation interaction. 
In other words, the assumption is that all subjects are from 
a relatively homogeneous population and will exhibit simi-
lar relative BA of the test and reference products. If there are 
subpopulations of subjects, such that the relationship between 
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product BA is a function of the subpopulation within which 
they are being tested, then a subject by formulation interac-
tion is said to exist.

A one-period parallel design may be preferable in the fol-
lowing situations:

• The drug induces physiological changes in the ani-
mal (e.g., liver microsomal enzyme induction), which 
persist after total drug clearance and alter the BA of 
the product administered in the second period.

• The drug has a very long terminal elimination half-
life, creating a risk of residual drug present in the 
animal at the time of the second period dosing.

• The duration of the washout time for the two-period 
crossover study is so long as to result in significant 
maturational changes in the study subjects.

• The drug follows delayed or prolonged absorption 
(flip-flop kinetics), where the slope of the beta-elim-
ination phase is dictated by the rate of drug absorp-
tion rather than the rate of drug elimination from one 
or both products.

• Other designs, such as the two-period design with 
four treatment sequences (test/test, reference/ref-
erence, test/reference, and reference/test) or the 
extended period design may be appropriate depend-
ing on the circumstances. The use of alternative 
study designs should be discussed with FDA prior to 
conducting the BE study. Pilot data or literature may 
be used in support of alternative study designs.

v.  DurATion of WAshouT TiMe for crossover sTuDy

For drugs which follow a one- or two-compartment open 
body model, the duration of the washout time should be 
approximately ten times the plasma apparent terminal elim-
ination half-life, to provide for 99.9% of the administered 
dose to be eliminated from the body. If more highly com-
plex kinetic models are anticipated (e.g., drugs for which 
long withdrawal times have been assigned due to prolonged 
tissue binding), or for drugs with the potential for physio-
logic carryover effects, the washout time should be adjusted 
accordingly. The washout period should be sufficiently long 
to allow the second period of the crossover study to be appli-
cable in the statistical analysis. However, if sequence effects 
are noted, the data from the first period may be evaluated as 
a parallel design study.

W.  feD be sTuDies

Food-effect BA studies are usually conducted for new 
drugs and drug products during the IND period to assess 
the effects of food on the rate and extent of absorption of a 
drug when the drug product is administered shortly after a 
meal (fed conditions), as compared to administration under 
fasting conditions. Fed BE studies, on the other hand, are 
conducted for aNDAs to demonstrate their BE to the RLD 
under fed conditions. Food can influence the BE between test 

and reference products. Food effects on BA can have clini-
cally significant consequences. Food can alter BA by various 
means, including:

• Delay gastric emptying
• Stimulate bile flow
• Change GI pH
• Increase splanchnic blood flow
• Change luminal metabolism of a drug substance
• Physically or chemically interact with a dosage form 

or a drug substance

Food effects on BA are generally greatest when the drug prod-
uct is administered shortly after a meal is ingested. The nutri-
ent and caloric contents of the meal, the meal volume, and the 
meal temperature can cause physiological changes in the GI 
tract in a way that affects drug product transit time, luminal 
dissolution, drug permeability, and systemic availability. In 
general, meals that are high in total calories and fat content 
are more likely to affect the GI physiology and thereby result 
in a larger effect on the BA of a drug substance or drug prod-
uct. It is recommended to use high-calorie and high-fat meals 
during food-effect fed BE studies.

x.  fooD effecTs on DruG ProDucTs

Administration of a drug product with food may change the 
BA by affecting either the drug substance or the drug product. 
In practice, it is difficult to determine the exact mechanism 
by which food changes the BA of a drug product without per-
forming specific mechanistic studies. Important food effects 
on BA are least likely to occur with many rapidly dissolving, 
immediate-release drug products containing highly soluble 
and highly permeable drug substances (BCS Class I) because 
absorption of the drug substances in Class I is usually pH- and 
site-independent and thus insensitive to differences in dissolu-
tion. However, for some drugs in this class, food can influence 
BA when there is a high first-pass effect, extensive adsorption, 
complexation, or instability of the drug substance in the GI 
tract. In some cases, excipients or interactions between excipi-
ents and the food-induced changes in gut physiology can con-
tribute to these food effects and influence the demonstration 
of BE. For rapidly dissolving formulations of BCS Class I 
drug substances, food can affect Cmax and the time at which 
this occurs (Tmax) by delaying gastric emptying and prolong-
ing intestinal transit time. However, we expect the food effect 
on these measures to be similar for test and reference products 
in fed BE studies.

For other immediate-release drug products (BCS Class 
II, III, and IV) and for all modified-release drug products, 
food effects are most likely to result from a more complex 
combination of factors that influence the in vivo dissolution of 
the drug product and/or the absorption of the drug substance. 
In these cases, the relative direction and magnitude of food 
effects on formulation BA and the effects on the demonstra-
tion of BE are difficult, if not impossible, to predict without 
conducting a fed BE study.
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y.  recoMMenDATions for iMMeDiATe-releAse DruGs:

• For uncomplicated drugs in immediate-release dos-
age forms, BE must be demonstrated under fasted 
conditions. In addition to a BE study under fasting 
conditions, we recommend a BE study under fed 
conditions for all orally administered immediate-
release drug products, with the following exceptions.
When both test products and RLDs are rapidly dis-

solving, have similar dissolution profiles, and 
contain a drug substance with high solubility 
and high permeability (BCS Class I), or

when the Dosage and Administration section of 
the RLD label states that the product should be 
taken only on an empty stomach, or

when the RLD label does not make any state-
ments about the effect of food on absorption or 
administration.

When the reference-listed product label does not 
make any statements about the effect of food on 
absorption or administration.

• For complicated drugs in immediate-release dosage 
forms, for example, narrow therapeutic range drugs 
(drugs with a steep dose—response curve, critical 
drugs), highly toxic drugs, and drugs known to have 
nonlinear PKs. BE must be demonstrated under both 
fasted and fed conditions.

• Nonlinear drugs. BE must be demonstrated under 
both fasted and fed conditions unless the nonlinear-
ity occurs after the drug enters the systemic circula-
tion and there is no evidence that the product exhibits 
a food effect.

• Drugs in modified-release dosage forms. BE must be 
demonstrated under both fasted and fed conditions.

z.  recoMMenDATions for MoDifieD-releAse ProDucTs

In addition to a BE study under fasting conditions, a BE 
study under fed conditions should be conducted for all orally 
administered modified-release drug products. It is recom-
mended that food-effect BA and fed BE studies be conducted 
using meal conditions that are expected to provide the great-
est effects on GI physiology so that systemic drug availability 
is maximally affected. A high-fat (approximately 50% of total 
caloric content of the meal) and high-calorie (approximately 
800–1000 calories) meal is recommended as a test meal for 
food-effect BA and fed BE studies. This test meal should 
derive approximately 150, 250, and 500 to 600 calories from 
protein, carbohydrate, and fat, respectively. The caloric break-
down of the test meal should be provided in the study report.

For fasting administration, following an overnight fast of 
at least 10 hours, subjects should be administered the drug 
product with 240 mL (8 fluid oz) of water. No food should be 
allowed for at least 4 hours post dose. Water may be allowed 
as desired, except 1 hour before and after drug administration. 
Subjects should receive standardized meals scheduled at the 
same time in each period of the study.

For fed administration, following an overnight fast of at 
least 10 hours, subjects should start the recommended meal 
30 minutes prior to the administration of the drug product. 
Study subjects should eat this meal in 30 minutes or less; 
however, the drug product should be administered 30 minutes 
after start of the meal. The drug product should be adminis-
tered with 240 mL (8 fluid oz) of water. No food should be 
allowed for at least 4 hours post dose. Water may be allowed 
as desired, except 1 hour before and after drug administration. 
Subjects should receive standardized meals scheduled at the 
same time in each period of the study.

1  Study design
A sponsor may propose any study designs and data analy-
ses. The scientific rationale and justification for these study 
designs and analyses should be provided in the study protocol. 
Sponsors may choose to conduct additional studies for a bet-
ter understanding of the drug product and to provide optimal 
labeling statements for dosage and administration (e.g., dif-
ferent meals and different times of drug intake in relation to 
meals). In studying modified-release dosage forms, consider-
ation should be given to the possibility that coadministration 
with food can result in dose dumping, in which the complete 
dose may be more rapidly released from the dosage form than 
intended, creating a potential safety risk for the study subjects.

2  General design
A randomized, balanced, single-dose, two-treatment (fed vs. 
fasting), two-period, two-sequence crossover design is recom-
mended for studying the effects of food on the BE of either 
an immediate-release ora modified-release drug product. The 
formulation to be tested should be administered following a 
test meal (fed condition). The treatments should consist of 
both test and reference formulations administered following a 
test meal (fed condition). An adequate washout period should 
separate the two treatments in food-effect BE studies.

3  Subject selection
Fed BE studies can be carried out in healthy volunteers drawn 
from the general population. Studies in the patient population 
are also appropriate if safety concerns preclude the enroll-
ment of healthy subjects. A sufficient number of subjects 
should complete the study to achieve adequate power for a 
statistical assessment of food effects. A minimum of 12 sub-
jects should complete the fed BE studies.

4  Dosage strength
In general, the highest strength of a drug product intended 
to be marketed should be tested in fed BE studies. In some 
cases, clinical safety concerns can prevent the use of the high-
est strength and warrant the use of lower strengths of the dos-
age form. For aNDAs, the same lot and strength used in the 
fasting BE study should be tested in the fed BE study. For 
products with multiple strengths in aNDAs, if a fed BE study 
has been performed on the highest strength, BE determination 
of one or more lower strengths can be waived based on dis-
solution profile comparisons.
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5  Test meal
The fed BE studies can be conducted using meal conditions 
that are expected to provide the greatest effects on GI physiol-
ogy so that systemic drug availability is maximally affected. 
A high-fat (approximately 50% of total caloric content of the 
meal) and high-calorie (approximately 800–1000 calories) 
meal is recommended as a test meal for food-effect BA and 
fed BE studies. This test meal should derive approximately 
150, 250, and 500 to 600 calories from protein, carbohydrate, 
and fat, respectively. (An example test meal would be two eggs 
fried in butter, two strips of bacon, two slices of toast with 
butter, 4 oz of hash brown potatoes and 8 oz of whole milk.) 
Substitutions in this test meal can be made as long as the meal 
provides a similar amount of calories from protein, carbohy-
drate, and fat and has comparable meal volume and viscosity. 
The caloric breakdown of the test meal should be provided in 
the study report. If the caloric breakdown of the meal is sig-
nificantly different from the one described here, the sponsor 
should provide a scientific rationale for this difference.

6  Administration
a.  Fed treatments
Following an overnight fast of at least 10 hours, subjects 
should start the recommended meal 30 minutes prior to 
administration of the drug product. Study subjects should eat 
this meal in 30 minutes or less; however, the drug product 
should be administered 30 minutes after start of the meal. The 
drug product should be administered with 240 mL (8 fluid 
oz) of water. No food should be allowed for at least 4 hours 
post dose. Water can be allowed as desired except for 1 hour 
before and after drug administration. Subjects should receive 
standardized meals scheduled at the same time in each period 
of the study.

7  Sample collection
Timed samples in biological fluid, usually plasma, should be 
collected from the subjects to permit characterization of the 
complete shape of the plasma concentration-time profile for 
the parent drug. It may be advisable to measure other moi-
eties in the plasma, such as active metabolites. Consideration 
should be given to the possibility that coadministration of a 
dosage form with food can alter the time course of plasma 
drug concentrations so that fasted and fed treatments can have 
different sample collection times.

8  Data analysis and labeling
The following exposure measures and PK parameters should 
be obtained from the resulting concentration-time curves for 
the test and reference products.

• Total exposure, or area under the concentration-time 
curve (AUC0-inf, AUC0-t)

• Peak exposure (Cmax)
• Time to peak exposure (Tmax)
• Lag-time (tlag) for modified-release products, if 

present

• Terminal elimination half-life
• Other relevant PK parameters

Individual subject measurements, as well as summary sta-
tistics (e.g., group averages, standard deviations, coefficients 
of variation) should be reported. An equivalence approach is 
recommended analyzing data using an average criterion. Log 
transformation of exposure measurements (AUC and Cmax) 
prior to analysis is recommended. The 90% CI for the ratio 
of population geometric means between test and reference 
products should be provided for AUC0-inf, AUC0-t, and Cmax. 
For aNDA-fed BE studies, the RLD administered under fed 
condition serves as the reference treatment.

For an aNDA, BE of a test product to the RLD product 
under fed conditions is concluded when the 90% CI for the 
ratio of population geometric means between the test and 
RLD product, based on log-transformed data, is contained in 
the BE limits of 80% to 125% for AUC and Cmax. Although 
no criterion applies to Tmax, the Tmax values for the test and 
reference products are expected to be comparable based on 
clinical relevance. The conclusion of BE under fed conditions 
indicates that with regard to food, the language in the pack-
age insert of the test product can be the same as the reference 
product.

PArenT DruG vs. MeTAboliTes

The moieties to be measured in biological fluids collected 
in BA and BE studies are either the active drug ingredient 
or its active moiety in the administered dosage form (parent 
drug) and, when appropriate, its active metabolites [21 CFR 
320.24(b)(1)(i)]. This guidance recommends the following 
approaches for BA and BE studies.

For BA studies (see section II.B), determination of moieties 
to be measured in biological fluids should take into account 
concentration and activity. Concentration refers to the relative 
quantity of the parent drug or one or more metabolites in a 
given volume of an accessible biological fluid, such as blood 
or plasma. Activity refers to the relative contribution of the 
parent drug and its metabolite in the biological fluids to the 
clinical safety and efficacy of the drug. For BA studies, the 
parent drug and its major active metabolite should be mea-
sured, if analytically feasible.

For BE studies, measurement of only the parent drug 
released from the dosage form, rather than the metabolite, is 
generally recommended. The rationale for this recommenda-
tion is that the concentration-time profile of the parent drug is 
more sensitive to changes in formulation performance than a 
metabolite, which is more reflective of metabolite formation, 
distribution, and elimination. The following are exceptions to 
this general approach.

• Measurement of a metabolite may be preferred when 
parent drug levels are too low to allow reliable ana-
lytical measurement in blood, plasma, or serum for 
an adequate length of time. The metabolite data 
obtained from these studies should be subject to a 
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CI approach for BE demonstration. If there is clini-
cal concern related to efficacy or safety for the par-
ent drug, sponsors and applicants should contact the 
appropriate review division to determine whether 
the parent drug should be measured and analyzed 
statistically.

• Metabolite may be formed as a result of gut wall 
or other presystemic metabolism. If the metabolite 
contributes meaningfully to safety and efficacy, the 
metabolite and the parent drug should be measured. 
When the relative activity of the metabolite is low 
and does not contribute meaningfully to safety and 
efficacy, it does not need to be measured. The parent 
drug measured in these BE studies should be ana-
lyzed using a CI approach. The metabolite data can 
be used to provide supportive evidence of compa-
rable therapeutic outcome.

enAnTioMers vs. rAceMATes

For BA studies, the measurement of individual enantio-
mers may be important. For BE studies, this guidance rec-
ommends measurement of the racemate using an achiral 
assay. Measurement of individual enantiomers in BE stud-
ies is recommended only when all the following conditions 
are met.

• Enantiomers exhibit different pharmacodynamic 
characteristics.

• Enantiomers exhibit different PK characteristics.
• Primary efficacy and safety activity reside with the 

minor enantiomer.
• Nonlinear absorption is present (as expressed by a 

change in the enantiomer concentration ratio with a 
change in the input rate of the drug) for at least one 
of the enantiomers.

In such cases, BE criteria should be applied to the enantio-
mers separately.

DruG ProDucTs WiTh coMPlex MixTures 
As The AcTive inGreDienTs

Certain drug products may contain complex drug substances 
(i.e., active moieties or active ingredients that are mixtures 
of multiple synthetic and natural source components). Some 
or all the components of these complex drug substances 
cannot be characterized with regard to chemical structure 
or biological activity. Quantification of all active or poten-
tially active components in pharmacokinetic studies to docu-
ment BA and BE is neither necessary nor desirable. Rather, 
BA and BE studies should be based on a small number of 
markers of rate and extent of absorption. Although necessar-
ily a case-by-case determination, criteria for marker selec-
tion include the amount of the moiety in the dosage form, 
plasma or blood levels of the moiety, and biological activ-
ity of the moiety relative to other moieties in the complex 

mixture. Where pharmacokinetic approaches are not feasible 
to assess the rate and extent of absorption of a drug substance 
from a drug product, in vitro approaches may be preferred. 
Pharmacodynamic or clinical approaches may be called for 
if no quantifiable moieties are available for in vivo pharma-
cokinetic or in vitro studies.

lonG hAlf-life DruGs

In a BA or PK study involving an oral product with a long 
half-life drug, adequate characterization of the half-life calls 
for blood sampling over a long period of time. For a BE 
determination of an oral product with a long half-life drug, a 
nonreplicate, single-dose crossover study can be conducted, 
provided an adequate washout period is used. If the cross-
over study is problematic, a BE study with a parallel design 
can be used. For either a crossover or parallel study, sample 
collection time should be adequate to ensure completion of 
GI transit (approximately 2–3 days) of the drug product and 
absorption of the drug substance. The Cmax, and a suitably 
truncated AUC, can be used to characterize peak and total 
drug exposure respectively. For drugs that demonstrate low 
intrasubject variability in distribution and clearance, an AUC 
truncated at 72 hours (AUC0–72h) can be used in place of 
AUC0-t or AUC0-°. For drugs demonstrating high intrasubject 
variability in distribution and clearance, AUC truncation war-
rants caution. In such cases, sponsors and applicants should 
consult the appropriate review staff.

firsT-PoinT cMAx

The first point of a concentration-time curve in a BE study 
based on blood and plasma measurements is sometimes the 
highest point, which raises a question about the measurement 
of true Cmax because of insufficient early sampling times. 
A carefully conducted pilot study may avoid this problem. 
Making collections at an early time point, between five and 15 
minutes after dosing, followed by making additional sample 
collections (e.g., two to five) in the first hour after dosing may 
be sufficient for assessing early peak concentrations. If this 
sampling approach is followed, data sets should be consid-
ered adequate, even when the highest observed concentration 
occurs at the first time point.

orAlly ADMinisTereD DruGs inTenDeD for locAl AcTion

Documentation of product quality BA for NDAs, where the 
drug substance produces its effects by local action in the GI 
tract, can be achieved using clinical efficacy and safety studies 
or suitably designed and validated in vitro studies. Similarly, 
documentation of BE for aNDAs and for NDAs, as well as for 
aNDAs in the presence of certain postapproval changes, can 
be achieved by using BE studies with clinical efficacy and 
safety end points or suitably designed and validated in vitro 
studies, if the latter studies are reflective of important clini-
cal effects or are more sensitive to changes in product perfor-
mance compared with a clinical study. To ensure comparable 
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safety, additional studies with and without food may help in 
understanding the degree of systemic exposure that occurs 
following administration of a drug product intended for local 
action in the GI tract.

sPrinkles

In aNDAs, BE of the test to the RLD is demonstrated in a sin-
gle-dose crossover study. Both treatments should be sprinkled 
on one of the soft foods mentioned in the labeling, usually 
applesauce. The BE data should be analyzed using average BE 
and the 90% CI criteria should be used to declare BE. If there 
are questions about other foods, the design, or the analysis of 
such BE studies, the sponsors and/or applicants should con-
tact the Office of Generic Drugs.

sPeciAl vehicles

In aNDAs, BE of the test to the RLD is demonstrated in a 
single-dose crossover study. Both treatments should be mixed 
with one of the beverages mentioned in the labeling. Sponsors 
should provide evidence that BE differences would not be 
expected from the use of other listed vehicles. The BE data 
should be analyzed using average BE, and the 90% CI criteria 
should be used to declare BE.

locAlly AcTinG Gi DruGs

For drugs whose site of action is the GI tract, determination 
of BE is more complicated because local drug concentrations 
cannot be measured directly requiring evaluation of PKs, its 
relationship in vitro tests including dissolution and binding 
assays and correlation with clinical studies.

The PK studies for locally acting drugs provide safety data 
and whereas PK studies may not correlate with therapeu-
tic effectiveness, the relationship with BE is not so straight-
forward. If a drug is acting locally and also absorbed in the 
systemic circulation, the PK studies would still reflect the dos-
age form factors even though the site of action is also local. 
The premise here remains same; any differences noted in the 
Cmax of AUC is due to differences in absorption rates and 
extent attributable to dosage form differences such as release 
of drug. However, when plasma levels can be connected to 
product effectiveness then we can determine the significance 
of differences in product performance. When the connection 
to efficacy is broken, we do not have a simple way to say what 
difference in PK is significant. In this sense, downstream PK 
is similar to a PD end point for which a dose-response curve 
needs to be established. Another concern about PK studies on 
locally acting drugs is that the drug may be able to reach the 
plasma without passing the site of action. An example is an 
inhalation product for which some of the dose is swallowed 
and potentially absorbed orally. An important distinction is 
between parallel and sequential absorption paths. In the inha-
lation example, the drug either goes to the lung or to the stom-
ach or could appear in plasma at the same time by either path. 
In a locally acting GI drug the absorption process is sequential, 

so the drug absorbed from the intestine appears before the 
drug absorbed in the colon and thus can be distinguished.

The PK studies often fail for locally acting drugs because 
of the very low concentration observed in plasma and even at 
the site of local action. For example, mesalamine must reach 
the mucosal surface lining the GI tract to exert its pharmaco-
logical effect, which is dependent on the dissolution rate; for 
other dosage forms, which dissolve instantly, the rate-limiting 
factor would be the transit rate in the GI tract. The use of 
dissolution thus becomes an important tool to demonstrate 
BE. Some GI acting drugs are formulated to target different 
regions of the GI tract, often via coatings that lead to pH-
dependent dissolution. Comparative dissolution testing at dif-
ferent pH could demonstrate that test and reference products 
are targeting the same region of the GI tract. Biowaivers for 
BCS Class I drugs formulated in rapidly dissolving immedi-
ate-release solid oral dosage forms are well established. Since 
a GI acting drug does not need to be absorbed, application 
of the scientific basis of the BCS would suggest that a high 
solubility drug in a rapidly dissolving formulation with no 
excipients that affect product performance may be eligible for 
a biowaiver.

Generally, studies that measure the concentration of drug 
in the small intestinal mucosa could provide more direct evi-
dence of equivalent tissue concentration at the site of action. 
But those studies are difficult to conduct and interspecies 
correlations often add a lot of variability; as a result, there 
is a consensus developing that comparative clinical trials be 
conducted to demonstrate BE but only in those situations 
where other methods fail since not only are these expensive to 
conduct, these can often be insensitive to formulation differ-
ences—the purpose of the study.

AniMAl DruG be TesTinG

A BE study may also be part of a NADA or supplemental 
NADA for approval of an alternative dosage form, new route 
of administration, or a significant manufacturing change, 
which may affect drug BA. Many requirements described 
earlier for human studies also apply to animal studies; vari-
ous descriptions of experimental design and data handling are 
common to both. FDA has concluded that the tissue residue 
depletion of the generic product is not adequately addressed 
through BE studies. Therefore, sponsors of aNADA for drug 
products for food-producing animals will generally be asked 
to include BE and tissue residue studies [21 USC 360b(n)(1)
(E)]. A tissue residue study should generally accompany clini-
cal end-point and pharmacological end-point BE studies, and 
blood level BE studies that cannot quantify the concentration 
of the drug in blood throughout the established withdrawal 
period [21 USC 360b(n)(1)(A)(ii)]. BE studies (i.e., blood level, 
pharmacological end-point, and clinical end-point studies) 
and tissue residue depletion studies should be conducted in 
accordance with GLP regulations (21 CFR Part 58). Whereas 
the focus of the guidance is BE testing for aNADA approval, 
the general principles also apply to relative BA studies con-
ducted for NADAs.
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reference ProDucT

As a general rule, the proposed generic product should be 
tested against the original pioneer product. If the original 
pioneer product is no longer marketed, but remains eli-
gible to be copied, then the first approved and available 
generic copy of the pioneer should be used as the reference 
product for BE testing against the proposed new generic 
product.

If several approved NADAs exist for the same drug prod-
uct, and each approved product is labeled differently (i.e., dif-
ferent species and/or claims), then the generic sponsor must 

clearly identify which product label is the intended pioneer. 
BE testing should be conducted against the single approved 
product which bears the labeling that the generic sponsor 
intends to copy. The generic sponsor should consult with 
CVM regarding selection of the appropriate reference product 
before conducting the BE study.
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Bioequivalence Regulatory 
Review Process and Audit

BACKGROUND

The Food and Drug Administration (FDA) requires an appli-
cant to provide detailed information to establish bioequiva-
lency. Applicants may request a waiver from performing in 
vivo (testing done in humans) bioequivalence studies for cer-
tain drug products where bioavailability (the rate and extent 
to which the active ingredient or active moiety is absorbed 
from the drug product and becomes available at the site of 
action) may be demonstrated by submitting data such as (1) a 
formulation comparison for products whose bioavailability is 
self-evident, for example, oral solutions, injectables, or oph-
thalmic solutions where the formulations are identical, or (2) 
comparative dissolution. 

Alternatively, in vivo bioequivalence testing comparing 
the rate and extent of absorption of the generic versus the ref-
erence product is required for most tablet and capsule dos-
age forms. For certain products, a head-to-head evaluation of 
comparative efficacy based upon clinical endpoints may be 
required.

The Manual of Policies and Procedures of the CDER 
(Generic Drugs) (MAPP 5210.6) describes the following pro-
cedures for review of bioequivalence study protocols.

PROTOCOLS

When a protocol is received in the DBE, the PM assigns 
it randomly to the next available reviewer. All protocols 
received are entered in the protocol tracking system and 
assigned a control number. The protocol receipt date, firm 
name, drug name, reviewer assigned, and date of assign-
ment are recorded. The reviewer searches the literature and 
the Agency’s databases [e.g., Excalibur, WinBio, drug files 
(hard copy and electronic)]. If a protocol has been previously 
submitted and found acceptable by the Division, this should 
be used as a model in the preparation of responses to subse-
quent protocols for the same drug. The reviewer should state 
in the review whether other protocols for the same drug have 
been previously reviewed. If no other protocols have been 
reviewed for the product, a statement to that effect should be 
included in the review. The reviewer prepares a review with 
recommendations to the requestor. The review must have the 
concurrence of the team leader and Division Director. If the 
reviewer discovers discrepancies in bioequivalence criteria 
or appropriate study design in recommendations provided to 
industry in previous protocols or correspondence for the same 
drug product, the reviewer prepares a memorandum to the 
team leaders and Division Director. The memo should spec-
ify the name of the sponsor or CRO that received conflicting 

information/guidance in protocol responses. Abbreviated 
new drug applications (aaNDAs) affected by this information 
should also be noted. Once the review is finalized and has the 
concurrence of the Division Director, it is forwarded to the 
PM. The PM or TIA drafts a letter based on the reviewer’s 
recommendation. The PM ensures that all recommendations 
are provided to the firm. The letter will be routed through 
the team leader for corrections and endorsement, and to the 
Division Director for signature. Once the letter is signed by 
the Division Director, the PM or TIA enters into the proto-
col tracking system the date the review was finalized and the 
date the letter was issued. The protocol is then forwarded to 
the Document Room. Document Room personnel mail the 
letter and store the protocol in the designated area. The PM 
drafts letters to sponsors or CROs that have received out-
dated information to ensure that consistent information is 
provided to industry.

PRODUCTIVITY DOCUMENTATION

When the Document Room assigns an aNDA to the DBE, a 
description of the bioequivalence section is entered into the 
bioequivalence data entry screen in COMIS, using the study 
types below.

 A. Bioequivalence Studies
 1. Fasting Study (STF). This includes replicate 

study designs and combined studies (e.g., com-
bined fasting and multiple-dose studies where 
the same subjects are used).

 2. Food Study (STP).
 3. Multiple-Dose Study (STM).
 4. Study (STU). This category is generally used for 

a bioequivalence study with clinical endpoints, in 
vitro studies for metered-dose inhalers and nasal 
sprays, pilot and pivotal studies for vasoconstric-
tors, or any pharmacokinetic/pharmacodynamic 
study other than a standard bioequivalence study 
(such as 1–3 above).

 B. Dissolution Data (DIS). This code is usually used 
when dissolution data are the only basis for approval. 
Examples are AA drugs and supplements for which 
changes in formulation or manufacturing require 
dissolution data only. In vitro release data for topi-
cal products may also be coded under DIS. Note: 
Dissolution data submitted for the same strength 
drug that was the subject of a bioequivalence study 
are not separately coded. The dissolution informa-
tion is considered part of the study.

Handbook of Pharmaceutical Manufacturing Formulations Regulatory and Manufacturing Guidelines
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 C. Other (OTH):
Study Amendment (STA). This category is for 

responses to deficiency comments. Whether 
the amendment contains dissolution data or 
addresses a deficiency such as incomplete infor-
mation on analytical methods or a study, the sub-
mission should be coded as STA unless a new 
study is submitted for review. In that case, the 
appropriate code under BE studies should be 
selected. If an amendment to a previously sub-
mitted BE study is included with a new, not pre-
viously submitted BE study required to establish 
BE, then STA should be coded for the amend-
ment, and the new study should be coded sepa-
rately. Retesting of subjects classified as outliers 
in the original submission should not be classi-
fied as a separate study, but as part of the original 
study. Frequently, the Division telephones spon-
sors to request information needed to finalize 
the review. These requests should be made for 
information the sponsor can respond to within 
10 working days, and should be coded as STA. 
If the sponsor submits incorrect information or 
partial data, the submission should be coded 
as new correspondence (NC). Once the correct 
information is received, the submission should 
be coded as STA.

Waiver (WAI). This category is used for injectable, 
ophthalmic, otic, oral, and topical solutions. A 
formulation in the same concentration packaged 
in different sizes is not coded separately, but dif-
ferent concentrations of the same product are 
coded separately.

Dissolution Waiver (DIW). This code is used for 
lower strengths that can be approved based on 
proportionality of the formulation and an accept-
able study on the highest strength or the strength 
of the reference listed drug. A dissolution waiver 
should be coded for each strength for which dis-
solution data are submitted, except the strength 
for which bioequivalence studies have been 
conducted.

Other (OTH). This category is used for correspon-
dence or addenda revising the original review. 
The Division of Scientific Investigations (DSI) 
inspection reports may generate an addendum to 
the review. If a significant statistical analysis is 
needed based on the recommendation of the DSI, 
or if the issuance of a Form 483 (Inspectional 
Observations) indicates serious violations by the 
laboratory, then the review of the DSI report may 
be coded as OTH. If the DSI report is accept-
able, the DSI report should be filed in the aNDA, 
and no addendum to the review is necessary. 
Addenda to the reviews are entered as US docu-
ments (FDA generated), because these reviews 
are not prompted by industry submissions, but 

are due to internal policy changes or inspection 
reports. Diskettes containing the data already 
coded in a previous submission will not be coded 
separately.

MeThoDs vAliDATion for AbbreviATeD 
neW DruG APPlicATions

A request for validation of the applicant’s proposed regulatory 
analytical methods is sent by the review chemist to the Office 
of Regulatory Affairs (ORA) coordinator in the Division 
of Field Science (DFS) using form FDA 2871a. This action 
should be taken as soon as the need is identified and the test 
methods are determined to be adequate by the review chemist.

A copy of the methods, testing specifications, and compo-
sition statement is to be included with the request. The pack-
age is sent to DFS by current procedures.

Requests are processed and carried out as detailed in 
the Supplement to the Compliance Program on Preapproval 
Inspections CP7346.832.

The chemistry/microbiology review is included in the 
approval package, along with the bioequivalence and labeling 
reviews. Upon concurrence by the chemistry team leader, the 
package proceeds through the final administrative review chan-
nels. If, after administrative review, the application remains 
approvable (including an acceptable EER and officelevel bio-
equivalence endorsement), the project manager determines the 
status of the methods validation process. The application can 
be approved with or without results of the methods validation, 
except under the circumstances noted below.

There was an undue delay in sample submission by the 
applicant.

There are problems identified in the course of methods 
validation by the servicing laboratory.

There is no commitment from the applicant to resolve any 
problems subsequently found by the FDA laboratory.

Any problem identified with the method or the product 
is evaluated by the review chemist for its significance. Any 
problem that potentially affects the quality of the drug product 
must be resolved before application approval. When approval 
is granted in the absence of a completed methods validation, 
the approval letter is revised to include the following statement 
as the last paragraph. Validation of the regulatory methods has 
not been completed. It is the general policy of the OGD not to 
withhold approval until the validation is complete.

The approval letter is endorsed by the chemistry reviewer 
and team leader as well as the division director. If the labora-
tory results are received during the administrative review pro-
cess for approval and they reveal problems with the methods 
or the product, the approval of the application is delayed and 
the results transmitted to the applicant. The applicant is asked 
to address these issues as soon as possible in an amendment 
to the application. This amendment is given priority review in 
consultation, if necessary, with the servicing laboratory. If the 
amended methods are satisfactory to OGD and they address 
the concerns of the laboratory, the application can then be 
approved, provided all other aspects of the application are 
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acceptable. Out-of-specification results on products already 
expired at the time of testing are evaluated for their signifi-
cance and relevance. Any product failures must be satisfacto-
rily resolved before application approval. Routine revalidation 
can be done after approval of the application. The review 
chemist can request testing at a second FDA laboratory to 
resolve conflicting results obtained by an applicant and by the 
FDA servicing laboratory. The team leader and the division 
director must concur with the request. For methods valida-
tion completed after an application is approved, any deficien-
cies identified are communicated promptly to the applicant. 
Generally, the response addressing the deficiencies can be 
submitted as a changes-being-effected supplement. If the 
methods validation is waived, this fact must be documented 
and filed in the aNDA.

GooD lAborATory PrAcTices

In the 1970s, FDA inspections of nonclinical laboratories 
revealed that some studies submitted in support of the 
safety of regulated products had not been conducted in 
accord with acceptable practice, and that accordingly data 
from such studies were not always of the quality and integ-
rity to assure product safety. As a result of these findings, 
FDA promulgated the Good Laboratory Practice (GLP) 
Regulations, 21 CFR part 58, on December 22, 1978 (43 FR 
59986). The regulations became effective June 1979. The 
regulations establish standards for the conduct and report-
ing of nonclinical laboratory studies and are intended to 
assure the quality and integrity of safety data submitted 
to FDA.

FDA relies on documented adherence to GLP require-
ments by nonclinical laboratories in judging the acceptability 
of safety data submitted in support of research and/or market-
ing permits. FDA has implemented this program of regular 
inspections and data audits to monitor laboratory compliance 
with the GLP requirements.

The objective of this program is

to verify the quality and integrity of data submitted in a 
research or marketing application,

to inspect (approximately every 2 years) nonclinical lab-
oratories conducting safety studies that are intended 
to support applications for research or marketing of 
regulated products, and

to audit safety studies and determine the degree of com-
pliance with GLP regulations.

TyPes of insPecTions

 1. Surveillance Inspections. Surveillance inspections 
are periodic, routine determinations of a laboratory’s 
compliance with GLP regulations. These inspections 
include a facility inspection and audits of ongoing 
and/or recently completed studies.

 2. Directed Inspections. Directed inspections are 
assigned to achieve a specific purpose, such as:

Verifying the reliability, integrity, and compliance of 
critical safety studies being reviewed in support 
of pending applications.

Investigating issues involving potentially unreliable 
safety data and/or violative conditions brought to 
FDA’s attention.

Reinspecting laboratories previously classified OAI 
(usually within 6 months after the firm responds 
to a Warning Letter).

Verifying the results from third party audits or spon-
sor audits submitted to FDA for consideration 
in determining whether to accept or reject ques-
tionable or suspect studies.

insPecTions

 1. The investigator will determine the current state of 
GLP compliance by evaluating the laboratory facili-
ties, operations, and study performance.

 2. Organization Chart—If the facility maintains an 
organization chart, obtain a current version of the 
chart for use during the inspection and submit it in 
the EIR.

 3. Facility Floor-Plan Diagram—Obtain a diagram of 
the facility. The diagram may identify areas that are 
not used for GLP activities. If it does not, request 
that appropriate facility personnel identify any areas 
that are not used for GLP activities. Use during the 
inspection and submit it in the EIR.

 4. Master Schedule Sheet—Obtain a copy of the firm’s 
master schedule sheet for all studies listed since the 
last GLP inspection or last 2 years and select studies 
as defined in 21 CFR 58.3(d). If the inspection is the 
first inspection of the facility, review the entire mas-
ter schedule. If studies are identified as non-GLP, 
determine the nature of several studies to verify 
the accuracy of this designation. See 21 CFR 58.1 
and 58.3(d). In contract laboratories determine who 
decides if a study is a GLP study. Identification of 
Studies

 a. Directed Inspections—Inspection assignments 
will identify studies to be audited.

 b. Surveillance inspections—Inspection assign-
ments may identify one or more studies to be 
audited. If the assignment does not identify a 
study for coverage, or if the referenced study is 
not suitable to assess all portions of current GLP 
compliance, the investigator will select studies 
as necessary to evaluate all areas of laboratory 
operations. When additional studies are selected, 
first priority should be given to FDA studies for 
submission to the assigning Center.

 5. Ongoing Studies—Obtain a copy of the study pro-
tocol and determine the schedule of activities that 
will be underway during the inspection. This infor-
mation should be used to schedule inspections of 
ongoing laboratory operations, as well as equipment 
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and facilities associated with the study. If there 
are no activities underway in a given area for the 
study selected, evaluate the area based on ongoing 
activities.

 6. Completed Studies—The data audit should be car-
ried out as outlined in part III, D. If possible, accom-
pany laboratory personnel when they retrieve the 
study data to assess the adequacy of data retention, 
storage, and retrieval as described in part III, C 10.

The facility inspection should be guided by the GLP regula-
tions. The following areas should be evaluated and described 
as appropriate.

 1. Organization and Personnel (21 CFR 58.29, 58.31, 
58.33)

 a. Purpose: To determine whether the organiza-
tional structure is appropriate to ensure that 
studies are conducted in compliance with GLP 
regulations, and to determine whether manage-
ment, study directors, and laboratory person-
nel are fulfilling their responsibilities under the 
GLPs.

 b. Management Responsibilities (21 CFR 58.31)—
Identify the various organizational units, their 
role in carrying out GLP study activities, and 
the management responsible for these organi-
zational units. This includes identifying person-
nel who are performing duties at locations other 
than the test facility and identifying their line 
of authority. If the facility has an organization 
chart, much of this information can be deter-
mined from the chart.

 2. Determine if management has procedures for assur-
ing that the responsibilities in 58.31 can be carried 
out. Look for evidence of management involvement, 
or lack thereof, in the following areas:

 a. Assigning and replacing study directors.
 b. Control of study director workload (use the 

Master Schedule to assess workload).
 c. Establishment and support of the Quality 

Assurance Unit (QAU), including assuring that 
deficiencies reported by the QAU are communi-
cated to the study directors and acted upon.

 d. Assuring that test and control articles or mixtures 
are appropriately tested for identity, strength, 
purity, stability, and uniformity.

 e. Assuring that all study personnel are informed 
of and follow any special test and control article 
handling and storage procedures.

 f. Providing required study personnel, resources, 
facilities, equipment, and materials.

 g. Reviewing and approving protocols and stan-
dard operating procedures (SOPs).

 h. Providing GLP or appropriate technical training.
 3. Personnel (21 CFR 58.29)—Identify key labora-

tory and management personnel, including any 

consultants or contractors used, and review person-
nel records, policies, and operations to determine if

 a. Summaries of training and position descrip-
tions are maintained and are current for selected 
employees.

 b. Personnel have been adequately trained to carry 
out the study functions that they perform.

 c. Personnel have been trained in GLPs.
 d. Practices are in place to ensure that employees 

take necessary health precautions, wear appro-
priate clothing, and report illnesses to avoid con-
tamination of the test and control articles and 
test systems.

 4. If the firm has computerized operations, determine 
the following:

 a. Who was involved in the design, development, 
and validation of the computer system?

 b. Who is responsible for the operation of the com-
puter system, including inputs, processing, and 
output of data?

 c. Whether computer system personnel have train-
ing commensurate with their responsibilities, 
including professional training and training in 
GLPs?

 d. Whether some computer system personnel are 
contractors who are present on-site full-time, 
or nearly full-time. The investigation should 
include these contractors as though they were 
employees of the firm. Specific inquiry may be 
needed to identify these contractors, as they may 
not appear on organization charts.

 e. Interview and observe personnel using the com-
puterized systems to assess their training and 
performance of assigned duties.

 5. Study director (21 CFR 58.33)
 a. Assess the extent of the study director’s actual 

involvement and participation in the study. 
In those instances when the study director is 
located off-site, review any correspondence/
records between the testing facility manage-
ment and quality assurance unit and the off-site 
study director. Determine that the study director 
is being kept immediately apprised of any prob-
lems that may affect the quality and integrity of 
the study.

 b. Assess the procedures by which the study 
director

 i. Assures the protocol and any amend-
ments have been properly approved and are 
followed

 ii. Assures that all data are accurately recorded 
and verified

 iii. Assures that data are collected according to 
the protocol and SOPs

 iv. Documents unforeseen circumstances that 
may affect the quality and integrity of the 
study and implements corrective action
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 v. Assures that study personnel are familiar 
with and adhere to the study protocol and 
SOPs

 vi. Assures that study data are transferred to the 
archives at the close of the study

 6. EIR Documentation and Reporting—Collect exhib-
its to document deficiencies. This may include SOPs, 
organizational charts, position descriptions, and cur-
ricula vitae (CVs), as well as study-related memos, 
records, and reports for the studies selected for 
review. The use of outside or contract facilities 
must be noted in the EIR. The assigning Center 
should be contacted for guidance on inspection of 
these facilities.

 7. Quality Assurance Unit (QAU; 21 CFR 58.35) 
Purpose: To determine if the test facility has an 
effective, independent QAU that monitors signifi-
cant study events and facility operations, reviews 
records and reports, and assures management of 
GLP compliance.

  QAU Operations—(21 CFR 58.35(b–d))—Review 
QAU SOPs to assure that they cover all methods and 
procedures for carrying out the required QAU func-
tions, and confirm that they are being followed. Verify 
that SOPs exist and are being followed for QAU 
activities including, but not limited to, the follow-
ing: (a) Maintenance of a master schedule sheet. (b) 
Maintenance of copies of all protocols and amendments.

 a. Scheduling of its in-process inspections and 
audits.

 b. Inspection of each nonclinical laboratory study 
at intervals adequate to assure the integrity of 
the study, and maintenance of records of each 
inspection.

 c. Immediately notify the study director and man-
agement of any problems that are likely to affect 
the integrity of the study.

 d. Submission of periodic status reports on each 
study to the study director and management.

 e. Review of the final study report.
 f. Preparation of a statement to be included in the 

final report that specifies the dates inspections 
were made and findings reported to management 
and to the study director.

 8. Inspection of computer operations.
 a. Verify that, for any given study, the QAU is 

entirely separate from and independent of the 
personnel engaged in the conduct and direction 
of that study. Evaluate the time QAU personnel 
spend in performing in-process inspection and 
final report audits. Determine if the time spent 
is sufficient to detect problems in critical study 
phases and if there are adequate personnel to 
perform the required functions.

 b. Note: The investigator may request the firm’s 
management to certify in writing that inspections 
are being implemented, performed, documented, 

and followed-up in accordance with this section 
[see 58.35(d)].

 9. EIR Documentation and Reporting—Obtain a copy 
of the master schedule sheet dating from the last rou-
tine GLP inspection or covering the past 2 years. If 
the master schedule is too voluminous, obtain rep-
resentative pages to permit headquarters review. 
When master schedule entries are coded, obtain the 
code key. Deficiencies should be fully reported and 
documented in the EIR. Documentation to support 
deviations may include copies of QAU SOPs, list of 
QAU personnel, their CVs or position descriptions, 
study-related records, protocols, and final reports.

 10. Facilities (21 CFR 58.41–51)
  Purpose: Assess whether the facilities are of ade-

quate size and design.
  Facility Inspection

 a. Review environmental controls and monitoring 
procedures for critical areas (i.e., animal rooms, 
test article storage areas, laboratory areas, han-
dling of bio-hazardous material, etc.) and deter-
mine if they appear adequate and are being 
followed.

 b. Review the SOPs that identify materials used for 
cleaning critical areas and equipment, and assess 
the facility’s current cleanliness.

 c. Determine whether there are appropriate areas 
for the receipt, storage, mixing, and handling of 
the test and control articles.

 d. Determine whether separation is maintained in 
rooms where two or more functions requiring 
separation are performed.

 e. Determine that computerized operations and 
archived computer data are housed under appro-
priate environmental conditions (e.g., protected 
from heat, water, and electromagnetic forces).

 11. EIR Documentation and Reporting—Identify which 
facilities, operations, SOPs, etc., were inspected. 
Only significant changes in the facility from pre-
vious inspections need be described. Facility floor 
plans may be collected to illustrate problems or 
changes. Document any conditions that would lead 
to contamination of test articles or to unusual stress 
of test systems.

 12. Equipment (21 CFR 58.61–63)
  Purpose: To assess whether equipment is appro-

priately designed and of adequate capacity and is 
maintained and operated in a manner that ensures 
valid results.

  Equipment Inspection—Assess the following:
 a. The general condition, cleanliness, and ease of 

maintenance of equipment in various parts of the 
facility

 b. The heating, ventilation, and air conditioning 
system design and maintenance, including doc-
umentation of filter changes and temperature/
humidity monitoring in critical areas
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 c. Whether equipment is located where it is used 
and that it is located in a controlled environment, 
when required

 d. Nondedicated equipment for preparation of test 
and control article carrier mixtures is cleaned and 
decontaminated to prevent cross-contamination

 e. For representative pieces of equipment check the 
availability of the following:

 i. SOPs and/or operating manuals
 ii. Maintenance schedule and log
 iii. Standardization/calibration procedure, sched-

ule, and log
 iv. Standards used for calibration and standard-

ization
 f. For computer systems, assess that the following 

procedures exist and are documented:
 i. Validation study, including validation 

plan and documentation of the plan’s 
completion

 ii. Maintenance of equipment, including stor-
age capacity and backup procedures

 iii. Control measures over changes made to the 
computer system, which include the evalua-
tion of the change, necessary test design, test 
data, and final acceptance of the change

 iv. Evaluation of test data to assure that data are 
accurately transmitted and handled properly 
when analytical equipment is directly inter-
faced to the computer

 v. Procedures for emergency backup of the 
computer system (e.g., backup battery sys-
tem and data forms for recording data in 
the event of a computer failure or power 
outage)

 13. EIR Documentation and Reporting—The EIR should 
list which equipment, records, and procedures were 
inspected and the studies to which they are related. 
Detail any deficiencies that might result in the con-
tamination of test articles, uncontrolled stress to test 
systems, and/or erroneous test results.

 14. Testing Facility Operations (21 CFR 58.81)
Purpose: To determine if the facility has established 

and follows written SOPs necessary to carry out 
study operations in a manner designed to ensure 
the quality and integrity of the data.

  SOP Evaluation
 a. Review the SOP index and representative 

samples of SOPs to ensure that written pro-
cedures exist to cover at least all of the areas 
identified in 58.81(b).

 b. Verify that only current SOPs are available 
at the personnel workstations.

 c. Review key SOPs in detail and check for 
proper authorization signatures and dates, 
and general adequacy with respect to the 
content (i.e., SOPs are clear, complete, and 
can be followed by a trained individual).

 d. Verify that changes to SOPs are properly 
authorized and dated and that a historical 
file of SOPs is maintained.

 e. Ensure that there are procedures for famil-
iarizing employees with SOPs.

 f. Determine that there are SOPs to ensure the qual-
ity and integrity of data, including input (data 
checking and verification), output (data control), 
and an audit trail covering all data changes.

 g. Verify that a historical file of outdated or 
modified computer programs is maintained. 
If the firm does not maintain old programs 
in digital form, ensure that a hard copy of all 
programs has been made and stored.

 h. Verify that SOPs are periodically reviewed 
for current applicability and that they are rep-
resentative of the actual procedures in use.

 i. Review selected SOPs and observe employ-
ees performing the operation to evalu-
ate SOP adherence and familiarity. EIR 
Documentation and Reporting—Submit 
SOPs, data collection forms, and raw data 
records as exhibits that are necessary to sup-
port and illustrate deficiencies.

 15. Reagents and Solutions (21 CFR 58.83)
Purpose: To determine that the facility ensures the 

quality of reagents at the time of receipt and sub-
sequent use.

Review the procedures used to purchase, receive, 
label, and determine the acceptability of reagents 
and solutions for use in the studies.

Verify that reagents and solutions are labeled to 
indicate identity, titer or concentration, storage 
requirements, and expiration date.

Verify that for automated analytical equipment, the 
profile data accompanying each batch of control 
reagents are used.

Check that storage requirements are being followed.
 16. Test and Control Articles (21 CFR 58.105–113)

Purpose: To determine that procedures exist to 
assure that test and control articles and mixtures 
of articles with carriers meet protocol specifica-
tions throughout the course of the study, and that 
accountability is maintained.

Characterization and Stability of Test Articles (21 
CFR 58.105)—The responsibility for carrying 
out appropriate characterization and stability 
testing may be assumed by the facility perform-
ing the study or by the study sponsor. When test 
article characterization and stability testing is 
performed by the sponsor, verify that the test 
facility has received documentation that this 
testing has been conducted.

Verify that procedures are in place to ensure that
a. The acquisition, receipt and storage of test arti-

cles, and means used to prevent deterioration and 
contamination are as specified.
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 b. The identity, strength, purity, and composition, 
(i.e., characterization) to define the test and con-
trol articles are determined for each batch and 
are documented.

 c. The stability of test and control articles is 
documented.

 d. The transfer of samples from the point of collec-
tion to the analytical laboratory is documented.

 e. Storage containers are appropriately labeled and 
assigned for the duration of the study.

 f. Reserve samples of test and control articles for 
each batch are retained for studies lasting more 
than 4 weeks.

Test and Control Article Handling (21 CFR 58.107)
 a. Determine that there are adequate procedures for:
 i. Documentation for receipt and distribution
 ii. Proper identification and storage
 iii. Precluding contamination, deterioration, or 

damage during distribution
 b. Inspect test and control article storage areas to 

verify that environmental controls, container 
labeling, and storage are adequate.

 c. Observe test and control article handling and 
identification during the distribution and admin-
istration to the test system.

 d. Review a representative sample of accountabil-
ity records and, if possible, verify their accuracy 
by comparing actual amounts in the inventory. 
For completed studies verify documentation of 
final test and control article reconciliation.

 17. Protocol and Conduct of Nonclinical Laboratory 
Study (21 CFR 58.120–130)
Purpose: To determine if study protocols are prop-

erly written and authorized, and that studies are 
conducted in accordance with the protocol and 
SOPs.

Study Protocol (21 CFR 58.120)
 a. Review SOPs for protocol preparation and 

approval and verify they are followed.
 b. Review the protocol to determine if it con-

tains required elements.
 c. Review all changes, revisions, or amend-

ments to the protocol to ensure that they are 
authorized, signed, and dated by the study 
director.

 d. Verify that all copies of the approved pro-
tocol contain all changes, revisions, or 
amendments.

 18. Conduct of the Nonclinical Laboratory Study (21 
CFR 58.130)—Evaluate the following laboratory 
operations, facilities, and equipment to verify con-
formity with protocol and SOP requirements for
Test system monitoring.
Recording of raw data (manual and automated).
Corrections to raw data (corrections must not 

obscure the original entry and must be dated, 
initialed, and explained). Randomization of test 

systems. Collection and identification of speci-
mens. Authorized access to data and computer-
ized systems.

 19. Records and Reports (21 CFR 58.185–195)
Purpose: To assess how the test facility stores and 

retrieves raw data, documentation, protocols, 
final reports, and specimens.

Reporting of Study Results (21 CFR 58.185)—
Determine if the facility prepares a final report 
for each study conducted. For selected studies, 
obtain the final report, and verify that it contains 
the following:

 a. Name and address of the facility performing 
the study and the dates on which the study 
was initiated and completed.

 b. Objectives and procedures stated in the 
approved protocol, including any changes in 
the original protocol.

 c. Statistical methods used for analyzing the 
data.

 d. The test and control articles identified by 
name, chemical abstracts number or code 
number, strength, purity, and composition or 
other appropriate characteristics.

 e. Stability of the test and control articles under 
the conditions of administration.

 f. A description of the methods used.
 g. A description of the test system used. Where 

applicable, the final report shall include the 
number of animals used, sex, body weight 
range, source of supply, species, strain 
and substrain, age, and procedure used for 
identification.

 h. A description of the dosage, dosage regimen, 
route of administration, and duration.

 i. A description of all circumstances that may 
have affected the quality or integrity of the 
data.

 j. The name of the study director, the names 
of other scientists or professionals, and the 
names of all supervisory personnel, involved 
in the study.

 k. A description of the transformations, calcu-
lations, or operations performed on the data, 
a summary and analysis of the data, and a 
statement of the conclusions drawn from the 
analysis.

 l. The signed and dated reports of each of the 
individual scientists or other professionals 
involved in the study.

 m. The locations where all specimens, raw data, 
and the final report are to be stored.

 n. The statement prepared and signed by the 
quality assurance unit as described in sec-
tion 58.35(b)(7).

 i. The final report shall be signed and 
dated by the study director.
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 ii. Corrections or additions to a final report 
shall be in the form of an amendment 
by the study director. The amendment 
shall clearly identify that part of the 
final report that is being added to or 
corrected and the reasons for the cor-
rection or addition, and shall be signed 
and dated by the person responsible.

 20. Storage and Retrieval of Records and Data (21 CFR 
58.190)
Verify that raw data, documentation, protocols, final 

reports, and specimens have been retained.
Identify the individual responsible for the archives. 

Determine if delegation of duties to other indi-
viduals in maintaining the archives has occurred.

Verify that archived material retained or referred to in 
the archives is indexed to permit expedient retrieval. 
It is not necessary that all data and specimens be in 
the same archive location. For raw data and speci-
mens retained elsewhere, the archives index must 
make specific reference to those other locations.

Verify that access to the archives is controlled and 
determine that environmental controls minimize 
deterioration.

Ensure that there are controlled procedures for add-
ing or removing material. Review archive records 
for the removal and return of data and specimens. 
Check for unexplained or prolonged removals.

Determine how and where computer data and backup 
copies are stored, that records are indexed in a 
way to allow access to data stored on electronic 
media, and that environmental conditions mini-
mize deterioration.

Determine to what electronic media such as tape cas-
settes or ultra-high capacity portable discs the 
test facility has the capacity of copying records 
in electronic form. Report names and identify-
ing numbers of both copying equipment type 
and electronic medium type to enable agency 
personnel to bring electronic media to future 
inspections for collecting exhibits.

 21. Data Audit. In addition to the procedures outlined 
above for evaluating the overall GLP compliance of 
a firm, the inspection should include the audit of at 
least one completed study. Studies for audit may be 
assigned by the Center or selected by the investigator 
as described in part III, A. The audit will include a 
comparison of the protocol (including amendments 
to the protocol), raw data, records, and specimens 
against the final report to substantiate that protocol 
requirements were met and that findings were fully 
and accurately reported. For each study audited, 
the study records should be reviewed for quality to 
ensure that data are:
Attributable—the raw data can be traced, by signa-

ture or initials and date to the individual observ-
ing and recording the data. Should more than 

one individual observe or record the data, that 
fact should be reflected in the data.

Legible—the raw data are readable and recorded in 
a permanent medium. If changes are made to 
original entries, the changes

 a. Must not obscure the original entry
 b. Indicate the reason for change
 c. Must be signed or initialed and dated by the 

person making the change
Contemporaneous—the raw data are recorded at the 

time of the observation.
Original—the first recording of the data.
Accurate—the raw data are true and complete obser-

vations. For data entry forms that require the same 
data to be entered repeatedly, all fields should be 
completed or a written explanation for any empty 
fields should be retained with the study records.

 22. General
Determine if there were any significant changes in 

the facilities, operations, and QAU functions 
other than those previously reported.

Determine whether the equipment used was 
inspected, standardized, and calibrated prior to, 
during, and after use in the study. If equipment 
malfunctioned, review the remedial action, and 
ensure that the final report addresses whether the 
malfunction affected the study.

Determine if approved SOPs existed during the con-
duct of the study.

Compare the content of the protocol with the require-
ments in 21 CFR

Review the final report for the study director’s dated 
signature and the QAU statement as required in 
21 CFR 58.35(b)(7).

 23. Protocol Versus Final Report—Study methods 
described in the final report should be compared 
against the protocol and the SOPs to confirm those 
requirements were met. Examples include, but are 
not limited to, the following:

 24. Final Report Versus Raw Data—The audit should 
include a detailed review of records, memorandum, 
and other raw data to confirm that the findings in the 
final report completely and accurately reflect the raw 
data. Representative samples of raw data should be 
audited against the final report.

 25. Samples—Collection of samples should be consid-
ered when the situation under audit or surveillance 
suggests that the facility had, or is having, problems 
in the area of characterization, stability, storage, con-
tamination, or dosage preparation.

 26. Inspectional Observations—An FDA 483 listing 
inspectional observations will be issued under this 
program. Findings should not be listed on the FDA 
483 if in the opinion of the field investigator:
The findings are problems that have been observed 

and corrected by the firm through its internal 
procedures.
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The findings are minor and are one-time occur-
rences that have no impact on the firm’s opera-
tions, study conduct, or data integrity.
a. Findings that are not considered significant 

enough to be listed on the FDA 483 may be 
discussed with the firm’s management. Such 
discussions must be reported in the EIR. 
Analyzing Laboratories

fDA AuDiT PlAns

When bioequivalence studies are submitted as part of an 
aNDA, the US FDA inspections include an audit of the stud-
ies submitted under the Compliance Program 7348.001. It 
is important to review these directives since it allows firms 
to prepare studies and have them ready for presentation in 
a format that is readily accessible and comprehensible. This 
applies to both domestic and international inspections. When 
the clinical and analytical portions of a study have been per-
formed at separate locations, separate reports should be pre-
pared and submitted for each site

PART I—BACKGROUND

The Bioequivalence Regulations (21 CFR 320) of January 7, 
1977 and its amendments stated the requirements for submission 
of in vivo bioavailability and bioequivalence data as a condition 
of marketing a new (i.e., new chemical compound; new formula-
tion, new dosage form, or new route of administration of a mar-
keted drug) or generic drug. 21 CFR 320 also provided general 
guidance concerning the design and conduct of bioavailability/
bioequivalence studies. However, it should be noted that bio-
equivalence studies conducted to support aNDAs involve testing 
of already approved drug entities and therefore, generally do not 
require an investigational new drug application (IND). However, 
sponsors of generic drugs need to file INDs when studies involve 
a route of administration or dosage level or use in a patient pop-
ulation or other factor that significantly increases the risks (or 
decreases the acceptability of the risks) associated with the use 
of the drug product [21 CFR 312.2(b)(iii)].

The FDA does not require bioequivalence studies on pre-
1938 drug products. It is however the responsibility of the firm 
to assure that the studies are submitted in accordance with the 
most current guidelines as amended.

Bioequivalence studies involve both a clinical component 
and an analytical component. The objective of a typical bio-
equivalence study is to demonstrate that the test and reference 
products achieve a similar pharmacokinetic profile in plasma, 
serum, and/or urine. Bioequivalence studies usually involve 
administration of test and reference drug formulations to 18 
to 36 normal healthy subjects, but patients with a target dis-
ease may also be used. Formulations to be tested are admin-
istered either as a single dose or as multiple doses. Sometimes 
formulations can be labeled with a radioactive component 
to facilitate subsequent analysis. In a bioequivalence study, 
serial samples of biological fluid (plasma, serum, or urine) are 
collected just before and at various times after dose admin-
istration. These samples are later analyzed for drug and/or 

metabolite concentrations. The study data are used in subse-
quent pharmacokinetic analyses to establish bioequivalence.

In some situations, the clinical and analytical facilities for 
a study may be part of the same organization and therefore 
may be covered by one District. In other situations, the two 
facilities may be located in different Districts. For the pur-
pose of this program, the District where the clinical facility is 
located will be referred to as the Clinical Component District, 
and the District where the analytical facility is located will be 
referred to as the Analytical Component District.

PART II—IMPLEMENTATION

objecTive

 1. To verify the quality and integrity of scientific data 
from bioequivalence studies submitted to the Center 
for Drug Evaluation and Research (CDER);

 2. To ensure that the rights and welfare of human sub-
jects participating in drug testing are protected; and

 3. To ensure compliance with the regulations (21 CFR 312, 
320, 50, and 56) and promptly follow-up on significant 
problems, such as research misconduct or fraud.

ProGrAM MAnAGeMenT insTrucTions

 A. Coverage
  It is important to draw distinctions between a clini-

cal laboratory, a clinical facility, and an analytical facil-
ity. A clinical laboratory generally uses blood and/or 
urine to conduct medical screening or diagnostic tests 
such as blood counts (CBC), liver function tests (ALT, 
AST) or kidney function (BUN, creatinine clearance, 
etc.) tests. Clinical laboratories are usually certified 
under programs based on the Clinical Laboratories 
Improvement Act (42 USC 263a) and are not routinely 
inspected by the FDA.A clinical laboratory may be vis-
ited during a bioequivalence study audit to confirm that 
reported screening or diagnostic laboratory work was 
indeed performed. The clinical facility and the analyti-
cal facility as described above are the laboratories that 
will be routinely inspected under this program.

 1. Clinical Facilities
  Clinical facilities conduct bioequivalence 

studies (including screening, dosing, monitoring 
of subjects’ safety, etc.) in order to obtain bio-
logical specimens (e.g., plasma, serum, urine) for 
analysis of drug and/or drug metabolite concen-
trations. Facilities that conduct bioequivalence 
studies in human research subjects for pharma-
codynamic measurements (i.e., clinical or phar-
macological effects) are also included.

 2. Analytical Facilities
  Analytical facilities analyze biological 

specimens collected in bioequivalence studies 
and other human clinical studies for drug and/
or metabolite concentrations to measure the 
absorption and disposition of the drug.
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 3. Clinical and Analytical Investigators
  The clinical investigator in a bioequivalence 

study is involved in the screening and dos-
ing of human subjects, and will ordinarily be 
a physician. PhD clinical pharmacologists and 
PharmDs are acceptable if a physician is avail-
able to cover medical emergencies. The clinical 
investigator may also perform pharmacody-
namic measurement(s) and evaluation activities 
of clinical or pharmacological endpoints. The 
analytical investigator in a bioequivalence study 
is the scientist in the analytical facility respon-
sible for assay development and validation, and 
analyses of biological specimens, for example, 
Scientific Director or Laboratory Director.

 B. Process
  Facilities where bioequivalence studies are con-

ducted are to be to include a review of the clinical 
and analytical testing procedures plus an audit of 
source data from one or more specified studies.

 C. Assignments under this program are of two basic 
categories:

 1. Directed Data Audit—Covers studies and/or 
facilities in which gross problems/inadequa-
cies are suspected (including, but not limited 
to research misconduct, or fraud). Such assign-
ments require rapid evaluation and resolution.

 2. Routine Data Audit—Covers (1) pivotal stud-
ies under current review in the Divisions of 
Pharmaceutical Evaluation I (HFD-860), II 
(HFD-870), or III (HFD-880) in the Office of 
Clinical Pharmacology and Biopharmaceutics 
(HFD-850); and (2) bioequivalence studies sup-
porting the approval of a generic product.

  Assignments will be issued by the GLP and 
Bioequivalence Investigations Branch (GBIB, HFD-
48) to the field. For each assignment, a scientific 
reviewer in GBIB with expertise in chemical assays, 
bioavailability/bioequivalence, biopharmaceutics, 
pharmacokinetics, or pharmacodynamics will (1) 
assist the field in coordinating and as necessary 
conducting the inspection; (2) provide technical 
guidance and on-site support to the field as neces-
sary; and (3) serve as the liaison between the field 
investigator(s) and the Review Divisions in CDER.

For all inspections in which a Form FDA-483 is issued, a copy 
of the Form FDA-483 should be forwarded by facsimile to the 
GBIB contact or the Branch Chief of GBIB.

PART III—INSPECTIONAL

oPerATions

 A. Inspectional
  A complete inspection report under this compliance 

program consists of inspectional findings covering:

 i. Clinical testing, which includes the adequacy of 
facilities and procedures utilized by the clinical 
investigator along with a data audit of the spe-
cific study(ies) identified by GBIB

 ii. Analytical testing, which includes the adequacy 
of the facilities, equipment, personnel, and meth-
ods and procedures utilized at the analytical 
facility including an audit of the method valida-
tion and analytical data for the study(ies) identi-
fied by GBIB

A full narrative report of any deviations from 
existing regulations is required. Deviation(s) must 
be documented sufficiently to support legal or 
administrative action. For example, any records 
containing data that are inconsistent with data 
submitted to FDA should be copied and the 
investigator should identify the discrepancy. 
Generally, serious violations will require more 
extensive documentation a discussion between 
the inspector and his supervisor and the appropri-
ate Center contact prior to embarking on this type 
of coverage.

 B. Investigational
  If inspections of institutional review boards and/

or clinical laboratories are indicated, the inspector 
is required to contact his supervisor and GBIB for 
guidance prior to initiating the inspection.

 C. Refusals
  If access to, or copying of records is refused 

for any reason, the inspector promptly contacts his 
supervisor so that the GBIB contact can be advised 
of the refusal. Send follow-up information via EMS 
to GBIB, and ORO contacts. The same procedure is 
followed when it becomes evident that delays by the 
firm constitute a de facto refusal.

  If actions by the firm take the form of a partial 
refusal for inspection of documents or areas to which 
FDA is entitled under the law, inspector calls atten-
tion to 301(e) and (f) and 505(k)(2) of the FD&C Act; 
if the refusal persists, he telephones his supervisor 
and the GBIB contact for instructions.

  If the proper course of action to deal with a 
refusal cannot be resolved expeditiously by GBIB or 
ORO, GBIB will notifies the Bioresearch Program 
Coordinator (HFC-230).

 D. Findings
 1. If the inspector encounters serious problems 

with the data, methodology, quality control prac-
tices, etc., he will continue with the originally 
assigned inspection, but contact GBIB for advice 
on possibly expanding the inspection. GBIB will 
determine if an in-depth inspection, involving 
additional bioequivalence studies, should be 
initiated.

 2. If the inspector encounters questionable or sus-
picious records and is unable to review or copy 
them immediately and have reason to preserve 
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their integrity by officially sealing them, the 
inspector contacts his supervisor immediately for 
instructions. Procedures exist for the inspector 
District to clear this type of action by telephone 
with the ORA/Bioresearch Program Coordinator 
(HFC-230). See Inspection Operations Manual, 
Section 453.5.

 3. Issuance of a Form FDA-483, Inspectional 
Observations, is appropriate when (1) practice 
at the clinical site deviates from the standards 
for conduct of a clinical study as set forth in 21 
CFR 312 and 320 and 361, (2) practice at the ana-
lytical site deviates from the standards of labo-
ratory practices as set forth in 21 CFR 320, and 
(3) discrepancies have occurred between source 
data and reported data in the case report forms. 
Items that need to be checked for compliance to 
study standards are provided in Attachment A. 
Examples of noncompliance to study standards at 
the clinical and analytical sites are listed in part 
V of this guidance. Observed deficient practices 
should be discussed with the responsible officials.

PART IV—ANALYTICAL

Routine analytical work is anticipated for this compliance 
program. Collected study retention samples will be sent 
to the Division of Drug Testing and Applied Analytical 
Development, St. Louis, MO, for screening. The sample size 
should be sufficient to allow the FDA laboratory to perform 
all of the release tests required in the aNDA, NDA, or supple-
mental applications five times. If the clinical investigator is 
not sure of the amount that constitutes the “five times quan-
tity,” the clinical investigator should contact the study spon-
sor. The clinical facility must provide a written assurance 
(e.g., an affidavit) that the retained samples are representative 
of those used in the specific bioavailability/bioequivalence 
study, and that they were stored under conditions specified in 
accompanying records.

PART V—REGULATORY/
ADMINISTRATIVE STRATEGY

clinicAl TesTinG

Examples of noncompliance are as follows:

 1. Subjects not receiving the test or reference drug 
formulation according to the study randomization 
codes

 2. Biological samples compromised by improper iden-
tification, handling, or storage

 3. Failure to report adverse experiences, such as vomit-
ing, and diarrhea, which may affect absorption and 
elimination of drugs

 4. Inadequate drug accountability records
 5. Inadequate medical supervision and coverage

 6. Significant problems/protocol deviations/adverse 
events not reported to the sponsor

 7. Failure to adhere to the inclusion/exclusion criteria 
of the approved protocol

 8. Inadequate or missing informed consent for partici-
pating subjects

 9. Any other situation in which the health and welfare 
of the subjects are compromised

AnAlyTicAl TesTinG

Examples of noncompliance are as follows:

 1. Inconsistencies between data reported to FDA and at 
the site

 2. Inadequate or missing validation of assay method-
ology with respect to specificity (related chemicals, 
degradation products, metabolites), linearity, sensi-
tivity, precision, and reproducibility

 3. Failure to employ standard, scientifically sound 
quality control techniques, such as use of appropri-
ate standard curves and/or analyte controls that span 
the range of subjects’ analyte levels

 4. Failure to include all data points, not otherwise doc-
umented as rejected for a scientifically sound reason, 
in determination of assay method precision, sensitiv-
ity, accuracy, etc.

 5. Samples are allowed to remain for prolonged periods 
of time without proper storage

 6. Failure to maintain source data, for example, source 
data written on scrap paper and/or discarded in trash 
after transferring to analytical documents

 7. Lack of objective standard for data acceptance of 
calibration standards, quality controls, etc.

 8. Unskilled personnel conducting analytical 
procedures

 9. No documentation of analytical findings
 10. Inadequate or no written procedures for drug sample 

receipt and handling
 11. Inadequate or missing standard operating procedures

Note: The above are not all-inclusive lists of examples of clin-
ical and analytical noncompliance.

BIOEQUIVALENCE INSPECTION REPORT

PArT i—fAciliTies AnD ProceDures 
(clinicAl AnD AnAlyTicAl)

 A. Facilities (Clinical and/or Analytical)
 1. Evaluate the general facilities for adequate space, 

work-flow patterns, separation of operations, etc.
 2. Comment on potential or actual problems, 

such as:
 a. Adjacent clinic rooms housing concurrent 

studies



136 Handbook of Pharmaceutical Manufacturing Formulations 

 b. Open windows allowing ingress of unau-
thorized food, drugs, etc., into clinic rooms

 c. Sealing or monitoring of dropped ceilings to 
prevent storage of nonpermitted materials

 d. Other conditions that may compromise 
study security, contribute to the potential 
for sample mix-up, sample contamination/ 
degradation, etc.

 3. Comment if the facilities do not appear adequate 
to support their normal workload.

 4. Are there written, dated, and approved standard 
operating procedures, readily available to all 
personnel in their work areas? Are working cop-
ies kept current?

 5. Are outdated procedures archived for future 
reference?

 6. Are visitors to the clinical facility permitted? 
How are visitors monitored to prevent passage of 
nonpermitted materials to the study subjects?

 7. Are off-site trips for smoking or other reasons 
monitored to prevent consumption of nonpermit-
ted materials or passage of such materials to or 
from unauthorized persons?

 B. Personnel
 1. Check the relevant qualifications, training, and 

experience of personnel. Assess staff’s ability to 
perform assigned functions. Document any defi-
ciencies that relate to the audited study(ies).

 C. Specimen Handling and Integrity
  In the Clinic. Check and describe:

 1. Procedures for positive subject and sample iden-
tification so that study, drug, subject, sampling 
time, etc., are linked.

 2. Procedures for adherence to processing time, 
temperature, and light conditions as specified by 
analytical method.

 3. Storage conditions before and after processing, 
as well as during transit to the laboratory.

 4. Precautions against sample loss and mix-up 
during storage, processing, and transit to the 
laboratory.

In the Analytical Laboratory
 1. Determine if the analytical facility receives 

 bioequivalence samples from other locations. If yes:
 a. Are there freight receipts for sending/ 

receiving samples?
 b. Is a documented history of sample integrity 

available (e.g., the sample storage time and 
conditions prior to shipment)?

 c. Is the length of time in shipment recorded?
 d. Evaluate the type of transportation employed, 

and type of protection provided (e.g., shipped 
by air in insulated containers of dry ice). 
Report any questionable practices.

 e. What arrangement(s) can be made for receiv-
ing shipments outside of normal working 
hours?

 f. Are the conditions of the samples noted upon 
arrival at the analytical laboratory, along 
with the identity of the person(s) receiving 
the samples?

 g. Are there procedures and documentation 
to assure that the samples remained at the 
proper temperature during shipment and 
holding?

 2. Describe the storage equipment for bioequiva-
lence samples until analysis (e.g., GE Freezer, 
chest type, Model #417, etc.)

 3. Evaluate the equipment and procedures (e.g., 
ultraviolet light protection) for storing and main-
taining bioequivalence samples, prior to and 
during analysis.

 a. Compare storage capacity versus number of 
samples in storage.

 b. Examine set points for alarms and tempera-
ture controlling/recording devices.

 c. Review procedures for calibration and main-
tenance of alarms and controllers/recorders.

 d. Determine practices for monitoring, review, 
and storage of temperature records.

 e. Report any evidence of sample thawing.
 f. Check integrity of study samples.
 g. Determine if action plans are in place in case 

of power loss leading to abnormal storage 
conditions, that is, emergency procedures.

 4. Determine if samples are labeled and separated 
in storage and during analysis to prevent sample 
loss or mix-up between studies, subjects, and 
test/reference drug?

 5. Examine how sample identification is main-
tained through transfer steps during analysis.

 6. Is there accurate documentation to show how 
many freeze and thaw cycles the samples have 
been subjected to, including accidental thawing 
due to equipment failure(s)?

elecTronic recorDs AnD siGnATures

FDA published the Electronic Records; Electronic Signatures; 
Final Rule (21 CFR 11) on March 20, 1997. The rule became 
effective on August 20, 1997. Records in electronic form that 
are created, modified, maintained, archived, retrieved, or 
transmitted under any records requirement set forth in agency 
regulations must comply with 21 CFR 11. The following ques-
tions are provided to aid evaluation of electronic records and 
electronic signatures:

 1. Are electronic data systems used to gather clinical 
(e.g., adverse experiences, concomitant medica-
tions) and analytical data (e.g., peak heights, peak 
areas of chromatograms)? Are such systems used 
to store, analyze, and/or calculate pharmacokinetic/
pharmacodynamic modeling, or to transmit clinical 
and analytical data to the sponsor? If so, identify the 
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system(s), and summarize the system(s)’ capabilities. 
If electronic data systems are not used, omit cover-
age of the remainder of this section.

 2. Determine the source(s) of data entered into the 
computer for accuracy, security, and traceability.

 a. Direct electronic transfer of online instrument 
data

 b. Case report forms, analytical worksheets, or 
similar records requiring manual data entry

 c. Chromatograms requiring evaluation prior to 
manual extraction of data

 d. Other
 3. Determine the following:
 a. Who enters data and when?
 b. Who verifies data entry and when?
 c. Who has access to computer and security codes?
 d. How are data in computers changed? By whom? 

Audit trail?
 4. Determine if the sponsor gets source data or tabu-

lated, evaluated data.
 5. Determine how data are transmitted to sponsor (hard 

copy, computer disk, fax, modem, etc.).
 6. If the sponsor discovers errors, omissions, etc., in the 

final report, what contacts are made with the investi-
gator; how are corrections effected, and how are they 
documented?

 7. Determine how data are retained by the investigator? 
(Hard copy, electronic, etc.).

 8. Determine if the firm has SOPs for validation of 
computer systems involved in storing, analyzing, 
calculating, modeling, and/or transmitting clini-
cal and analytical data. Have the computer systems 
been validated according to the SOPs? Are results 
of the validations documented and available for 
audit? Summarize the validated capabilities of the 
computer systems with respect to their effect on the 
validity of the study data.

clinicAl DATA AnD oPerATions

General
Inspections of clinical facilities should include a comparison 
of the practices and procedures of the clinical investigator 
with the requirements of 21 CFR 312, 320.

Inspections should also include a comparison of the source 
data in the clinical investigator’s files with the data submit-
ted to the FDA. Original records should be reviewed, includ-
ing medical records, dosing records, clinical laboratory test 
reports, adverse reaction reports, concomitant medications 
records, nurses’ notes, etc.

Inspection Procedures
This part identifies the minimum information that must be 
obtained during an inspection to determine if the clinical 
investigator is complying with the regulations. Each FDA 
investigator should expand the inspection as facts emerge. 
The inspections should be sufficient in scope to determine the 

clinical investigator’s general practices for each point iden-
tified, as well as the particular practices employed for the 
study(ies) under audit.

Study Responsibility and Administration
 1. Determine if the clinical investigator was aware of 

the status of the test article(s), nature of the protocol, 
and the obligations of the clinical investigator.

 2. Determine whether authority for the conduct of vari-
ous aspects of the study was delegated properly so 
that the investigator retained control and knowledge 
of the study.

 3. Determine if the investigator discontinued the study 
before completion. If so, provide reason.

 4. Determine the name and address of any clinical lab-
oratory performing clinical laboratory tests for qual-
ifying and/or safety monitoring of study subjects.

 a. If any clinical laboratory testing was performed 
in the investigator’s own facility, determine 
whether that facility is equipped to perform each 
test specified.

 b. Determine if individuals performing the clinical 
tests are adequately qualified.

Protocol
Obtain a copy of the written protocol. Unavailability should 
be reported and documented. If a copy of the protocol is sent 
with the assignment background material, it should be com-
pared to the protocol on site. If the protocols are identical, a 
duplicate copy does not need to be obtained. The narrative 
should note that the protocols were identical. If the protocol 
has been accepted by a Review Division in CDER, a copy 
of the acceptance letter should be attached to the EIR. If the 
Agency has recommended the incorporation of additional 
material, method, or information into the protocol, verify that 
appropriate modifications were made.

 1. Compare the written protocol and all Institutional 
Review Board (IRB)-approved modifications against 
the protocol provided with the assignment package. 
Report and document any differences.

 2. Determine if the approved protocol was followed 
with respect to:

 a. Subject selection (inclusion/exclusion criteria)
 b. Number of subjects
 c. Drug dose form, strength, and route of 

administration
 d. Frequency of subject dosing, monitoring, and 

sampling
 e. Washout period between study arms (test vs. ref-

erence drug)
 f. Other (specify)
 3. Determine whether all significant changes to the 

protocol were:
 a. Documented by an approved amendment that is 

maintained with the protocol
 b. Dated by the investigator



138 Handbook of Pharmaceutical Manufacturing Formulations 

 c. Approved by the IRB and reported to the spon-
sor before implementation except where neces-
sary to eliminate apparent immediate hazard to 
human subjects

 d. Implemented after IRB approval

Note: Changes in protocol are not violations of protocol.

Subjects’ Records
 1. Describe the investigator’s source data files in terms 

of their organization, condition, accessibility, com-
pleteness, and legibility.

 2. Determine whether there is adequate documentation 
to assure that all audited subjects did exist and were 
alive and available for the duration of their stated 
participation in the study.

 3. Compare the source data in the clinical investigator’s 
records with the case reports completed for the spon-
sor. Determine whether clinical laboratory testing 
(including blood work, EKGs, X-rays, eye examina-
tions, etc.), as noted in the case report forms, was 
documented by the presence of completed laboratory 
records among the source data.

 4. Determine whether all adverse experiences were 
reported in the case report forms. Determine whether 
they were regarded as caused by or associated with 
the test article and if they were previously antici-
pated (specificity, severity) in any written informa-
tion regarding the test article.

 5. Concomitant therapy and/or intercurrent illnesses 
might interfere with the evaluation of the effect of 
the test article. Check whether concomitant therapy 
or illness occurred. If so, was such information 
included in the case report forms?

 6. Determine whether the number and type of subjects 
entered into the study were confined to the protocol 
limitations and whether each record contains:

 a. Observations, information, and data on the con-
dition of each subject at the time the subject 
entered into the clinical study

 b. Records of exposure of each subject to the test article
 c. Observations and data on the condition of each 

subject throughout participation in the investi-
gation including time(s) of drug administration; 
dosing according to pre-established, randomiza-
tion schedules; results of laboratory tests; devel-
opment of unrelated illness; bleeding times and 
any other specimen collections; wash-out peri-
ods for subjects; and other factors which might 
alter the effects of the test article

 d. The identity of all persons and locations obtain-
ing source data or involved in the collection or 
analysis of such data

Other Study Records
Review information in the clinical investigator’s records that 
would be helpful in assessing any under-reporting of adverse 

experiences by the sponsor to the agency. The following infor-
mation will ordinarily be obtained from the sponsor and sent 
with the assignment:

 a. The total number of subjects entered into the study
 b. The total number of dropouts from the study (identi-

fied by subject number)
 c. The number of evaluable subjects and the number of 

nonevaluable subjects (the latter identified by subject 
number) 

 d. The adverse experiences identified by subject num-
ber and a description of the adverse experience

  Compare the information submitted to the spon-
sor according to the clinical investigator’s files with 
the information obtained from the sponsor, and doc-
ument any discrepancies found.

Consent of Human Subjects
 1. Obtain a copy of the consent form actually used.
 2. Determine whether proper informed consent was 

obtained from all subjects prior to their entry into 
the study. Identify the staff who obtain and witness 
the signing of informed consent for study subjects.

Institutional Review Board
 1. Identify the name, address, and chairperson of the 

Institutional Review Board for this study.
 2. Determine whether the investigator maintains cop-

ies of all reports submitted to the IRB and reports 
of all actions by the IRB. Determine the nature and 
frequency of periodic reports submitted to the IRB.

 3. Determine whether the investigator submitted 
reports to the IRB of all deaths and serious adverse 
experiences and unanticipated problems involving 
risk to human subjects (21 CFR 312.66).

 4. Determine if the investigator submitted to and 
obtained IRB approval of the following before sub-
jects were allowed to participate in the investigation:

 a. Protocol
 b. Modifications to the protocol
 c. Materials to obtain human subject consent
 d. Media advertisements for subject recruitment
 5. Determine if the investigator disseminated any pro-

motional material or otherwise represented that the 
test article was safe and effective for the purpose for 
which it was under investigation. Were the promo-
tional material(s) submitted to the IRB for review 
and approval before use?

Sponsor
 1. Did the investigator provide a copy of the IRB-

approved consent form to the sponsor?
 2. Determine whether the investigator maintains copies 

of all reports submitted to the sponsor.
 3. Determine if and how the investigator submitted any 

report(s) of deaths and adverse experiences to the 
sponsor.
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 4. Determine whether all intercurrent illnesses and/
or concomitant therapy(ies) were reported to the 
sponsor.

 5. Determine whether all case report forms on sub-
jects were submitted to the sponsor shortly (within 6 
months) after completion.

 6. Determine whether all dropouts, and the reasons 
therefore were reported to the sponsor.

 7. Did the sponsor monitor the progress of the study 
to assure that investigator obligations were ful-
filled? Briefly describe the method (on-site visit, 
telephone, contract research organization, etc.) 
and frequency of monitoring. Do the study records 
include a log of on-site monitoring visits and tele-
phone contacts?

Test Article Accountability
 1. Determine whether unqualified or unauthor-

ized persons administered or dispensed the test 
article(s).

 2. What names are listed on the FDA-1571 (for 
Sponsor-Investigator) and FDA-1572 (for studies 
conducted under an IND)? Obtain a copy of all 
FDA-1572s.

 3. Determine accounting procedures for test articles:
 a. Receipt date(s) and quantities
 b. Dates and quantities dispensed
 c. Quantities of bioequivalence testing samples 

retained (see section “Sample Collection” under 
part III)

 4. Inspect storage area.
 a. Reconcile amounts of test article used with 

amounts received, returned, and retained. Report 
any discrepancy.

 b. If not previously sampled under CP 7346.832, 
collect samples of both the test and reference 
products for FDA analysis.

 5. If test articles are controlled substances, determine if 
proper security is provided.

Records Retention
 1. Determine who maintains custody of the required 

records and the means by which prompt access can 
be assured.

 2. Determine whether the investigator notified the 
sponsor in writing regarding alternate custody of 
required records, if the investigator does not main-
tain them.

 3. Be aware that records should be retained at the study 
site for the specified time as follows:

 a. Two years following the date on which the test 
article is approved by FDA for marketing for the 
purposes, which were the subject of the clinical 
investigation.

 b. Two years following the date on which the entire 
clinical investigation (not just the investigator’s 
part in it) is terminated or discontinued by the 

sponsor. If the investigator was terminated or 
discontinued, was FDA notified?

Abbreviated Report Format
For inspection of a clinical facility, abbreviated report is 
allowed if (1) there are no significant violations and no FDA 
Form 483 is issued, and (2) in cases where there are objec-
tionable findings but the findings are not serious and clearly 
do not have any impact on data integrity and study outcomes. 
The following is a guideline for preparation of the abbrevi-
ated report:

 1. Reason for inspection
 a. Identify the headquarters unit that initiated and/

or issued the assignment.
 b. State the purpose of the inspection.
 2. What was covered
 a. Identify the clinical study, protocol number, 

sponsor, NDA, aNDA, etc.
 b. Location of study.
 3. Administrative procedures
 a. Report the name, title, and authority of the per-

son to whom credentials were shown and FDA-
482 Notice of Inspection was issued.

 b. Persons interviewed.
 c. Who accompanied the inspector during estab-

lishment inspection.
 d. Who provided relevant information.
 e. Identify the IRB.
 f. Prior inspectional history.
 4. Individual responsibilities
 a. Identify study personnel and summarize their 

responsibilities relative to the clinical study (e.g., 
who screened the subjects, who administered the 
drugs, who supervised collection, identification, 
and processing of samples, etc.).

 b. A statement about (i) who obtained informed 
consent, (ii) how it was obtained, and (iii) was 
informed consent signed by each subject?

 c. Identify by whom the clinical study was moni-
tored, and when, etc.

 5. Inspectional findings
 a. A statement regarding the comparison of data on 

the case report forms to the source data at the 
investigator’s site. Indicate the number of records 
compared and what was compared (patient 
charts, hospital records, lab slips, etc.), and spe-
cific information about any discrepancies.

 b. A statement indicating if the drug accountability 
records were sufficient to reconcile the amount 
of drug received, dispensed, returned, and 
retained.

 c. A statement about protocol adherence. Describe 
in detail any nonadherence.

 d. A statement concerning doses in accordance 
with pre-established, randomization schedules.



140 Handbook of Pharmaceutical Manufacturing Formulations 

 e. The EIR should identify the IRB and state if it 
approved the study and was kept informed of the 
progress of the study.

 f. A statement on (i) follow-up activities in 
response to reports of adverse experiences 
(including death) if any occurred; (ii) whether 
there was evidence of under reporting of adverse 
experiences/events.

 g. Discussion of 483 observations, reference the 
exhibits/documentation collected.

 6. Discussion with Management
 a. Discussion of 483 observations and non-483 

observations.
 b. Clinical investigator’s response to observations.

  Remember that the above deals with abbreviated 
reports, not abbreviated inspections. All assign-
ments issued for cause must have full reporting. The 
assignment EMS or memo will indicate the need for 
full reporting for any special inspection.

ANALYTICAL DATA AND OPERATIONS

Information required by this section must be obtained with 
the assistance of a qualified analyst from the field and/or a 
reviewer in GBIB with expertise in the type of analysis used 
in the bioequivalence study under review.

At random, compare the analytical source data with data 
provided in the inspection assignment for accuracy of trans-
ference and for scientific soundness/bearing on the validity 
of the study. Analytical source data are codes used to blind 
samples; data establishing the sensitivity, linearity, specific-
ity, and precision of the analytical assay; data determining 
the stability of the drug in the biological specimen; all stan-
dard curves; blinded and unblinded spiked control samples; 
blanks; data on reagent preparation; instrumental readings; 
calculations; etc. The data comparison and the testing proce-
dural review should include an evaluation of any discrepan-
cies found.

 A. Pre-study analysis
  If the analytical laboratory is involved in analysis 

of drug standards and products employed in the bio-
equivalence studies, determine if:

 1. Appropriate samples were analyzed by the 
laboratory to determine potency and content 
uniformity for tablets and capsules. Include a 
description of procedures used to prepare the 
sample(s) used in the study.

 2. If testing of the samples described above was not 
performed by the analytical laboratory, did the 
sponsor provide test results to the laboratory?

 3. For both the test and reference drug products 
studied, were the products’ appearance, potency, 
dosage form (capsule, tablet, suspension, con-
trolled release, etc.), lot numbers and expiration 
dates the same as that reported to FDA?

 B. Protocol acceptance
  If the Review Division reviewed the protocol and 

recommended protocol modifications, verify that the 
modifications were incorporated into the protocol.

 C. Equipment
  Check on the following with respect to both cur-

rent equipment and practices and those in place at 
the time of the study:

 1. Does the laboratory have the same type, brand, 
and model (not serial) numbers of all major 
pieces of analytical equipment and instru-
mentation used in their testing procedures, as 
reported in the aNDA or NDA? (e.g., gas chro-
matographs, high-performance liquid chro-
matographs, ultraviolet spectrophotometers, 
colorimeter, fluorescence or atomic absorp-
tion spectrophotometer, pH meter, etc.). If not, 
describe the discrepancy and include its effect 
on the validity of the study data.

 2. Assess the general condition of the major pieces 
of equipment (e.g., gross mistreatment), which 
may render them inaccurate or unreliable. 
Examples: damaged gas chromatograph inlet 
port, dry pH meter electrodes, etc. Review main-
tenance and repair logs for indications of past 
problems.

 3. Are there written operating instructions for these 
major pieces of equipment, and are they avail-
able to the laboratory personnel?

 4. Are there written and scheduled calibration/
standardization procedures, and a preventa-
tive maintenance procedure for all analytical 
instruments employed in the study? Determine 
whether these calibration/standardization pro-
cedures are actually employed and documented. 
If not, describe the deficiencies and determine 
whether the instruments have been calibrated 
during the time of the study.

 5. Were specific instrument operating parameters 
documented during the study? If so, where?

 D. Analytical methods validation—Determine through 
data and procedural review if

 1. The analytical laboratory has scientifically sound 
data to support claims for the specificity of the 
assay employed in this study. Ascertain the labo-
ratory’s justification for noninterferences, both 
endogenous and exogenous (e.g., metabolites, 
solvent contamination, etc.) in measuring the 
analytes (drug, metabolites, etc.) studied.

 2. The analytical laboratory has data to support the 
claims for the linearity of the assay employed in 
this study.

 3. The laboratory analyst who analyzed the bio-
logical samples has generated data demonstrat-
ing the sensitivity of the assay using the same 
instrumentation as that employed in the bio-
equivalence study. The sensitivity of the assay 
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(or limit of detection) may be defined as the low-
est quantifiable limit that can be reproducibly 
determined for the measured analyte(s) being 
carried through the method.

 4. The laboratory analyst who analyzed the biologi-
cal specimen has generated data demonstrating 
the precision of the assay using the instrumen-
tation employed in the bioequivalence study. 
The data should be available for both standard 
and quality control samples and should include 
the consistency of precision of the standard and 
control samples carried through the assay proce-
dure. Ascertain the laboratory’s justification for 
the precision based on the separation procedure, 
instrumentation, and analyte concentration lev-
els in the biological fluids.

 5. The laboratory has data to demonstrate drug 
recoveries (percent recovery) for the measured 
analyte(s). This should include both analyte 
extraction efficiency from the biological fluid 
and recovery of the analyte(s) carried through 
the analytical testing procedure.

 6. The analytical laboratory determined the stabil-
ity of the drug both in the biological specimen 
and in the sample preparation medium under the 
same condition as in actual analysis of subject 
samples.

 7. The analytical laboratory showed that the stor-
age procedures (e.g., freezing and number of 
freeze/thaw cycles) have no adverse effect on 
drug stability for the period of time the samples 
were stored, from subject dosing until last sam-
ple analysis.

 8. The water quality specified for sample and 
reagent preparation is consistently and readily 
available in the laboratory.

 E. Sample analyses—Determine if
 1. The analytical assay employed was the same as 

that specified in the aNDA or NDA.
 2. The assay parameters observed for the study’s 

sample analysis are similar to those (e.g. speci-
ficity, precision, etc.) obtained during method 
validation. Review study subjects’ source ana-
lytical data to check this; pay particular attention 
to analytical runs determined toward the end of 
analytical testing.

 3. Coding techniques were used to blind the ana-
lytical laboratory to the sample. Was the code 
available to the analytical chemist?

 4. The samples were analyzed in a randomized 
fashion or in some specific order. Were samples 
of test and reference products for the same sub-
ject analyzed at the same time under identical 
conditions with the same standard curve, same 
control, and same instrument?

 5. Standard curves are prepared each time a 
batch of unknown samples is assayed. If not, 

how often are standards run? Have all the 
standard curves run during the study been 
reported? How many standards are used to 
define each standard curve? (Should be 5–8, 
excluding blank.) Does the laboratory have 
scientifically sound procedures for accep-
tance or rejection of a standard point and/or a 
standard curve?

 6. The standard curve encompasses the concentra-
tion values reported. Were any values reported 
which were derived from points extrapolated on 
the standard curve?

 7. The laboratory has a scientifically sound SOP 
in place to guide the acceptance/rejection of 
data. Did the laboratory adhere to the SOPs in 
the reporting of repeated determinations, or was 
supervisory discretion used to accept/reject data 
points?

 8. Blinded or nonblinded spiked control samples 
have been included and reported with each run. 
Who prepared these samples? Were the controls 
made from a standard weight different from the 
standard weight used to prepare standards for 
the standard curve (i.e., two separate indepen-
dent weighings for calibration standards and 
QC stock solutions)? Do the controls span the 
expected analyte concentration range (low, mid-
range, and high) found in the subjects’ samples? 
Have all control values been reported individu-
ally, as opposed to averages?

 9. The control samples were processed and ana-
lyzed exactly the same as the unknown samples. 
Were the controls interspersed throughout the 
entire analytical run?

 10. The source of blank biological fluids. (Was each 
subject’s zero hour serum used as the blank, 
pooled plasma, etc.?) Were interferences noted 
in the analytical source data for these samples? 
Specifications should be established to assure 
that blank biological fluids are as similar as 
possible to the biological matrix for the subject 
samples.

 11. The source of the drug standards used for the 
in vivo sample analysis. If not compendial stan-
dards, how was the quality and purity of the 
standard assured?

 12. All sample values were recorded and reported. 
If not, were reasons for rejection documented 
and justified? Were any samples rerun? When 
repeated determinations were made, were 
new standard curves and control samples run 
concurrently?

 13. The procedure employed for determining which 
value of a rerun sample is reported. Was this 
procedure scientifically sound and consistently 
followed? Was an established written procedure 
followed?
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 14. The submitted chromatograms are representa-
tive of the quality of the chromatograms gener-
ated throughout the study.

 15. There are written procedures for preparing 
reagents used in these assays. Are reagents prop-
erly labeled with date of preparation, storage 
requirements, as well as chemist who prepared 
them? Were the original weighings for calibra-
tion standard and QC stock solutions checked 
and countersigned by a second party?

 16. Copies of the following chromatograms are avail-
able: (If not submitted by the applicant, the Field 
investigator or chemist should obtain copies.)

 a. Reagent blank
 b. Sample blank
 c. Internal standard
 d. A standard run
 e. A quality control run
 f. A set of chromatograms for one subject over 

the entire span of the study
 F. For antibiotic analyses—Determine:
 1. Are incubators available? Specify dimensions 

and type.
 2. Whether
 a. The bench tops are level
 b. The room temperature is controlled and, if 

so, what are the temperature tolerances
 c. Agar, propagation cultures, and other nec-

essary resources are available and properly 
monitored

 d. Zone readers are available; if so, specify type
 e. Autoclaves are available and, if so, specify 

type and determine if the autoclave steriliza-
tion process has been validated

 3. The room where these studies are conducted is 
“environmentally sterile” and what monitoring 
is done to determine the degree of “environmen-
tal sterility.”

 4. Whether the samples were run properly through 
the incubator, that is, times and temperatures are 
controlled to desired specifications and properly 
documented.

 5. Whether the standards, controls, and samples 
are incubated at the same time, in the same 
incubator.

 6. Whether the microorganisms used in the media 
are the same as described in the AADA.

 7. Whether a burner is used to heat the wire for 
transfer purposes.

 8. Whether calibrated zone readers were used for 
zone size determinations.

 9. Whether turbidimetric methodology was 
employed. Also, determine the type of spectro-
photometry used.

 10. Whether the turbidimetric standardization pro-
cedure was the same as that specified in the 
AADA. If not, describe differences.

 11. Whether all samples were read in duplicate. 
Were all samples read by the same person? Did 
zone diameters or turbidimetric readings corre-
late with drug concentration levels?

 12. Are standard operating procedures in place to 
calibrate the incubator, autoclave, etc., used in 
antibiotic analysis? Are the SOPs readily avail-
able to laboratory personnel?

 G. For radiometric analyses—In addition to the general 
guidance above, determine:

 1. How the specific activity of the radiochemical 
standards employed was determined.

 2. Whether all counts specified in records submit-
ted to the Agency were actually counted for the 
time interval specified.

 3. Whether an inventory of all radiolabeled com-
pounds is maintained by the laboratory.

 4. If the background level has been determined? If 
yes, by what method?

 5. For RIA methodology, determine if a commer-
cial kit was used in the analysis. If so, report 
the type of kit, the expiration date and whether 
the laboratory validated the accuracy, specific-
ity, precision, sensitivity and linearity of the 
kit assay in relation to the reported study assay 
procedure.

 H. Data handling and storage—Determine:
 1. Whether bound notebooks and/or source data 

worksheets are used by the laboratory.
 2. If bound notebooks are used, are the pages filled 

in sequentially on a chronological basis? Does 
the analyst sign the notebook/worksheet daily? 
Does a supervisor initial the notebook/work-
sheet after checking it for accuracy?

 3. Whether the laboratory retains all source data, 
such as notebooks, worksheets, chromatograms, 
standard curves, etc. Is there justification for 
source data excluded from the study report, such 
as rejected runs, missing samples, etc.?

 4. Whether the analyst(s) sign and date all source 
data records.

 5. How long the source data is retained.
 6. Describe the maintenance and accessibility of 

laboratory source data (e.g., repeated determina-
tions, rejected analytical runs, etc.). Document 
problems with data recording and verification, 
such as lack of dates and signatures, erasures, 
white-out, etc.
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6

6

EU Guidelines to Good Manufacturing 
Practice: Active Drug Substance  

1.1  objecTive

These guidelines are intended to provide guidance regarding 
good manufacturing practice (GMP) for the manufacture of 
active substances under an appropriate system for managing 
quality. It is also intended to help ensure that active substances 
meet the requirements for quality and purity that they purport 
or are represented to possess.

In these guidelines “manufacturing” includes all operations of 
receipt of materials, production, packaging, repackaging, label-
ing, relabeling, quality control, release, storage, and distribution 
of active substances and the related controls. The term “should” 
indicates recommendations that are expected to apply unless 
shown to be inapplicable, modified in any relevant annexes to 
the GMP guide, or replaced by an alternative demonstrated to 
provide at least an equivalent level of quality assurance.

The GMP guide as a whole does not cover safety aspects 
for the personnel engaged in manufacture, nor aspects of 
protection of the environment. These controls are inherent 
responsibilities of the manufacturer and are governed by other 
parts of the legislation.

These guidelines are not intended to define registration 
requirements or modify pharmacopoeial requirements and do 
not affect the ability of the responsible competent authority to 
establish specific registration requirements regarding active 
substances within the context of marketing/manufacturing 
authorizations. All commitments in registration documents 
must be met.

1.2  scoPe

These guidelines apply to the manufacture of active sub-
stances for medicinal products for both human and veterinary 
use. They apply to the manufacture of sterile active substances 
only up to the point immediately prior to the active substance 
being rendered sterile. The sterilization and aseptic process-
ing of sterile active substances are not covered, but should be 
performed in accordance with the principles and guidelines of 
GMP as laid down in Directive 2003/94/EC and interpreted 
in the GMP guide including its Annex 1.

In the case of ectoparasiticides for veterinary use, other 
standards than these guidelines, that ensure that the material 
is of appropriate quality, may be used.

These guidelines exclude whole blood and plasma, as 
Directive 2002/98/EC and the technical requirements sup-
porting that directive lay down the detailed requirements for 
the collection and testing of blood; however, it does include 

active substances that are produced using blood or plasma as 
raw materials. Finally, these guidelines do not apply to bulk-
packaged medicinal products. They apply to all other active 
starting materials subject to any derogations described in the 
annexes to the GMP guide, in particular Annexes 2 to 7 where 
supplementary guidance for certain types of active substance 
may be found. The annexes will consequently undergo a 
review but in the meantime and only until this review is com-
plete, manufacturers may choose to continue to use Part I of 
the basic requirements and the relevant annexes for products 
covered by those annexes, or may already apply Part II.

Section 19 contains guidance that only applies to the man-
ufacture of active substances used in the production of inves-
tigational medicinal products, although it should be noted 
that its application in this case, though recommended, is not 
required by community legislation.

An “active substance starting material” is a raw material, 
intermediate, or an active substance that is used in the pro-
duction of an active substance and that is incorporated as a 
significant structural fragment into the structure of the active 
substance. An active substance starting material can be an 
article of commerce, a material purchased from one or more 
suppliers under contract or commercial agreement, or pro-
duced in-house. Active substance starting materials normally 
have defined chemical properties and structure.

The manufacturer should designate and document the 
rationale for the point at which production of the active sub-
stance begins. For synthetic processes, this is known as the 
point at which active substance starting materials are entered 
into the process. For other processes (e.g., fermentation, 
extraction, purification, etc.), this rationale should be estab-
lished on a case-by-case basis. Table 6.1 gives guidance on the 
point at which the active substance starting material is nor-
mally introduced into the process. From this point on, appro-
priate GMP as defined in these guidelines should be applied 
to these intermediate and/or active substance manufacturing 
steps. This would include the validation of critical process 
steps determined to impact the quality of the active substance. 
However, it should be noted that the fact that a manufacturer 
chooses to validate a process step does not necessarily define 
that step as critical. The guidance in this document would 
normally be applied to the steps shown in gray in Table 6.1. 
It does not imply that all steps shown should be completed. 
The stringency of GMP in active substance manufacturing 
should increase as the process proceeds from early steps to 
final steps, purification, and packaging. Physical processing 
of active substances, such as granulation, coating, or physical 
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manipulation of particle size (e.g., milling, micronizing), 
should be conducted at least to the standards of these guide-
lines. These guidelines do not apply to steps prior to the first 
introduction of the defined active substance starting material.

In the remainder of this guideline, the term active phar-
maceutical ingredient (API) is used repeatedly and should be 
considered interchangeable with the term “active substance.” 
The glossary in section 20 of Part II should only be applied 
in the context of Part II. Some of the same terms are already 
defined in Part I of the GMP guide and these therefore should 
only be applied in the context of Part I.

2  QUALITY MANAGEMENT

2.1  PrinciPles

2.10 Quality should be the responsibility of all persons 
involved in manufacturing.

2.11 Each manufacturer should establish, document, and 
implement an effective system for managing quality that 
involves the active participation of management and appro-
priate manufacturing personnel.

2.12 The system for managing quality should encompass the 
organizational structure, procedures, processes and resources, 
as well as activities necessary to ensure confidence that the API 

will meet its intended specifications for quality and purity. All 
quality-related activities should be defined and documented.

2.13 There should be a quality unit(s) that is independent of 
production and that fulfills both quality assurance (QA) and 
quality control (QC) responsibilities. This can be in the form 
of separate QA and QC units or a single individual or group, 
depending upon the size and structure of the organization.

2.14 The persons authorized to release intermediates and 
APIs should be specified.

2.15 All quality-related activities should be recorded at the 
time they are performed.

2.16 Any deviation from established procedures should 
be documented and explained. Critical deviations should be 
investigated, and the investigation and its conclusions should 
be documented.

2.17 No materials should be released or used before the sat-
isfactory completion of evaluation by the quality unit(s) unless 
there are appropriate systems in place to allow for such use 
(e.g., release under quarantine as described in section 10.20 or 
the use of raw materials or intermediates pending completion 
of evaluation).

2.18 Procedures should exist for notifying responsible man-
agement in a timely manner of regulatory inspections, serious 
GMP deficiencies, product defects, and related actions (e.g., 
quality-related complaints, recalls, regulatory actions, etc.).

TABLE 6.1
Application of This Guide to API Manufacturing

Type of manufacturing Application of this guide to steps (shown in gray) used in this type of manufacturing

Chemical manufacturing Production of the API 
starting material

Introduction of the API starting 
material into process

Production of 
intermediate(s)

Isolation and 
purification

Physical 
processing and 
packaging

API derived from animal 
sources

Collection of organ, 
fluid, or tissue

Cutting, mixing, and/or initial 
processing

Introduction of the 
API starting material 
into process

Isolation and 
purification

Physical 
processing and 
packaging

API extracted from plant 
sources

Collection of plant Cutting and initial extraction(s) Introduction of the 
API starting material 
into process

Isolation and 
purification

Physical 
processing and 
packaging

Herbal extracts used as 
API

Collection of plants Cutting and initial extraction Further 
extraction

Physical 
processing and 
packaging

API consisting of 
comminuted or 
powdered herbs

Collection of plants 
and/or cultivation 
and harvesting

Cutting/comminuting Physical 
processing and 
packaging

Biotechnology: 
fermentation/cell culture

Establishment of 
master cell bank and 
working cell bank

Maintenance of working cell 
bank

Cell culture and/or 
fermentation

Isolation and 
purification

Physical 
processing and 
packaging

“Classical” fermentation 
to produce an API

Establishment of cell 
bank

Maintenance of the cell bank Introduction of the 
cells into 
fermentation

Isolation and 
purification

Physical 
processing and 
packaging
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2.2  resPonsibiliTies of The quAliTy uniT(s)

2.20 The quality unit(s) should be involved in all quality-
related matters.

2.21 The quality unit(s) should review and approve all 
appropriate quality-related documents.

2.22 The main responsibilities of the independent quality 
unit(s) should not be delegated. These responsibilities should 
be described in writing and should include but not necessarily 
be limited to

releasing or rejecting all APIs;
releasing or rejecting intermediates for use outside the 

control of the manufacturing company;
establishing a system to release or reject raw materials, 

intermediates, packaging, and labeling materials;
reviewing completed batch production and labora-

tory control records of critical process steps before 
release of the API for distribution;

making sure that critical deviations are investigated and 
resolved;

approving all specifications and master production 
instructions;

approving all procedures impacting the quality of inter-
mediates or APIs;

making sure that internal audits (self-inspections) are 
performed;

approving intermediate and API contract manufactur-
ers; approving changes that potentially impact inter-
mediate or API quality;

reviewing and approving validation protocols and 
reports; making sure that quality-related complaints 
are investigated and resolved;

making sure that effective systems are used for main-
taining and calibrating critical equipment;

making sure that materials are appropriately tested and 
the results are reported;

making sure that there is stability data to support retest 
or expiry dates and storage conditions on APIs and/
or intermediates where appropriate; and

performing product quality reviews (as defined in sec-
tion 2.5).

2.3  resPonsibiliTy for ProDucTion AcTiviTies

The responsibility for production activities should be 
described in writing and should include but not necessarily 
be limited to

preparing, reviewing, approving, and distributing the 
instructions for the production of intermediates or 
APIs according to written procedures;

producing APIs and, when appropriate, intermediates 
according to preapproved instructions;

reviewing all production batch records and ensuring 
that these are completed and signed;

making sure that all production deviations are reported 
and evaluated and that critical deviations are investi-
gated and the conclusions are recorded;

making sure that production facilities are clean and 
when appropriate disinfected;

making sure that the necessary calibrations are per-
formed and records kept;

making sure that the premises and equipment are main-
tained and records kept;

making sure that validation protocols and reports are 
reviewed and approved;

evaluating proposed changes in product, process, or 
equipment; and

making sure that new and, when appropriate, modified 
facilities and equipment are qualified.

2.4  inTernAl AuDiTs (self-insPecTion)

2.40 In order to verify compliance with the principles of 
GMP for APIs, regular internal audits should be performed in 
accordance with an approved schedule.

2.41 Audit findings and corrective actions should be doc-
umented and brought to the attention of responsible man-
agement of the firm. Agreed corrective actions should be 
completed in a timely and effective manner.

2.5 Product Quality Review
2.50 Regular quality reviews of APIs should be conducted 

with the objective of verifying the consistency of the process. 
Such reviews should normally be conducted and documented 
annually and should include at least

• a review of critical in-process control and critical 
API test results;

• a review of all batches that failed to meet established 
specification(s);

• a review of all critical deviations or nonconfor-
mances and related investigations;

• a review of any changes carried out to the processes 
or analytical methods;

• a review of results of the stability monitoring 
program;

• a review of all quality-related returns, complaints, 
and recalls; and

• a review of adequacy of corrective actions.

2.51 The results of this review should be evaluated and an 
assessment made of whether corrective action or any revalida-
tion should be undertaken. Reasons for such corrective action 
should be documented. Agreed corrective actions should be 
completed in a timely and effective manner.

3  PERSONNEL

3.1  Personnel quAlificATions

3.10 There should be an adequate number of personnel qualified 
by appropriate education, training, and/or experience to perform 
and supervise the manufacture of intermediates and APIs.

3.11 The responsibilities of all personnel engaged in the 
manufacture of intermediates and APIs should be specified 
in writing.
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3.12 Training should be regularly conducted by qualified 
individuals and should cover, at a minimum, the particular 
operations that the employee performs and GMP as it relates 
to the employee’s functions. Records of training should be 
maintained. Training should be periodically assessed.

3.2 Personnel Hygiene
3.20 Personnel should practice good sanitation and health 

habits.
3.21 Personnel should wear clean clothing suitable for the 

manufacturing activity with which they are involved and this 
clothing should be changed when appropriate. Additional pro-
tective apparel, such as head, face, hand, and arm coverings, 
should be worn when necessary, to protect intermediates and 
APIs from contamination.

3.22 Personnel should avoid direct contact with intermedi-
ates or APIs.

3.23 Smoking, eating, drinking, chewing, and the storage 
of food should be restricted to certain designated areas sepa-
rate from the manufacturing areas.

3.24 Personnel suffering from an infectious disease or 
having open lesions on the exposed surface of the body 
should not engage in activities that could result in compro-
mising the quality of APIs. Any person shown at any time 
(either by medical examination or supervisory observa-
tion) to have an apparent illness or open lesions should be 
excluded from activities where the health condition could 
adversely affect the quality of the APIs until the condition is 
corrected or qualified medical personnel determine that the 
person’s inclusion would not jeopardize the safety or quality 
of the APIs.

3.2  consulTAnTs

3.30 Consultants advising on the manufacture and control of 
intermediates or APIs should have sufficient education, train-
ing, and experience, or any combination thereof, to advise on 
the subject for which they are retained.

3.31 Records should be maintained stating the name, 
address, qualifications, and type of service provided by these 
consultants.

4  BUILDINGS AND FACILITIES

4.1  DesiGn AnD consTrucTion

4.10 Buildings and facilities used in the manufacture of inter-
mediates and APIs should be located, designed, and con-
structed to facilitate cleaning, maintenance, and operations as 
appropriate to the type and stage of manufacture. Facilities 
should also be designed to minimize potential contamination. 
Where microbiological specifications have been established 
for the intermediate or API, facilities should also be designed 
to limit exposure to objectionable microbiological contami-
nants as appropriate.

4.11 Buildings and facilities should have adequate space 
for the orderly placement of equipment and materials to pre-
vent mix-ups and contamination.

4.12 Where the equipment itself (e.g., closed or contained 
systems) provides adequate protection of the material, such 
equipment can be located outdoors.

4.13 The flow of materials and personnel through the 
building or facilities should be designed to prevent mix-ups 
or contamination.

4.14 There should be defined areas or other control systems 
for the following activities:

• Receipt, identification, sampling, and quarantine of 
incoming materials, pending release or rejection;

• Quarantine before release or rejection of intermedi-
ates and APIs;

• Sampling of intermediates and APIs;
• Holding rejected materials before further disposition 

(e.g., return, reprocessing, or destruction);
• Storage of released materials;
• Production operations;
• Packaging and labeling operations; and
• Laboratory operations.

4.15 Adequate, clean washing and toilet facilities should be 
provided for personnel. These washing facilities should be 
equipped with hot and cold water as appropriate, soap or 
detergent, and air driers or single service towels. The wash-
ing and toilet facilities should be separate from, but easily 
accessible to, manufacturing areas. Adequate facilities for 
showering and/or changing clothes should be provided, when 
appropriate.

4.16 Laboratory areas/operations should normally be sepa-
rated from production areas. Some laboratory areas, in par-
ticular those used for in-process controls, can be located in 
production areas, provided the operations of the production 
process do not adversely affect the accuracy of the labora-
tory measurements, and the laboratory and its operations do 
not adversely affect the production process or intermediate 
or API.

4.2  uTiliTies

4.20 All utilities that could impact on product quality (e.g., 
steam, gases, compressed air, and heating, ventilation, and 
air conditioning) should be qualified and appropriately moni-
tored and action should be taken when limits are exceeded. 
Drawings for these utility systems should be available.

4.21 Adequate ventilation, air filtration, and exhaust 
systems should be provided, where appropriate. These 
systems should be designed and constructed to minimize 
risks of contamination and cross-contamination and should 
include equipment for control of air pressure, microorgan-
isms (if appropriate), dust, humidity, and temperature, as 
appropriate to the stage of manufacture. Particular atten-
tion should be given to areas where APIs are exposed to the 
environment.

4.22 If air is recirculated to production areas, appropriate 
measures should be taken to control risks of contamination 
and cross-contamination.
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4.23 Permanently installed pipework should be appro-
priately identified. This can be accomplished by identifying 
individual lines, documentation, computer control systems, or 
alternative means. Pipework should be located to avoid risks 
of contamination of the intermediate or API.

4.24 Drains should be of adequate size and should be pro-
vided with an air break or a suitable device to prevent back-
siphonage, when appropriate.

4.3  WATer

4.30 Water used in the manufacture of APIs should be demon-
strated to be suitable for its intended use.

4.31 Unless otherwise justified, process water should, at a 
minimum, meet World Health Organization (WHO) guide-
lines for drinking (potable) water quality.

4.32 If drinking (potable) water is insufficient to assure API 
quality, and tighter chemical and/or microbiological water 
quality specifications are called for, appropriate specifications 
for physical/chemical attributes, total microbial counts, objec-
tionable organisms, and/or endotoxins should be established.

4.33 Where water used in the process is treated by the 
manufacturer to achieve a defined quality, the treatment 
process should be validated and monitored with appropriate 
action limits.

4.34 Where the manufacturer of a nonsterile API either 
intends or claims that it is suitable for use in further process-
ing to produce a sterile drug (medicinal) product, water used 
in the final isolation and purification steps should be moni-
tored and controlled for total microbial counts, objectionable 
organisms, and endotoxins.

4.4  conTAinMenT

4.40 Dedicated production areas, which can include facilities, 
air-handling equipment, and/or process equipment, should be 
employed in the production of highly sensitizing materials, 
such as penicillins or cephalosporins.

4.41 Dedicated production areas should also be considered 
when material of an infectious nature or high pharmacologi-
cal activity or toxicity is involved (e.g., certain steroids or 
cytotoxic anticancer agents) unless validated inactivation and/
or cleaning procedures are established and maintained.

4.42 Appropriate measures should be established and 
implemented to prevent cross-contamination from personnel, 
materials, etc. moving from one dedicated area to another.

4.43 Any production activities (including weighing, mill-
ing, or packaging) of highly toxic nonpharmaceutical materi-
als such as herbicides and pesticides should not be conducted 
using the buildings and/or equipment being used for the pro-
duction of APIs. Handling and storage of these highly toxic 
nonpharmaceutical materials should be separate from APIs.

4.5  liGhTinG

4.50 Adequate lighting should be provided in all areas to 
facilitate cleaning, maintenance, and proper operations.

4.6  seWAGe AnD refuse

4.60 Sewage, refuse, and other waste (e.g., solids, liq-
uids, or gaseous by-products from manufacturing) in 
and from buildings and the immediate surrounding area 
should be disposed of in a safe, timely, and sanitary man-
ner. Containers and/or pipes for waste material should be 
clearly identified.

4.7  sAniTATion AnD MAinTenAnce

4.70 Buildings used in the manufacture of intermediates and 
APIs should be properly maintained and repaired and kept in 
a clean condition.

4.71 Written procedures should be established assign-
ing responsibility for sanitation and describing the cleaning 
schedules, methods, equipment, and materials to be used in 
cleaning buildings and facilities.

4.72 When necessary, written procedures should also 
be established for the use of suitable rodenticides, insec-
ticides, fungicides, fumigating agents, and cleaning and 
sanitizing agents to prevent the contamination of equip-
ment, raw materials, packaging/labeling materials, inter-
mediates, and APIs.

5  PROCESS EQUIPMENT

5.1  DesiGn AnD consTrucTion

5.10 Equipment used in the manufacture of intermediates and 
APIs should be of appropriate design and adequate size, and 
suitably located for its intended use, cleaning, sanitization 
(where appropriate), and maintenance.

5.11 Equipment should be constructed so that surfaces that 
contact raw materials, intermediates, or APIs do not alter the 
quality of the intermediates and APIs beyond the official or 
other established specifications.

5.12 Production equipment should only be used within its 
qualified operating range.

5.13 Major equipment (e.g., reactors, storage containers) 
and permanently installed processing lines used during the 
production of an intermediate or API should be appropriately 
identified.

5.14 Any substances associated with the operation of 
equipment, such as lubricants, heating fluids, or coolants, 
should not contact intermediates or APIs so as to alter their 
quality beyond the official or other established specifications. 
Any deviations from this should be evaluated to ensure that 
there are no detrimental effects upon the fitness for purpose 
of the material. Wherever possible, food grade lubricants and 
oils should be used.

5.15 Closed or contained equipment should be used when-
ever appropriate. Where open equipment is used, or equip-
ment is opened, appropriate precautions should be taken to 
minimize the risk of contamination.

5.16 A set of current drawings should be maintained for 
equipment and critical installations (e.g., instrumentation and 
utility systems).
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5.2  equiPMenT MAinTenAnce AnD cleAninG

5.20 Schedules and procedures (including assignment of 
responsibility) should be established for the preventative 
maintenance of equipment.

5.21 Written procedures should be established for clean-
ing of equipment and its subsequent release for use in the 
manufacture of intermediates and APIs. Cleaning procedures 
should contain sufficient details to enable operators to clean 
each type of equipment in a reproducible and effective man-
ner. These procedures should include

• assignment of responsibility for cleaning of 
equipment;

• cleaning schedules, including, where appropriate, 
sanitizing schedules;

• a complete description of the methods and materials, 
including dilution of cleaning agents used to clean 
equipment;

• when appropriate, instructions for disassembling and 
reassembling each article of equipment to ensure 
proper cleaning;

• instructions for the removal or obliteration of previ-
ous batch identification;

• instructions for the protection of clean equipment 
from contamination prior to use;

• inspection of equipment for cleanliness immediately 
before use, if practical; and

• establishing the maximum time that may elapse 
between the completion of processing and equip-
ment cleaning, when appropriate.

5.22 Equipment and utensils should be cleaned, stored, and, 
where appropriate, sanitized or sterilized to prevent contami-
nation or carryover of a material that would alter the quality 
of the intermediate or API beyond the official or other estab-
lished specifications.

5.23 Where equipment is assigned to continuous produc-
tion or campaign production of successive batches of the 
same intermediate or API, equipment should be cleaned 
at appropriate intervals to prevent buildup and carryover 
of contaminants (e.g., degradants or objectionable levels of 
microorganisms).

5.24 Nondedicated equipment should be cleaned 
between production of different materials to prevent 
cross-contamination.

5.25 Acceptance criteria for residues and the choice of 
cleaning procedures and cleaning agents should be defined 
and justified.

5.26 Equipment should be identified as to its contents and 
its cleanliness status by appropriate means.

5.3  cAlibrATion

5.30 Control, weighing, measuring, monitoring, and test equip-
ment that is critical for assuring the quality of intermediates 

or APIs should be calibrated according to written procedures 
and an established schedule.

5.31 Equipment calibrations should be performed using 
standards traceable to certified standards, if existing.

5.32 Records of these calibrations should be maintained.
5.33 The current calibration status of critical equipment 

should be known and verifiable.
5.34 Instruments that do not meet calibration criteria 

should not be used.
5.35 Deviations from approved standards of calibra-

tion on critical instruments should be investigated to deter-
mine if these could have had an impact on the quality of the 
intermediate(s) or API(s) manufactured using this equipment 
since the last successful calibration.

5.4  coMPuTerizeD sysTeMs

5.40 GMP-related computerized systems should be validated. 
The depth and scope of validation depends on the diversity, 
complexity, and criticality of the computerized application.

5.41 Appropriate installation qualification and operational 
qualification should demonstrate the suitability of computer 
hardware and software to perform assigned tasks.

5.42 Commercially available software that has been quali-
fied does not require the same level of testing. If an existing 
system was not validated at time of installation, a retrospec-
tive validation could be conducted if appropriate documenta-
tion is available.

5.43 Computerized systems should have sufficient con-
trols to prevent unauthorized access or changes to data. There 
should be controls to prevent omissions in data (e.g., system 
turned off and data not captured). There should be a record 
of any data change made, the previous entry, who made the 
change, and when the change was made.

5.44 Written procedures should be available for the opera-
tion and maintenance of computerized systems.

5.45 Where critical data are being entered manually, there 
should be an additional check on the accuracy of the entry. 
This can be done by a second operator or by the system itself.

5.46 Incidents related to computerized systems that 
could affect the quality of intermediates or APIs or the 
reliability of records or test results should be recorded and 
investigated.

5.47 Changes to the computerized system should be made 
according to a change procedure and should be formally 
authorized, documented, and tested. Records should be kept 
of all changes, including modifications and enhancements 
made to the hardware, software, and any other critical com-
ponent of the system. These records should demonstrate that 
the system is maintained in a validated state.

5.48 If system breakdowns or failures would result in the 
permanent loss of records, a backup system should be pro-
vided. A means of ensuring data protection should be estab-
lished for all computerized systems.

5.49 Data can be recorded by a second means in addition 
to the computer system.
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6  DOCUMENTATION AND RECORDS

6.1  DocuMenTATion sysTeM AnD sPecificATions

6.10 All documents related to the manufacture of intermedi-
ates or APIs should be prepared, reviewed, approved, and dis-
tributed according to written procedures. Such documents can 
be in paper or electronic form.

6.11 The issuance, revision, superseding, and withdrawal 
of all documents should be controlled with maintenance of 
revision histories.

6.12 A procedure should be established for retaining all 
appropriate documents (e.g., development history reports, 
scale-up reports, technical transfer reports, process validation 
reports, training records, production records, control records, 
and distribution records). The retention periods for these doc-
uments should be specified.

6.13 All production, control, and distribution records 
should be retained for at least 1 year after the expiry date 
of the batch. For APIs with retest dates, records should be 
retained for at least 3 years after the batch is completely 
distributed.

6.14 When entries are made in records, these should be 
made indelibly in spaces provided for such entries, directly 
after performing the activities, and should identify the person 
making the entry. Corrections to entries should be dated and 
signed and leave the original entry still readable.

6.15 During the retention period, originals or copies of 
records should be readily available at the establishment where 
the activities described in such records occurred. Records that 
can be promptly retrieved from another location by electronic 
or other means are acceptable.

6.16 Specifications, instructions, procedures, and records 
can be retained either as originals or as true copies such as 
photocopies, microfilm, microfiche, or other accurate repro-
ductions of the original records. Where reduction techniques 
such as microfilming or electronic records are used, suit-
able retrieval equipment and a means to produce a hard copy 
should be readily available.

6.17 Specifications should be established and documented 
for raw materials, intermediates where necessary, APIs, and 
labeling and packaging materials. In addition, specifications 
may be appropriate for certain other materials, such as pro-
cess aids, gaskets, or other materials used during the produc-
tion of intermediates or APIs that could critically impact on 
quality. Acceptance criteria should be established and docu-
mented for in-process controls.

6.18 If electronic signatures are used on documents, they 
should be authenticated and secure.

6.2  equiPMenT cleAninG AnD use recorD

6.20 Records of major equipment use, cleaning, sanitization, 
and/or sterilization and maintenance should show the date, 
time (if appropriate), product, and batch number of each batch 
processed in the equipment, and the person who performed 
the cleaning and maintenance.

6.21 If equipment is dedicated to manufacturing one inter-
mediate or API, then individual equipment records are not 
necessary if batches of the intermediate or API follow in 
traceable sequence. In cases where dedicated equipment is 
employed, the records of cleaning, maintenance, and use can 
be part of the batch record or maintained separately.

6.3  recorDs of rAW MATeriAls, inTerMeDiATes, 
APi lAbelinG, AnD PAckAGinG MATeriAls

6.30 Records should be maintained including the following list:

• The name of the manufacturer, identity, and quan-
tity of each shipment of each batch of raw materials, 
intermediates, or labeling and packaging materials 
for API’s; the name of the supplier; the supplier’s 
control number(s), if known, or other identification 
number; the number allocated on receipt; and the 
date of receipt.

• The results of any test or examination performed and 
the conclusions derived from this.

• Records tracing the use of materials.
• Documentation of the examination and review of 

API labeling and packaging materials for conformity 
with established specifications.

• The final decision regarding rejected raw materi-
als, intermediates, or API labeling and packaging 
materials.

6.31 Master (approved) labels should be maintained for com-
parison to issued labels.

6.4  MAsTer ProDucTion insTrucTions (MAsTer 
ProDucTion AnD conTrol recorDs)

6.40 To ensure uniformity from batch to batch, master pro-
duction instructions for each intermediate and API should be 
prepared, dated, and signed by one person and independently 
checked, dated, and signed by a person in the quality unit(s).

6.41 Master production instructions should include the fol-
lowing points

• The name of the intermediate or API being manufac-
tured and an identifying document reference code, if 
applicable.

• A complete list of raw materials and intermediates 
designated by names or codes sufficiently specific to 
identify any special quality characteristics.

• An accurate statement of the quantity or ratio of each 
raw material or intermediate to be used, including 
the unit of measure. Where the quantity is not fixed, 
the calculation for each batch size or rate of produc-
tion should be included.

Variations to quantities should be included where they are 
justified.
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• The production location and major production equip-
ment to be used.

• Detailed production instructions, including the
• sequences to be followed;
• ranges of process parameters to be used;
• sampling instructions and in-process controls with 

their acceptance criteria, where appropriate;
• time limits for completion of individual processing 

steps and/or the total process, where appropriate; and
• expected yield ranges at appropriate phases of pro-

cessing or time.
• Where appropriate, special notations and precau-

tions to be followed, or cross references to these.
• The instructions for storage of the intermediate or 

API to assure its suitability for use, including the 
labeling and packaging materials and special storage 
conditions with time limits, where appropriate.

6.5  bATch ProDucTion recorDs (bATch 
ProDucTion AnD conTrol recorDs)

6.50 Batch production records should be prepared for each 
intermediate and API and should include complete information 
relating to the production and control of each batch. The batch 
production record should be checked before issuance to assure 
that it is the correct version and a legible accurate reproduction 
of the appropriate master production instruction. If the batch 
production record is produced from a separate part of the mas-
ter document, that document should include a reference to the 
current master production instruction being used.

6.51 These records should be numbered with a unique 
batch or identification number, dated and signed when issued. 
In continuous production, the product code together with the 
date and time can serve as the unique identifier until the final 
number is allocated.

6.52 Documentation of completion of each significant step 
in the batch production records (batch production and control 
records) should include

• dates and, when appropriate, times;
• identity of major equipment (e.g., reactors, driers, 

mills, etc.) used;
• specific identification of each batch, including 

weights, measures, and batch numbers of raw mate-
rials, intermediates, or any reprocessed materials 
used during manufacturing;

• actual results recorded for critical process parameters;
• any sampling performed;
• signatures of the persons performing and directly 

supervising or checking each critical step in the 
operation;

• in-process and laboratory test results;
• actual yield at appropriate phases or times;
• description of packaging and label for intermediate 

or API;

• representative label of API or intermediate if made 
commercially available;

• any deviation noted, its evaluation, investigation 
conducted (if appropriate) or reference to that inves-
tigation if stored separately; and

• results of release testing.

6.53 Written procedures should be established and followed 
for investigating critical deviations or the failure of a batch of 
intermediate or API to meet specifications. The investigation 
should extend to other batches that may have been associated 
with the specific failure or deviation.

6.6  lAborATory conTrol recorDs

6.60 Laboratory control records should include complete data 
derived from all tests conducted to ensure compliance with 
established specifications and standards, including examina-
tions and assays, as follows:

• A description of samples received for testing, includ-
ing the material name or source, batch number or 
other distinctive code, date sample was taken, and 
where appropriate, the quantity and date the sample 
was received for testing.

• A statement of or reference to each test method used.
• A statement of the weight or measure of sample 

used for each test as described by the method; data 
on or cross-reference to the preparation and test-
ing of reference standards, reagents, and standard 
solutions.

• A complete record of all raw data generated during 
each test, in addition to graphs, charts, and spectra 
from laboratory instrumentation, properly identified 
to show the specific material and batch tested.

• A record of all calculations performed in connection 
with the test, including, for example, units of mea-
sure, conversion factors, and equivalency factors.

• A statement of the test results and how they compare 
with established acceptance criteria.

• The signature of the person who performed each test 
and the date(s) the tests were performed.

• The date and signature of a second person show-
ing that the original records have been reviewed for 
accuracy, completeness, and compliance with estab-
lished standards.

6.61 Complete records should also be maintained for

• any modifications to an established analytical 
method;

• periodic calibration of laboratory instruments, appa-
ratus, gauges, and recording devices;

• all stability testing performed on APIs; and
• out-of-specification (OOS) investigations.
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6.7  bATch ProDucTion recorD revieW

6.70 Written procedures should be established and followed 
for the review and approval of batch production and labora-
tory control records, including packaging and labeling, to 
determine compliance of the intermediate or API with estab-
lished specifications before a batch is released or distributed.

6.71 Batch production and laboratory control records of 
critical process steps should be reviewed and approved by the 
quality unit(s) before an API batch is released or distributed. 
Production and laboratory control records of noncritical pro-
cess steps can be reviewed by qualified production personnel 
or other units following procedures approved by the quality 
unit(s).

6.72 All deviation, investigation, and OOS reports should 
be reviewed as part of the batch record review before the 
batch is released.

6.73 The quality unit(s) can delegate to the production unit 
the responsibility and authority for release of intermediates, 
except for those shipped outside the control of the manufac-
turing company.

7  MATERIALS MANAGEMENT

7.1  GenerAl conTrols

7.10 There should be written procedures describing the 
receipt, identification, quarantine, storage, handling, sam-
pling, testing, and approval or rejection of materials.

7.11 Manufacturers of intermediates and/or APIs should 
have a system for evaluating the suppliers of critical materials.

7.12 Materials should be purchased against an agreed spec-
ification, from a supplier or suppliers approved by the quality 
unit(s).

7.13 If the supplier of a critical material is not the manu-
facturer of that material, the name and address of that man-
ufacturer should be known by the intermediate and/or API 
manufacturer.

7.14 Changing the source of supply of critical raw materials 
should be treated according to section 13, “Change Control.”

7.2  receiPT AnD quArAnTine

7.20 Upon receipt and before acceptance, each container or 
grouping of containers of materials should be examined visu-
ally for correct labeling (including correlation between the 
name used by the supplier and the in-house name, if these are 
different), container damage, broken seals, and evidence of 
tampering or contamination. Materials should be held under 
quarantine until they have been sampled, examined, or tested 
as appropriate, and released for use.

7.21 Before incoming materials are mixed with existing 
stocks (e.g., solvents or stocks in silos), they should be identi-
fied as correct, tested, if appropriate, and released. Procedures 
should be available to prevent discharging incoming materials 
wrongly into the existing stock.

7.22 If bulk deliveries are made in nondedicated tankers, 
there should be assurance of no cross-contamination from the 
tanker. Means of providing this assurance could include one 
or more of the following:

• Certificate of cleaning
• Testing for trace impurities
• Audit of the supplier

7.23 Large storage containers and their attendant manifolds, 
filling, and discharge lines should be appropriately identified.

7.24 Each container or grouping of containers (batches) of 
materials should be assigned and identified with a distinctive 
code, batch, or receipt number. This number should be used 
in recording the disposition of each batch. A system should be 
in place to identify the status of each batch.

7.3  sAMPlinG AnD TesTinG of incoMinG 
ProDucTion MATeriAls

7.30 At least one test to verify the identity of each batch of mate-
rial should be conducted, with the exception of the materials 
described below in 7.32. A supplier’s Certificate of Analysis 
can be used in place of performing other tests, provided that 
the manufacturer has a system in place to evaluate suppliers.

7.31 Supplier approval should include an evaluation that 
provides adequate evidence (e.g., past quality history) that 
the manufacturer can consistently provide material meeting 
specifications. Full analyses should be conducted on at least 
three batches before reducing in-house testing. However, as 
a minimum, a full analysis should be performed at appropri-
ate intervals and compared with the Certificates of Analysis. 
Reliability of Certificates of Analysis should be checked at 
regular intervals.

7.32 Processing aids, hazardous or highly toxic raw materi-
als, other special materials, or materials transferred to another 
unit within the company’s control do not need to be tested if 
the manufacturer’s Certificate of Analysis is obtained, show-
ing that these raw materials conform to established specifica-
tions. Visual examination of containers, labels, and recording 
of batch numbers should help in establishing the identity of 
these materials. The lack of on-site testing for these materials 
should be justified and documented.

7.33 Samples should be representative of the batch of mate-
rial from which they are taken. Sampling methods should 
specify the number of containers to be sampled, which part 
of the container to sample, and the amount of material to 
be taken from each container. The number of containers to 
sample and the sample size should be based upon a sampling 
plan that takes into consideration the criticality of the mate-
rial, material variability, past quality history of the supplier, 
and the quantity needed for analysis.

7.34 Sampling should be conducted at defined locations 
and by procedures designed to prevent contamination of the 
material sampled and contamination of other materials.
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7.35 Containers from which samples are withdrawn should 
be opened carefully and subsequently reclosed. They should 
be marked to indicate that a sample has been taken.

7.4  sTorAGe

7.40 Materials should be handled and stored in a manner to 
prevent degradation, contamination, and cross-contamination.

7.41 Materials stored in fiber drums, bags, or boxes should 
be stored off the floor and, when appropriate, suitably spaced 
to permit cleaning and inspection.

7.42 Materials should be stored under conditions and for a 
period that have no adverse effect on their quality, and should 
normally be controlled so that the oldest stock is used first.

7.43 Certain materials in suitable containers can be stored 
outdoors, provided identifying labels remain legible and con-
tainers are appropriately cleaned before opening and use.

7.44 Rejected materials should be identified and controlled 
under a quarantine system designed to prevent their unauthor-
ized use in manufacturing.

7.5  reevAluATion

7.50 Materials should be reevaluated as appropriate to deter-
mine their suitability for use (e.g., after prolonged storage or 
exposure to heat or humidity).

8  PRODUCTION AND IN-PROCESS CONTROLS

8.1  ProDucTion oPerATions

8.10 Raw materials for intermediate and API manufacturing 
should be weighed or measured under appropriate conditions 
that do not affect their suitability for use. Weighing and mea-
suring devices should be of suitable accuracy for the intended 
use.

8.11 If a material is subdivided for later use in production 
operations, the container receiving the material should be 
suitable and should be so identified that the following infor-
mation is available:

• Material name and/or item code
• Receiving or control number
• Weight or measure of material in the new container
• Reevaluation or retest date if appropriate

8.12 Critical weighing, measuring, or subdividing operations 
should be witnessed or subjected to an equivalent control. 
Prior to use, production personnel should verify that the mate-
rials are those specified in the batch record for the intended 
intermediate or API.

8.13 Other critical activities should be witnessed or sub-
jected to an equivalent control.

8.14 Actual yields should be compared with expected yields 
at designated steps in the production process. Expected yields 
with appropriate ranges should be established based on previ-
ous laboratory, pilot scale, or manufacturing data. Deviations 

in yield associated with critical process steps should be inves-
tigated to determine their impact or potential impact on the 
resulting quality of affected batches.

8.15 Any deviation should be documented and explained. 
Any critical deviation should be investigated.

8.16 The processing status of major units of equipment 
should be indicated either on the individual units of equip-
ment or by appropriate documentation, computer control sys-
tems, or alternative means.

8.17 Materials to be reprocessed or reworked should be 
appropriately controlled to prevent unauthorized use.

8.2  TiMe liMiTs

8.20 If time limits are specified in the master production 
instruction (see 6.41), these time limits should be met to ensure 
the quality of intermediates and APIs. Deviations should be 
documented and evaluated. Time limits may be inappropriate 
when processing to a target value (e.g., pH adjustment, hydro-
genation, drying to predetermined specification) because 
completion of reactions or processing steps is determined by 
in-process sampling and testing.

8.21 Intermediates held for further processing should be 
stored under appropriate conditions to ensure their suitability 
for use.

8.3  in-Process sAMPlinG AnD conTrols

8.30 Written procedures should be established to monitor the 
progress and control the performance of processing steps that 
cause variability in the quality characteristics of intermedi-
ates and APIs. In-process controls and their acceptance crite-
ria should be defined based on the information gained during 
the development stage or historical data.

8.31 The acceptance criteria and type and extent of testing 
can depend on the nature of the intermediate or API being 
manufactured, the reaction or process step being conducted, 
and the degree to which the process introduces variability in 
the product’s quality. Less stringent in-process controls may 
be appropriate in early processing steps, whereas tighter con-
trols may be appropriate for later processing steps (e.g., isola-
tion and purification steps).

8.32 Critical in-process controls (and critical process mon-
itoring), including the control points and methods, should be 
stated in writing and approved by the quality unit(s).

8.33 In-process controls can be performed by qualified 
production department personnel and the process adjusted 
without prior quality unit(s) approval if the adjustments are 
made within pre-established limits approved by the quality 
unit(s). All tests and results should be fully documented as 
part of the batch record.

8.34 Written procedures should describe the sampling 
methods for in-process materials, intermediates, and APIs.

Sampling plans and procedures should be based on scien-
tifically sound sampling practices.

8.35 In-process sampling should be conducted using pro-
cedures designed to prevent contamination of the sampled 
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material and other intermediates or APIs. Procedures should 
be established to ensure the integrity of samples after 
collection.

8.36 Out-of-specification (OOS) investigations are not nor-
mally needed for in-process tests that are performed for the 
purpose of monitoring and/or adjusting the process.

8.4  blenDinG bATches of inTerMeDiATes or APis

8.40 For the purpose of this document, blending is defined 
as the process of combining materials within the same speci-
fication to produce a homogeneous intermediate or API. 
In-process mixing of fractions from single batches (e.g., col-
lecting several centrifuge loads from a single crystallization 
batch) or combining fractions from several batches for further 
processing is considered to be part of the production process 
and is not considered to be blending.

8.41 OOS batches should not be blended with other 
batches for the purpose of meeting specifications. Each 
batch incorporated into the blend should have been manu-
factured using an established process and should have been 
individually tested and found to meet appropriate specifica-
tions prior to blending.

8.42 Acceptable blending operations include but are not 
limited to

• blending of small batches to increase batch size and
• blending of tailings (i.e., relatively small quantities 

of isolated material) from batches of the same inter-
mediate or API to form a single batch.

8.43 Blending processes should be adequately controlled and 
documented and the blended batch should be tested for con-
formance to established specifications where appropriate.

8.44 The batch record of the blending process should allow 
traceability back to the individual batches that make up the 
blend.

8.45 Where physical attributes of the API are critical (e.g., 
APIs intended for use in solid oral dosage forms or suspen-
sions), blending operations should be validated to show homo-
geneity of the combined batch. Validation should include 
testing of critical attributes (e.g., particle-size distribution, 
bulk density, and tap density) that may be affected by the 
blending process.

8.46 If the blending could adversely affect stability, stabil-
ity testing of the final blended batches should be performed.

8.47 The expiry or retest date of the blended batch should 
be based on the manufacturing date of the oldest tailings or 
batch in the blend.

8.5  conTAMinATion conTrol

8.50 Residual materials can be carried over into successive 
batches of the same intermediate or API if there is adequate 
control. Examples include residue adhering to the wall of a 
micronizer, residual layer of damp crystals remaining in a 
centrifuge bowl after discharge, and incomplete discharge of 

fluids or crystals from a processing vessel upon transfer of 
the material to the next step in the process. Such carryover 
should not result in the carryover of degradants or microbial 
contamination that may adversely alter the established API 
impurity profile.

8.51 Production operations should be conducted in a man-
ner that will prevent contamination of intermediates or APIs 
by other materials.

8.52 Precautions to avoid contamination should be taken 
when APIs are handled after purification.

9  PACKAGING AND IDENTIFICATION 
LABELING OF APIS AND INTERMEDIATES

9.1  GenerAl

9.10 There should be written procedures describing the 
receipt, identification, quarantine, sampling, examination 
and/or testing and release, and handling of packaging and 
labeling materials.

9.11 Packaging and labeling materials should conform to 
established specifications. Those that do not comply with such 
specifications should be rejected to prevent their use in opera-
tions for which they are unsuitable.

9.12 Records should be maintained for each shipment of 
labels and packaging materials showing receipt, examination, 
or testing, and whether accepted or rejected.

9.2  PAckAGinG MATeriAls

9.20 Containers should provide adequate protection against 
deterioration or contamination of the intermediate or API that 
may occur during transportation and recommended storage.

9.21 Containers should be clean and, where indicated by 
the nature of the intermediate or API, sanitized to ensure 
that they are suitable for their intended use. These containers 
should not be reactive, additive, or absorptive so as to alter the 
quality of the intermediate or API beyond the specified limits.

9.22 If containers are reused, they should be cleaned in 
accordance with documented procedures and all previous 
labels should be removed or defaced.

9.3  lAbel issuAnce AnD conTrol

9.30 Access to the label storage areas should be limited to 
authorized personnel.

9.31 Procedures should be used to reconcile the quantities 
of labels issued, used, and returned and to evaluate discrepan-
cies found between the number of containers labeled and the 
number of labels issued. Such discrepancies should be investi-
gated, and the investigation should be approved by the quality 
unit(s).

9.32 All excess labels bearing batch numbers or other 
batch-related printing should be destroyed. Returned labels 
should be maintained and stored in a manner that prevents 
mix-ups and provides proper identification.

9.33 Obsolete and outdated labels should be destroyed.
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9.34 Printing devices used to print labels for packaging 
operations should be controlled to ensure that all imprinting 
conforms to the print specified in the batch production record.

9.35 Printed labels issued for a batch should be carefully 
examined for proper identity and conformity to specifications 
in the master production record. The results of this examina-
tion should be documented.

9.36 A printed label representative of those used should be 
included in the batch production record.

9.4  PAckAGinG AnD lAbelinG oPerATions

9.40 There should be documented procedures designed to 
ensure that correct packaging materials and labels are used.

9.41 Labeling operations should be designed to prevent 
mix-ups. There should be physical or spatial separation from 
operations involving other intermediates or APIs.

9.42 Labels used on containers of intermediates or APIs 
should indicate the name or identifying code, the batch num-
ber of the product, and storage conditions, when such infor-
mation is critical to assure the quality of intermediate or API.

9.43 If the intermediate or API is intended to be trans-
ferred outside the control of the manufacturer’s material 
management system, the name and address of the manufac-
turer, quantity of contents, and special transport conditions 
and any special legal requirements should also be included on 
the label. For intermediates or APIs with an expiry date, the 
expiry date should be indicated on the label and Certificate 
of Analysis. For intermediates or APIs with a retest date, the 
retest date should be indicated on the label and/or Certificate 
of Analysis.

9.44 Packaging and labeling facilities should be inspected 
immediately before use to ensure that all materials not 
needed for the next packaging operation have been removed. 
This examination should be documented in the batch pro-
duction records, the facility log, or other documentation 
system.

9.45 Packaged and labeled intermediates or APIs should be 
examined to ensure that containers and packages in the batch 
have the correct label. This examination should be part of the 
packaging operation. Results of these examinations should be 
recorded in the batch production or control records.

9.46 Intermediate or API containers that are transported 
outside the manufacturer’s control should be sealed in a man-
ner such that, if the seal is breached or missing, the recipient 
will be alerted to the possibility that the contents may have 
been altered.

10  STORAGE AND DISTRIBUTION

10.1  WArehousinG ProceDures

10.10 Facilities should be available for the storage of all mate-
rials under appropriate conditions (e.g., controlled temperature 
and humidity when necessary). Records should be maintained 
of these conditions if they are critical for the maintenance of 
material characteristics.

10.11 Unless there is an alternative system to prevent the 
unintentional or unauthorized use of quarantined, rejected, 
returned, or recalled materials, separate storage areas should 
be assigned for their temporary storage until the decision as to 
their future use has been taken.

10.2  DisTribuTion ProceDures

10.20 APIs and intermediates should only be released for 
distribution to third parties after they have been released by 
the quality unit(s). APIs and intermediates can be transferred 
under quarantine to another unit under the company’s control 
when authorized by the quality unit(s) and if appropriate con-
trols and documentation are in place.

10.21 APIs and intermediates should be transported in a 
manner that does not adversely affect their quality.

10.22 Special transport or storage conditions for an API or 
intermediate should be stated on the label.

10.23 The manufacturer should ensure that the contract 
acceptor (contractor) for transportation of the API or interme-
diate knows and follows the appropriate transport and storage 
conditions.

10.24 A system should be in place by which the distribu-
tion of each batch of intermediate and/or API can be readily 
determined to permit its recall.

11  LABORATORY CONTROLS

11.1  GenerAl conTrols

11.10 The independent quality unit(s) should have at its dis-
posal adequate laboratory facilities.

11.11 There should be documented procedures describ-
ing sampling, testing, approval or rejection of materials, and 
recording and storage of laboratory data. Laboratory records 
should be maintained in accordance with section 6.6.

11.12 All specifications, sampling plans, and test proce-
dures should be scientifically sound and appropriate to ensure 
that raw materials, intermediates, APIs, and labels and pack-
aging materials conform to established standards of quality 
and/or purity. Specifications and test procedures should be 
consistent with those included in the registration/filing. There 
can be specifications in addition to those in the registration/
filing. Specifications, sampling plans, and test procedures, 
including changes to them, should be drafted by the appro-
priate organizational unit and reviewed and approved by the 
quality unit(s).

11.13 Appropriate specifications should be established for 
APIs in accordance with accepted standards and consistent 
with the manufacturing process. The specifications should 
include a control of the impurities (e.g., organic impurities, 
inorganic impurities, and residual solvents). If the API has 
a specification for microbiological purity, appropriate action 
limits for total microbial counts and objectionable organisms 
should be established and met. If the API has a specification 
for endotoxins, appropriate action limits should be established 
and met.
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11.14 Laboratory controls should be followed and docu-
mented at the time of performance. Any departures from 
the above-described procedures should be documented and 
explained.

11.15 Any OOS result obtained should be investigated 
and documented according to a procedure. This procedure 
should require analysis of the data, assessment of whether a 
significant problem exists, allocation of the tasks for correc-
tive actions, and conclusions. Any resampling and/or retesting 
after OOS results should be performed according to a docu-
mented procedure.

11.16 Reagents and standard solutions should be prepared 
and labeled following written procedures. “Use-by” dates 
should be applied as appropriate for analytical reagents or 
standard solutions.

11.17 Primary reference standards should be obtained as 
appropriate for the manufacture of APIs. The source of each 
primary reference standard should be documented. Records 
should be maintained of each primary reference standard’s 
storage and use in accordance with the supplier’s recom-
mendations. Primary reference standards obtained from an 
officially recognized source are normally used without test-
ing if stored under conditions consistent with the supplier’s 
recommendations.

11.18 Where a primary reference standard is not available 
from an officially recognized source, an “in-house primary 
standard” should be established. Appropriate testing should 
be performed to establish fully the identity and purity of the 
primary reference standard. Appropriate documentation of 
this testing should be maintained.

11.19 Secondary reference standards should be appropri-
ately prepared, identified, tested, approved, and stored. The 
suitability of each batch of secondary reference standard 
should be determined prior to first use by comparing against 
a primary reference standard. Each batch of secondary ref-
erence standard should be periodically requalified in accor-
dance with a written protocol.

11.2  TesTinG of inTerMeDiATes AnD APis

11.20 For each batch of intermediate and API, appropriate 
laboratory tests should be conducted to determine confor-
mance to specifications.

11.21 An impurity profile describing the identified and 
unidentified impurities present in a typical batch produced by 
a specific controlled production process should normally be 
established for each API. The impurity profile should include 
the identity or some qualitative analytical designation (e.g., 
retention time), the range of each impurity observed, and clas-
sification of each identified impurity (e.g., inorganic, organic, 
solvent). The impurity profile is normally dependent upon the 
production process and origin of the API. Impurity profiles 
are normally not necessary for APIs from herbal or animal 
tissue origin. Biotechnology considerations are covered in 
ICH guideline Q6B.

11.22 The impurity profile should be compared at appro-
priate intervals against the impurity profile in the regulatory 

submission or compared against historical data in order to 
detect changes to the API resulting from modifications in raw 
materials, equipment operating parameters, or the production 
process.

11.23 Appropriate microbiological tests should be con-
ducted on each batch of intermediate and API where micro-
bial quality is specified.

11.3  vAliDATion of AnAlyTicAl ProceDures

See Section 12.

11.4  cerTificATes of AnAlysis

11.40 Authentic Certificates of Analysis should be issued for 
each batch of intermediate or API on request.

11.41 Information on the name of the intermediate or API 
including where appropriate its grade, the batch number, and 
the date of release should be provided on the Certificate of 
Analysis. For intermediates or APIs with an expiry date, the 
expiry date should be provided on the label and Certificate 
of Analysis. For intermediates or APIs with a retest date, the 
retest date should be indicated on the label and/or Certificate 
of Analysis.

11.42 The Certificate should list each test performed in 
accordance with compendial or customer requirements, 
including the acceptance limits, and the numerical results 
obtained (if test results are numerical).

11.43 Certificates should be dated and signed by authorized 
personnel of the quality unit(s) and should show the name, 
address, and telephone number of the original manufacturer. 
Where the analysis has been carried out by a repacker or 
reprocessor, the Certificate of Analysis should show the name, 
address, and telephone number of the repacker/reprocessor 
and a reference to the name of the original manufacturer.

11.44 If new Certificates are issued by or on behalf of 
repackers/reprocessors, agents, or brokers, these Certificates 
should show the name, address, and telephone number of the 
laboratory that performed the analysis. They should also con-
tain a reference to the name and address of the original manu-
facturer and to the original batch Certificate, a copy of which 
should be attached.

11.5  sTAbiliTy MoniTorinG of APis

11.50 A documented, ongoing testing program should be 
designed to monitor the stability characteristics of APIs, and 
the results should be used to confirm appropriate storage con-
ditions and retest or expiry dates.

11.51 The test procedures used in stability testing should 
be validated and be stability indicating.

11.52 Stability samples should be stored in containers that 
simulate the market container. For example, if the API is mar-
keted in bags within fiber drums, stability samples can be 
packaged in bags of the same material and in smaller-scale 
drums of similar or identical material composition to the mar-
ket drums.
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11.53 Normally the first three commercial production 
batches should be placed on the stability monitoring program 
to confirm the retest or expiry date. However, where data from 
previous studies show that the API is expected to remain stable 
for at least two years, fewer than three batches can be used.

11.54 Thereafter, at least one batch per year of API manu-
factured (unless none is produced that year) should be added 
to the stability monitoring program and tested at least annu-
ally to confirm the stability.

11.55 For APIs with short shelf lives, testing should be 
done more frequently. For example, for those biotechnologi-
cal/biologic and other APIs with shelf lives of one year or 
less, stability samples should be obtained and should be tested 
monthly for the first three months, and at 3-month intervals 
after that. When data exist that confirm that the stability of the 
API is not compromised, elimination of specific test intervals 
(e.g. 9-month testing) can be considered.

11.56 Where appropriate, the stability storage conditions 
should be consistent with the ICH guidelines on stability.

11.6  exPiry AnD reTesT DATinG

11.60 When an intermediate is intended to be transferred out-
side the control of the manufacturer’s material management 
system and an expiry or retest date is assigned, supporting 
stability information should be available (e.g., published data, 
test results).

11.61 An API expiry or retest date should be based on an 
evaluation of data derived from stability studies. Common 
practice is to use a retest date, not an expiration date.

11.62 Preliminary API expiry or retest dates can be based 
on pilot scale batches if (1) the pilot batches employ a method 
of manufacture and procedure that simulates the final process 
to be used on a commercial manufacturing scale and (2) the 
quality of the API represents the material to be made on a 
commercial scale.

11.63 A representative sample should be taken for the pur-
pose of performing a retest.

11.7  reserve/reTenTion sAMPles

11.70 The packaging and holding of reserve samples is for 
the purpose of potential future evaluation of the quality of 
batches of API and not for future stability testing purposes.

11.71 Appropriately identified reserve samples of each API 
batch should be retained for 1 year after the expiry date of 
the batch assigned by the manufacturer, or for 3 years after 
distribution of the batch, whichever is the longer. For APIs 
with retest dates, similar reserve samples should be retained 
for 3 years after the batch is completely distributed by the 
manufacturer.

11.72 The reserve sample should be stored in the same 
packaging system in which the API is stored or in one that is 
equivalent to or more protective than the marketed packaging 
system. Sufficient quantities should be retained to conduct at 
least two full compendial analyses or, when there is no phar-
macopoeial monograph, two full specification analyses.

12  VALIDATION

12.1  vAliDATion Policy

12.10 The company’s overall policy, intentions, and approach 
to validation, including the validation of production pro-
cesses, cleaning procedures, analytical methods, in-process 
control test procedures, computerized systems, and persons 
responsible for design, review, approval and documentation of 
each validation phase, should be documented.

12.11 The critical parameters/attributes should normally 
be identified during the development stage or from historical 
data, and the ranges necessary for the reproducible operation 
should be defined. This should include

• defining the API in terms of its critical product 
attributes,

• identifying process parameters that could affect the 
critical quality attributes of the API, and

• determining the range for each critical process 
parameter expected to be used during routine manu-
facturing and process control.

12.12 Validation should extend to those operations deter-
mined to be critical to the quality and purity of the API.

12.2  vAliDATion DocuMenTATion

12.20 A written validation protocol should be established that 
specifies how validation of a particular process will be con-
ducted. The protocol should be reviewed and approved by the 
quality unit(s) and other designated units.

12.21 The validation protocol should specify critical 
process steps and acceptance criteria as well as the type of 
validation to be conducted (e.g., retrospective, prospective, 
concurrent) and the number of process runs.

12.22 A validation report that cross-references the valida-
tion protocol should be prepared, summarizing the results 
obtained, commenting on any deviations observed, and draw-
ing the appropriate conclusions, including recommending 
changes to correct deficiencies.

12.23 Any variations from the validation protocol should 
be documented with appropriate justification.

12.3  quAlificATion

12.30 Before starting process validation activities, appropri-
ate qualification of critical equipment and ancillary systems 
should be completed. Qualification is usually carried out by 
conducting the following activities, individually or combined:

• Design Qualification (DQ): documented verification 
that the proposed design of the facilities, equipment, 
or systems is suitable for the intended purpose.

• Installation Qualification (IQ): documented verifi-
cation that the equipment or systems, as installed or 
modified, comply with the approved design, the manu-
facturer’s recommendations and/or user requirements.
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• Operational Qualification (OQ): documented verifi-
cation that the equipment or systems, as installed or 
modified, perform as intended throughout the antici-
pated operating ranges.

• Performance Qualification (PQ): documented veri-
fication that the equipment and ancillary systems, 
as connected together, can perform effectively and 
reproducibly based on the approved process method 
and specifications.

12.4  APProAches To Process vAliDATion

12.40 Process Validation (PV) is the documented evidence 
that the process, operated within established parameters, can 
perform effectively and reproducibly to produce an intermedi-
ate or API meeting its predetermined specifications and qual-
ity attributes.

12.41 There are three approaches to validation. Prospective 
validation is the preferred approach, but there are exceptions 
where the other approaches can be used. These approaches 
and their applicability are listed below.

12.42 Prospective validation should normally be per-
formed for all API processes as defined in 12.12. Prospective 
validation performed on an API process should be completed 
before the commercial distribution of the final drug product 
manufactured from that API.

12.43 Concurrent validation can be conducted when data 
from replicate production runs are unavailable because only 
a limited number of API batches have been produced, API 
batches are produced infrequently, or API batches are produced 
by a validated process that has been modified. Prior to the com-
pletion of concurrent validation, batches can be released and 
used in final drug product for commercial distribution based on 
thorough monitoring and testing of the API batches.

12.44 An exception can be made for retrospective valida-
tion for well-established processes that have been used with-
out significant changes to API quality due to changes in raw 
materials, equipment, systems, facilities, or the production 
process. This validation approach may be used where

 1. critical quality attributes and critical process param-
eters have been identified;

 2. appropriate in-process acceptance criteria and con-
trols have been established;

 3. there have not been significant process/product fail-
ures attributable to causes other than operator error 
or equipment failures unrelated to equipment suit-
ability; and

 4. impurity profiles have been established for the exist-
ing API.

12.45 Batches selected for retrospective validation should be 
representative of all batches made during the review period, 
including any batches that failed to meet specifications, and 
should be sufficient in number to demonstrate process consis-
tency. Retained samples can be tested to obtain data to retro-
spectively validate the process.

12.5  Process vAliDATion ProGrAM

12.50 The number of process runs for validation should 
depend on the complexity of the process or the magnitude 
of the process change being considered. For prospective and 
concurrent validation, three consecutive successful produc-
tion batches should be used as a guide, but there may be situ-
ations where additional process runs are warranted to prove 
consistency of the process (e.g., complex API processes or 
API processes with prolonged completion times). For retro-
spective validation, generally data from ten to 30 consecutive 
batches should be examined to assess process consistency, but 
fewer batches can be examined if justified.

12.51 Critical process parameters should be controlled 
and monitored during process validation studies. Process 
parameters unrelated to quality, such as variables controlled 
to minimize energy consumption or equipment use, need not 
be included in the process validation.

12.52 Process validation should confirm that the impurity 
profile for each API is within the limits specified. The impu-
rity profile should be comparable to or better than historical 
data and, where applicable, the profile determined during pro-
cess development or for batches used for pivotal clinical and 
toxicological studies.

12.6  PerioDic revieW of vAliDATeD sysTeMs

12.60 Systems and processes should be periodically evaluated 
to verify that they are still operating in a valid manner. Where 
no significant changes have been made to the system or pro-
cess, and a quality review confirms that the system or process 
is consistently producing material meeting its specifications, 
there is normally no need for revalidation.

12.7  cleAninG vAliDATion

12.70 Cleaning procedures should normally be validated. In 
general, cleaning validation should be directed to situations or 
process steps where contamination or carryover of materials 
poses the greatest risk to API quality. For example, in early 
production it may be unnecessary to validate equipment-
cleaning procedures where residues are removed by subse-
quent purification steps.

12.71 Validation of cleaning procedures should reflect 
actual equipment usage patterns. If various APIs or inter-
mediates are manufactured in the same equipment and the 
equipment is cleaned by the same process, a representative 
intermediate or API can be selected for cleaning validation. 
This selection should be based on the solubility and difficulty 
of cleaning and the calculation of residue limits based on 
potency, toxicity, and stability.

12.72 The cleaning validation protocol should describe the 
equipment to be cleaned, procedures, materials, acceptable 
cleaning levels, parameters to be monitored and controlled, 
and analytical methods. The protocol should also indicate the 
type of samples to be obtained and how they are collected and 
labeled.
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12.73 Sampling should include swabbing, rinsing, or 
alternative methods (e.g., direct extraction), as appropriate, 
to detect both insoluble and soluble residues. The sampling 
methods used should be capable of quantitatively measuring 
levels of residues remaining on the equipment surfaces after 
cleaning. Swab sampling may be impractical when product 
contact surfaces are not easily accessible due to equipment 
design and/or process limitations (e.g., inner surfaces of hoses, 
transfer pipes, reactor tanks with small ports or handling toxic 
materials, and small intricate equipment such as micronizers 
and microfluidizers).

12.74 Validated analytical methods having sensitivity to 
detect residues or contaminants should be used. The detection 
limit for each analytical method should be sufficiently sensi-
tive to detect the established acceptable level of the residue or 
contaminant. The method’s attainable recovery level should 
be established. Residue limits should be practical, achievable, 
verifiable, and based on the most deleterious residue. Limits 
can be established based on the minimum known pharmaco-
logical, toxicological, or physiological activity of the API or 
its most deleterious component.

12.75 Equipment cleaning/sanitization studies should 
address microbiological and endotoxin contamination for 
those processes where there is a need to reduce total micro-
biological count or endotoxins in the API, or other processes 
where such contamination could be of concern (e.g., nonster-
ile APIs used to manufacture sterile products).

12.76 Cleaning procedures should be monitored at appro-
priate intervals after validation to ensure that these proce-
dures are effective when used during routine production. 
Equipment cleanliness can be monitored by analytical testing 
and visual examination, where feasible. Visual inspection can 
allow detection of gross contamination concentrated in small 
areas that could otherwise go undetected by sampling and/or 
analysis.

12.8  vAliDATion of AnAlyTicAl MeThoDs

12.80 Analytical methods should be validated unless the 
method employed is included in the relevant pharmacopoeia 
or other recognized standard reference. The suitability of all 
testing methods used should nonetheless be verified under 
actual conditions of use and documented.

12.81 Methods should be validated to include consider-
ation of characteristics included within the ICH guidelines 
on validation of analytical methods. The degree of analytical 
validation performed should reflect the purpose of the analy-
sis and the stage of the API production process.

12.82 Appropriate qualification of analytical equipment 
should be considered before starting validation of analytical 
methods.

12.83 Complete records should be maintained of any 
modification of a validated analytical method. Such records 
should include the reason for the modification and appropriate 
data to verify that the modification produces results that are as 
accurate and reliable as the established method.

13  CHANGE CONTROL

13.10 A formal change control system should be established to 
evaluate all changes that may affect the production and con-
trol of the intermediate or API.

13.11 Written procedures should provide for the identifi-
cation, documentation, appropriate review, and approval of 
changes in raw materials, specifications, analytical methods, 
facilities, support systems, equipment (including computer 
hardware), processing steps, labeling and packaging materi-
als, and computer software.

13.12 Any proposals for GMP relevant changes should 
be drafted, reviewed, and approved by the appropriate orga-
nizational units, and reviewed and approved by the quality 
unit(s).

13.13 The potential impact of the proposed change on 
the quality of the intermediate or API should be evaluated. 
A classification procedure may help in determining the level 
of testing, validation, and documentation needed to justify 
changes to a validated process. Changes can be classified 
(e.g., as minor or major) depending on the nature and extent 
of the changes, and the effects these changes may impart on 
the process. Scientific judgment should determine what addi-
tional testing and validation studies are appropriate to justify 
a change in a validated process.

13.14 When implementing approved changes, measures 
should be taken to ensure that all documents affected by the 
changes are revised.

13.15 After the change has been implemented, there should 
be an evaluation of the first batches produced or tested under 
the change.

13.16 The potential for critical changes to affect estab-
lished retest or expiry dates should be evaluated. If neces-
sary, samples of the intermediate or API produced by the 
modified process can be placed on an accelerated stability 
program and/or can be added to the stability monitoring 
program.

13.17 Current dosage form manufacturers should be noti-
fied of changes from established production and process con-
trol procedures that can impact the quality of the API.

14  REJECTION AND REUSE OF MATERIALS

14.1  rejecTion

14.10 Intermediates and APIs failing to meet established 
specifications should be identified as such and quarantined. 
These intermediates or APIs can be reprocessed or reworked 
as described below. The final disposition of rejected materials 
should be recorded.

14.2  reProcessinG

14.20 Introducing an intermediate or API, including one that 
does not conform to standards or specifications, back into the 
process and reprocessing by repeating a crystallization step 
or other appropriate chemical or physical manipulation steps 
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(e.g., distillation, filtration, chromatography, milling) that 
are part of the established manufacturing process is gener-
ally considered acceptable. However, if such reprocessing is 
used for a majority of batches, such reprocessing should be 
included as part of the standard manufacturing process.

14.21 Continuation of a process step after an in-process 
control test has shown that the step is incomplete and is con-
sidered to be part of the normal process. This is not consid-
ered to be reprocessing.

14.22 Introducing unreacted material back into a process 
and repeating a chemical reaction is considered to be repro-
cessing unless it is part of the established process. Such repro-
cessing should be preceded by careful evaluation to ensure 
that the quality of the intermediate or API is not adversely 
impacted due to the potential formation of by-products and 
overreacted materials.

14.3  reWorkinG

14.30 Before a decision is taken to rework batches that do 
not conform to established standards or specifications, an 
investigation into the reason for nonconformance should be 
performed.

14.31 Batches that have been reworked should be subjected 
to appropriate evaluation, testing, stability testing if war-
ranted, and documentation to show that the reworked product 
is of equivalent quality to that produced by the original pro-
cess. Concurrent validation is often the appropriate valida-
tion approach for rework procedures. This allows a protocol 
to define the rework procedure, how it will be carried out, and 
the expected results. If there is only one batch to be reworked, 
then a report can be written and the batch released once it is 
found to be acceptable.

14.32 Procedures should provide for comparing the impu-
rity profile of each reworked batch against batches manufac-
tured by the established process. Where routine analytical 
methods are inadequate to characterize the reworked batch, 
additional methods should be used.

14.4  recovery of MATeriAls AnD solvenTs

14.40 Recovery (e.g., from mother liquor or filtrates) of reac-
tants, intermediates, or the API is considered acceptable, 
provided that approved procedures exist for the recovery and 
the recovered materials meet specifications suitable for their 
intended use.

14.41 Solvents can be recovered and reused in the same 
processes or in different processes, provided that the recovery 
procedures are controlled and monitored to ensure that sol-
vents meet appropriate standards before reuse or comingling 
with other approved materials.

14.42 Fresh and recovered solvents and reagents can be 
combined if adequate testing has shown their suitability for 
all manufacturing processes in which they may be used.

14.43 The use of recovered solvents, mother liquors, and 
other recovered materials should be adequately documented.

14.5  reTurns

14.50 Returned intermediates or APIs should be identified as 
such and quarantined.

14.51 If the conditions under which returned intermediates 
or APIs have been stored or shipped before or during their 
return or the condition of their containers casts doubt on their 
quality, the returned intermediates or APIs should be repro-
cessed, reworked, or destroyed, as appropriate.

14.52 Records of returned intermediates or APIs should be 
maintained. For each return, documentation should include

• name and address of the consignee;
• intermediate or API, batch number, and quantity 

returned;
• reason for return; and
• use or disposal of the returned intermediate or API.

15  COMPLAINTS AND RECALLS

15.10 All quality-related complaints, whether received orally 
or in writing, should be recorded and investigated according 
to a written procedure.

15.11 Complaint records should include

• name and address of complainant;
• name (and, where appropriate, title) and phone num-

ber of person submitting the complaint;
• complaint nature (including name and batch number 

of the API);
• date complaint is received;
• action initially taken (including dates and identity of 

person taking the action);
• any follow-up action taken;
• response provided to the originator of complaint 

(including date response sent); and
• final decision on intermediate or API batch or lot.

15.12 Records of complaints should be retained in order to evalu-
ate trends, product-related frequencies, and severity with a view to 
taking additional, and if appropriate, immediate corrective action.

15.13 There should be a written procedure that defines the 
circumstances under which a recall of an intermediate or API 
should be considered.

15.14 The recall procedure should designate who should be 
involved in evaluating the information, how a recall should be 
initiated, who should be informed about the recall, and how 
the recalled material should be treated.

15.15 In the event of a serious or potentially life-threaten-
ing situation, local, national, and/or international authorities 
should be informed and their advice sought.

16  CONTRACT MANUFACTURERS 
(INCLUDING LABORATORIES)

16.10 All contract manufacturers (including laboratories) 
should comply with the GMP defined in this guide. Special 
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consideration should be given to the prevention of cross-con-
tamination and to maintaining traceability.

16.11 Contract manufacturers (including laboratories) 
should be evaluated by the contract giver to ensure GMP 
compliance of the specific operations occurring at the con-
tract sites.

16.12 There should be a written and approved contract or 
formal agreement between the contract giver and the con-
tract acceptor that defines in detail the GMP responsibilities, 
including the quality measures, of each party.

16.13 The contract should permit the contract giver to audit 
the contract acceptor’s facilities for compliance with GMP.

16.14 Where subcontracting is allowed, the contract accep-
tor should not pass to a third party any of the work entrusted 
to him under the contract without the contract giver’s prior 
evaluation and approval of the arrangements.

16.15 Manufacturing and laboratory records should be kept 
at the site where the activity occurs and be readily available.

16.16 Changes in the process, equipment, test methods, 
specifications, or other contractual requirements should not 
be made unless the contract giver is informed and approves 
the changes.

17  AGENTS, BROKERS, TRADERS, 
DISTRIBUTORS, REPACKERS, 
AND RELABELLERS

17.1  ApplicAbility

17.10 This section applies to any party other than the original 
manufacturer who may trade and/or take possession, repack, 
relabel, manipulate, distribute, or store an API or intermediate.

17.11 All agents, brokers, traders, distributors, repackers, and 
relabellers should comply with GMP as defined in this guide.

17.2 Traceability of Distributed APIs and Intermediates 
17.20 Agents, brokers, traders, distributors, repackers, or rela-
bellers should maintain complete traceability of APIs and 
intermediates that they distribute. Documents that should be 
retained and available include

• identity of original manufacturer,
• address of original manufacturer,
• purchase orders,
• bills of lading (transportation documentation),
• receipt documents,
• name or designation of API or intermediate,
• manufacturer’s batch number,
• transportation and distribution records,
• all authentic Certificates of Analysis, including those 

of the original manufacturer, and
• retest or expiry date.

17.2  QuAlity MAnAgeMent

17.30 Agents, brokers, traders, distributors, repackers, or rela-
bellers should establish, document, and implement an effective 
system of managing quality, as specified in Section 2.

17.3  RepAckAging, RelAbeling, And Holding 
of Apis And inteRMediAtes

17.40 Repackaging, relabeling, and holding of APIs and inter-
mediates should be performed under appropriate GMP con-
trols, as stipulated in this guide, to avoid mix-ups and loss of 
API or intermediate identity or purity.

17.41 Repackaging should be conducted under appropri-
ate environmental conditions to avoid contamination and 
cross-contamination.

17.4  stAbility

17.50 Stability studies to justify assigned expiration or retest 
dates should be conducted if the API or intermediate is 
repackaged in a different type of container than that used by 
the API or intermediate manufacturer.

17.5  tRAnsfeR of infoRMAtion

17.60 Agents, brokers, distributors, repackers, or rela-
bellers should transfer all quality or regulatory information 
received from an API or intermediate manufacturer to the 
customer, and from the customer to the API or intermediate 
manufacturer.

17.61 The agent, broker, trader, distributor, repacker, or 
relabeller who supplies the API or intermediate to the cus-
tomer should provide the name of the original API or interme-
diate manufacturer and the batch number(s) supplied.

17.62 The agent should also provide the identity of the orig-
inal API or intermediate manufacturer to regulatory authori-
ties upon request. The original manufacturer can respond to 
the regulatory authority directly or through its authorized 
agents, depending on the legal relationship between the autho-
rized agents and the original API or intermediate manufac-
turer. (In this context “authorized” refers to authorized by the 
manufacturer.)

17.63 The specific guidance for Certificates of Analysis 
included in Section 11.4 should be met.

17.7 Handling of Complaints and Recalls
17.70 Agents, brokers, traders, distributors, repackers, or 

relabellers should maintain records of complaints and recalls, 
as specified in Section 15, for all complaints and recalls that 
come to their attention.

17.71 If the situation warrants, the agents, brokers, trad-
ers, distributors, repackers, or relabellers should review the 
complaint with the original API or intermediate manufacturer 
in order to determine whether any further action, either with 
other customers who may have received this API or interme-
diate or with the regulatory authority, or both, should be ini-
tiated. The investigation into the cause for the complaint or 
recall should be conducted and documented by the appropri-
ate party.

17.72 Where a complaint is referred to the original API 
or intermediate manufacturer, the record maintained by the 
agents, brokers, traders, distributors, repackers, or relabellers 
should include any response received from the original API 
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or intermediate manufacturer (including date and information 
provided).

17.6  Handling of RetuRns

Returns should be handled as specified in Section 14.52. 
The agents, brokers, traders, distributors, repackers, or rela-
bellers should maintain documentation of returned APIs and 
intermediates.

Specific Guidance for APIs Manufactured by Cell Culture/
Fermentation

18  GENERAL

18.10 Section 18 is intended to address specific controls for 
APIs or intermediates manufactured by cell culture or fermen-
tation using natural or recombinant organisms and that have 
not been covered adequately in the previous sections. It is not 
intended to be a stand-alone section. In general, the GMP 
principles in the other sections of this document apply. Note 
that the principles of fermentation for “classical” processes for 
production of small molecules and for processes using recom-
binant and nonrecombinant organisms for production of pro-
teins and/or polypeptides are the same, although the degree of 
control will differ. Where practical, this section will address 
these differences. In general, the degree of control for biotech-
nological processes used to produce proteins and polypeptides 
is greater than that for classical fermentation processes.

18.11 The term “biotechnological process” (biotech) refers 
to the use of cells or organisms that have been generated or 
modified by recombinant DNA, hybridoma, or other technol-
ogy to produce APIs. The APIs produced by biotechnological 
processes normally consist of high-molecular-weight sub-
stances, such as proteins and polypeptides, for which specific 
guidance is given in this section. Certain APIs of low molec-
ular weight, such as antibiotics, amino acids, vitamins, and 
carbohydrates, can also be produced by recombinant DNA 
technology. The level of control for these types of APIs is 
similar to that employed for classical fermentation.

18.12 The term “classical fermentation” refers to processes 
that use microorganisms existing in nature and/or modified by 
conventional methods (e.g., irradiation or chemical mutagen-
esis) to produce APIs. APIs produced by “classical fermen-
tation” are normally low-molecular-weight products such as 
antibiotics, amino acids, vitamins, and carbohydrates.

18.13 Production of APIs or intermediates from cell cul-
ture or fermentation involves biological processes such as cul-
tivation of cells or extraction and purification of material from 
living organisms. Note that there may be additional process 
steps, such as physicochemical modification, that are part of 
the manufacturing process. The raw materials used (media, 
buffer components) may provide the potential for growth 
of microbiological contaminants. Depending on the source, 
method of preparation, and the intended use of the API or 
intermediate, control of bioburden, viral contamination, and/
or endotoxins during manufacturing and monitoring of the 
process at appropriate stages may be necessary.

18.14 Appropriate controls should be established at all 
stages of manufacturing to assure intermediate and/or API 
quality. While this guide starts at the cell culture/fermenta-
tion step, prior steps (e.g., cell banking) should be performed 
under appropriate process controls. This guide covers cell 
culture/fermentation from the point at which a vial of the cell 
bank is retrieved for use in manufacturing.

18.15 Appropriate equipment and environmental controls 
should be used to minimize the risk of contamination. The 
acceptance criteria for quality of the environment and the fre-
quency of monitoring should depend on the step in produc-
tion and the production conditions (open, closed, or contained 
systems).

18.16 In general, process controls should take the following 
into account:

• Maintenance of the Working Cell Bank (where 
appropriate);

• Proper inoculation and expansion of the culture;
• Control of the critical operating parameters during 

fermentation/cell culture;
• Monitoring of the process for cell growth, viability 

(for most cell culture processes), and productivity 
where appropriate;

• Harvest and purification procedures that remove 
cells, cellular debris, and media components while 
protecting the intermediate or API from contamina-
tion (particularly of a microbiological nature) and 
from loss of quality;

• Monitoring of bioburden and, where needed, endo-
toxin levels at appropriate stages of production; and

• Viral safety concerns as described in ICH Guideline 
Q5A Quality of Biotechnological Products: Viral 
Safety Evaluation of Biotechnology Products Derived 
from Cell Lines of Human or Animal Origin.

18.17 Where appropriate, the removal of media compo-
nents, host cell proteins, other process-related impurities, 
product-related impurities, and contaminants should be 
demonstrated.

18.1  Cell Bank MaintenanCe and ReCoRd keeping

18.20 Access to cell banks should be limited to authorized 
personnel.

18.21 Cell banks should be maintained under stor-
age conditions designed to maintain viability and prevent 
contamination.

18.22 Records of the use of the vials from the cell banks 
and storage conditions should be maintained.

18.23 Where appropriate, cell banks should be periodically 
monitored to determine suitability for use.

18.24 See ICH Guideline Q5D Quality of Bio-
technological Products: Derivation and Characterization of 
Cell Substrates Used for Production of Biotechnological/
Biological Products for a more complete discussion of cell 
banking.
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18.2  cell culTure/ferMenTATion

18.30 Where aseptic addition of cell substrates, media, buf-
fers, and gases is needed, closed or contained systems should 
be used where possible. If the inoculation of the initial vessel 
or subsequent transfers or additions (media, buffers) are per-
formed in open vessels, there should be controls and proce-
dures in place to minimize the risk of contamination.

18.31 Where the quality of the API can be affected by 
microbial contamination, manipulations using open vessels 
should be performed in a biosafety cabinet or similarly con-
trolled environment.

18.32 Personnel should be appropriately gowned and take 
special precautions handling the cultures.

18.33 Critical operating parameters (e.g., temperature, pH, 
agitation rates, addition of gases, pressure) should be moni-
tored to ensure consistency with the established process. Cell 
growth, viability (for most cell culture processes), and, where 
appropriate, productivity should also be monitored. Critical 
parameters will vary from one process to another, and for 
classical fermentation, certain parameters (cell viability, e.g.,) 
may not need to be monitored.

18.34 Cell culture equipment should be cleaned and steril-
ized after use. As appropriate, fermentation equipment should 
be cleaned and sanitized or sterilized.

18.35 Culture media should be sterilized before use when 
appropriate to protect the quality of the API.

18.36 There should be appropriate procedures in place 
to detect contamination and determine the course of action 
to be taken. This should include procedures to determine 
the impact of the contamination on the product and those to 
decontaminate the equipment and return it to a condition to be 
used in subsequent batches. Foreign organisms observed dur-
ing fermentation processes should be identified as appropriate 
and the effect of their presence on product quality should be 
assessed, if necessary. The results of such assessments should 
be taken into consideration in the disposition of the material 
produced.

18.37 Records of contamination events should be maintained.
18.38 Shared (multiproduct) equipment may warrant addi-

tional testing after cleaning between product campaigns, as 
appropriate, to minimize the risk of cross-contamination.

18.3  hArvesTinG, isolATion, AnD PurificATion

18.40 Harvesting steps, either to remove cells or cellular 
components or to collect cellular components after disrup-
tion, should be performed in equipment and areas designed to 
minimize the risk of contamination.

18.41 Harvest and purification procedures that remove or 
inactivate the producing organism, cellular debris, and media 
components (while minimizing degradation, contamination, 
and loss of quality) should be adequate to ensure that the 
intermediate or API is recovered with consistent quality.

18.42 All equipment should be properly cleaned, and, as 
appropriate, sanitized after use. Multiple successive batching 

without cleaning can be used if intermediate or API quality is 
not compromised.

18.43 If open systems are used, purification should be per-
formed under environmental conditions appropriate for the 
preservation of product quality.

18. 44 Additional controls, such as the use of dedicated 
chromatography resins or additional testing, may be appropri-
ate if equipment is to be used for multiple products.

18.4  virAl reMovAl/inAcTivATion sTePs

18.50 See the ICH Guideline Q5A Quality of Biotechnological 
Products: Viral Safety Evaluation of Biotechnology Products 
Derived from Cell Lines of Human or Animal Origin for 
more specific information.

18.51 Viral removal and viral inactivation steps are critical 
processing steps for some processes and should be performed 
within their validated parameters.

18.52 Appropriate precautions should be taken to pre-
vent potential viral contamination from previral to postviral 
removal/inactivation steps. Therefore, open processing should 
be performed in areas that are separate from other processing 
activities and have separate air-handling units.

18.53 The same equipment is not normally used for differ-
ent purification steps. However, if the same equipment is to be 
used, the equipment should be appropriately cleaned and sani-
tized before reuse. Appropriate precautions should be taken to 
prevent potential virus carryover (e.g., through equipment or 
environment) from previous steps.

19  APIs FOR USE IN CLINICAL TRIALS

19.1  GenerAl

19.10 Not all the controls in the previous sections of this guide 
are appropriate for the manufacture of a new API for investi-
gational use during its development. Section 19 provides spe-
cific guidance unique to these circumstances.

19.11 The controls used in the manufacture of APIs for 
use in clinical trials should be consistent with the stage of 
development of the drug product incorporating the API. 
Process and test procedures should be flexible to provide for 
changes as knowledge of the process increases and clinical 
testing of a drug product progresses from preclinical stages 
through clinical stages. Once drug development reaches the 
stage where the API is produced for use in drug products 
intended for clinical trials, manufacturers should ensure that 
APIs are manufactured in suitable facilities using appropri-
ate production and control procedures to ensure the quality 
of the API.

19.2  quAliTy

19.20 Appropriate GMP concepts should be applied in the 
production of APIs for use in clinical trials with a suitable 
mechanism of approval of each batch.
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19.21 A quality unit(s) independent from production should 
be established for the approval or rejection of each batch of 
API for use in clinical trials.

19.22 Some of the testing functions commonly performed 
by the quality unit(s) can be performed within other organi-
zational units.

19.23 Quality measures should include a system for testing 
of raw materials, packaging materials, intermediates, and APIs.

19.24 Process and quality problems should be evaluated.
19.25 Labeling for APIs intended for use in clinical tri-

als should be appropriately controlled and should identify the 
material as being for investigational use.

19.3  EquipmEnt and FacilitiEs

19.30 During all phases of clinical development, including 
the use of small-scale facilities or laboratories to manufacture 
batches of APIs for use in clinical trials, procedures should 
be in place to ensure that equipment is calibrated, clean, and 
suitable for its intended use.

19.31 Procedures for the use of facilities should ensure that 
materials are handled in a manner that minimizes the risk of 
contamination and cross-contamination.

19.4  control oF raw matErials

19.40 Raw materials used in production of APIs for use in 
clinical trials should be evaluated by testing, or received with 
a supplier’s analysis and subjected to identity testing. When a 
material is considered hazardous, a supplier’s analysis should 
suffice.

19.41 In some instances, the suitability of a raw material 
can be determined before use based on acceptability in small-
scale reactions (i.e., use testing) rather than on analytical test-
ing alone.

19.5  production

19.50 The production of APIs for use in clinical trials should 
be documented in laboratory notebooks, batch records, or by 
other appropriate means. These documents should include 
information on the use of production materials, equipment, 
processing, and scientific observations.

19.51 Expected yields can be more variable and less 
defined than the expected yields used in commercial pro-
cesses. Investigations into yield variations are not expected.

19.6  Validation

19.60 Process validation for the production of APIs for use 
in clinical trials is normally inappropriate, where a single 
API batch is produced or where process changes during API 
development make batch replication difficult or inexact. The 
combination of controls, calibration, and, where appropriate, 
equipment qualification assures API quality during this devel-
opment phase.

19.61 Process validation should be conducted in accor-
dance with Section 12 when batches are produced for com-
mercial use, even when such batches are produced on a pilot 
or small scale.

19.7  changEs

19.70 Changes are expected during development, as knowl-
edge is gained and the production is scaled up. Every change 
in the production, specifications, or test procedures should be 
adequately recorded.

19.8  laboratory controls

19.80 While analytical methods performed to evaluate a batch 
of API for clinical trials may not yet be validated, they should 
be scientifically sound.

19.81 A system for retaining reserve samples of all batches 
should be in place. This system should ensure that a sufficient 
quantity of each reserve sample is retained for an appropriate 
length of time after approval, termination, or discontinuation 
of an application.

19.82 Expiry and retest dating as defined in Section 11.6 
applies to existing APIs used in clinical trials. For new APIs, 
Section 11.6 does not normally apply in early stages of clini-
cal trials.

19.9  documEntation

19.90 A system should be in place to ensure that information 
gained during the development and the manufacture of APIs 
for use in clinical trials is documented and available.

19.91 The development and implementation of the ana-
lytical methods used to support the release of a batch 
of API for use in clinical trials should be appropriately 
documented.

19.92 A system for retaining production and control records 
and documents should be used. This system should ensure 
that records and documents are retained for an appropriate 
length of time after the approval, termination, or discontinua-
tion of an application.

GLOSSARY

Acceptance Criteria: Numerical limits, ranges, or other suit-
able measures for acceptance of test results.

Active Pharmaceutical Ingredient (API) (or Drug 
Substance):  Any substance or mixture of sub-
stances intended to be used in the manufacture of a 
drug (medicinal) product and that, when used in the 
production of a drug, becomes an active ingredient 
of the drug product. Such substances are intended 
to furnish pharmacological activity or other direct 
effect in the diagnosis, cure, mitigation, treatment, 
or prevention of disease or to affect the structure and 
function of the body.
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Air Lock:  An enclosed space with two or more doors, 
which is interposed between two or more rooms, 
for example, of differing classes of cleanliness, for 
the purpose of controlling the airflow between those 
rooms when they need to be entered. An air lock is 
designed for use either by people or for goods and/
or equipment.

API Starting Material:  A raw material, intermediate, or 
an API that is used in the production of an API and 
that is incorporated as a significant structural frag-
ment into the structure of the API. An API Starting 
Material can be an article of commerce, a material 
purchased from one or more suppliers under contract 
or commercial agreement, or produced in-house. API 
Starting Materials are normally of defined chemical 
properties and structure.

Authorized Person:  The person recognized by the national 
regulatory authority as having the responsibility for 
ensuring that each batch of finished product has been 
manufactured, tested, and approved for release in 
compliance with the laws and regulations in force in 
that country.

Batch (or Lot):  A specific quantity of material produced in 
a process or series of processes so that it is expected 
to be homogeneous within specified limits. In the 
case of continuous production, a batch may corre-
spond to a defined fraction of the production. The 
batch size can be defined either by a fixed quantity 
or by the amount produced in a fixed time interval. 
A defined quantity of starting material, packaging 
material, or product processed in a single process or 
series of processes so that it is expected to be homo-
geneous. It may sometimes be necessary to divide a 
batch into a number of sub-batches, which are later 
brought together to form a final homogeneous batch. 
In the case of terminal sterilization, the batch size is 
determined by the capacity of the autoclave. In con-
tinuous manufacture, the batch must correspond to 
a defined fraction of the production, characterized 
by its intended homogeneity. The batch size can be 
defined either as a fixed quantity or as the amount 
produced in a fixed time interval.

Batch Number (or Lot Number):  A unique combination 
of numbers, letters, and/or symbols that identifies 
a batch (or lot) and from which the production and 
distribution history can be determined. A distinctive 
combination of numbers and/or letters which uniquely 
identifies a batch on the labels, its batch records and 
corresponding certificates of analysis, etc.

Batch Records:  All documents associated with the manufac-
ture of a batch of bulk product or finished product. 
They provide a history of each batch of product and 
of all circumstances pertinent to the quality of the 
final product.

Bioburden:  The level and type (e.g., objectionable or not) of 
microorganisms that can be present in raw materi-
als, API starting materials, intermediates, or APIs. 

Bioburden should not be considered contamination 
unless the levels have been exceeded or defined 
objectionable organisms have been detected.

Bulk Product:  Any product that has completed all process-
ing stages up to, but not including, final packaging.

Calibration:  The demonstration that a particular instrument 
or device produces results within specified limits by 
comparison with those produced by a reference or 
traceable standard over an appropriate range of mea-
surements. The set of operations that establish, under 
specified conditions, the relationship between values 
indicated by an instrument or system for measuring 
(especially weighing), recording, and controlling, or 
the values represented by a material measure, and 
the corresponding known values of a reference stan-
dard. Limits for acceptance of the results of measur-
ing should be established.

Clean Area:  An area with defined environmental control 
of particulate and microbial contamination, con-
structed and used in such a way as to reduce the 
introduction, generation, and retention of contami-
nants within the area.

Computer System:  A group of hardware components and 
associated software, designed and assembled to per-
form a specific function or group of functions. A pro-
cess or operation integrated with a computer system.

Consignment (or Delivery):  The quantity of a 
pharmaceutical(s), made by one manufacturer and 
supplied at one time in response to a particular 
request or order. A consignment may comprise one 
or more packages or containers and may include 
material belonging to more than one batch.

Contamination:  The undesired introduction of impurities 
of a chemical or microbiological nature, or of for-
eign matter, into or onto a starting material or inter-
mediate during production, sampling, packaging or 
repackaging, storage, or transport.

Contract Manufacturer:  A manufacturer performing some 
aspect of manufacturing on behalf of the original 
manufacturer.

Critical:  Describes a process step, process condition, test 
requirement, or other relevant parameter or item that 
must be controlled within predetermined criteria to 
ensure that the API meets its specification.

Critical Operation:  An operation in the manufacturing pro-
cess that may cause variation in the quality of the 
pharmaceutical product.

Cross-Contamination:  Contamination of a material or prod-
uct with another material or product. Contamination 
of a starting material, intermediate product, or fin-
ished product with another starting material or prod-
uct during production.

Deviation:  Departure from an approved instruction or estab-
lished standard.

Drug (Medicinal) Product:  The dosage form in the final 
immediate packaging intended for marketing. 
(Reference Q1A)
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Drug Substance:  See Active Pharmaceutical Ingredient
Expiry Date (or Expiration Date):  The date placed on the 

container/labels of an API designating the time dur-
ing which the API is expected to remain within estab-
lished shelf life specifications if stored under defined 
conditions, and after which it should not be used.

Finished Product:  A finished dosage form that has under-
gone all stages of manufacture, including packaging 
in its final container and labeling.

Impurity:  Any component present in the intermediate or 
API that is not the desired entity.

Impurity Profile:  A description of the identified and uniden-
tified impurities present in an API.

In-Process Control:  Checks performed during production 
in order to monitor and, if necessary, to adjust the 
process to ensure that the product conforms to its 
specifications. The control of the environment or 
equipment may also be regarded as a part of in-pro-
cess control.

Intermediate:  A material produced during steps of the pro-
cessing of an API that undergoes further molecular 
change or purification before it becomes an API. 
Intermediates may or may not be isolated. Partly 
processed product that must undergo further manu-
facturing steps before it becomes a bulk product.

Large-Volume Parenterals:  Sterile solutions intended for 
parenteral application with a volume of 100 mL or 
more in one container of the finished dosage form.

Lot:  See Batch
Lot Number:  See Batch Number
Manufacture:  All operations of receipt of materials, produc-

tion, packaging, repackaging, labeling, relabeling, 
quality control, release, storage, and distribution of 
APIs and related controls.

Manufacturer:  A company that carries out operations such 
as production, packaging, repackaging, labeling, and 
relabeling of pharmaceuticals.

Marketing Authorization (Product License, Registration 
Certificate):  A legal document issued by the com-
petent drug regulatory authority that establishes the 
detailed composition and formulation of the product 
and the pharmacopoeial or other recognized speci-
fications of its ingredients and of the final product 
itself, and includes details of packaging, labeling, 
and shelf life.

Master Formula:  A document or set of documents specify-
ing the starting materials with their quantities and 
the packaging materials, together with a descrip-
tion of the procedures and precautions required to 
produce a specified quantity of a finished product as 
well as the processing instructions, including the in-
process controls.

Master Record:  A document or set of documents that serve 
as a basis for the batch documentation (blank batch 
record).

Material:  A general term used to denote raw materials (start-
ing materials, reagents, and solvents), process aids, 

intermediates, APIs, and packaging and labeling 
materials.

Mother Liquor:  The residual liquid which remains after 
the crystallization or isolation processes. A mother 
liquor may contain unreacted materials, intermedi-
ates, levels of the API, and/or impurities. It may be 
used for further processing.

Packaging:  All operations, including filling and labeling, 
that a bulk product has to undergo in order to become 
a finished product. Filling of a sterile product under 
aseptic conditions or a product intended to be termi-
nally sterilized would not normally be regarded as 
part of packaging.

Packaging Material:  Any material intended to protect an 
intermediate or API during storage and transport. 
Any material, including printed material, employed 
in the packaging of a pharmaceutical, but excluding 
any outer packaging used for transportation or ship-
ment. Packaging materials are referred to as primary 
or secondary according to whether or not they are 
intended to be in direct contact with the product.

Pharmaceutical Product:  Any material or product intended 
for human or veterinary use presented in its finished 
dosage form or as a starting material for use in such 
a dosage form, that is subject to control by pharma-
ceutical legislation in the exporting state and/or the 
importing state.

Procedure:  A documented description of the operations to 
be performed, the precautions to be taken, and mea-
sures to be applied directly or indirectly related to 
the manufacture of an intermediate or API.

Process Aids:  Materials, excluding solvents, used as an aid 
in the manufacture of an intermediate or API that do 
not themselves participate in a chemical or biologi-
cal reaction (e.g., filter aid, activated carbon, etc.).

Process Control:  See In-Process Control
Production:  All operations involved in the preparation of 

a pharmaceutical product, from receipt of materials, 
through processing, packaging and repackaging, and 
labeling and relabeling, to completion of the finished 
product.

Qualification:  Action of proving and documenting that equip-
ment or ancillary systems are properly installed, 
work correctly, and actually lead to the expected 
results. Qualification is part of validation, but the 
individual qualification steps alone do not constitute 
process validation.

Quality Assurance (QA):  The sum total of the organized 
arrangements made with the object of ensuring that 
all APIs are of the quality required for their intended 
use and that quality systems are maintained.

Quality Control (QC):  Checking or testing that specifica-
tions are met.

Quality Unit(s):  An organizational unit independent of pro-
duction which fulfills both Quality Assurance and 
Quality Control responsibilities. This can be in 
the form of separate QA and QC units or a single 
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individual or group, depending upon the size and 
structure of the organization.

Quarantine:  The status of starting or packaging materi-
als, intermediates, or bulk or finished products iso-
lated physically or by other effective means while 
a decision is awaited on their release, rejection, or 
reprocessing.

Raw Material:  A general term used to denote starting mate-
rials, reagents, and solvents intended for use in the 
production of intermediates or APIs.

Reconciliation:  A comparison between the theoretical quan-
tity and the actual quantity.

Recovery:  The introduction of all or part of previous batches 
(or of redistilled solvents and similar products) of the 
required quality into another batch at a defined stage 
of manufacture. It includes the removal of impurities 
from waste to obtain a pure substance or the recov-
ery of used materials for a separate use.

Reference Standard, Primary:  A substance that has been 
shown by an extensive set of analytical tests to be 
authentic material that should be of high purity. This 
standard can be used to prepare secondary reference 
standard.

Reference Standard, Secondary:  A substance of estab-
lished quality and purity, as shown by comparison 
to a primary reference standard, used as a reference 
standard for routine laboratory analysis.

Reprocessing:  Introducing an intermediate or API, including 
one that does not conform to standards or specifica-
tions, back into the process and repeating a crystalli-
zation step or other appropriate chemical or physical 
manipulation steps (e.g., distillation, filtration, chro-
matography, milling) that are part of the established 
manufacturing process. Continuation of a process 
step after an in-process control test has shown that 
the step is incomplete is considered to be part of the 
normal process, and not reprocessing.

Retest Date:  The date when a material should be reexamined 
to ensure that it is still suitable for use.

Reworking:  Subjecting an intermediate or API that does 
not conform to standards or specifications to one 
or more processing steps that are different from the 
established manufacturing process to obtain accept-
able quality intermediate or API (e.g., recrystallizing 
with a different solvent).

Self-Contained Area:  Premises which provide complete and 
total separation of all aspects of an operation, includ-
ing personnel and equipment movement, with well-
established procedures, controls, and monitoring. 

This includes physical barriers as well as separate 
air-handling systems but does not necessarily imply 
two distinct and separate buildings.

Signature (Signed):  See definition for signed.
Signed (Signature):  The record of the individual who per-

formed a particular action or review. This record can 
be initials, full handwritten signature, personal seal, 
or authenticated and secure electronic signature.

Solvent:  An inorganic or organic liquid used as a vehicle 
for the preparation of solutions or suspensions in the 
manufacture of an intermediate or API.

Specification:  A list of detailed requirements with which the 
products or materials used or obtained during manu-
facture have to conform. They serve as a basis for 
quality evaluation.

Standard Operating Procedure (SOP):  An authorized 
written procedure giving instructions for performing 
operations not necessarily specific to a given product 
or material (e.g., equipment operation, maintenance, 
and cleaning; validation; cleaning of premises and 
environmental control; sampling and inspection). 
Certain SOPs may be used to supplement product-
specific master and batch production documentation.

Starting Material:  Any substance of a defined quality used 
in the production of a pharmaceutical product, but 
excluding packaging materials.

Validation:  A documented program that provides a high 
degree of assurance that a specific process, method, 
or system will consistently produce a result meeting 
predetermined acceptance criteria. Action of prov-
ing, in accordance with the principles of GMP, that 
any procedure, process, equipment, material, activ-
ity, or system actually leads to the expected results 
(see also qualification).

Validation Protocol:  A written plan stating how validation 
will be conducted and defining acceptance criteria. 
For example, the protocol for a manufacturing pro-
cess identifies processing equipment, critical process 
parameters/operating ranges, product characteris-
tics, sampling, test data to be collected, number of 
validation runs, and acceptable test results.

Yield, Expected:  The quantity of material or the percent-
age of theoretical yield anticipated at any appropriate 
phase of production based on previous laboratory, 
pilot scale, or manufacturing data.

Yield, Theoretical:  The quantity that would be produced at 
any appropriate phase of production, based upon the 
quantity of material to be used, in the absence of any 
loss or error in actual production.
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FDA Pre-approval Inspections

I.  INTRODUCTION

A pre-approval inspection is a visit by regulatory authority 
inspectors (generally from the District officer of FDA) to 
review the compliance, in terms of the adequacy and accu-
racy of the information included in a regulatory submission 
(Compliance Program Guidance Manual, Program 7346.832). 
The pre-approval inspection program has evolved over the 
years in response to the fraudulent submissions to the U.S. 
Food and Drug Administration (FDA) by the generic drug 
industry.

A.  bAckGrounD

The Food, Drug, and Cosmetic Act provides that the FDA 
may approve a new drug application (NDA) or an abbrevi-
ated new drug application (ANDA) only if the methods used 
in, and the facilities and controls used for, the manufacture, 
processing, packing, and testing of the drug are found ade-
quate to ensure and preserve its identity, strength, quality, and 
purity. The applicant is required to submit information in the 
NDA/ANDA to the Center for Drug Evaluation and Research 
(CDER), which contains among other things a method of 
analysis and details as to how the firm proposes to manufac-
ture—and control the manufacture—of the product that is the 
subject of the application. This information is reviewed by 
CDER scientists (chemists, microbiologists, etc.) to determine 
whether the specifications in the application meet the FDA’s 
standards. The CDER’s role in the pre-approval process is 
to review data submitted to the agency as part of premarket 
NDAs and generic drug applications and to establish specifi-
cations for the manufacture and control of the resulting drug 
product on the basis of the submitted data.

The investigator’s role is to ensure current good manufac-
turing practice (cGMP) compliance, verify the authenticity 
and accuracy of the data contained in these applications, and 
report any other data that may affect the firm’s ability to man-
ufacture the product in compliance with GMPs. This program 
is designed to provide close inspectional and analytical atten-
tion to the authenticity and accuracy of data in applications 
and to provide information regarding facilities. Such coverage 
is necessary to ensure that applications are not approved if 
the applicant has not demonstrated an ability to operate with 
integrity and in compliance with all applicable requirements.

b.  objecTive

The objective of the compliance program is to ensure that 
establishments involved in the manufacturing, testing, or 
other manipulation of new drug dosage forms and new drug 
substances are audited

 1. Through on-site inspections for compliance with 
cGMPs

 2. For conformance with application commitments
 3. To ensure data is authentic and accurate
 4. Through laboratory testing of products, includ-

ing evaluations of the adequacy of analytical 
methodology

Both foreign and domestic establishments are covered by this 
program. Such coverage is intended to be consistent to the 
extent possible. This program provides guidance for establish-
ment inspections and related investigations and for laboratory 
evaluations of methods of analysis proposed by applicants in 
NDA and ANDA submissions.

Before any application is approved by the CDER, a deter-
mination will be made of whether all establishments that will 
participate in the manufacture, packaging, or testing of the 
finished dosage form or new drug substance are in compli-
ance with cGMP and application commitments. This determi-
nation may be made by conducting pre-approval inspections. 
Method validations, method verifications, and forensic anal-
yses will be performed to confirm the authenticity of the 
pre-approval product and to ensure that it can be accurately 
assayed with the proposed regulatory methods. Postapproval 
inspections will monitor and enforce what is submitted in an 
application. “Application” means NDA, ANDA, antibiotic 
drug application, or abbreviated antibiotic drug application 
(AADA) and their supplements. CDER will request inspec-
tions in accordance with pre-established criteria. Optional 
pre-approval inspections may be requested where circum-
stances warrant. The scope of pre-approval inspections, com-
pared with the responsibilities assigned to CDER scientists, is 
set forth below:

• Biobatch manufacturing: Inspection to determine 
the establishment’s compliance with cGMP require-
ments, including a data audit of the specific batches 
on which the application is based (e.g., pivotal clini-
cal, bioavailability, bioequivalence, and stability) 
is a field office responsibility. CDER scientists are 
responsible for the review and evaluation of the 
records and data submitted in the application, includ-
ing the components, composition, batch instructions, 
in-process and finished product test points, and spec-
ifications established for the resulting drug product.

• Manufacture of drug substance or substances: 
Inspection to determine cGMP compliance of the 
establishment is a Field responsibility. CDER chem-
ists are responsible for the scientific review and eval-
uation of the records and data associated with the 
manufacture of the active drug substance submitted 
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in the application or of a properly referenced Type II 
Drug Master File (DMF). The review will include 
starting materials, key intermediates, reagents, and 
solvents. CDER reviewers are also responsible for 
the review of process validation required for the 
manufacturing of biotechnological and certain natu-
ral substances.

• Excipients manufacture: The manufacture of novel 
excipients may be provided in an application or sup-
porting DMF. Typically, these excipients are noncom-
pendial and are used in specialized dosage forms and 
drug delivery systems. CDER chemists are respon-
sible for the scientific reviews and evaluation of the 
records and data associated with the manufacture of 
these novel excipients. The review will include start-
ing materials, key intermediates, reagents, and sol-
vents. cGMP inspections by the Field usually will be 
performed on request from CDER.

• Raw materials (cGMP controls): Inspection of the 
establishment for the drug substance and review of 
data on raw materials to determine compliance with 
cGMP requirements is a Field responsibility.

• Raw materials (tests, methods, and specifications): 
Audit of the data submitted for CDER review in the 
application is a Field responsibility. CDER chemists 
are responsible for the scientific review of the associ-
ated data, evaluations of the adequacy of the submit-
ted data, and ultimate approval of the tests, methods, 
and specifications established for the raw materials 
in the application.

• Composition and formulation of finished dosage 
form: Audit of the data submitted for CDER review 
in the application is a Field responsibility. CDER 
reviewers are responsible for the scientific review of 
the composition and formulation to determine, qual-
itatively and quantitatively, the acceptability of the 
information submitted in the application.

• Container/closure system or systems: CDER is 
responsible for the scientific review of the container/
closure system or systems to be used to package the 
drug product as indicated in the application. The 
Field may audit this data.

• Labeling and packaging controls: Inspection to 
determine the establishment’s compliance with 
cGMP requirements and audit of the data submit-
ted for CDER review in the application are Field 
responsibilities.

• Labeling and packaging materials: CDER reviewers 
are responsible for the scientific review of the label-
ing and packaging components associated with the 
drug product.

• Laboratory support of methods validation: On 
CDER request, Field laboratory analysts will con-
duct laboratory validation of the analytical methods 
proposed by the applicant. CDER laboratories may 
participate in certain instances abbreviated anti-
biotic drug application [(AADA) validations, etc.]. 

CDER chemists are responsible for the review and 
acceptance/rejection of the analytical methods based 
on the laboratory results and the established specifi-
cations. Contacts between field laboratory analysts 
and the applicant will include the CDER chemist.

• Product (cGMP) controls: Inspection of the establish-
ment to determine compliance with cGMP require-
ments, and review and audit of the data furnished to 
CDER in the application, are Field responsibilities. 
CDER scientists will request information on sterile 
processes, for example, laboratory controls for envi-
ronmental monitoring, sterile fill operations, and 
evaluation and reduction of microbial contamination, 
to be submitted to the application for CDER review.

• Product tests, methods, and specifications: Audit of 
the data submitted for CDER review in the applica-
tion is a Field responsibility. CDER is responsible 
for the scientific review of the associated data and 
for the ultimate approval of the tests, methods, and 
specifications established for the drug product in the 
application. The Field will advise the center when it 
finds a questionable specification.

• Product stability: Inspection of the establishment to 
determine compliance with cGMP requirements and 
to conduct an audit of the data furnished to CDER in 
the application is a Field responsibility. This require-
ment applies to both the relevant pre-approval batches, 
as discussed above, and the proposed commercial 
batches. CDER application review chemists are 
responsible for review of the proposed drug product 
stability protocol, specifications, and evaluation of 
the data submitted in support of the expiration dating 
period proposed for the drug product in the application.

• Comparison of the relevant pre-approval batch 
or batches and proposed commercial production 
batches: CDER chemists are responsible for the 
comparison of the formulation, manufacturing 
instructions, and associated in-process and finished 
product tests and specifications established for the 
relevant pre-approval batch or batches with the pro-
posed commercial production batch to determine 
the acceptability of the firm’s proposed scale-up 
procedure. The Field will compare the process used 
to make the pre-approval batches with the actual 
process used to manufacture the validation batches. 
Significant differences in these processes will be 
evaluated by CDER’s Office of Compliance, to 
determine whether the differences constitute fraud, 
and by the reviewing officers, to determine whether 
differences in the processes will affect the safety and 
effectiveness of the resulting product.

• Facilities, personnel, and equipment qualification: 
Review of the information and inspection of the 
establishment to determine compliance with cGMP 
requirements is a Field responsibility.

• Equipment specification or specifications: Audit 
of the data submitted for CDER review in the 
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application is a Field responsibility. CDER scientists 
are responsible for the review of equipment speci-
fications furnished to the center in the application.

• Packaging and labeling (cGMP controls): Review 
of the controls information and inspection of the 
establishment to determine compliance with cGMP 
requirements is a Field responsibility.

• Process validation: Inspection of the establishment 
to determine compliance with cGMP requirements 
and adherence to application requirements is a 
Field responsibility. CDER may request data to sup-
port validation of sterile processing operations; for 
example, environmental monitoring, equipment vali-
dation, sterile fill validation, and associated sterile 
operations.

• Reprocessing: Inspection of the establishment to 
determine compliance with cGMP requirements 
and to conduct an audit of the data submitted to the 
center in the application is a Field responsibility. 
CDER application review chemists are responsible 
for review of reprocessing protocols proposed in the 
application. All reprocessing procedures must be 
validated, or scientific data must be available to jus-
tify the reprocessing procedure. The Field will audit 
the validation of these procedures.

• Ancillary facilities: Ancillary facilities (contract 
testing laboratories and contract packagers and 
labelers) will be inspected to determine compliance 
with cGMP requirements at the discretion of CDER. 
The name, address, and function of each ancillary 
facility will be indicated in the drug application, and 
CDER will review biological and immunological 
test methods and results submitted. These facilities 
shall also provide a certification in the drug appli-
cation regarding compliance with the conditions of 
approval of the application.

c.  TriGGerinG of insPecTions

There are two types of events that trigger inspection: cate-
gories that will regularly prompt an inspection request, and 
categories in which the district office may elect to perform 
an inspection at their discretion for elements of applications—
filed or otherwise.

The following categories will regularly prompt a pre-
approval or cGMP:

 1. New molecular entities (includes finished drug prod-
uct and the active pharmaceutical ingredient)

 2. Priority NDAs
 3. First application filed by an applicant
 4. For-cause inspection
 5. For original applications, if the current cGMP status 

is unacceptable or greater than 2 years
 6. For certain pre-approval supplements, such as site 

change or major construction, if the cGMP status is 
unacceptable

 7. Treatment IND inspections (information is available 
to CDER indicating that an inspection of a clinical 
supplies manufacturer is warranted to protect the 
health of patients)

D.  insPecTions/AuDiTs

1 Manufacturing Process
i.  Drug Product (Dosage Form)
In many cases, clinical production or trial runs of a new 
drug are produced in facilities other than the ones used 
for full-scale production. The facilities and controls used 
for the manufacture of the batch or batches are audited. 
For a generic drug product, the biobatch or biobatches are 
required to be manufactured in production facilities, using 
production equipment, by production personnel, and the 
facility is to be in conformance with cGMPs. Accurate 
documentation is essential so that the production process 
can be defined and related to the batch or batches used for 
the early clinical, bioavailability, or bioequivalence stud-
ies of new drug or generic drug products. Generic prod-
uct biobatches are ANDA batches that are compared to the 
originator/reference product to establish their equivalence. 
NDA biobatches are NDA batches comparing the prod-
uct planned for marketing with that studied during clini-
cal trials to establish their equivalence. The batch records 
submitted in the application must be audited as part of the 
inspection to ensure that the proposed production process is 
the process that was used for the manufacture of the bio/sta-
bility batches. Some manufacturers have historically made 
small batches that were used for biostudies and stability 
studies and misrepresented them as larger batches in sub-
missions. Documentation sometimes has included research 
and development notebooks or batch records. Inventory 
records or receiving records of drug substances have been 
found to be of value in documenting the accountability of 
drug substances used in the early batches.

ii. Drug Substance (Bulk Drug Chemical)
The Guide to Inspection of Bulk Pharmaceutical Chemical 
Manufacturing (http ://ww w.fda .gov/ ora/i nspec t_ref /igs/ bulk. 
html)  and Compliance Program 7356.002F (http://www.fda.
gov/cder/dmpq/compliance_guide.htm) covering bulk phar-
maceutical chemicals (BPCs) provide details of inspections 
covering bulk drug chemical manufacturing processes.

2  Reprocessing
The GMP regulations require reprocessing procedures to 
be written, and it is customary but not required that NDAs/
ANDAs contain procedures covering foreseeable devia-
tions from physical specifications (e.g., color, capped tab-
lets, deviations from hardness specifications, etc.). If the 
NDA/ANDA contains a reprocess provision, the applicant 
must produce scientific data to establish that the procedure 
will result in a product that is equivalent to the original 
product.

http://www.fda.gov
http://www.fda.gov
http://www.fda.gov/
http://www.fda.gov/
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3  Laboratory
Laboratory equipment and procedures must be qualified and 
validated. Every NDA/ANDA inspection will include both an 
evaluation of laboratory controls and procedures and an audit 
of some of the raw data used to generate results. These data 
may be located in research and development test logs. The 
authenticity and accuracy of data used in the development of a 
test method should be established. (See the Guide to Inspection 
of Pharmaceutical Quality Control Laboratories, July 1993.)

4  Components
The supplier and source of the active drug substance used in 
the manufacturing of the biobatch or clinical batch should 
be identified. When the manufacturer changes suppliers of 
drug substance from that supplier used for the manufacture 
of the biobatch or clinical batches, then the application should 
include data demonstrating that the dosage forms produced 
from the drug substances from the two different suppliers are 
equivalent in terms of conformance with established speci-
fications, including those stated in the application. The data 
used to determine the adequacy of the physical specifications 
established for the subsequent suppliers or suppliers of the 
drug substance should be established.

5  Building and Facilities
The addition of any new drug to a production environment 
must be carefully evaluated as to its effect on other products 
already under production and as to changes that will be nec-
essary to make to the building and facility. Construction of 
new walls, installation of new equipment, and other signifi-
cant changes must be evaluated for their effect on the over-
all compliance with GMP requirements. For example, new 
products, such as cephalosporins, would require that the firm 
demonstrate through appropriate separation and controls that 
cross-contamination cannot occur with regard to other prod-
ucts being made in the same facility. In addition, facilities 
that may already be operating at full capacity may not have 
adequate space for additional products.

6  Equipment
New products, particularly potent drug products, can present 
cleaning problems in existing equipment. Manufacturers must 
validate their cleaning processes for the new drug/dosage form.

7  Packaging and Labeling Controls
Packaging and labeling control procedures must be adequately 
written. Poor label control and accountability for other prod-
ucts may have an adverse effect on the firm’s ability to ensure 
that the new drug will always be properly labeled. The label 
and packaging controls should take into account consider-
ations of past label mix-ups and recalls.

II. REGULATORY/ADMINISTRATIVE STRATEGY

A.  GenerAl

The plant should be in substantial compliance with GMP 
regulations and should have the necessary facilities and 

equipment in place to manufacture the specific product in the 
pending application. Some significant problems include, but 
are not limited to

• Application misrepresents data or conditions relating 
to pre-approval batches; there are other inconsisten-
cies or discrepancies raising significant questions 
about the validity of records.

• Pre-approval batches are not made in accordance 
with GMPs.

• There is a failure to report adverse findings or test 
data without adequate justification. If applications 
are withheld because of significant cGMP noncom-
pliance, and the GMP deficiencies also apply to 
commercially marketed products, then action must 
be taken to ensure that the deficiencies are corrected.

b.  Process vAliDATion

Approvals are not generally withheld on the basis of a lack 
of complete, full-scale, multiple-batch process validation. 
Although the agency does not require the manufacturer to 
fully validate the manufacturing process and control proce-
dures of the commercial batch production before approval, 
the CDER will require that certain data be filed to demon-
strate that a plant’s sterilization and aseptic fill process has 
been qualified. These filing issues are under the control of 
the CDER’s reviewing divisions. Because complete process 
validation is not required before approval, it is not required 
to audit complete process validation for sterile and nonsterile 
processes until the application has been approved. However, 
if the plant has already validated the process before the pre-
approval inspection, the validation is evaluated during the 
pre-approval inspection. The inspection team lists deficien-
cies in the validation process on the FDA-483 and advises 
the plant official that complete validation must be completed 
before shipment. Applicants and sponsors must be able to jus-
tify filed specifications with scientific data. In other words, the 
sponsor should have conducted sufficient research on the test 
batches to establish specifications for the manufacturing and 
control procedures listed in the application. These data form 
the basis for the review and evaluation of the application, and 
these specifications form the basis of the validation protocol 
that may be developed following the approval of the applica-
tion. The final step in the product development process is vali-
dation that the process will perform consistently. Companies 
are expected to validate the process using the specifications 
listed in the filing. Process validation requirements for the 
manufacture of BPCs differ somewhat from those involv-
ing dosage forms. The Guide to Inspection of BPCs issued 
in 1991 states that BPC manufacturers are expected to ade-
quately determine and document that significant manufac-
turing processes perform consistently. The type of BPC, the 
range of specifications, and other factors determine the extent 
of the process development and documentation required. The 
documentation system required for early process steps must 
provide a chain of documentation, and although it need not be 
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as comprehensive as in the later parts of the process, the man-
ufacturer is required to identify and control the key steps in 
the process. Though many BPC manufacturers have recently 
initiated validation programs, not all BPCs can be validated 
simultaneously. Therefore, the inspections do not recommend 
taking any legal action where a firm has an adequate pro-
gram in place, including reasonable milestones. Regulatory 
actions are recommended where there is a lack of validation 
and where there is evidence of a significant number of failed 
batches.

c.  key eleMenTs

The key elements of an inspection are to ensure that the facil-
ity is capable of fulfilling the application commitments to 
manufacture, process, control, package, and label a drug prod-
uct following GMP; the adequacy and accuracy of analytical 
methods submitted, to ensure that these methods are proper 
for the testing proposed; correlation between the manufactur-
ing process for clinical trial material, bioavailability study 
material, and stability studies and submitted process; that 
the scientific data support full-scale production procedures 
and controls; that only factual data have been submitted; and 
that the protocols are in place to validate the manufacturing 
process.

The CDER, which governs the pre-approval inspections, 
can additionally require pre-approval inspections in the case 
of drugs with narrow therapeutic range, where new chemical 
entities are involved, where drugs are difficult to manufac-
ture, in the case of drugs that represent a new dosage form for 
the application, where it is the first approval for the company, 
in the case of a poor GMP track record, and where generic 
versions of one of the 200 most prescribed drugs are involved 
(see Table 7.1).

D.  sTrATeGies for Pre-insPecTion

Pre-inspection preparation involves developing both short-
term and long-term strategies. The short-term strategy may 
comprise

• Determining the state of cGMP compliance of all 
of the manufacturing and development facilities 
listed in the NDA for the product under review: This 
should be carried out by the quality assurance divi-
sion of the firm.

• Compiling all relevant regulatory documents for use 
by the FDA inspectors at the potential inspection 
sites: This should be done by the regulatory affairs 
group of the firm; the efforts also include a summary 
of the commitments made to the FDA.

• Identification of key batch records: These docu-
ments are then compared with the commitments 
that are contained in the Regulatory Commitment 
Document (see above). Any discrepancies identified 
are resolved, and explanations are documented when 
appropriate. This is done by the product development 

group in collaboration with the quality control and 
regulatory affairs departments.

• The history of analytical methods used to control 
the product is prepared: The analytical development 
department prepares a chronological history of the 
various analytical methods used during product devel-
opment. This includes justifications for any changes 
made in the methods during the development process 
and a comparison of the methods used to release clini-
cal batch vis-a-vis the commercial batches.

• Transfer of analytical methods to the site or sites 
where they are used: This is the responsibility of the 
analytical development division. Raw data support-
ing a successful transfer should be readily available 
to the inspectors.

• Scale-up ensuring that installation qualification, 
operational qualification, performance qualifica-
tion (IQ/OQ/PQ) activities are properly conducted: 
These include cleaning validation, process valida-
tion, sterilization validation, and so forth, according 
to established corporate procedures.

• The development report has two main sections, one 
that addresses the dosage form and one that deals 
with the bulk drug substance: The product develop-
ment scientist compiles the experimental evidence to 
demonstrate bioequivalency for the first clinical trial 
lot through those lots that will be used for launch. 
The report further includes a description of the cur-
rent process along with a description of the chemical/
physical characteristics, purity, related substances, 
specifications, and stability of the drug substance.

The long-term strategy of preparing for a pre-NDA approval 
inspection generally comprises

• Incorporating the drug development process in the 
preparation to allow the FDA to review the docu-
ments from the earliest stages of development.

• Establishing measures of cGMP for the production 
and distribution of clinical trial material; this may 
be different from the commercial production sys-
tems and addresses the issues of stability guidelines 
developed by the analytical laboratory in consulta-
tion with the quality assurance, the policy on the 
management of deviations (fully justified), batch 
disposition of clinical trial lots, change documenta-
tion—which is another critically important part of 
a quality system for product development, process 
validation, training, management notification—
which sets the standard for notification of corporate 
research management in the event that a quality issue 
occurs with clinical trial materials.

e.  inTernATionAl insPecTion

FDA inspections are conducted in the same manner for 
both domestic and international firms, but in practice there 
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TABLE 7.1
Active Pharmaceutical Ingredients from the Top 200  
Prescription Drugs in 2019
1 Levothyroxine 114,344,324

2 Lisinopril 110,611,324

3 Atorvastatin 96,942,508

4 Metformin Hydrochloride 81,305,415

5 Amlodipine Besylate 75,201,622

6 Metoprolol 74,019,645

7 Omeprazole 70,626,980

8 Simvastatin 65,144,488

9 Losartan Potassium 49,281,054

10 Albuterol 47,109,711

11 Gabapentin 44,154,514

12 Hydrochlorothiazide 43,472,270

13 Acetaminophen; Hydrocodone Bitartrate 43,109,574

14 Sertraline Hydrochloride 37,105,238

15 Furosemide 32,692,726

16 Fluticasone 29,899,932

17 Acetaminophen 29,325,845

18 Amoxicillin 28,117,284

19 Alprazolam 27,030,725

20 Atenolol 26,739,322

21 Citalopram 26,387,590

22 Insulin Glargine 26,201,314

23 Montelukast 25,326,687

24 Trazodone Hydrochloride 25,300,258

25 Pantoprazole Sodium 25,270,699

26 Escitalopram Oxalate 25,240,490

27 Pravastatin Sodium 24,666,149

28 Bupropion 23,811,613

29 Fluoxetine Hydrochloride 23,729,286

30 Carvedilol 23,338,866

31 Prednisone 23,242,849

32 Tamsulosin Hydrochloride 22,533,461

33 Potassium 22,380,348

34 Clopidogrel Bisulfate 21,398,662

35 Ibuprofen 21,329,751

36 Meloxicam 21,290,692

37 Rosuvastatin Calcium 19,917,442

38 Aspirin 19,753,190

39 Tramadol Hydrochloride 19,479,377

40 Zolpidem Tartrate 19,102,809

41 Warfarin 18,718,271

42 Clonazepam 18,675,679

43 Propranolol Hydrochloride 18,416,025

44 Glipizide 17,884,980

45 Dextroamphetamine; Dextroamphetamine 
Saccharate; Amphetamine; Amphetamine 
Aspartate

17,363,796

46 Cyclobenzaprine 16,170,425

47 Methylphenidate 15,599,244

48 Duloxetine 15,377,184

49 Azithromycin 15,292,543

50 Ranitidine 15,285,992

51 Venlafaxine Hydrochloride 15,283,793

52 Allopurinol 15,227,146

53 Hydrochlorothiazide; Lisinopril 14,862,223

54 Oxycodone 14,693,850

55 Ethinyl Estradiol; Norethindrone 14,614,505

56 Ergocalciferol 14,608,444

57 Lorazepam 14,317,316

58 Ethinyl Estradiol; Norgestimate 13,426,358

59 Estradiol 13,361,413

60 Hydrochlorothiazide; Triamterene 12,735,626

61 Glimepiride 12,432,147

62 Fluticasone Propionate; Salmeterol Xinafoate 12,314,689

63 Diltiazem Hydrochloride 12,257,572

64 Paroxetine 12,222,861

65 Loratadine 12,085,215

66 Spironolactone 11,991,114

67 Fenofibrate 11,767,185

68 Naproxen 11,470,076

69 Esomeprazole 11,417,610

70 Lamotrigine 11,276,212

71 Metronidazole 11,169,357

72 Lovastatin 11,000,895

73 Alendronate Sodium 10,576,011

74 Cetirizine Hydrochloride 10,307,139

75 Finasteride 10,300,054

76 Clonidine 10,253,268

77 Budesonide; Formoterol 10,195,375

78 Diclofenac 9,907,530

79 Latanoprost 9,879,869

80 Hydrochlorothiazide; Losartan Potassium 9,772,428

81 Bacitracin; Neomycin; Polymyxin B 9,200,340

82 Sitagliptin Phosphate 9,164,964

83 Pregabalin 9,074,950

84 Insulin Human 8,947,388

85 Topiramate 8,846,881

86 Quetiapine Fumarate 8,751,996

87 Insulin Aspart 8,662,906

88 Amitriptyline 8,638,268

89 Levetiracetam 8,534,737

90 Buspirone Hydrochloride 8,456,948

91 Ondansetron 8,450,779

92 Valsartan 8,406,000

93 Ferrous Sulfate 8,398,923

94 Enalapril Maleate 8,342,017

95 Tiotropium 8,306,842

96 Folic Acid 8,276,080

97 Hydroxyzine 8,082,370

98 Donepezil Hydrochloride 7,761,701

99 Lisdexamfetamine Dimesylate 7,570,687

100 Insulin Lispro 7,544,686

101 Isosorbide Mononitrate 7,360,509

102 Ciprofloxacin 7,192,190

103 Cholecalciferol; .Alpha.-Tocopherol 7,114,696

104 Benazepril Hydrochloride 7,093,458

105 Rivaroxaban 7,058,562

106 Sulfamethoxazole; Trimethoprim 6,879,928

107 Cephalexin 6,785,958

108 Oxybutynin 6,735,604

109 Drospirenone; Ethinyl Estradiol 6,681,736

110 Doxycycline 6,640,671

(Continued)
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TABLE 7.1 (CONTINUED)
Active Pharmaceutical Ingredients from the Top 200 
Prescription Drugs in 2019
111 Ropinirole Hydrochloride 6,628,478

112 Diazepam 6,606,345

113 Hydrocodone Bitartrate 6,591,400

114 Amoxicillin; Clavulanate Potassium 6,579,603

115 Sumatriptan 6,564,780

116 Pioglitazone 6,563,097

117 Ethinyl Estradiol; Levonorgestrel 6,441,019

118 Tizanidine 6,401,817

119 Thyroid 6,363,773

120 Celecoxib 6,269,150

121 Insulin Detemir 6,227,661

122 Triamcinolone 6,077,301

123 Apixaban 5,833,149

124 Baclofen 5,708,865

125 Famotidine 5,702,253

126 Nebivolol Hydrochloride 5,686,450

127 Docusate 5,585,832

128 Mirtazapine 5,547,697

129 Divalproex Sodium 5,484,270

130 Verapamil Hydrochloride 5,424,766

131 Aripiprazole 5,186,998

132 Gemfibrozil 5,068,993

133 Desogestrel; Ethinyl Estradiol 5,062,634

134 Hydrochlorothiazide; Valsartan 5,000,778

135 Hydroxychloroquine Sulfate 4,965,681

136 Prednisolone 4,942,861

137 Cyanocobalamin 4,941,184

138 Hydralazine Hydrochloride 4,888,742

139 Omega-3-acid Ethyl Esters 4,841,513

140 Amlodipine Besylate; Benazepril 
Hydrochloride

4,829,728

141 Lansoprazole 4,805,894

142 Timolol 4,684,226

143 Hydrocortisone 4,634,998

144 Ezetimibe 4,570,245

145 Digoxin 4,470,645

146 Testosterone 4,413,016

147 Memantine Hydrochloride 4,388,334

148 Methylprednisolone 4,382,399

149 Estrogens, Conjugated 4,245,842

150 Adalimumab 4,245,501

151 Clindamycin 4,223,619

152 Methotrexate 4,208,091

153 Ramipril 4,206,514

154 Nifedipine 4,152,353

155 Methylcellulose (4000 Mpa.S) 4,092,001

156 Guanfacine 4,022,949

157 Doxazosin Mesylate 4,010,324

158 Morphine 3,989,646

159 Risperidone 3,975,563

160 Promethazine Hydrochloride 3,928,732

161 Levofloxacin 3,910,492

162 Meclizine Hydrochloride 3,906,199

163 Levocetirizine Dihydrochloride 3,868,302

164 Olmesartan Medoxomil 3,805,975

165 Mometasone 3,780,867

166 Albuterol Sulfate; Ipratropium Bromide 3,774,880

167 Brimonidine Tartrate 3,764,084

168 Valacyclovir 3,730,423

169 Terazosin 3,728,582

170 Solifenacin Succinate 3,630,386

171 Irbesartan 3,615,078

172 Glyburide 3,591,159

173 Fluconazole 3,553,998

174 Chlorthalidone 3,551,730

175 Carbidopa; Levodopa 3,535,782

176 Beclomethasone 3,519,550

177 Polyethylene Glycol 3350 3,503,811

178 Dicyclomine Hydrochloride 3,502,152

179 Magnesium 3,473,024

180 Nitroglycerin 3,472,539

181 Carisoprodol 3,405,849

182 Ipratropium 3,400,104

183 Calcium; Cholecalciferol 3,381,006

184 Clobetasol Propionate 3,335,235

185 Temazepam 3,235,550

186 Nitrofurantoin 3,232,274

187 Methocarbamol 3,229,264

188 Liraglutide 3,225,863

189 Progesterone 3,173,331

190 Dexlansoprazole 3,153,131

191 Metformin Hydrochloride; Sitagliptin 
Phosphate

3,150,401

192 Nortriptyline Hydrochloride 3,131,539

193 Benzonatate 3,104,318

194 Canagliflozin 3,102,040

195 Acyclovir 3,078,845

196 Linagliptin 3,058,866

197 Carbamazepine 2,982,030

198 Amiodarone Hydrochloride 2,934,681

199 Mupirocin 2,833,713

200 Dorzolamide Hydrochloride; Timolol Maleate 2,794,085

are legal and logistic reasons for the FDA to follow differ-
ent procedures when scheduling and conducting international 
inspections for the purpose of verifying integrity of informa-
tion submitted and ascertaining compliance with the cGMP 
regulations. There are four differences between domestic and 
international inspections: international inspections are nearly 
always scheduled in advance, language barriers pose unique 
challenges during international inspections, international 
inspections are typically of shorter duration than domestic 
inspections that are conducted for the same purpose, and 
international firms are reinspected less often than are domes-
tic facilities.

When inspecting domestic firms, the FDA has the respon-
sibility over all products manufactured, and thus inspections 
are often extended to include other products as well. At foreign 
facilities, the FDA generally has interest only in products that 
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will be marketed in the United States, and it is likely that the 
firm inspected may only be marketing a handful of products 
in the United States, though it may have a large presence. In 
addition, most international inspections are completed within 
a fixed duration, as the inspection may be heading for similar 
audits in the region elsewhere and it is not often possible to 
make last-minute changes to the itinerary. In domestic audits, 
the inspectors routinely interrupt the audit and return later to 
complete it; such is not the case with the foreign inspections.

Unless a firm has previous experience with such audits, it is 
highly recommended that the firm assign responsibilities for 
PAI readiness, determine the PAI schedule, anticipate FDA 
needs, verify application integrity, and verify GMP compli-
ance on their own before the visit.

Whereas the regulatory submissions must be in English, 
the FDA expects that raw data and original records may be in 
the native language, and this is acceptable: there is no need to 
translate documents that are created in the native language. 
In fact, it is ill-advised to convert documents, as this may 
result in errors that can unnecessarily create confusion in the 
inspection. However, the summary documents as requested 
by the FDA may be translated before the arrival of inspectors. 
Where attachments were included in the regulatory submis-
sions, these should be available with proper certification for 
their authenticity.

Foreign inspections almost always follow a preset routine, 
despite individual style, which depends on the qualification of 
the inspector (whether he or she is a microbiologist or a chem-
ist, for example).

Summary documents are critical to a successful start of the 
audit; the FDA would rely heavily on the development reports, 
particularly as they pertain to early development phases of 
development, scale-up, and the development of analytical 
methods. Information contained in the development report is 
also useful for the firm’s management to present overviews 
to the FDA about key development activities at the start of 
an inspection. Well-written, comprehensive reports may be 
sufficient for the purpose of the inspection without the FDA 
getting into inquiry about the raw data. Because the FDA is 
short of time in foreign inspections, they are more likely to 
accept the report in lieu of a larger number of support docu-
ments; as a result, the importance of a well-written, compre-
hensive development report is the most important tool for 
foreign firms. A lack of reports or incomplete reports will 
almost always cause the FDA inspectors to inquire about the 
raw data—something that should be avoided, if at all possible. 
Raw data always spells trouble in every inspection. An unno-
ticed peak in the active pharmaceutical ingredient (API) thin 
layer chromatography (TLC), a missing signature, numbers 
changed without crossing it out, and so forth, are some of the 
common occurrences that raise flags as the audit gets deeper.

Next to the preparation of the development report, the 
most important thing for the foreign firm to do is to “break 
ice” with the FDA inspectors. Almost always there are cul-
tural and etiquette differences that must be overcome imme-
diately. Although there is no need for an elaborate protocol, 
the firm is expected to inform the FDA inspectors about the 

matters indigenous to the region, such as traffic problems, 
hotel accommodation, food availability, and most important, 
any local customs that may adduce a behavior with which the 
inspectors may not be familiar. It is also a good idea to start 
the meeting with the inspectors by expressing a desire to be 
apprised of any findings as they occur, as it is easier to rebut 
or explain the situation at that moment. These situations often 
arise as a result of different systems of document keeping, 
document routing, and personnel management.

Where deficiencies are found, the firm should attempt to 
rectify them during the visit while keeping the FDA inspec-
tors informed of the changes made to overcome the objec-
tions. Know that the FDA personnel are expected to report 
corrective actions in the Environmental Impact Report (EIR). 
When it is not possible to complete the corrective actions 
before the FDA leaves the premises, it is in the firm’s best 
interest to report steps that have already been taken toward 
initiating a corrective action plan. In addition, the FDA is con-
cerned about the steps taken to prevent the recurrence of such 
problems and the evaluations made to determine whether the 
objectionable conditions may apply to other areas of the facil-
ity, as well as the steps taken by the company to determine the 
cause of specific objections found by the FDA. Also, falsifica-
tion of documentation that a corrective action has been taken 
when it may not have been can land the firms in deep trouble 
in the follow-up inspections. The FDA becomes suspicious 
when the firm provides evasive or inconsistent answers, shows 
unexpected body language or behavior in responding, or an 
inconsistent response is received from different employees. It 
is important, therefore, that the firm go through a mock-up 
exercise involving all those employees who may eventually 
end up talking to the FDA inspectors.

At the end of inspection, the FDA conducts an exit discus-
sion with management to deliberate on the inspection find-
ings. Should there be any GMP-related deviations or other 
objectionable conditions, they will leave with the company a 
written list of observations (FDA-483) and will provide man-
agement with the opportunity to discuss the FDA findings. 
The purpose of the FDA-483 is to list objectionable condi-
tions and practices found by the FDA investigator; it is not 
intended to report any favorable or acceptable conditions 
that may have been observed during the inspection. Each of 
the FDA-483s issued is subjected to further review by FDA 
management in the field offices or at headquarters units to 
determine the validity and significance of each item. It is 
imperative that personnel completely understand the reason 
or reasons that the FDA considers a condition or practice to 
be objectionable before the inspection team departs. As men-
tioned earlier, it is in the best interest of the FDA as well that 
issues are closed before their departure, as the inspectors may 
not be able to return soon, and it will create a substantial bur-
den on the firm if the approval is withheld; this is a significant 
benefit in international inspections of which the firms should 
take full advantage.

Management should verbally respond to the inspection 
findings during the discussion of the FDA-483. Each item 
should be discussed individually, and the company personnel 
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should provide additional explanations where appropriate 
and should state their intentions for items where they have 
made or intend to make improvements. When companies have 
initiated corrective actions, it is imperative that the FDA be 
informed of the actions taken (especially corrections that have 
already been completed). The company should request that 
the FDA team report in their EIR the corrections that have 
been accomplished. If the FDA has had the opportunity to 
verify the corrections, it would be appropriate to ask them to 
comment on the adequacy of the actions taken by the com-
pany (i.e., Were they satisfied with the corrective actions, or 
should the firm consider further actions?).

To demonstrate to the FDA that corrective actions have 
been taken, firms should provide to the FDA team the copies 
of documents that show corrections such as revised standard 
operating procedures (SOPs), change control records for facil-
ity improvements, training documentation, and results of ana-
lytical testing. In those situations in which the firm may need 
some time to decide appropriate corrective actions, it is advis-
able to inform the FDA team that a written response will be 
provided within a reasonable period (ideally within 2 weeks). 
It is extremely important to stick to this timeline, as it takes 
about 2 weeks for the inspector to file his or her EIR: It is 
most beneficial, strategically, to have the response of the firm 
be recorded in the EIR. The firm, however, should not make 
promises that it knows cannot be fulfilled, such as requiring 
substantial financial outlay that the firm may not be able to 
afford, or giving a timeline that is too restrictive or unrealis-
tic. The firms should not risk creating a credibility problem in 
the follow-up visits. The FDA encourages an open discussion 
of each item listed on the FDA-483, and the FDA team should 
be able to defend its observations. If management believes 
that an item listed on the FDA-483 is incorrect or does not 
accurately reflect the true conditions found by the FDA inves-
tigator, this should be discussed in sufficient detail until the 
issue can be resolved to mutual satisfaction. If the observation 
is an error caused by misunderstandings, it is essential that 
there be full discussions to ensure that the FDA has accurate 
and complete information. This is why it was earlier recom-
mended that the firm develop an open communication with 
the FDA, finding out the deviations as they are discovered 
rather than in the end-of-visit reporting. If the FDA has all 
of the relevant information and facts, but the FDA team has 
reached the conclusion that the firm’s practices or conditions 
are unacceptable, then the FDA-483 observation will remain. 
The FDA does routinely alter its FDA-483; however, where 
disputes remain on how the FDA has interpreted a finding vis-
a-vis the position firm takes, it is important to identify which 
data were used by the FDA that formed the basis of their deci-
sion; these data should then be verified, and if it is discovered 
that discrepancies occurred that were unintentional, the FDA 
inspectors should be informed as soon as possible after they 
leave the firm’s premises.

When the FDA team has not found objectionable condi-
tions, they will terminate the inspection (an FDA-483 will 
not be issued). In such cases, the company will not receive 
anything in writing from the FDA team. The firm, however, 

reserves the right to request the FDA to issue a statement to 
this effect and to ask for an exit discussion.

However, one should be extremely careful about engag-
ing the FDA inspectors in discussions that are superfluous, 
to prevent any inadvertent disclosure that might change their 
opinion about the inspection.

The Application Integrity Policy (AIP) is a formal admin-
istrative program that the FDA uses to deal with fraud, sci-
entific misconduct, or other instances in which wrongful acts 
have been committed or are suspected. The AIP, introduced 
in 1990 as consequence of the generic drug scandal, was for-
merly called the “fraud policy.” The AIP is invoked when 
the integrity of data or information in applications filed with 
the FDA has been compromised or questioned. Examples of 
actions that may prompt investigations include submission of 
false or fraudulent data, making untrue statements to the FDA 
officials, offering illegal gratuities, and other actions that sub-
vert the integrity of an application. The primary enforcement 
options that are available to the FDA under the AIP program 
include withholding of approvals, product recalls, and civil 
and criminal penalties. However, note that the FDA may not 
have a legal jurisdiction over a foreign establishment, and thus 
the penalties are mainly the rejection of application and ban-
ning the firm from submitting future applications.

f.  ProDucT sTAbiliTy DATA

One of the most widely cited observations in the FDA audits 
is the lack of or inadequate data to support the stability of 
the product. This applies to domestic as well as international 
audits, though more problems arise in international audits, 
where the firm may have used a different climatic zone for 
testing the product. A robust stability program includes study 
of loss of active ingredient (potency), increase in concentra-
tion of active ingredient, alteration of bioavailability, loss of 
content uniformity, decline in microbiological status, increase 
in possibly toxic decomposition product, loss of pharma-
ceutical elegance, and modification in any other factor of 
functional relevance (e.g., loss of adhesion strength in a trans-
dermal). The stability data that should available at the time of 
pre-approval inspection include

• Adequate test method: The assays of the active com-
ponent should be stability-indicating; that is, they 
can be separated from the degradation products and 
other components of the formulation. Furthermore, 
the degradation products should be quantitated and 
all methods should be validated not only at the 
beginning of the testing but also through the testing 
period.

• Characterization of drug substance: Where a refer-
ence standard is used in an ANDA, this aspect is set 
aside. However, where a new chemical entity (NCE) 
is involved, a large volume of data would gener-
ally be required to establish the degradation profile 
of the new drug, especially if this happens to be a 
macromolecule; when the testing requires evaluation 
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by a biological response, the difficulties in validat-
ing the test method rise exponentially. Where an 
entirely new stability-indicating assay is established, 
it is necessary to demonstrate that the procedure is 
indeed stability-indicating by forced degradation 
studies. For protein drugs, incomplete knowledge 
of the molecule makes it difficult to demonstrate the 
stability-indicating nature of the assay.

• Calibration of equipment: This is a routine require-
ment, and the FDA inspectors may not review these 
data if they find that the firm is in general good com-
pliance with the cGMP. However, these data should 
be updated and current at all times.

• Assay validation parameters: The common param-
eters that require attention include accuracy, limit of 
detection, limit of quantification, linearity, precision, 
range, recovery, robustness, sample stability (on stor-
age and during assay), specificity and selectivity, 
and systems suitability. Two additional parameters 
that may need special attention are transferability 
and comparability. This applies to both chemical 
and physical testing where used. Because stability-
indicating methods evolve over time, revalidation 
is critical. Partial revalidation is required whenever 
significant changes are made either in the method 
itself or in the material analyzed, which could rea-
sonably be expected to affect the results obtained 
(e.g., changes in equipment or suppliers of critical 
supplies).

• Pre-formulation studies (bulk drug substance): 
Stability data of the bulk drug substance alone or in 
model test systems is required, and most companies 
find this to be weakest point of their presentation to 
the FDA.

• SOPs: During the PAI, the FDA investigators rou-
tinely examine the SOPs that relate to the devel-
opment and operation of the stability program to 
ascertain the strengths and weaknesses of the pro-
gram, as well as ensuring compliance with the SOPs. 
Firms should understand that there are no official 
guidelines on how to write an SOP, what methods 
to use, and who should be responsible for doing it. 
What the FDA looks for is that, given an approved 
SOP, the firm adheres to its own guidance. Should 
doubts arise that the firm is not following its own 
guidelines, suspicion grows about the firm’s overall 
ability to comply with the cGMP regulations.

• Room temperature and accelerated test data: For 
products that will be labeled to require storage at 
controlled room temperature, long-term studies 
at 25°C ± 2°C with 60% relative humidity (RH; 
± 5%) with at least 12 months of data are needed. 
Accelerated studies at 40°C ± 2°C and 75% ± 5% 
RH with at least 6 months of data are also normally 
required. However, the ICH does allow for a less 
rigorous accelerated test if the 40°C test cannot be 
passed. When “significant change” occurs during the 

40°C accelerated study, an intermediate test, such as 
30°C ± 2°C and 60% RH ± 5% for 12 months, can 
be used. Significant change is defined as a 5% loss 
of potency, exceeding pH limits, dissolution failure, 
and failures of physical specifications (hardness, 
color, etc.). If products are to be labeled with instruc-
tions for storage at a temperature of less than 25°C, 
then the accelerated studies can be performed at a 
temperature less than 40°C; however, the conditions 
should be at least 15°C above those used for long-
term evaluation. Products for which water loss may 
be more important, such as liquids or semisolids in 
plastic containers, it can be appropriate to replace 
high-RH conditions by lower RH, such as 10% to 
20%. If, during clinical trials, a number of differ-
ent formulations have been used that differ in either 
formulation or processing variables from the prod-
uct intended for the market, it may be appropriate to 
“build bridges” between the various formulations if 
there is reason to believe that the changes in the for-
mulation or processing variables are such that might 
reasonably be expected to significantly modify sta-
bility. The FDA SUPAC (scale-up and postapproval 
changes) Guideline should be consulted about the 
importance of such changes.

• Contract laboratory stability testing: Where contract 
work is involved, complete details about the facility 
conducting the testing should be available. The FDA 
may choose to visit that facility as well, unless it is 
an approved facility that has undergone several FDA 
inspections in the past.

Developing stability data for an ANDA product generally 
requires fewer laboratory studies than those required with an 
NCE. The primary goal of an ANDA should be to mimic the 
stability profile of the innovator product, barring any intellec-
tual property issues that might prevent the generic manufac-
turer from formulating a similar product. (Of course, there is 
nothing to prevent an ANDA sponsor from trying to formulate 
a product with a longer shelf life than that of the innovator, 
and this idea has been considered by some companies.) The 
formulation of generic products requires developing a source 
of API—a DMF source—that is substantially identical in its 
stability profile to the innovator API; where reference stan-
dards are not yet available, this may create serious problems. 
In addition, it is often difficult to obtain impurities in suffi-
cient quantity to validate the test methods. As a result, much 
effort is needed in making this part of the stability profile 
appear as comprehensive as possible. Firms often use brack-
eting, or matrixing—a form of partial factorial experimen-
tal design—to reduce their experimental load, and it is well 
accepted; however, before adopting this method, the firm is 
advised to consult with the FDA, as the power of test required 
may change with the type of API involved. Also, normaliza-
tion of stability results is not usually desirable, and the plots 
of percentage of label claim as a function of time should not 
be normalized so that all batches originate at 100% of label 
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claim. In considering batch-to-batch variability in three or 
more batches, the FDA is interested in both intercepts and 
slopes. The arguments often adduced by European companies 
that the slope is more important in establishing shelf life are 
not acceptable to the FDA. The FDA also considers delay in 
testing of samples a serious issue in the stability profiling in 
addition to the calibration and validation of the stability cham-
bers. Know that the FDA takes a hardline approach when 
it comes to the conduct of stability testing. Firms often are 
greatly surprised by how important the FDA considers these 
“nuts and bolts” issues, such as crowded stability chambers 
with poor air circulation, lack of proper calibration, and evi-
dence that the temperature fluctuation is not more than 2°C.

G.  vAliDATion of Processes

Next to the problems frequently recorded in stability profiles 
of drug products is the lack of or inadequacy of the docu-
ments that affirm that the process used for the manufacture 
of a biobatch of the commercial batch was fully validated. 
Validation is a requirement of both the development stage and 
the final batches. Process validation is defined as establish-
ing documented evidence, which provides a high degree of 
assurance, that a specific process will consistently produce a 
product meeting its predetermined specifications and quality 
characteristics. To provide the FDA with sufficient documen-
tation, firms should prepare a flow diagram of the process in 
a logical flow, identifying various unit operations. Firms are 
required to perform validation of three formal batches.

The general principles of process validation involve pro-
spective process validation (also called premarket validation), 
retrospective process validation, revalidation, and concurrent 
process validation. Prospective process validation is the most 
important for an FDA pre-NDA approval inspection of a NCE 
or API in a dosage form or delivery system.

Prospective validation is conducted before the distribution 
of either a new product or an existing product made under 
a revised manufacturing process where such revisions may 
affect product specifications or quality characteristics (attri-
butes). This involves documenting critical step analysis, in 
which the unit operations are challenged during the process 
qualification stage to determine, using either “worst case” 
analysis or a fractional factorial design, critical process vari-
ables that may affect overall process performance. During 
formal, three-batch, prospective validation, critical process 
variables should be set within their operating ranges and 
should not exceed their upper and lower control limits during 
process operation. Output responses should fall well within 
finished product specifications.

Retrospective validation involves using the accumulated 
in-process production and final product testing and control 
(numerical) data to establish that the product and its manu-
facturing process are in a state of control. Valid in-process 
results should be consistent with the drug products’ final 
specifications and should be derived from previous acceptable 
process average and process variability estimates, where pos-
sible, and determined by the application of suitable statistical 

procedures, that is, quality control charting, where appro-
priate. The retrospective validation option is selected when 
manufacturing processes for established products are consid-
ered to be stable and when, on the basis of economic consider-
ations and resource limitations, prospective qualification and 
validation experimentation cannot be justified.

Before undertaking either prospective or retrospective 
validation, the facilities, equipment, and subsystems used in 
connection with the manufacturing process must be qualified 
in conformance with cGMP requirements.

Concurrent validation is conducted under a protocol dur-
ing the course of normal production. The first three produc-
tion-scale batches must be monitored as comprehensively as 
possible. The evaluation of the results is used in establishing 
the acceptance criteria and specifications of subsequent in-
process control and final product testing. Some form of con-
current validation, using statistical process control techniques 
(quality control charting), may be used throughout the prod-
uct manufacturing life cycle.

Revalidation is required to ensure that changes in-process 
or in the process environment, whether introduced intention-
ally or unintentionally, do not adversely affect product specifi-
cations and quality characteristics. Firms should put a quality 
assurance system (change control) in place that requires reval-
idation whenever there are significant changes in formulation, 
equipment, process, and packaging that may affect product 
and manufacturing process performance. Furthermore, when 
a change is made in a raw material supplier, the supplier of 
API should be apprised of the critical requirements of impuri-
ties. Revalidation is often required in following conditions:

• Change in an API or a key excipient, or primary 
packaging

• Change or replacement in a critical piece of 
equipment

• Significant change in processing conditions that are 
known to affect either subsequent unit operations or 
product quality

• Change in a location, site, or support system (e.g., 
utilities)

• Significant change in batch size from what was vali-
dated and that affects the operation of or selection of 
manufacturing equipment

• Where several batches fail sequentially

Process performance requalification studies before revalida-
tion assignments are currently required for sterile products 
only; some of these issues can be covered in the yearly filings. 
However, firms are urged to review the most current SUPAC 
guidelines for the specific type of product manufactured.

An important document that all firms must have is the vali-
dation master plan, which enables the creation of an overview 
of the validation effort. This plan should be put together early 
in the drug development process and updated on a regular basis 
as the drug product enters various stages of development. The 
plan is basically a layout of how the various activities will be 
performed against a predetermined timeline [perhaps using 
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Gantt or Program Evaluation and Review Technique (PERT) 
chart format]. Of significance are the critical paths in the plan 
and how they are linked to objective achievement.

The validation program generally follows the following order:

• Selection of raw materials and components
• IQ/OQ of facilities, equipment, and systems
• Performance and process qualification stages
• Protocol-driven, three-batch, formal process validation

Running these in series and in parallel, much time can be 
conserved. The three stages with respect to equipment quali-
fication are sometimes referred to as Equipment Validation, 
comprising IQ, which ensures that a piece of equipment has 
been correctly calibrated and installed in accordance with the 
equipment manufacturer’s recommendations (proper voltage, 
amperage, clearance from wall, exhaust requirements, etc.). It 
is important to understand that IQ is also required for all util-
ity systems. In most instances, once the installation is com-
plete, IQ cannot be performed retroactively, such as in the case 
of heating, ventilation, and air-conditioning or water systems; 
the FDA considers this phase of planning crucial in evaluat-
ing the readiness for compliance with GMP regulations. The 
next phase is OQ, comprising procedures and documentation 
that show that the facility, support system, or piece of equip-
ment performed as intended throughout all anticipated oper-
ating ranges under a suitable load. In this phase the systems 
or equipment are challenged to the limits of operation. The 
final phase is PQ, which demonstrates that the facility, sup-
port system, or piece of equipment performed according to a 
predefined protocol and achieved process reproducibility and 
product acceptability.

Given below is a proposed outline for a prototype valida-
tion protocol:

 1. Purpose of the entire validation and prerequisites
 2. Description of the entire process and subprocesses, 

including flow diagram and critical step analysis
 3. Validation protocol approvals
 4. IQ and OQ, including blueprints or drawings
 5. Qualification report or reports for each subprocess
 a. Purpose
 b. Methods/procedures
 c. Sampling and testing procedures, release crite-

ria; for example, reporting function
 d. Calibration of test equipment used; for example, 

test data
 e. Summary of results
 f. Approval and requalification procedure
 6. Product qualification, test data from prevalidation 

batches
 7. Product validation, test data from three formal vali-

dation batches
 8. Evaluation and recommendations (including revali-

dation/requalification requirements)
 9. Certification (approval)
 10. Summary report with conclusions

The validation protocol and report may also include the prod-
uct stability data or a summary and documentation concern-
ing cleaning and analytical validation.

The pilot-production program is generally a result of coop-
eration between the development laboratories and the manu-
facturing department. Technology transfer documentation 
applies to processes as well as to the systems being qualified 
and validated and their testing standards and testing methods. 
This documentation is important, particularly where an NDA 
is involved.

The concept of validation should be incorporated during 
every phase of product and process development:

 1. Pre-formulation studies incorporate API qualifica-
tion and evaluation of key excipients. Studies should 
incorporate studies of combinations of API and 
excipients and a rationale developed for the levels of 
various excipients chosen. Interactions between the 
API and excipients are expected and should not form 
the basis of altering the choice so long as data can be 
collected to show that the API is available through 
the shelf life.

 2. Once a selection of ingredients is made, the work is 
transferred to the formulation laboratory to establish 
preliminary product design as well as prototype for-
mulations. If the product manufactured at this level 
is to be used in humans, the manufacturing should be 
done at a GMP level.

 3. Once a laboratory batch (often called 1¥) has been 
determined to be both physically and chemically 
stable based on accelerated, elevated-temperature 
testing (i.e., 1 month at 45°C or 3 months at 40°C or 
40°C/80% RH), the next step is to scale the product 
and its process to a (10¥) pilot-laboratory-size batch 
or batches. The pilot-laboratory-size batch repre-
sents the first replicated scale-up of the designated 
formula. The size of the pilot-laboratory batch will 
usually range between 10 and 100 kg, 10 and 100 
L, or 10,000 and 100,000 U. These pilot-laboratory 
batches are often used in clinical trials and bioequiv-
alency studies. According to the FDA, the minimum 
requirement for a biobatch is 100,000 U. The pilot-
laboratory batches are usually prepared in small 
pilot equipment within a designated cGMP-ready 
facility. Process-development (process-qualification) 
or process-capability studies are normally started 
in this important stage of the scale-up sequence. To 
evaluate the critical control parameters and their 
unit operation, constraint analysis techniques fol-
lowed by fractional factorial designs are often used 
to challenge the tentative control limits (so-called 
“worst-case analysis”) established for the process at 
this intermediate stage.

 4. A pilot production is at about a 100¥ level; in gen-
eral, the full-scale batch and the technology transfer 
at this stage should comprise pre-formulation infor-
mation, product development report, and product 
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stability and analytical methods reports. This is the 
time to finalize the batch production documentation 
for the 100¥ level. The objectives of pre-validation 
trials at this stage are to qualify and optimize the 
process in full-scale production equipment and facil-
ities. These studies should not be rushed, as they 
are followed by a formal validation cycle, and rush-
ing the pre-validation protocols may result in costly 
errors later on.

 5. The formal validation is often completed after the 
PAI, where three-batch process validation will be 
conducted in accordance with the protocol approved 
during the pre-approval inspection. The primary 
objective of the formal process validation exercise is 
to establish process reproducibility and consistency. 
Such validation must be completed before entering 
the market. The formal validation studies continue 
through packaging and labeling operations (in whole 
or in part), so that machinability and stability of the 
finished product can be established and documented 
in the primary container-closure system.

H.  CHange Control

Changes in the processes, systems, and formulations are inev-
itable. However, procedures for change control should be in 
place before, during, and after the completion of the formal 
validation program—to ensure that the process continues 
in a validated, operational state even when small noncriti-
cal adjustments and changes have been made to the process. 
These changes should be critically reviewed by the valida-
tion or CMC committee. The change control system allows 
innovation and process improvements, making it more flex-
ible without prior formal review on the part of the NDA- and 
ANDA-reviewing function of the FDA. The supplemental 
procedures with respect to the Chemistry and Manufacturing 
Control sections of NDAs and ANDAs are covered through 
annual SUPAC review documentation procedures, with 
change control procedures providing assurance that process 
validation will remain more pro-innovative.

1  Cleaning Validation
According to Section 211.67 Equipment Cleaning and 
Maintenance of cGMP regulations, equipment and utensils 
should be cleaned, maintained, and sanitized at appropriate 
intervals to prevent malfunction or contamination that would 
alter the safety, identity, strength, quality, or purity of the drug 
product. This includes materials used in clinical trials as well 
as the commercial drug product. Written SOPs must ensure 
that cleaning and maintenance of equipment in both prod-
uct development laboratories and manufacturing facilities is 
strictly adhered to. Records should be kept of maintenance, 
cleaning, sanitizing, and inspection. These records are likely 
to be requisitioned by the FDA during the course of the pre-
approval inspection. The objective of cleaning validation of 
equipment and utensils is to reduce the residues of one prod-
uct below established limits so that the residue of the previous 

product does not affect the quality and safety of the subse-
quent product manufactured in the same equipment. Some of 
the equipment design considerations include type of surface 
to be cleaned (stainless steel, glass, plastic), use of disposables 
or dedicated equipment and utensils (bags, filters, etc.), use 
of stationary equipment (tanks, mixers, centrifuges, presses, 
etc.), use of special features (clean-in-place systems, steam-
in-place systems), and identification of the difficult-to-clean 
locations on the equipment (so-called “hot spots” or critical 
sites). It is important to realize that the FDA has tightened sig-
nificantly the cleaning validation policies, particularly if there 
are biological products involved; the therapeutic proteins and 
peptides are specifically the target of FDA inspection.

The cleaning procedures define in certain terms the 
amounts and the specific type of cleaning agents or solvents 
used, and the procedure includes complete details about 
what is to be cleaned and how it is to be cleaned. As always, 
the methods focus on the worst-case conditions, such as the 
higher-strength, least soluble, most difficult-to-clean formula-
tions manufactured within the facility that may be alternated. 
Cleaning procedures should identify the time between pro-
cessing and cleaning, cleaning sequence, equipment disman-
tling procedure, need for visual inspection, and provisions for 
documentation.

The analytical methods chosen to validate the cleaning 
process may include the HPLC, TLC, spectrophotometry, 
TOC (total organic carbon), pH, conductivity, gravimetric, 
and so forth. The sampling techniques chosen may include 
direct surface sampling, using swabs and gauze or rinsing, 
depending on the residue limit to be established on the basis 
of the sampling site, type of residue sought, and equipment 
configuration (critical sites vis-a-vis large surface area) con-
sideration. The analytical and sampling methods should be 
challenged in terms of specificity, sensitivity, and recovery. 
The residue limits to validate the cleaning must be practical, 
achievable, and verifiable, and they must ensure safety. The 
potency of the selected drug and the presence of degradation 
products, cleaning agents, and microorganisms should be 
taken into consideration.

As a general rule, use these limits: not more than 10 ppm, 
not more than 0.001 of the dose of any product will appear in 
the maximum daily dose of another product, and no physi-
cal or chemical residue will be visible on the equipment after 
cleaning procedures have been performed.

2  Analytical Methods Validation
Nothing is more critical to a successful PAI than an elegant 
presentation of analytic methods validation in the eyes of the 
FDA investigators. Not only does this tell the investigators 
about the assurance provided for the correct testing of the 
product, but this also reflects on the overall understanding of 
the firm on compliance with the cGMP. Analytical methods 
go to the heart of a validated process for drug product man-
ufacture. To establish what is tested and what the amounts 
involved are may appear a simple process at the outset, yet 
there remain many elaborate steps that will ensure that every 
time an analysis is performed, the test results can be relied 
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on. Analytical methods that form the technical package for 
a product include not only the API but also inert excipients, 
the impurities in both, the residue from previously used mate-
rials and operations, the composition of in-process blends 
and compositions, and obviously the finished product before 
its release. To ascertain that the methods used are qualified 
for each of these phases of testing, a large volume of data is 
generally collected at all stages of product development, for 
scale-up and final manufacturing batches, and at all stages of 
validation and stability protocol development.

While validating a production process, several steps were 
listed as they pertained to each of the components of manu-
facturing: equipment, process conditions, personnel, and so 
forth. These key elements multiply rapidly when it comes to 
analytical methods validation. Take, for example, HPLC—the 
most commonly used method of analysis. A typical analytical 
method would involve the use of columns, pumps, heaters, 
detectors, controllers, samplers, sensors, recorders, comput-
ers, reagents, standards, and operators—put together as a 
system. Each of these components and systems needs inde-
pendent validation, followed by a validation of the system. 
Note that when this equipment is used to manufacture a prod-
uct such as therapeutic proteins wherein HPLC techniques are 
used for the purification purpose, then all additional require-
ments of a manufacturing system also apply, including, but 
not limited to, the requirement that the equipment be of a 
sanitary kind. This limits the choice for manufacturers, and 
these considerations should be taken into account in the first 
selection of equipment.

The suitability of analytic method must be clearly dem-
onstrated. This involves developing data on accuracy, preci-
sion, and linearity over the range of interest; that is, 80% to 
120% of label potency. Data demonstrating the specificity, 
sensitivity, and ruggedness of the method and the limits for 
degradation products or impurities should be included. It is 
also important to study degradation products and impurities, 
which should be adequately identified and characterized. Data 
collected must demonstrate recovery of actives and lack of 
interference from other components, reagents, and standards. 
In addition, data characterizing day-to-day, laboratory-to-lab-
oratory, analyst-to-analyst, and column-to-column variability 
should be developed to supplement reproducibility and rug-
gedness information. The validated analytical method should 
be stability-indicating. Recognition by an official compen-
dium will often simplify the requirements listed above, but it 
still requires a verification process. Biological assay methods 
as well as the identification and analysis of microorganisms 
should be held to similar but reasonable standards in confor-
mance with the limitation of biological testing.

3  Computer System Validation
New to the industry is the requirement that all electronically 
kept records be validated in accordance with the CFR (title 
21, volume 1, part 11 revised April 1, 2003 requirement. 
This is particularly true of instances in which the systems 
are custom-designed and, furthermore, where computer-
controlled automated processes are used. There remain many 

misconceptions about makes up computer validation. The 
CFR guideline as listed below should be well understood:

PART 11—ELECTRONIC RECORDS; 
ELECTRONIC SIGNATURES

subPArT A—GenerAl Provisions

Sec. 11.1 Scope.
 (a) The regulations in this part set forth the criteria 

under which the agency considers electronic records, 
electronic signatures, and handwritten signatures 
executed to electronic records to be trustworthy, reli-
able, and generally equivalent to paper records and 
handwritten signatures executed on paper.

 (b) This part applies to records in electronic form 
that are created, modified, maintained, archived, 
retrieved, or transmitted, under any records require-
ments set forth in agency regulations. This part also 
applies to electronic records submitted to the agency 
under requirements of the Federal Food, Drug, and 
Cosmetic Act and the Public Health Service Act, 
even if such records are not specifically identified 
in agency regulations. However, this part does not 
apply to paper records that are, or have been, trans-
mitted by electronic means.

 (c) Where electronic signatures and their associated 
electronic records meet the requirements of this 
part, the agency will consider the electronic signa-
tures to be equivalent to full handwritten signatures, 
initials, and other general signings as required by 
agency regulations, unless specifically excepted by 
regulation(s) effective on or after August 20, 1997.

 (d) Electronic records that meet the requirements of this 
part may be used in lieu of paper records, in accor-
dance with sec. 11.2, unless paper records are spe-
cifically required.

 (e) Computer systems (including hardware and soft-
ware), controls, and attendant documentation main-
tained under this part shall be readily available for, 
and subject to, FDA inspection.

Sec. 11.2 Implementation.
 (a) For records required to be maintained but not sub-

mitted to the agency, persons may use electronic 
records in lieu of paper records or electronic signa-
tures in lieu of traditional signatures, in whole or in 
part, provided that the requirements of this part are 
met.

 (b) For records submitted to the agency, persons may 
use electronic records in lieu of paper records or 
electronic signatures in lieu of traditional signatures, 
in whole or in part, provided that:

 (1) The requirements of this part are met; and
 (2) The document or parts of a document to be sub-

mitted have been identified in public docket No. 
92S-0251 as being the type of submission the 
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agency accepts in electronic form. This docket 
will identify specifically what types of docu-
ments or parts of documents are acceptable for 
submission in electronic form without paper 
records and the agency receiving unit(s) (e.g., 
specific center, office, division, branch) to which 
such submissions may be made. Documents 
to agency receiving unit(s) not specified in the 
public docket will not be considered as official 
if they are submitted in electronic form; paper 
forms of such documents will be considered 
as official and must accompany any electronic 
records. Persons are expected to consult with 
the intended agency receiving unit for details on 
how (e.g., method of transmission, media, file 
formats, and technical protocols) and whether to 
proceed with the electronic submission.

Sec. 11.3 Definitions.
 (a) The definitions and interpretations of terms con-

tained in section 201 of the act apply to those terms 
when used in this part.

 (b) The following definitions of terms also apply to this 
part:

 (1) Act means the Federal Food, Drug, and Cosmetic 
Act [secs. 201–903 (21 U.S.C. 321–393)].

 (2) Agency means the Food and Drug Administration.
 (3) Biometrics means a method of verifying an 

individual’s identity based on measurement of 
the individual’s physical feature(s) or repeatable 
action(s) where those features and/or actions are 
both unique to that individual and measurable.

 (4) Closed system means an environment in which 
system access is controlled by persons who are 
responsible for the content of electronic records 
that are on the system.

 (5) Digital signature means an electronic signature 
based upon cryptographic methods of originator 
authentication, computed by using a set of rules 
and a set of parameters such that the identity of 
the signer and the integrity of the data can be 
verified.

 (6) Electronic record means any combination of text, 
graphics, data, audio, pictorial, or other informa-
tion representation in digital form that is created, 
modified, maintained, archived, retrieved, or 
distributed by a computer system.

 (7) Electronic signature means a computer data 
compilation of any symbol or series of symbols 
executed, adopted, or authorized by an individ-
ual to be the legally binding equivalent of the 
individual’s handwritten signature.

 (8) Handwritten signature means the scripted name 
or legal mark of an individual handwritten by 
that individual and executed or adopted with the 
present intention to authenticate a writing in a 

permanent form. The act of signing with a writ-
ing or marking instrument such as a pen or stylus 
is preserved. The scripted name or legal mark, 
while conventionally applied to paper, may also 
be applied to other devices that capture the name 
or mark.

 (9) Open system means an environment in which 
system access is not controlled by persons who 
are responsible for the content of electronic 
records that are on the system.

subPArT b—elecTronic recorDs

Sec. 11.10 Controls for closed systems.
Persons who use closed systems to create, modify, maintain, 
or transmit electronic records shall employ procedures and 
controls designed to ensure the authenticity, integrity, and, 
when appropriate, the confidentiality of electronic records, 
and to ensure that the signer cannot readily repudiate the 
signed record as not genuine. Such procedures and controls 
shall include the following:

 (a) Validation of systems to ensure accuracy, reliability, 
consistent intended performance, and the ability to 
discern invalid or altered records.

 (b) The ability to generate accurate and complete cop-
ies of records in both human readable and electronic 
form suitable for inspection, review, and copying by the 
agency. Persons should contact the agency if there are 
any questions regarding the ability of the agency to per-
form such review and copying of the electronic records.

 (c) Protection of records to enable their accurate and ready 
retrieval throughout the records retention period.

 (d) Limiting system access to authorized individuals.
 (e) Use of secure, computer-generated, time-stamped 

audit trails to independently record the date and time 
of operator entries and actions that create, modify, 
or delete electronic records. Record changes shall 
not obscure previously recorded information. Such 
audit trail documentation shall be retained for a 
period at least as long as that required for the subject 
electronic records and shall be available for agency 
review and copying.

 (f) Use of operational system checks to enforce permit-
ted sequencing of steps and events, as appropriate.

 (g) Use of authority checks to ensure that only autho-
rized individuals can use the system, electronically 
sign a record, access the operation or computer sys-
tem input or output device, alter a record, or perform 
the operation at hand.

 (h) Use of device (e.g., terminal) checks to determine, as 
appropriate, the validity of the source of data input 
or operational instruction.

 (i) Determination that persons who develop, maintain, 
or use electronic record/electronic signature systems 
have the education, training, and experience to per-
form their assigned tasks.
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 (j) The establishment of, and adherence to, written poli-
cies that hold individuals accountable and responsible 
for actions initiated under their electronic signatures, 
in order to deter record and signature falsification.

 (k) Use of appropriate controls over systems documenta-
tion including:

 (1) Adequate controls over the distribution of, 
access to, and use of documentation for system 
operation and maintenance.

 (2) Revision and change control procedures to 
maintain an audit trail that documents time-
sequenced development and modification of sys-
tems documentation.

Sec. 11.30 Controls for open systems.
Persons who use open systems to create, modify, maintain, 
or transmit electronic records shall employ procedures and 
controls designed to ensure the authenticity, integrity, and, 
as appropriate, the confidentiality of electronic records from 
the point of their creation to the point of their receipt. Such 
procedures and controls shall include those identified in sec. 
11.10, as appropriate, and additional measures such as docu-
ment encryption and use of appropriate digital signature stan-
dards to ensure, as necessary under the circumstances, record 
authenticity, integrity, and confidentiality.

Sec. 11.50 Signature manifestations.
 (a) Signed electronic records shall contain information 

associated with the signing that clearly indicates all 
of the following:

 (1) The printed name of the signer;
 (2) The date and time when the signature was exe-

cuted; and
 (3) The meaning (such as review, approval, responsi-

bility, or authorship) associated with the signature.
 (b) The items identified in paragraphs (a)(1), (a)(2), and 

(a)(3) of this section shall be subject to the same con-
trols as for electronic records and shall be included 
as part of any human readable form of the electronic 
record (such as electronic display or printout).

Sec. 11.70 Signature/record linking.
Electronic signatures and handwritten signatures executed to 
electronic records shall be linked to their respective electronic 
records to ensure that the signatures cannot be excised, cop-
ied, or otherwise transferred to falsify an electronic record by 
ordinary means.

subPArT c—elecTronic siGnATures

Sec. 11.100 General requirements.
 (a) Each electronic signature shall be unique to one indi-

vidual and shall not be reused by, or reassigned to, 
anyone else.

 (b) Before an organization establishes, assigns, certifies, 
or otherwise sanctions an individual’s electronic sig-
nature, or any element of such electronic signature, 

the organization shall verify the identity of the 
individual.

 (c) Persons using electronic signatures shall, prior to or 
at the time of such use, certify to the agency that the 
electronic signatures in their system, used on or after 
August 20, 1997, are intended to be the legally bind-
ing equivalent of traditional handwritten signatures.

 (1) The certification shall be submitted in paper 
form and signed with a traditional handwritten 
signature, to the Office of Regional Operations 
(HFC-100), 5600 Fishers Lane, Rockville, 
MD 20857.

 (2) Persons using electronic signatures shall, upon 
agency request, provide additional certification 
or testimony that a specific electronic signature 
is the legally binding equivalent of the signer’s 
handwritten signature.

Sec. 11.200 Electronic signature 
components and controls.
 (a) Electronic signatures that are not based upon bio-

metrics shall:
 (1) Employ at least two distinct identification com-

ponents such as an identification code and 
password.

 (i) When an individual executes a series of 
signings during a single, continuous period 
of controlled system access, the first signing 
shall be executed using all electronic signa-
ture components; subsequent signings shall 
be executed using at least one electronic 
signature component that is only execut-
able by, and designed to be used only by, the 
individual.

 (ii) When an individual executes one or more 
signings not performed during a single, con-
tinuous period of controlled system access, 
each signing shall be executed using all of 
the electronic signature components.

 (2) Be used only by their genuine owners; and
 (3) Be administered and executed to ensure that 

attempted use of an individual’s electronic 
signature by anyone other than its genuine 
owner requires collaboration of two or more 
individuals.

 (b) Electronic signatures based upon biometrics shall be 
designed to ensure that they cannot be used by any-
one other than their genuine owners.

Sec. 11.300 Controls for identification codes/passwords.
Persons who use electronic signatures based upon use of iden-
tification codes in combination with passwords shall employ 
controls to ensure their security and integrity. Such controls 
shall include:

 (a) Maintaining the uniqueness of each combined 
identification code and password, such that no two 
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individuals have the same combination of identifica-
tion code and password.

 (b) Ensuring that identification code and password issu-
ances are periodically checked, recalled, or revised 
(e.g., to cover such events as password aging).

 (c) Following loss management procedures to electroni-
cally deauthorize lost, stolen, missing, or otherwise 
potentially compromised tokens, cards, and other 
devices that bear or generate identification code or 
password information, and to issue temporary or 
permanent replacements using suitable, rigorous 
controls.

 (d) Use of transaction safeguards to prevent unauthor-
ized use of passwords and/or identification codes, 
and to detect and report in an immediate and urgent 
manner any attempts at their unauthorized use to the 
system security unit, and, as appropriate, to organi-
zational management.

 (e) Initial and periodic testing of devices, such as tokens 
or cards, that bear or generate identification code or 
password information to ensure that they function 
properly and have not been altered in an unauthor-
ized manner.

To understand fully the importance of computer validation, 
one must realize that computers can perform the functions 
humans used to. Instructions such as SOPs are needed to 
instruct humans as to what functions to perform and in what 
order. When computers are used, these instructions are pro-
grammed. Computer systems are extensions of the processes 
that they are designed to control or monitor; as a result, all 
computer-controlled manufacturing is subject to validation. 
With exponential increase in PLC-based manufacturing sys-
tems, the FDA has begun to place strict requirements on com-
puter validation. A computer system consists of hardware, 
that is, physical and calibration devices, sensors, input/output 
devices, transducers, or equipment, and its companion soft-
ware, which is used to generate records, instructions, or data. 
Source codes and supporting software documentation used in 
drug process control is considered to be part of the master 
production and control records under cGMP interpretation. 
The computer systems may comprise

• Computer-integrated manufacturing
• Analytical instrumentation and automated labora-

tory practices
• Computer-controlled electronic signature systems
• Computer-integrated packaging operations
• Laboratory information-management systems
• Computer systems for good clinical practice
• Computer-assisted medical devices

The categories listed above require qualification and valida-
tion documentation. It is advisable that process automation 
and companion computer-integrated manufacturing opera-
tions not be initiated until sufficient prospective and concur-
rent validation studies have been completed.

The requirements for hardware validation are identical 
to those of any other equipment in use, comprising the OQ/
IQ/PQ cycle, except that in the PQ, it is the test of software 
used. The software validation comprises functional testing, in 
which defined inputs produce outputs that meet expectations 
or specifications; a thorough examination of source codes, 
database designs, programming standards, control methods, 
and support documentation; or a quality-assurance program 
that includes alternate plans, contingency practices, record 
retrieval, and security practices.

DocuMenTATion sTAnDArDs

The cliché of the three Ds—documents, documents, and more 
documents—is apt for FDA PAI inspections. Historically, 
the regulatory agencies have relied heavily on cross-check-
ing documents to ascertain the state of compliance with the 
cGMP regulations. The documents of critical importance are 
the batch records that contain detailed information about the 
batch history. It is often difficult for a firm to “fudge” these 
documents, although many have tried. What is important to 
understand here is that the entire batch record is crosschecked 
with the purchase requisitions, delivery documents, testing 
documents, and final release documents. It is almost impossi-
ble to create a system that would fool the FDA inspectors. The 
firms are advised that a low level of due diligence will expose 
the trial of doing paperwork. Included in the batch records 
are the date of manufacture, the identity of major equipment 
and lines used, specific identification of each batch of com-
ponent or in-process material used, weights and measures of 
components used in the course of processing, in-process and 
laboratory control results, inspection of the packaging and 
labeling area before and after use, a statement of the actual 
yield and a statement of the percentage of theoretical yield at 
appropriate phases of processing, complete labeling control 
records, including specimens or copies of all labeling used, 
description of drug product containers and closures, any sam-
pling performed, identification of the persons performing and 
directly supervising or checking each significant step in the 
operation, any deviation report resulting from an investigation 
made according to 21 CFR 211.192, and results of examina-
tions made in accordance with 21 CFR 211.134 (packaging 
and labeling inspections).

Change control is the procedural system through which 
changes are reviewed, justified, documented, approved, and 
implemented in conformance with regulatory and corporate 
requirements. To support a strong change control system, the 
firms must have a series of documents available that includes 
a summary of all changes made to date that affect the manu-
facturing process being considered for approval; individual 
reports that are written to review, justify, approve, and imple-
ment specific changes that affect the manufacturing process 
being considered for approval; any change control reports 
for facilities, manufacturing processes, and cleaning pro-
cesses; or analytical laboratory methods that are related to the 
NDA/ANDA process being submitted. As it is a routine that 
changes are made in the development timeline, a rigid change 
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control system may not work all the time. It is therefore rec-
ommended that the firms must have available for the FDA 
investigators a history of changes made, along with justifica-
tion for the changes. It is important for the firms to know that 
the investigators arriving at the site may not have a copy of the 
filing made to the FDA, such as the CMC section of the appli-
cation. Firms are advised to have a “third” copy available. 
The requirements of the CMC section are given below; these 
requirements also apply to supplements, except that the infor-
mation required in the supplement is limited to that needed to 
support the change being submitted.

 1. Batch production record.
 2. Specifications and test procedures for each compo-

nent and for the drug product.
 3. Names and addresses of the sources of the active and 

noncompendial inactive components and of the con-
tainer closure system for the drug product.

 4. Results of any test performed on the components 
used in the manufacture of the drug product and on 
the drug product.

 5. Name and address of each contract facility involved 
in the manufacture, processing, packaging, or testing 
of the drug product and identification of the opera-
tion performed by each contract facility.

 6. Proposed or actual master production record, includ-
ing a description of the equipment to be used for 
the manufacture of a commercial lot of the drug 
product or a comparably detailed description of the 
production process for a representative batch of the 
drug product must be provided for all initial NDAs; 
ANDAs must contain a proposed or actual master 
production record.

1  Development History Report
A historic summary of the development of the product serves 
many purposes. The foremost purpose is to apprise the inves-
tigators of the scope of inspection. The investigators learn 
more about the product from the history of its development 
than from the analysis report of the finished product. This 
shows the awareness of the firm about the development pro-
cess. This document should include a description of the API, 
the formulation, and the analytical methods. These sections 
should be clearly marked or presented in separate binders. 
The summary section should highlight how the biobatch is 
linked to the full-scale batch with respect to validation and 
scale-up of production. This section also offers an opportu-
nity for the firm to address the issues that it considers critical.

2  Deviation Records
Deviations are inevitable, whether they occur in the produc-
tion or the testing of the product; obviously, a broader stan-
dard is used during development than in full-scale production. 
The important thing is that all deviations should be recorded, 
a justification should be provided for the decision to devi-
ate, and a description of its potential effect on the quality of 
product should be provided. Of most significance to the FDA 

is the reason for entering into a deviation: Is it because the 
process was not adequately characterized or validated? Or 
was it because of inevitable circumstances, such as a break-
down in the system? A logbook describing deviations is one 
way the firm may show to the FDA is diligence in ensuring 
compliance with the cGMP regulations. Nothing makes the 
FDA more suspicious than a blank log stating that there were 
no deviations. In addition, these log reports offer an excel-
lent medium for internal QA audits. Firms need to understand 
that the purpose of cGMP compliance is ensuring the quality 
and safety of the product, not necessarily adhering to a par-
ticular process or composition. Obviously, the requirements of 
validation make it necessary that any deviation converted into 
regular practice must be properly validated.

3  Installation, Operational, and 
Performance Qualification

The IQ/OQ/PQ documents pertaining to all manufacturing 
equipment, analytical equipment, or systems should be avail-
able for inspection. In many instances, firms consider their 
development laboratories as not needing to be as rigidly com-
pliant for these documentation requirements as their manu-
facturing facilities are. This creates serious problems at PAI if 
the development laboratory produces a biobatch. Furthermore, 
the process or method transfer becomes a serious problem if 
unqualified equipment or processes are used in the develop-
ment cycle. Firms are strongly urged to treat their develop-
ment laboratory as if they were cGMP-compliant facilities.

4  Organizational Chart
Organizational charts establish that an adequate number of 
personnel are available to perform and supervise the manu-
facture, processing, packaging, or holding of a drug product 
(21 CFR 211.25), that a proper chain of responsibility has been 
established in supervisors of manufacturing processes, and 
that there is an appropriate separation of responsibilities for 
manufacturing operations and the quality unit. These charts 
should be available for both the development organizations 
and the commercial manufacturing organizations.

5  Products List
To evaluate how the product submitted may be affected by 
the manufacturing of other products in the same premises, 
a complete list of all products manufactured should be pro-
vided to the PAI team on the first day of inspection. The FDA 
considers cross-contamination issues critical; should there be 
a serious objection raised, the PAI team will refuse to con-
tinue the audit. Firms are strongly urged to review the cGMP 
guidelines and the guidance documents provided by the FDA: 
Some basic rules about the cephalosporins, penicillins, hor-
mones, and biological products are well known; however, 
when in doubt, do not hesitate to write the FDA to seek clari-
fication before beginning the production of a new product. It 
is noteworthy that a single batch of a forbidden entity in the 
premises may render the premises unsuitable forever if proper 
validation could not be performed. For example, if a penicil-
lin or cephalosporin product is manufactured on the premises, 
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these premises can no longer be used for any other product, 
as it would be difficult to prove the absence of contaminants.

6  Drawings
Site plan drawings should be available for facilities used in 
clinical trial material production as well as for those at which 
commercial products will be produced. These drawings 
quickly show how the facility is constructed and controlled 
and include the floor plan, which shows the proper segrega-
tion of areas by walls, airlocks, and doors; these plans are use-
ful to demonstrate people and equipment flow, showing that 
clean personnel and equipment do not cross paths with dirty 
personnel and equipment. Also, there should be a broader 
facility and grounds plan showing the relative position and 
location of various buildings in the facility. This is particu-
larly useful where multiple buildings are used to finish the 
product or to test it, as the security of the batch in transit and 
the possibility of contamination are key issues to be resolved. 
In addition, drawings of the utility systems, such as the heat-
ing, ventilation, and air-conditioning systems and water sys-
tems, should be available. Firms are advised that they may 
request the FDA to review these drawings before the visit, 
perhaps at the time of installation, to make sure that the basic 
guidelines are adhered to.

7  Stability Data
Some of the most significant data that the PAI team confirm 
is the stability profile of the product; most likely the raw data 
would be examined if the presentation of the summary data 
appears flawed.

8  SOPs
SOPs relevant to basic systems and operations should be pro-
vided in a neatly arranged folder starting with the master vali-
dation plan, product, personnel, and process management. A 
comprehensive index should be attached.

9  Training Records
It is a cGMP requirement (21 CFR 211.25 a, b) that person-
nel have education, training, or experience that enables them 
to perform their assigned task. These training records should 
include the training curriculum for each individual, as well 
as the list of completed courses. These records should be 
made available for all personnel who manufacture, process, 
package, test, or release clinical trial materials and the com-
mercial product. Firms are strongly reminded that in most 
inspections the FDA finds this to be one of the weakest areas. 
For example, some of the common FDA citations for train-
ing violations include lack of formal training documentation, 
lack of training in GMP regulations on an ongoing basis, lack 
of a formal job function training program, lack of a system 
for evaluating or monitoring employees to ensure that train-
ing was effective, no provision for retraining individuals on a 
periodic basis to ensure that employees remain familiar with 
the requirements applicable to them, no provision for training 
employees on recently revised procedures, and no provision 

for ensuring that employees were trained before they perform 
job functions. Training records should also include details 
about how the new employees are trained to follow the com-
pany’s SOPs, rules, and other regulations. The SOP reading 
and understanding records, therefore, form vital evidence that 
the FDA examines to ensure that all employees have received 
adequate training in performing their tasks. Awareness and 
understanding of what is considered critical depend on the 
role the employee plays; for example, compliance with good 
laboratory practices or good clinical practice may be rel-
evant to some, but not all, employees. Safety training, job 
function training, and documentation training are additional 
requirements.

10  Validation Records
Validation protocols may include test parameters, product 
characteristics, production equipment specifications and set-
tings, and decision points on what constitutes acceptable test 
results. Three types of validation protocols should be available 
during the PAI: cleaning, manufacturing process, and analyti-
cal methods. Any data associated with a completed protocol 
should also be made available. Also, if there had been any 
retrospective validation, these data should also be available.

11  Technology Transfer and Scale-Up
The goal of technology transfer and scale-up is to show, 
through process control, that any modifications made from 
conception to implementation have been appropriately evalu-
ated and documented and that the product is safe, pure, and 
effective. The technology transfer master plan comprises 
three components: the documents, the writing style, and the 
illustration of equivalents. The development stage documents 
are often abbreviated, and the files are not necessarily as com-
plete as in the case of full-scale production; also, in addition, 
the language used often differs as the audience changes from 
a scientist to a line worker. It is important also to show how 
the equivalent processes were selected; for example, when 
using a small dryer, how can the use of large fluid bed dryer 
be labeled as equivalent?

12  Quality Policy
The quality policy is a global document for the company that 
covers such issues as recalls, employee training and certifi-
cation, and overall impact analysis of product and process 
changes. Customer expectations, materials specifications, 
and laws and regulations may also affect the number of per-
sonnel needed and the way quality functions are subdivided 
into manageable work units. Of importance for inclusion in 
the quality systems description are the documenting con-
trols, including clearance and issuance of production records, 
procedures, specifications, and so forth; internal and vendor 
audits; sampling, examination, and approval of materials, 
including packaging and labeling (often administered by the 
laboratory component of the department); Material Review 
Board representatives; verifying yields and other critical pro-
duction data through production record audits; finished prod-
uct release; accompanying FDA investigators and external 
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auditors; administering or contributing to cGMP, safety, or 
other required training programs; ensuring the investigations 
of product failures, process deviations, laboratory out-of-
specification findings, and consumer complaints; monitoring 
approval and implementation of corrective action plans and 
change controls; on-site verification of the performance of 
critical production operations such as clearing labeling equip-
ment and lines; review and approval of the product devel-
opment records and documents transferring a product from 
development to commercial production; validation/qualifica-
tion protocols and summary reports acceptance; and annual 
cGMP review. In addition, some functions are delegated to the 
engineering group to complete, and these include statistical 
process control and trend analyses; calibration of instruments 
and equipment, including out-of-specification follow-up; and 
analysis of reports of extraordinary maintenance and preven-
tative maintenance failures.

13  Vendor Approval
The ISO 9001 and ISO 9002 Quality Standards require manu-
facturers to select vendors on the basis of their ability to meet 
purchase specifications. By ISO 9004 definition, this includes 
meeting regulatory requirements and safety standards. The 
FDA’s cGMP regulations 21 CFR 211.84(a) through (e) require 
a manufacturer to test and approve or reject components, 

drug product containers, and closures. 21 CFR 211.84(d)(2) 
requires the manufacturer to test each component for con-
formity with written specifications for purity, strength, and 
quality or to accept the supplier’s report of analysis. 21 CFR 
211.84(d)(3) requires the manufacturer to test containers and 
closures for conformance with all appropriate written proce-
dures or to accept the supplier’s report of analysis. Reports 
showing compliance with firm’s vendor approval policy are 
required at the time of PAI.

14  Outside Contractors
When any work is contracted out, whether in manufacture or 
in the testing phase, the FDA will hold the firm where the 
deviation or deviations occurred responsible for violations of 
the cGMP regulations (21 CFR 210 and 211) that pertain to 
those services. However, the contractor and the application 
holder will be held jointly responsible for processes performed 
by the contractor to the extent that each party contributed to 
the violations. Performance of each party will be considered 
in determining whether one or both parties are subject to reg-
ulatory action for failure to comply with cGMPs. It is in the 
best interest of the applicant to perform due diligence in the 
selection of any contractor, as well as to audit the contractors 
to ensure they meet the regulatory requirements and the con-
tractual commitments.
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Formulation Factors in 
Uncompressed Dosage Forms

INTRODUCTION

A systematic development of pharmaceutical products is a for-
mal exercise to optimize safety and delivery of active ingredi-
ents; a commercial product is supposed to provide assurance 
of consistency in the quality of the product when produced at a 
large scale. The formulation qualification requires that design 
of experiments (DOE) and statistical analysis are applied to 
establish the robustness of the formulation and the process of 
manufacturing. Innovations in statistical tools include multi-
variate analysis, artificial intelligence, and response surface 
methodology to enable a cost-effective development once the 
critical variables are identified. A universal goal of any for-
mulation exercise is to use as few excipients as possible, as 
practiced through techniques such as the Plackett–Burman 
technique. 

Uncompressed solids are subject to similar critical pro-
cesses such as powder blending, homogeneity, and lubrica-
tion, though less intensely as required in compressed dosage 
forms; the uncompressed solids are also presented in granular 
and beadlike formulations, often used in the clinical testing 
stage, as well as in the final dosage form. Capsule excipients 
are similar to those required for the formulation of tablets and 
include diluents, binders, disintegrants, surfactants, glidants, 
lubricants, and dyes or colorants. The development of a cap-
sule formulation follows the same principles as tablet devel-
opment, and consideration should be given to the same BCS 
issues. The powder for encapsulation can comprise simple 
blends of excipients or granules prepared by dry granulation 
or wet granulation. There is a reduced requirement for com-
pressibility, and often the flow properties are not as critical 
as in an equivalent tablet formulation. The degree of com-
pressibility required is the major difference, and capsules can 
therefore be employed when the active ingredient does not 
possess suitable compression characteristics.

CAPSULES

Capsules are solid dosage forms in which one or more medici-
nal ingredients and/or inert substances are enclosed within a 
small shell or container generally prepared from a suitable 
form of gelatin. The amount of active ingredient per dose has 
a direct bearing on the proper size capsule to use. Because 
capsules usually require less excipients and additives, it is 
easier to get a more potent dosage without having to use a 
large-size capsule. While encapsulation adds cost due to the 
use of shells as well as slows production rates, more stringent 
atmospheric control for humidity to avoid sticking and pos-
sibly cross-linking in the shell material can alter dissolution 

and bioavailability. Other complexities specific to capsules 
include compliance with regulatory requirements, including 
the use of animal-source components, the coloring agents 
used. Encapsulation is the preferred form of drug delivery in 
preparing placebos and clinical test supplies wherein small 
runs are planned.

The capsulation process offers many advantages for 
designing modified-release products. The simple process of 
loading the drug onto nonpareil sugar beads and then coating 
them with a variety of release profiles offers the opportunity 
of not only separating the incompatible components, but also 
mixing granules that provide different release profiles, from 
instant release to step release to prolonged release. Equipment 
is available to fill several beads simultaneously into capsules, 
thus assuring dosing accuracies. (If granules with different 
coatings are mixed, segregation is likely because of the differ-
ences in their density.) Coated granules, if compressed, lose 
their release profiles.

The FDA provides a classification of capsules (Table 8.1)

MAnufAcTure of hArD GelATin shells

Gelatin is a generic term for a mixture of purified protein frac-
tions obtained either by partial acid hydrolysis (type A gela-
tin) or by partial alkaline hydrolysis (type B gelatin) of animal 
collagen. Type A normally originates from porcine skin while 
B is usually derived from animal bones, and they have dif-
ferent isoelectric points (7.0–9.0 and 4.8–5.0, respectively). 
The protein fractions consist almost entirely of amino acids 
joined together by amide linkages to form linear polymers, 
varying in molecular weight from 15,000 to 250,000. Gelatin 
can comprise a mixture of both types in order to optimize 
desired characteristics, with bone gelatin imparting firm- ness 
while porcine skin gelatin provides plasticity. Gelatin Bloom 
strength is measured in a Bloom gelometer, which determines 
the weight in grams required to depress a standard plunger in 
a 6.67% w/w gel under standard conditions. Bloom strength 
and viscosity are the major properties of interest for the for-
mulation of cap- sules, and Bloom strength of 215–280 is used 
in capsule manufacture.

In addition to gelatin, the shells may contain colorants, 
opacifiers, and preservatives (often parabens esters). There 
are eight standard capsule sizes, and the largest capsule size 
considered suitable for oral use is size 0 (Table 8.2).

To manufacture the shells, pairs of molds, for the body and 
the cap, are dipped into an aqueous gelatin solution (25–30% 
w/w), which is maintained at about 50°C in a jacketed heating 
pan. As the pins are withdrawn, they are rotated to distribute 
the gelatin evenly and blasted with cool air to set the film. 
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Drying is carried out by passing dry air over the shell as 
heating temperatures are limited due to the low melting point 
of gelatin. The two parts are removed from the pins, trimmed, 
and joined using a prelock mechanism. The external diameter 
of the body is usually wider at the open end than the internal 

diameter of the cap to ensure a tight fit. They can be made 
self-locking by forming indentations or grooves on the inside 
of both parts so that when they are engaged, a positive inter-
lock is formed (e.g., Posilok, Conicap, Loxit).

Alternatively, they may be hermetically sealed using a 
band of gelatin around the seam between the body and the cap 
(Qualicaps). This can be applied without the application of 
heat and provide a tamper-evident seal. LEMS (liquid encap-
sulation microspray sealing) used in Licaps is a more elegant 
seal in which sealing fluid (water and ethanol) is sprayed onto 
the joint between the cap and body of the capsule. This low-
ers the melting point of gelatin in the wetted area. Gentle 
heat is then applied which fuses the cap to the body of the 
Licaps capsule. The moisture content of manufactured shells 
is 15–18% w/w and levels below 13% will result in problems 
with the capsule filling machinery. Therefore, capsules are 
stored and filled in areas where relative humidity is controlled 
to between 30 and 50%.

hArD-GelATin cAPsule fillinG

The filling material must be compatible with the gelatin shell 
and, therefore, deliquescent or hygroscopic materials cannot 
be used. Conversely, due the moisture content in the capsule 

TABLE 8.1
FDA Classification of Capsule Types
Capsule 600 A solid dosage form in which the drug is enclosed within either a hard or soft soluble container or “shell” made from a 

suitable form of gelatin.

Capsule, coated 602 A solid dosage form in which the drug is enclosed within either a hard or soft soluble container or “shell” made from a 
suitable form of gelatin; additionally, the capsule is covered in a designated coating.

Capsule, coated, extended 
release 611

A solid dosage form in which the drug is enclosed within either a hard or soft soluble container or “shell” made from a 
suitable form of gelatin; in addition, the capsule is covered in a designated coating, which releases a drug (or drugs) in 
such a manner to allow at least a reduction in dosing frequency as compared with the same drug (or drugs) presented as 
a conventional dosage form.

Capsule, coated pellets 603 A solid dosage form in which the drug is enclosed within either a hard or soft soluble container or “shell” made from a 
suitable form of gelatin; the drug itself is in the form of granules to which varying amounts of coating have been applied.

Capsule, delayed release 620 A solid dosage form in which the drug is enclosed within either a hard or soft soluble container made from a suitable form 
of gelatin, which releases a drug (or drugs) at a time other than promptly after administration. Enteric-coated articles are 
delayed-release dosage forms.

Capsule, delayed-release 
pellets 621

A solid dosage form in which the drug is enclosed within either a hard or soft soluble container or “shell” made from a 
suitable form of gelatin; the drug itself is in the form of granules to which enteric coating has been applied, thus delaying 
release of the drug until its passage into the intestines.

Capsule, extended release 610 A solid dosage form in which the drug is enclosed within either a hard or soft soluble container made from a suitable form 
of gelatin, which releases a drug (or drugs) in such a manner to allow a reduction in dosing frequency as compared with 
the same drug (or drugs) presented as a conventional dosage form.

Capsule, film coated, extended 
release 612

A solid dosage form in which the drug is enclosed within either a hard or soft soluble container or “shell” made from a 
suitable form of gelatin; in addition, the capsule is covered in a designated film coating, which releases a drug (or drugs) 
in such a manner to allow at least a reduction in dosing frequency as compared with the same drug (or drugs) presented 
as a conventional dosage form.

Capsule, gelatin coated 605 A solid dosage form in which the drug is enclosed within either a hard or soft soluble container made from a suitable form 
of gelatin; through a banding process, the capsule is coated with additional layers of gelatin so as to form a complete 
seal.

Capsule, liquid filled 606 A solid dosage form in which the drug is enclosed within a soluble, gelatin shell that is plasticized by the addition of a 
polyol, such as sorbitol or glycerin, and is therefore of a somewhat thicker consistency than that of a hard shell capsule; 
typically, the active ingredients are dissolved or suspended in a liquid vehicle.

TABLE 8.2
Capsule Size and Corresponding Volume or Weight of 
Fill

Size Volume (mL) Fill weighta(g)

000 1.37 1.096

00 0.95 0.760

0 0.68 0.544

1 0.50 0.400

2 0.37 0.296

3 0.30 0.240

4 0.21 0.168

5 0.13 0.104

Source: Adapted from http: //cap sugel .onli nemor e.inf o/dow nload / BAS192-
2002.pdf.

aAssumes a powder density of 0.8 g/cm3.

http://capsugel.onlinemore.info/
http://capsugel.onlinemore.info/
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shells, they cannot be used for moisture-sensitive drugs. All 
ingredients need to be free of even trace amounts of formal-
dehyde to minimize cross-linking of gelatin.

Powders and granules are the most common filling materi-
als for hard-shell gelatin capsules, although pellets, tablets, 
pastes, oily liquids, and nonaqueous solutions and suspen-
sions have been used. Filling machines are differentiated by 
the way they measure the dose of material and range in capac-
ity from bench-top to high-output, industrial, fully automated 
machines. Those that rely on the volume of the shell are 
known as capsule dependent, whereas capsule-independent 
forms measure the quantity to be filled in a separate operation. 

The simplest dependent method of filling is leveling where 
powder is transferred directly from a hopper to the capsule 
body, aided by a revolving auger or vibration. Additional pow-
der can be added to fill the space arising, and the fill weight 
depends on the bulk density of the powder and the degree of 
tamping applied.

Most automated machinery is of the independent type and 
compresses a controlled amount of powder using a low com-
pression force (typically 50–200 N) to form a plug. Most are 
piston-tamp fillers and are dosator or dosing disk machines.

The powder is passed over a dosing plate containing cavi-
ties slightly smaller than the capsule diameter, and powder 
that falls into the holes is tamped by a pin to form a plug. 
This can be repeated until the cavity is full and the plugs (or 
slugs) are ejected into the capsule shells. The minimum force 
required to form a plug should be used to reduce slowing of 
subsequent dissolution.

In the dosator method, the plug is formed within a tube 
with a movable piston that controls the dosing volume and 
applies the force to form the plug. The dose is controlled by 
the dimensions of the dosator, the position of the dosator in the 
powder bed, and the height of the powder bed. Fundamental 
powder properties to ensure even filling are good powder flow, 
lubricity, and compressibility. The auger or screw method, 
now largely surpassed, uses a revolving Archimedean screw 
to feed powder into the capsule shell.

Capsules coming off the filling line require dedusting and 
polishing. These can be done by pan polishing, cloth dust-
ing, and brushing. Commercial equipment to do this includes 
RotosortTM, Erwek Deduster™, and the equipment from 
Seidenader™. Imprinting on capsules serves many purposes 
including ready identification. The choice of ink is important.

ORAL POWDERS

Oral powders include headache powders, dusting powders 
(such as antifungal powders), powders to be reconstituted 
(such as antibiotics), and insufflations, which are powders 
intended to be blown into a body cavity such as in the ear or 
nose. Powder mixtures as a means of measuring small quanti-
ties of powders are called triturations. A sample of powder is 
the most complex physical system. No two particles are iden-
tical. The properties of the powder are dependent on both the 
chemical and physical nature of the component and the nature 
of the interactions between the particles in the powder.

The ability of a powder to pack is dependent on the shape, 
size, and porosity of the particle. The FDA provided a clas-
sification of powders (Table 8.3)

NASAL POWDERS

Intranasal drug administration has been practiced since ancient 
times. In Tibet, extracts of sandalwood and aloe wood were 
inhaled to treat emesis. Egyptians treated epistaxis and rhinitis 
using intranasal medication. North American Indians relieved 
headaches inhaling crushed leaves of Ranunculus acris. Due 
to the rich vasculature and high permeability of nasal mucosa, 
the absorption rate and pharmacokinetics of nasally admin-
istrated drug are comparable to that obtained by intravenous 
drug delivery, while noninvasive nasal drug administration is 
more convenient to patients. As nasally administrated drugs 
avoid first-pass hepatic metabolism, improved bioavailabil-
ity can be expected. However, rapid mucociliary clearance 
reduces the residence time of nasal drug delivery system at 
the site of absorption. Dry powders have been shown to delay 
mucociliary clearance, thus prolonging the contact time 
between the drug delivery system and mucosa compared to 
liquid formulations. Most of the dry powder investigations 
are based on mucoadhesive swellable polymers as they can 
additionally improve drug absorption and bioavailability. Dry 
powder delivery systems such as microspheres are of special 
interest, offering the possibility of predictable and controlled 
drug release from the polymeric device.

Dry powder formulations have been recognized as efficient 
nasal delivery systems offering numerous advantages over 
liquid formulations, such as avoidance of preservatives, 
improved formulation stability, and prolonged contact with 
the mucosa. For a powder formulation, the maximum quan-
tity is approximately 50 mg, depending upon the bulk density 

TABLE 8.3
FDA Classification of Powders
Powder (PWD 110) An intimate mixture of dry, finely divided drugs or chemicals that may be intended for internal or external use.

Powder, dentifrice (PWD DENT 115) A powder formulation intended to clean and polish the teeth, and may contain certain additional agents.

Powder, for solution (PWD F/SOL 833) An intimate mixture of dry, finely divided drugs or chemicals that, upon the addition of suitable vehicles, yield a 
solution.

Powder, for suspension (PWD F/SUSP 
834)

An intimate mixture of dry, finely divided drugs or chemicals that, upon the addition of suitable vehicles, yield a 
suspension (a liquid preparation containing the solid particles dispersed in the liquid vehicle).

Powder, metered (PWD MET 841) A powder dosage form that is situated inside a container, which has a mechanism to deliver a specified quantity.
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of the material. A powder form is more effective than liquid 
formulations because of their long residence time and higher 
drug concentration at the site of deposition as well as improved 
formulation stability with no requirement for preservatives. 

The drug candidate for nasal administration should possess 
a number of attributes, such as appropriate aqueous solubility 
and nasal absorption characteristics, minimal nasal irritation, 
low dose, no offensive odor or aroma, and suitable stability 
characteristics. In the case of drug powder formulations, it is 
possible to hide or alter the unfavorable characteristics of a 
drug using suitable polymers as drug carriers. 

Thus, improvement of the dissolution behavior of drugs 
of low aqueous solubility can be achieved after incorpora-
tion in polymeric powder devices such as microspheres. The 
improvement of the drug dissolution rate from the micro-
spheres has been ascribed to several factors, such as high 
microsphere surface–volume ratio, the hydrophilic nature of 
the polymer, and drug amorphization due to drug–polymer 
interaction and/or the microsphere preparation method.

Nasally administrated polymer–drug powders were also 
characterized by improved drug absorption compared to pure 
drug powders. 

Powders intended for nasal administration have to be 
optimized in terms of particle size and morphology as these 
properties are related to potential irritation in the nasal cavity. 
Certain procedures (e.g., spray drying process) can modify 
the particle size of the drug powder raw material, but in order 
to optimize the morphology and flowability properties of 
some pure drug powders, excipients need to be used. 

The quantitative aspect of nasal powder delivery is largely 
dependent on the type of delivery device. Devices for pow-
der dosage forms, include insufflators, monodose and multi-
dose powder inhalers, and pressurized metered-dose inhalers. 
Particles intended for nasal delivery should have good flow 
properties to be reproducibly filled in the dose reservoir and 
easily insufflated to obtain appropriate nasal deposition. 
Since the particle size of the applied powder formulation has 
a major impact on its nasal deposition, the characterization 
of this parameter is very important. Only particles over 5 
microns are deposited in the nostrils while smaller particles 
can be inhaled into the lower parts of the respiratory system. 
For that reason, it is necessary to determine particle sizes not 
only prior to filling the nasal delivery device but also after its 
actuation, since the particle size of the formulation leaving 
the device depends on the device-disaggregating properties. 

The low absorption of drugs can be improved by using 
absorption enhancers or prolonging contact between drug and 
absorptive sites in the nasal cavity by delaying mucociliary 
clearance of the formulation. Some mucoadhesive polymers 
can serve both functions. They are typically high-molecular-
weight polymers with flexible chains which can interact with 
mucin through hydrogen bonding, electrostatic, hydrophobic 
or van der Waals interactions. The mucoadhesive polymers 
are often hydrophilic and swellable, containing numerous 
hydrogen bond–forming groups such as hydroxyl, carboxyl, 
or amine, which favors adhesion. When used in a dry form 
they attract water from the mucosal surface and swell, leading 

to polymer–mucus interaction, increased viscosity of poly-
mer–mucus mixture, and reduced mucociliary clearance. 
Besides the type of polymer functional groups, the mucoadhe-
sive force of a polymer material is dependent on the polymer 
molecular weight, concentration, flexibility of the polymer 
chain, spatial conformation, contact time, environmental pH, 
and physiological factors such as mucin turnover and disease 
state. There is a critical polymer molecular weight for each 
polymer type below or above which there is reduced adhe-
sive power. The mucoadhesive properties can also be affected 
by the degree of cross-linking of the polymer since mucoad-
hesion requires an adequate free chain length for interpen-
etration to occur. Hence, the more cross-linked the polymer, 
the less strong the mucoadhesive interaction. Hydration and 
swelling are present in both polymer- and environment-
related factors. Overhydration causes extended swelling, 
resulting in slippery mucilage formation [30]. The polymer 
concentration that is required for optimum mucoadhesion is 
different between gels and solid mucoadhesives. In the liq-
uid state, an optimum concentration exists for each polymer 
for which best adhesion can occur, while with solid dosage 
forms, increased polymer concentration leads to increased 
mucoadhesive power [35]. Studies have shown that polymers 
with charge density can serve as good mucoadhesive agents, 
although their mucoadhesive properties are affected by the 
pH of the surrounding media. The presence of metal ions, 
which can interact with charged polymers, may also affect 
the adhesion process. Polyanion polymers are more effective 
bioadhesives than polycation polymers or nonionic polymers.

Polymers used in nasal powders include starch, dextrans, 
polyacrylic acid derivatives (e.g., carbopol, polycarbophil), 
cellulose derivatives (microcrystalline cellulose, semicrystal-
line cellulose, hydroxypropylmethyl cellulose, hydroxypropyl 
cellulose, carboxymethyl cellulose), chitosan, sodium algi-
nate, hyaluronans, and polyanhydrides such as poly(methyl 
vinyl ether-co-maleic anhydride) (PVM/MA). 

Microspheres as specialized drug delivery systems repre-
sent spherical polymeric devices that are small in size (from 
1 to 1000 microns), are characterized by high surface-to-vol-
ume ratio, and are able to provide targeted and predictable 
controlled release of the drug. In the scope of nasal deliv-
ery, except for controlled drug release rate, microspheres are 
beneficial due to their broad surface area, which can provide 
extensive interaction with the mucin layer and protection of 
incorporated drug from enzymatic degradation in the nasal 
cavity. Microspheres prepared with bioadhesive polymers 
have some additional advantages; they assure much more 
intimate and prolonged contact with the mucous layer and 
improved drug absorption due to additional delay in muco-
ciliary clearance. Bioadhesive microspheres can significantly 
improve patient compliance as all the advantages described 
lead to reduction in the frequency of drug administration. 
Bioadhesive microspheres that have been extensively studied 
for nasal drug delivery are water insoluble but they swell in 
contact with the mucosa. 

There are three processes involved in such microensap-
sulation procedures: the preparation of emulsion, solvent 
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removal, and separation of the particles obtained. Selection 
of the type of (oil-and-water) emulsion system (O/W, W/O, 
W/O/W, W/O/O, etc.) depends on the physicochemical prop-
erties of the drug and polymer used. After the preparation of 
stable emulsion, solvent is removed from the system at high 
or low temperature, at low pressure, or by addition of another 
solvent that enables the extraction of polymer solvent to the 
continuous phase. Hardened microspheres are then washed, 
centrifuged, and lyophilized. Emulsion techniques are suit-
able for the preparation of microspheres intended for nasal 
delivery since they allow controlling the size of the particles. 
The particle size is directly proportional to polymer concen-
tration and inversely proportional to stirring rate and percent-
age of emulsifying agent, while there is a nonlinear correlation 
between particle size and process temperature.

FORMULATION AND MANUFACTURING 
CONSIDERATIONS

relATive huMiDiTy

Relative humidity in the filling and storage areas is more 
important for powders than for other dosage forms because of 
the large specific surface area (area/weight), which can result 
in significant moisture uptake. The gelatin capsule shells are 
also susceptible to moisture and degradation at high mois-
ture. In addition, at very low moisture, gelatin in capsules can 
become very brittle; therefore, an appropriate humidity level 
must be maintained.

surfAce AreA

The large surface area of powders provides greater oppor-
tunity for the production of static electricity during the fric-
tion of flow and handling. Make sure all equipment is well 
grounded or else significant segregation and impeded flow of 
powder can result. Monodisperse systems of particles of regu-
lar shape, such as perfect cubes or spheres, can be described 
completely by a single parameter; however, when either non-
uniform size distribution or anisometric shapes exist, any sin-
gle parameter is incapable of totally defining the powder. In 
addition to a value for the average particle size, often we use 
frequency histograms to help describe the powder. We also 
use other measures of powder characteristics such as angle of 
repose and bulk or tap density. Lastly, we use compressibility 
and the powder’s ability to undergo plastic deformation.

sieve AnAlysis

Dry sieving allows the fractionation of relatively coarse pow-
ders and granules. Sieves are stacked (nested) with the largest 
apertures at the top and the smallest at the bottom. A sample 
of powder is placed on the top sieve and shaken for a fixed 
time period at a given amplitude and pulse frequency.

The weight of powder on each sieve can then be calculated 
and the particle size distribution obtained. Particles must have 
a two-dimensional profile smaller than the sieve aperture in 

order to pass through a particular sieve. A mean sieved diam-
eter is calculated. Because the weight of particles on each 
sieve is determined, the mean sieved diameter represents a 
mass distribution.

A mesh number denotes the size of the apertures in each 
sieve. The mesh number is the number of wire strands (of con-
stant diameter) per inch used to weave the square mesh pat-
tern. The side length of the aperture in microns is inversely 
related to the mesh number.

Whereas the specifications of starting materials are speci-
fied, the powders often form aggregates during storage; a 
point of use check of aggregation is needed. It is a good idea 
to sift all ingredients through specified sieves prior to adding 
them to the mixing of blending vessels. For most raw mate-
rials, sifting through a No. 60 sieve (250 mm) is desirable; 
however, passing materials through finer sieves can gener-
ate electrostatic charges. Wet mass is passed through a No. 8 
(2.38 mm) sieve and dried granules are passed through a No. 
16 (1.19 mm) mesh sieve. Lubricants should be sieved through 
No. 60 mesh, except for magnesium stearate, which should 
not be shifted through an opening smaller than the opening in 
a No. 35 mesh. This is necessary to avoid building up electri-
cal charges. A conversion chart for sieve sizes from U.S. Mesh 
to inches and microns (or millimeters) is presented next.

U.S. Mesh Inches Microns Millimeters

3 0.2650 6730 6.730

4 0.1870 4760 4.760

5 0.1570 4000 4.000

6 0.1320 3360 3.360

7 0.1110 2830 2.830

8 0.0937 2380 2.380

10 0.0787 2000 2.000

12 0.0661 1680 1.680

14 0.0555 1410 1.410

16 0.0469 1190 1.190

18 0.0394 1000 1.000

20 0.0331 841 0.841

25 0.0280 707 0.707

30 0.0232 595 0.595

35 0.0197 500 0.500

40 0.0165 400 0.400

45 0.0138 354 0.354

50 0.0117 297 0.297

60 0.0098 250 0.250

70 0.0083 210 0.210

80 0.0070 177 0.177

100 0.0059 149 0.149

120 0.0049 125 0.125

140 0.0041 105 0.105

170 0.0035 88 0.088

200 0.0029 74 0.074

230 0.0024 63 0.063

270 0.0021 53 0.053

325 0.0017 44 0.044

400 0.0015 37 0.037
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PArTicle size DisTribuTion

Sieving is a common method for establishing the distribu-
tion of particle size in a powder sample. It is a simple method 
that works well for powders in the size ranges used most 
often in the pharmaceutical industry. Sieves are limited in 
that they cannot be made with very small openings. The cur-
rent lower limit is 43 mm, which corresponds to a No. 325 
sieve. The sieve number or mesh number refers to the num-
ber of openings per linear inch. You can easily calculate the 
opening size in millimeters. For example, a No. 2 sieve has 
an opening of 9.52 mm, while a No. 200 sieve has an open-
ing of 0.074 mm.

A frequency histogram is a useful tool in understanding 
the nature of a sample of powder. It is a bar graph with the size 
range on the x-axis and the number or weight of each segment 
of the powder on the y-axis. The particle size distribution can 
be determined by a sample of coarse powder using a nest of 
sieves shaken in a sonic sifter:

 1. Using at least a three-decimal-place electronic bal-
ance, record the weight of each empty sieve and the 
collection pan. Also, record the sieve size.

 2. Arrange the sieves in a sequential nest: Smallest 
mesh number (largest aperture) at the top, largest 
mesh number (smallest aperture) at the bottom. Add 
the collection pan to the bottom of the nest.

 3. Add approximately 5 g of accurately weighed coarse 
powder to the top sieve, and cover with the rubber 
cap.

 4. Shake the sample for 5 minutes with a sieve “ampli-
tude” greater than 3.

 5. Reweigh each sieve and the collection pan. Calculate 
the weight and percentage of powder on each sieve 
and in the collection pan. Then calculate the cumu-
lative weight percentage of powder that is finer than 
the aperture.

 6. Use the probability paper to calculate the mean 
diameter and standard deviation; alternately, calcu-
late the geometric mean and standard deviation for 
the coarse and fine powder particles.

PoWDer floW ProPerTies

During many pharmaceutical production processes, it is nec-
essary to transfer large quantities of powder from one loca-
tion to another in a controlled manner, for example, in powder 
blending, powder filling into containers (e.g., dusting pow-
ders), powder flow into capsules, and powder filling into the 
dies of a tablet press.

One method of assessing flow properties is the Angle of 
repose, which is another measure of the nature of the powder. 
It estimates the adhesive force between the particles. Uniform 
glass beads, which will show good flow properties, have an 
angle of repose of 23 degrees. As the adhesive force between 
the particles increases, the angle increases. In rare cases, it 
can exceed 90 degrees.

Powder is allowed to flow freely through a funnel onto the 
center of an upturned petri dish of known radius. When the 
powder reaches the side of the petri dish, the height of the 
cylindrical cone is determined. From the petri dish radius (r, 
cm) and cone height (h, cm), the angle of repose (between the 
petri dish and base of the powder cone) can be calculated. 
Flow rate can also be determined by measuring how fast a 
powder flows through an aperture. Free-flowing powders 
exhibit a high flow rate and a smaller angle of repose. Angle 
of repose and flow rate depend on particle size, shape, and 
surface roughness. Flow properties are frequently enhanced 
by the use of glidants.

Several commercial instruments are available to evaluate 
angle of repose. Follow the instructions from the supplier of 
instrument and test methods. A simple method is given in the 
following list:

 1. Measure the external diameter of a petri dish; posi-
tion the bottom of a funnel or paper cone approxi-
mately 5 to 15 cm above the center of the upturned 
petri dish using a ring stand. Be sure, a piece of paper 
is under the petri dish so you can pick up the powder 
and reuse the powder for all your replicates.

 2. Slowly pour the coarse powder sample into the fun-
nel, tapping the funnel as necessary to ensure that 
powder flows through the hole.

 3. Continue this process until the bottom of the pow-
der pile just begins to fall over the edge of the petri 
dish.

 4. Measure the height of the pile using a ruler.
 5. If the powder is lumpy, sieve it before beginning the 

experiment.
 6. Repeat step 2 until you consistently obtain the same 

answer.
 7. Calculate the mean height of the coarse powder pile 

and the mean angle of repose (φ).
  Note: Remember that Tan φ = Opposite/Adjacent; 

therefore, Tan φ = 2 h/D.
 8. Repeat steps 2 and 3 using both fine powder and fine 

powder with glidant, if the purpose is to select an 
appropriate glidant.

 9. Plot angle of repose (x-axis) against Carr’s index 
(y-axis).

reAl, TAPPeD, AnD bulk DensiTy

Bulk or tapped density is a measure of the degree of packing 
or, conversely, the amount of space between the particles in 
the powder. Bulk density is determined by placing a sample of 
powder of known weight in a graduated cylinder. Tap density 
is determined by tapping the powder in the graduate until it 
no longer settles.

Many methods are also used to determine the true density 
of the powder (e.g., helium pycnometer or gas adsorption). 
Dividing the true density by the bulk or tap density yields 
a number that is related to the amount of space in the pow-
der. If the particles are spherical, the value is approximately 
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0.53, while irregular shaped particles can have values of 0.74 
or more.

The real density of a powder sample is the weight per unit 
volume of the material with no air spaces between particles. 
Therefore, if a material has a true density of 1 g/cm3, 100 
g of material will occupy 100 mL, assuming individual par-
ticles fit together exactly. In practice, most powders do not fit 
together very well. Therefore, if one fills a graduated cylin-
der to 100 mL with a powder, the weight of powder required 
may only be 70 g. This apparent density is known as the bulk 
or expanded density (0.7 g/cm3). If the 100-mL cylinder is 
subsequently tapped, the particles slide past each other and 
become consolidated. The 70 g of particles that once occupied 
100 mL may now only occupy 80 mL. They have an apparent 
packed or tapped density (g/cm3) of 0.875 g/cm3. Carr’s index 
is a measure of interparticulate forces. If the interparticulate 
forces are high, powders will have a low bulk density because 
bridging will occur between particles. This results in a large 
Carr’s index and a large change in volume caused by tapping. 
If the interparticulate forces are low, particles will have lit-
tle affinity for one another and will compact spontaneously. 
Under these circumstances, Carr’s index is small and little 
change in apparent density is induced by tapping. Porosity is 
the volume ratio occupied by air spaces (voids) between par-
ticles of a powder sample.

MixinG

Three primary mechanisms are responsible for mixing:

 1. Convective movement of relatively large portions of 
the powder

 2. Shear failure, which primarily reduces the scale of 
segregation

 3. Diffusive movement of individual particles

Large-scale mixers
• Rotating shell
• Fixed shell

Vertical impeller
• Fluid bed

Small-scale mixing
• Mortar and pestle
• Spatula and surface
• Paper bag

Extemporaneous techniques for mixing
• Geometric dilution
• Uniform particle size

Trituration
Sieving

• Pulverization by intervention
Levigation

Mixing Mechanisms
Mixing solids involves a combination of one or more mecha-
nisms of convection, shear, and diffusive mixing. Convection 
mixing is achieved by the transport of solids such as by blades 

or screws. Shear mixing results from the forces within the 
particulate mass; slip planes are set up. This can take place 
singularly or as a laminar flow. When shear occurs between 
regions of different composition and parallel to their interface, 
it reduces the scale of segregation by thinning the dissimilar 
layers. Shear occurring in a direction normal to the interface 
of such layers is also effective because it reduces segregation. 
The diffusive mixing is the random motion of particles.

Segregation Mechanisms
Particulate solids tend to segregate by virtue of differences 
in the size, density, shape, and other properties; it can hap-
pen during mixing or subsequent storage handling as well. It 
is important to note that powders that are difficult to flow do 
not segregate easily because of high interparticulate adhesion; 
however, because powders must be rendered flowable for the 
purpose of filling capsules or in bottles or sachet, the segre-
gation phenomenon because very important. Note that often 
after the addition of magnesium stearate, it is advisable to mix 
the product only for a limited time because electrical charges 
on the particles may cause segregation. Often, additives are 
included in formulations to reduce the tendency of segrega-
tion; these components have polarity similar to the compo-
nents of the formulation. A variety of mixers are designed 
to counter the segregation during mixing. Regardless of the 
formulation or equipment used, however, the formulator must 
conduct a validation study to assure that the product before 
filling is not segregated and that detailed Manufacturing 
Directions consequently include conditions such as humidity, 
mixing speeds, mixing times, and grounding of equipment. It 
is often said that longer mixing causes unmixing; this occurs 
because of segregation as well as abrasion of particles, which 
alters the particle size distribution profile.

Mixing Equipment
Batch mixing is the most common practice using twin-shell, 
cubic, and cylindrical tumbling mixers on a common shaft. 
The speed of rotation (generally 30–100 rpm) for these mixers 
is crucial to good mixing. Other mixers of the same type take 
the shape of cylinders, cubes, or hexagonal cylinders. The sta-
tionary container mixers do not depend on gravity for tum-
bling as for the preceding mixers; these are useful for mixing 
sticky, wetted, or plastic mass where shear force is needed to 
impart mixing. Stationary container mixers include the rib-
bon blender and the helical flight mixer.

Large mixers produce continuous mixing; large mixers 
are less consistent in producing uniform mixing and are more 
useful in the stages, where such consistency is not critical.

Selection of equipment depends on the measure of mixing 
degree required. Manufacturing process validation should 
include a definition of segregation where large-scale segrega-
tion is not present. A large volume of data on the statistics 
of “degree of mixing” is available where samples are drawn 
from the mix at various times, and the samples must be of 
a sufficiently large size to contain enough particles. Perfect 
mixtures, in statistical terms, are random mixtures. In cap-
sules where pellets of different types are included, these 
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considerations become critical. Let us take the example 
of a binary mixture, where n is the number of particles in 
the sample and p is the fraction of particles of interest. For 
example, if a capsule contains 30% of type A pellets, then the 
average number is 150 in a 500-pellet capsule with standard 
deviation of:

 σ = −( )( )  averageÃ 1 p  

Thus, for the preceding composition, a deviation of 10.2 
counts for 150 pellets occurs in each capsule when there is 
perfect mixing; in this instance, each capsule must be individ-
ually sampled because large bulk samples would not reveal 
the variations.

MillinG

Mixing of powders is easier if all components are of the same 
dimension in particle size. Granulation of powders is done to 
provide a more uniform particle size; this is a common prac-
tice in tablet, capsule, and powder suspension formulations. 
Milling of granulated mass produces uniform particle size, 
where dyes are used, milling provides a more uniform mixing 
and spread of dyes. Lubricants act by coating the particles and 
require the presence of a certain amount of fines. Size distribu-
tion profiles are routinely prepared as part of the development 
pharmaceutics process, especially where high-speed filling 
machines are used. Frequency and cumulative plots are made 
to validate the process. Probability function values found in 
statistics books should be consulted when designing a robust 
evaluation program. Particles are measured either micro-
scopically or by weight fractions through a stack of sieves. A 
sedimentation method is also used for particles in the range 
of 1 to 200 mm to obtain a size-weight distribution. Other 
methods include adsorption, electrical conductivity, light and 
X-ray scattering, permeametry, and particle trajectory.

During the process of milling or comminution, the par-
ticles undergo transformation based on the strain applied, 
which produces stress, and size reduction begins with the 
opening of new cracks. If the force applied is not sufficient, 
then the particle returns to its original state from a stressed 
state and does not yield. The type of mill used is important, 
such as a cutter, fluid energy, hammer, or roller, because each 
provides a special pattern of comminution. For example, it is 
useful for fibrous material, but not for friable material; it pro-
duces a product size of 20 to 80 mesh. The fluid energy mill 
can produce 1- to 30-mm particles, and is more suitable for 
soft and sticky materials. The most common mill is the ham-
mer mill, which is useful for abrasive materials and produces 

4- to 325-mesh particles. In a hammer mill, it matters whether 
the blades are forward or reversed.

PoWDer hAnDlinG

Powder materials exhibit a number of technological chal-
lenges with their manufacture, storage, transportation, mix-
ing, dusting, characterization, packing, crushing, and milling.

Symptoms of a nonoptimized product system utilizing a 
powder include unacceptable rehydration, dissolution, and 
solubility rate/reproducibility of the powder mixture; degra-
dation, loss of drug activity, and reduction of product shelf 
life; drug mixture heterogeneity both before and during use; 
clogging of spray nozzle; and loss of delivered drug. The fol-
lowing can have a significant impact on the performance of a 
product using a powder:

• Utilization of the appropriate binders and adhesives
• Disintegrating agents
• Fillers
• Lubricants
• Wetting agents/surfactants
• Glidants
• Flavoring and sweetening agents

Typical powder dispersion problems include the following:

• Chemical and morphological heterogenity of the 
surface

• Dissolution or isomorphous substitution of constitu-
ent components (metals)

• Dependency of the surface and solution (dissolved or 
added) ion species

A number of interrelated physicochemical properties, such as 
pH (acidity), pI (ionic strength), pe (redox), and pc (concentra-
tion) influence the properties of the dispersion beside of the 
pressure and temperature.
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Solid-State Properties

Humility is the solid foundation of all virtues.

Confucius

1  INTRODUCTION

Solid-state characterization is one of the most important 
functions of the pre-formulation group, which is assigned the 
responsibility of making recommendations for further formu-
lation work on a lead compound. Physical properties have a 
direct bearing on both physical and chemical stabilities of the 
lead compound. Much of the later work on formulation will 
depend on how well the solid state is characterized from the 
decisions to compress the drug into tablets to the selection of 
appropriate salt forms. The studies reported in this section, of 
course, apply to those drugs that are available in solid form, 
crystalline or amorphous, pure or amalgamated.

Physical properties affected by the solid-state properties 
can influence both the choice of the delivery system and the 
activity of the drug, as determined by the rate of delivery. 
Chemical stability, as affected by the physical properties, 
can be significant. Whereas it is always desirable to enhance 
chemical stability (a pursuit of the synthetic chemist), modula-
tion of physical properties, such as reducing the hygroscopic-
ity by increasing the hydrophobicity of an acid, or by moving 
to carboxylic rather than sulfonic or mineral acid, or to use 
an acid of higher pKa to raise the pH of a solution often pro-
vides more stable compounds. Stability is also improved by 
decreasing the solubility and increasing the crystallinity by 
increasing the melting. It is important to realize that factors 
that improve the chemical stability often impact adversely 
the physical properties. Therefore, a fine balance must be 
achieved when selecting between the physical properties of a 
chemical property modulation.

The stability of the salt could also be an important issue, 
and depending on the pKa, many properties can change, 
including indirectly related physical characteristics, such as 
volatility (e.g., hydrochloride salts are often more volatile than 
sulfate salts). Discoloration of the salt form of drugs is also 
prominent for some specific forms, as the oxidation reactions 
(often accompanied by hydrolysis) are a result of factors, such 
as affinity for moisture, surface hydrophobicity, and so on. 
Hydrolysis of a salt back to the free base may also take place 
if the pKa of the base is sufficiently weak.

2  CRYSTAL MORPHOLOGY

A crystalline species is defined as a solid that is composed 
of atoms, ions, or molecules arranged in a periodic, three- 
dimensional (3D) pattern. A 3D array is called a lattice, as 
shown in Figure 9.1. The requirement of a lattice is that each 

volume, which is called a unit cell, is surrounded by identical 
objects. Three vectors, a, b, and c, are defined in a right-handed 
sense for a unit cell. However, as three vectors are quite arbi-
trary, a unit cell is described by six scalars, a, b, c, α, β, and γ 
without directions (Figure 9.2). Several kinds of unit cells are 
possible, for example, if a = b = c and α = β = γ = 90°, the unit 
cell is cubic. It turns out that only seven different kinds of unit 
cells are necessary to include all the possible lattices. These 
correspond to the seven crystal systems as shown in Table 9.1.

The seven different point lattices can be obtained simply by 
putting points at the corners of the unit cells of the seven crys-
tal systems. However, there are more possible arrangements of 
points, which do not violate the requirements of a lattice. The 
French crystallographer, Bravais, proposed 14 possible point 
lattices, as shown in Figures 9.3 and 9.4, as a result of combin-
ing the seven crystal systems and centered points.

Symmetry operations are divided into macroscopic and 
microscopic operations. Macroscopic operations can be 
deduced from the arrangement of well-developed crystal 
faces, without any knowledge of the atomic arrangement 
inside the crystals, whereas the microscopic operations 
depend on the atomic arrangement (Table 9.2) that cannot be 
inferred from the external growth of the crystal. Reflection, 
rotation, inversion, and rotation–inversion are included in 
macroscopic operations, whereas glide planes and screw axes 
belong to microscopic operations. The combination of mac-
roscopic operations with the seven crystal systems leads to 
32 possible groups, and they are called 32 point groups. The 
microscopic symmetry operations describe the way in which 
the atoms or molecules in crystals are combined to 32 point 
groups with 14 Bravais lattices, resulting in 230 combina-
tions, called 230 space groups.

A crystalline particle is characterized by definite exter-
nal and internal structures. Habit describes the external 
shape of a crystal, whereas polymorphic state refers to the 
definite arrangement of molecules inside the crystal lattice. 
Crystallization is invariably employed as the final step for the 
purification of a solid. The use of different solvents and pro-
cessing conditions may alter the habit of recrystallized par-
ticles, besides modifying the polymorphic state of the solid. 
Subtle changes in crystal habit at this stage can lead to signifi-
cant variation in raw-material characteristics. Furthermore, 
various indices of dosage form performance, such as particle 
orientation, flowability, packing, compaction, suspension sta-
bility, and dissolution can be altered even in the absence of 
a significantly altered polymorphic state. These effects are 
a result of the physical effect of different crystal habits. In 
addition, changes in crystal habit either accompanied or not 
by polymorphic transformation during processing or stor-
age, can lead to serious implications of physical stability in 
dosage forms. Therefore, in order to minimize the variations 
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in raw-material characteristics, to ensure the reproducibility 
of results during pre-formulation, and to correctly judge the 
cause of instability and poor performance of a dosage form, it 
is essential to recognize the importance of changes in crystal 
surface appearance and habit of pharmaceutical powders.

The crystal habit is also affected by impurities present 
in the crystallizing solution; often these impurities provide 
the earliest nucleation of crystal growth and become an inte-
gral part of the crystal. In some instances, the presence of 
impurities inhibit crystal growth, as shown, when certain 
dyes or heavy metals are mixed with solutions. If an impu-
rity can adsorb at the growing face, it can significantly alter 
the course of crystal growth and geometry. The habits bound 
by plane faces are termed euhedral and those with irregu-
larly shaped ones are called anhedral. The symmetry of a 
crystal is generally studied by using optical goniometer that 
allows the measurement of the angles between the crystal 
faces. This technique is of use only when good crystals of 
size >0.05 mm in each direction can be obtained, which is 
generally not the case.

Chemical crystallography provides accurate and precise 
measurements of molecular dimensions in a way that no other 
science can begin to approach. Historically, single-crystal 
X-ray diffraction was used to determine the structure of what 
was thought of as “small molecules.” Twenty years ago, it 

was possible to solve structures with an average of only 100 
nonhydrogen atoms. However, with developments in hard-
ware and software, the upper limit has risen to about 500 and 
recently, even a 1000-atom structure was solved. The APEX 
II line of Chemical Crystallography Solutions (1) allow single 
crystal structure determination. The APEX II detector is suit-
able for fast processing. The Brucker SHellXTL software sys-
tem works well with these systems and provides a complete 
characterization that is suitable for publication would include 
the following data:

• Data collection
• Source of sample and conditions of crystallization
• Habit, color, and dimensions of the crystal
• Formula, formula weight
• Unit cell parameters and volume with esds. (the 

number of data and theta range of data used to 
determine the cell parameters)

• Crystal type and space group
• Z, density, and absorption coefficient
• Instrument and temperature of data collection 

and cell parameter determination
• Structure solution

• Number of data collected, unique [R(int)]
• Method and program used for structure solution
• Absorption correction details

• Structure refinement
• Method and program for refinement
• Number of data refined, restraints, parameters
• Weighting scheme
• R1 (observed data), wR2 (all data), S values
• Final maximum shift/error
• Final maximum and minimum of difference 

electron density map
• Tables and figures

• Positional parameters and isotropic or equivalent 
displacement parameters

FIGURE 9.2 Scalars of lattice structure.

TABLE 9.1
Seven Crystal Systems

Crystal system Axial lengths and angles

Cubic a = b = c
α = β = γ = 90º

Tetragonal a = b ≠ c
α = β = γ = 90º

Orthorhombic a ≠ b ≠ c
α = β = γ = 90º

Rhombohedral a = b = c

Trigonal α = β = γ ≠ 90º
Hexagonal a = b ≠ c

α = β = 90º γ = 120º
Monoclinic a ≠ b ≠ c

α = γ = 90º ≠ β
Triclinic a ≠ b ≠ c

α ≠ β ≠ γ ≠ 90º

FIGURE 9.1 Crystal lattice.
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FIGURE 9.3 Bravais lattice system.

FIGURE 9.4 Common crystal habits.
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• Bond distances, angles, and torsion angles
• Anisotropic displacement parameters
• Structure factor tables (often required for review 

but discarded by the journal)
• Torsion angles (optional)
• Least-square planes (optional)
• Hydrogen bond geometry (optional)
• A labeled figure showing the displacement 

ellipsoids
• A packing diagram showing relevant intermo-

lecular interactions

The modeling of the habits of crystals is a subject of many 
sophisticated computer programs, such as CERIUS2 (2) that 
also provides the effect of additives. The Bravais, Friedel, 
Donny, and Harker (BFDH) model and the attachment energy 

model, in conjunction with force field methods, are used in 
habit prediction. The attachment energy approach gives the 
growth morphology of the crystal studied, but it is also pos-
sible to calculate the shape of a small particle in equilibrium 
with its growth environment by computing the surface energy 
of each relevant face.

Surface interactions between solvent molecules and grow-
ing faces can also be modeled. It is well known that the stron-
ger the solvent binds to a particular face, the more it will 
inhibit the growth of that face, so as to affect the morphology. 
This can be simulated by the computer. The ability to pre-
dict the crystal morphology, that is, to identify the key growth 
faces, combined with the ability to analyze the surface chem-
istry of each of the faces in detail (including interactions with 
solvent molecules, excipients, and impurities), enables ratio-
nal control of morphology and crystal growth. For example, 

TABLE 9.2
Common Crystal Habits

Habit Description Example

Acicular Needle-like, slender, and/or tapered Rutile in quartz

Amygdaloidal Almond-shaped Heulandite

Anhedral Poorly formed, distorted Olivine

Bladed Blade-like, slender, and flattened Kyanite

Botryoidal or globular Grape-like, hemispherical masses Smithsonite

Columnar Similar to fibrous: long, slender prisms often with parallel growth Calcite

Coxcomb Aggregated flaky or tabular crystals closely spaced Barite

Dendritic or arborescent Tree-like, branching in one or more direction from central point Magnesite in opal

Dodecahedral Dodecahedron, 12-sided Garnet

Drusy or encrustation Aggregate of minute crystals coating a surface Uvarovite

Enantiomorphic Mirror-image habit and optical characteristics; right- and left-handed crystals Quartz

Equant, stout, stubby, or blocky Squashed, pinnacoids dominant over prisms Zircon

Euhedral Well formed, undistorted Spinel

Fibrous or columnar Extremely slender prisms Tremolite

Filiform or capillary Hair-like or thread-like, extremely fine Natrolite

Foliated or micaceous Layered structure, parting into thin sheets Mica

Granular Aggregates of anhedral crystals in matrix Scheelite

Hemimorphic Doubly terminated crystal with two differently shaped ends Hemimorphite

Mamillary Breast-like: intersecting large rounded contours Malachite

Massive or compact Shapeless, no distinctive external crystal shape Serpentine

Nodular or tuberose Deposit of roughly spherical form with irregular protruberances Geodes

Octahedral Octahedron, eight-sided (two pyramids base to base) Magnetite

Plumose Fine, feather-like scales Mottramite

Prismatic Elongate, prism-like: all crystal faces parallel to c-axis Tourmaline

Pseudo-hexagonal Ostensibly hexagonal because of cyclic twinning Aragonite

Pseudomorphous Occurring in the shape of another mineral through pseudomorphous replacement Tiger’s eye

Radiating or divergent Radiating outward from a central point Pyrite suns

Reniform or colloform Similar to mamillary: intersecting kidney-shaped masses Hematite

Reticulated Acicular crystals forming net-like intergrowths Cerussite

Rosette Platy, radiating rose-like aggregate Gypsum

Sphenoid Wedge-shaped Sphene

Stalactitic Form as stalactites or stalagmites; cylindrical or cone-shaped Rhodochrosite

Stellate Star-like, radiating Pyrophyllite

Striated/striations Surface growth lines parallel or perpendicular to c-axis Chrysoberyl

Tabular or lamellar Flat, tablet-shaped, prominent pinnacoid Ruby

Wheat sheaf Aggregates resembling hand-reaped wheat sheaves Zeolites
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an undesirable morphology (a plate) can be transformed into a 
more isometrical shape.

In addition to morphological assessments of crystals, opti-
cal microscopy can be used to measure their refractive indi-
ces. To identify the crystal, it is not necessary to measure the 
principal refractive indices; simply measuring two that are 
unique and reproducible is sufficient. These are termed the 
key refractive indices that, according to these researches, are 
all that are needed to identify any particular compound.

3  POLYMORPHISM

Both organic and inorganic pharmaceutical compounds 
can crystallize into two or more solid forms that have the 
same chemical composition; this is called polymorphism. 
Polymorphs have different relative intermolecular and/or 
interatomic distances and unit cells, resulting in different 
physical and chemical properties, such as density, solubility, 
dissolution rate, bioavailability, and so on. Crystal structures 
containing solvents (or water) are often called psudopoly-
morphs, with distinct physical and chemical properties. It is 
possible for each pseudopolymorph to have many polymorphs. 
In polymorphism, the crystal lattice formation can take place 
through two mechanisms: packing polymorphism and confor-
mational polymorphism. Packing polymorphism represents 
the formation of different crystal lattices of conformationally 
rigid molecules that can be rearranged stably into different 
3D structures through different intermolecular mechanisms. 
When a nonconformationally rigid molecule can be folded 
into alternative crystal structures, the polymorphism is cat-
egorized as conformational polymorphism.

Polymorphs and pseudopolymorphs can also be classified 
as monotropes or enantiotropes, depending upon whether or 
not one form can transform reversibly to another. In a mono-
tropic system, Form I does transform to Form II, because the 
transition temperature cannot appear before the melting tem-
perature (Figure 9.5, monotropy). In Figure 9.6 (enantiotropy), 
Form II is stable over a temperature range below the transition 

temperature, at which two solubility curves meet, and Form 
I is stable above the transition temperature. At the transition 
temperature, reversible transformation between two forms 
occurs. Figure 7 (enantiotropy with metastable phases) shows 
the kinetic effects on the thermodynamic property of solubil-
ity, which shows Ostwald ripening effect. An unstable system 
does not necessarily transform directly into the most stable 
state, but into one which most closely resembles its own, that 
is, into another transient state, whose formation from the orig-
inal is accompanied by the smallest loss of free energy.

When a decision needs to be made on whether two poly-
morphs are enantiotropes or monotropes, it is very useful 
to use the thermodynamic rules developed by Burger and 
Ramberger, which are tabulated in Table 3.

The stability of polymorphs is thermodynamically related 
to their free energy. The more stable polymorph has the lower 
free energy at a given temperature. The aforementioned clas-
sification of polymorphic substances into monotropic and 
enantiotropic classes, from the lattice theory perspective is 

FIGURE 9.5 Monotropic system as a function of temperature 
(x-axis).

FIGURE 9.6 Enantiotropic system as a function of temperature 
(x-axis).

FIGURE 9.7 Enantiotropic system with metastable phases as a 
function of temperature (x-axis).
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not always appropriate. There is a need to explore the way the 
crystal lattice structures of polymorphs are related. At a tran-
sition point, with the temperature and the pressure fixed, it is 
possible for interconversion to take place between two poly-
morphs only in the case where the structures of the poly-
morphs are related. If complete rearrangement is required 
by atoms or molecules during transformation, no point of 
contact for reversible interconversion exists. Therefore, the 
existence of enantiotropes or monotropes in thermodynam-
ics and phase theory corresponds to related or unrelated lat-
tice structures in structural theory. Transformation between 
polymorphs that have completely different lattice structures 
exhibits dramatic changes in properties. The difference in 
energy between polymorphs is not always considerable as 
shown with diamond/graphite. In most cases, polymorphs 
in this category are required to break bonds and rearrange 
atoms or molecules, and consequently, the polymorphs have 
a monotropic relation.

For the study of polymorphs that are structurally related, 
the structural relationships between the polymorphs should 
be established first; second, it should be explained why a par-
ticular substance is able to arrange its structural units in two 
closely related lattices, and finally, there should be a descrip-
tion of the manner and conditions under which rearrangement 
of the units from one lattice type to another can happen. It 
is the physical form of the drugs that is responsible for its 
degradation in the solid state. Selection of a polymorph that is 
chemically more stable is a solution in many cases. Different 
polymorphs also lead to different morphology, tensile strength 
and density of powder bed, which collectively contribute to 
the compression characteristics of materials. Some investiga-
tion of polymorphism and crystal habit of a drug substance, 
as it relates to pharmaceutical processing, is desirable dur-
ing its pre-formulation evaluation, especially when the active 
ingredient is expected to constitute the bulk of the tablet mass.

Various techniques are available for the investigation of 
the solid state. These include microscopy (including hot-stage 
microscopy, HSM), infrared spectrophotometry (IRS), single-
crystal X-ray and X-ray powder diffraction (XRPD), thermal 
analysis, and dilatometry.

A pre-formulation study plan must challenge the crystal 
structure to determine if any polymorphs exist. It is possible 
for a new compound to show polymorphic forms only when 
subjected to stress—physical and chemical. Most organic 
compounds are capable of exhibiting polymorphism because 
of their complex flexible structure. The window of physico-
chemical stress that a drug is generally subjected to during 
manufacturing is at times not able to adduce the differentiation 
of a drug into its possible polymorphic forms. For example, 
enantiotropic state is the state in which one polymorph can be 
reversibly changed into another by varying the temperature or 
pressure. One way of assessing whether the solid is a metastable 
form of the compound is to slurry the compound in a range of 
solvents. In this way, a solvent-mediated phase transformation 
may be detected using the usual techniques. The monotropic 
state exists when the transformation between the two forms 
is irreversible. As all polymorphs are deproviding the lowest 
energy polymorph, the most able polymorph is often needed to 
assure consistency in the physico-chemical properties; this is 
necessary for consistency in manufacturing procedures and in 
bioavailability. The right polymorph, at times, is not necessar-
ily the most stable polymorph; unstable forms like amorphous 
forms (that are most constrained) are often used because of 
their higher solubility and often a better bioavailability profile.

The manufacturing factors that may be affected by the 
choice of a particular polymorphic form include granulation, 
milling and compression, stability (particularly for semisolid 
forms), amount of dose delivered in metered inhalers, crystal-
lization from different solvents at different speeds and tempera-
ture, precipitation, concentration or evaporation, crystallization 
from the melt, grinding and compression, lyophilization, and 
spray drying. In the manufacturing processing, crystallization 
is a major problem and it can be avoided by a careful study of 
polymorphic transition, particularly in supercritical fluids.

Polymorphism is frequently a function of the type of salt, 
because the presence of counter ions can make the crystals form 
differently, leading to widely variable physico-chemical proper-
ties, as described earlier under the description of polymorphism. 
Generally, salts exhibiting polymorphism should be avoided.

An interesting example of polymorphic structure differen-
tiation is that of human immunodeficiency virus (HIV) pro-
tease inhibitors. The HIV protease inhibitors pose a serious 
problem in their bioavailability. Invirase showed only modest 
market performance, and it was soon superseded by drugs, 
such as ritonavir (Norvir) and indinavir sulfate (Crixivan®) 
that had better bioavailability. Three years after initial 
approval, saquinavir was reintroduced in a formulation with 
sixfold higher oral bioavailability relative to the original prod-
uct. Ritonavir was originally launched as a semisolid dosage 
form, in which the waxy matrix contained the dispersed drug 
in order to achieve acceptable oral bioavailability. Two years 
after its introduction, ritonavir exhibited latent crystal poly-
morphism, which caused the semisolid capsule formulation of 
Norvir to be removed from the market.

The acceptance criterion for polymorphic forms in a drug 
substance is generally based on the considerations given in 
Scheme 9.1.

TABLE 9.3
Thermodynamic Rules for Polymorphic Transitions

Enantiotropy Monotropy

Transition < melting I Transition > melting I

I stable > transition I always stable

II stable < transition —

Transition reversible Transition irreversible

Solubility I higher < transition Transition I always lower

Solubility I lower > transition —

Transition II → I endothermic Transition II → I exothermic

∆ < ∆H Hf f
I II ∆ > ∆H Hf f

I II

IR peak I before II IR peak I after II

Density I < II Density I > density II
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SCHEME 9.1 Some acceptance criteria for polymorphism in drug substances and drug products. 

Source: Courtesy of Ref. 3.
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4  HIGH-THROUGHPUT CRYSTAL SCREENING

The search for crystal forms and salts of compounds emerg-
ing from discovery must rely on automation and miniaturiza-
tion of crystallization trials. Currently, development chemists 
may experiment with 1–10 mg per trial on a total budget of 
tens to hundreds of milligram. Although the material is usu-
ally recoverable at a cost in time and effort, the traditional 
experimentation remains linear in nature. The search for crys-
tal forms in such a linear fashion is time consuming, and the 
pressure keeps mounting to test a compound in toxicology and 
the clinic. The technical solution provided by high-throughput 
(HT) crystallization is the possibility of parallel, miniaturized 
trials of a larger experimental space (solvents, combinations, 
processing parameters, and so on). In order to increase sig-
nificantly the productivity of crystallization efforts, one must 
be able to conduct parallel experiments at the level of micro-
grams per trial. In this way, valuable time and material can be 
saved, while generating useful physico-chemical information 
to support development decisions. For instance, if crystalline 
forms are found, the program can confidently move forward 
to assessing their utility. Even when a crystal form remains 
elusive, the information from crystallization trials on the 
compound and some of its congeners may help the medicinal 
chemists design the optimal compound to advance the pro-
gram. High-throughput crystallization screening provides a 
way to address polymorphism issues much earlier, and can 
help to avoid late discoveries of polymorphism in pharmaceu-
tical systems; the use of such technologies as CrystalMax® (4) 
enables parallel, miniaturized crystallization of compounds 
in cycles of one to two weeks. With a capacity of up to 10,000 
crystallization experiments per week, this technology enables 
the discovery and characterization of diverse solid forms of 
active pharmaceutical ingredients, including leads to enhance 
solubility, selection of salts, co-crystals, and the like. The 
technology allows design, execution and analysis of thou-
sands of crystallization trials on hundreds of micrograms of 
crystalline material per well in microliter volumes within a 
96-well array format. The FAST® (4) HT technology from the 
same vendor allows the discovery of novel solution formu-
lations of poorly soluble compounds, either for intravenous 
or oral use. The technology uses a 96-well format to conduct 
parallel screening of thousands of combinations of semi-
aqueous formulations. Other tools, like HT crystallization 
tools with miniaturization come from Symyx (5), Aventium 
(6), and Solvias (7).

In recent years, sophisticated modeling tools have become 
available, such as the Cerius2 (8), where various modules 
allow the analysis of crystallization, crystal growth, and 
material form characterization. In brief, this technique uses 
a simulated annealing and a rigid-body Rietveld refinement 
procedure, whereby the calculated and measured XRPD pat-
terns are compared; if they agree sufficiently, the structure is 
deemed to be solved. Other modules offered by Cerus include:

• C2. HP Morphology is an advanced method for pre-
dicting crystal morphology for salts and solvates.

• C2. Morphology predicts and analyzes the morphol-
ogy of crystals from their internal crystal structure, 
which helps relate morphological features to struc-
ture and understand the likely effects of solvents and 
growth modifying additives.

• C2. Polymorph predicts the polymorphs of organic 
crystalline materials, such as drugs, pigments, or 
fine chemicals, from their molecular structure.

• C2. Polymorph is used to predict unsynthesized poly-
morphs or to determine structures in combination 
with techniques, such as Rietveld refinement. The 
Cereus Polymorph Predictor (see subsequently) is 
based on a potential energy function program and 
a search program to locate potential minima of that 
potential function. It does have limitations, for exam-
ple, by neglecting polarization effects, the results are 
less accurate for molecules, such as salts that are 
common in the pharmaceutical industry. Moreover, 
atoms, such as fluorine and divalent sulfur are not 
optimally parameterized. The molecules need to be 
rigid; however, a few successes for flexible molecules 
have been reported.

• C2. Powder Fit provides crystal structure determina-
tion capabilities by helping to determine the parame-
ters required to generate a simulated powder pattern 
by analyzing the peak positions, profiles, and back-
ground of an experimental pattern.

• C2. Powder Indexing completes a comprehensive 
package of software modules for crystal structure 
determination from powder data. It is possible to 
establish unit cell and symmetry information, and 
use this to assist Rietveld refinement or crystal struc-
ture predictions.

• C2. Powder Solve provides crystal structure deter-
mination capabilities by sampling a vast number of 
trial structures, subsequently proposing a structure 
for which the simulated pattern most closely matches 
the experimental one

• C2. Diffraction-Amorphous simulates noncrystal-
line diffraction, including small angle scattering. 
Comparison with experimental data helps determine 
amorphous structure, polymer chain conformation, 
copolymer sequence structure, and orientation.

• C2. Diffraction-Crystal simulates powder, fiber, and sin-
gle-crystal diffraction from crystalline models, which 
helps interpret the experimental data from molecular, 
inorganic, and polymeric crystalline materials.

• C2. Diffraction-Faulted simulates powder diffraction 
from faulted or layered structures, which helps char-
acterize structures, such as zeolites and clays.

• C2. EXAFS (extended X-ray absorption fine struc-
ture) jointly developed with the CCLRC Daresbury 
Laboratory, U.K. (9), integrates the EXAFS analy-
sis and refinement techniques of Daresbury’s 
EXCURV92 software with Cerius’ modeling tools, 
radically improving the ability to interpret the 
EXAFS data.
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• C2. HRTEM simulates high-resolution transmission 
electron microscope images from crystals, inter-
faces, and defect structures. One can set up and 
interpret EM experiments that investigate techno-
logically important materials.

• C2. IR/Raman is a computational instrument that 
predicts IR/Raman spectra.

• C2. LEED/RHEED helps interpret low-energy elec-
tron diffraction patterns and reflection high-energy 
electron diffraction from surfaces.

• C2. Rietveld performs crystal structure refinement 
and quantitative phase analysis using powder dif-
fraction data and the Rietveld method. Combining 
refinement programs and advanced modeling tools 
allows a faster route to determining the structures 
of both inorganic and molecular crystals. An effec-
tive way to know the atomic structure is by means of 
diffraction techniques using neutrons from nuclear 
reactors and particle accelerators or X-rays from 
X-ray tubes and synchrotrons. The single-crystal dif-
fraction technique, using relatively large crystals of 
the material, gives a set of separate data from which 
the structure can be obtained. However, the powder 
diffraction technique is used in conditions where it 
is not possible to grow large crystals. The drawback 
of this conventional powder method is that the data 
grossly overlap, thereby preventing proper deter-
mination of the structure. The “Rietveld method” 
creates an effective separation of these overlapping 
data, thereby allowing an accurate determination of 
the structure. An even more widely used application 
of the method is the determination of the compo-
nents of chemical mixtures.

Crystalline index of refraction: As different polymorphs have 
different internal structures, they belong to different crystal 
systems; therefore, polymorphs can be distinguished using 
polarized light and a microscope. The crystals can be either 
isotropic or anisotropic. In isotropic crystals, the velocity of 
light is the same in all directions, whereas anisotropic crys-
tals have two or three different light velocities or refractive 
indices. In terms of crystal systems, only the cubic system is 
isotropic and the other six are anisotropic.

5  SOLVATES

In addition to polymorphs, solvates (inclusion of the solvent of 
crystallization) are also often formed during the crystalliza-
tion process. These forms are also called pseudopolymorphs. 
The solvent molecules fill the spaces in the crystal lattice and 
generally reduce the solubility and dissolution rates. This phe-
nomenon is thermodynamically driven. If the solvate contains 
an organic solvent, this would not be admitted by the regula-
tory authorities. According to the International Conference on 
Harmonization (ICH) guidelines, the Class I solvents, such as 
benzene, carbon tetrachloride, and 1,2-dichloromethane must 
be avoided, as these are carcinogenic. The Class II solvents 

should be limited and include nongenotoxic animal carcino-
gens, such as cyclohexane and acetonitrile. The Class III sol-
vents, including acetic acid, alcohol, acetone, which have low 
toxicity potential, are allowed as long as the daily permissible 
dose does not exceed 50 mg. Generally, an allowed solvate 
would likely be removed during the manufacturing process, 
but in some instances, the presence of the solvate is desired, 
as in the case of the beclomethasone dipropionate product of 
Glaxo that includes trichlorofluoromethane solvate. This sol-
vate prevents crystal growth in sprays containing trichloro-
fluoromethane as propellant. A U.S. Patent issued to Glaxo 
5270305 demonstrates the use of trichlorofluoromethane.

hyDrATes

When the solvate happens to be water, these are called 
hydrates, wherein water is entrapped through hydrogen bond-
ing inside the crystal, and strengthens the crystal structure, 
thereby invariably reducing the dissolution rate (Table 9.4). 

TABLE 9.4
Drug Substance Hydrate Forms as Reported in the 
Pharmacopeia

Compound Water of hydration

Aminophylline 2

Ampicillin 3

Beclomethasone dipropionate 0 or 1

Caffeine 1

Calcium citrate 4

Calcium gluceptate 0 or variable; effloresces

Calcium gluconate 0 or 1

Dextrose 1

Diatrizoic acid 2

Dibasic sodium phosphate 0, 1, or 2

Ephedrine 1/2

Fluocinolone acetonide 2

Hydrocortisone hemisuccinate 1

Magnesium citrate oral solution 1

Magnesium gluconate 2

Magnesium sulfate 0, loses gradually

Monosodium sodium phosphate 0, 1, or 2

Naloxone hydrochloride 2

Nitrofurantoin 0 or 1

Potassium gluconate 0 or 1

Prednisolone 0 or 1

Saccharin sodium 1/3; effloresces

Sodium acetate 3

Sodium citrate 0 or 2

Sodium sulfate 0 or 1; effloresces

Succinyl chloride 2

Theophylline 0 or 1

Thioguanine 0 or 1/2

Thiothixene hydrochloride 0 or 2

Zinc sulfate 1 or 7

Source: United States Pharmacopeia (USP) 24.
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The water molecules can reside in the crystal either as iso-
late lattice, where they are not in contact with each other; as 
lattice channel water, where they fill space; and metal coor-
dinated water in salts of weak acids, where the metal ion coor-
dinates with the water molecule. Metal ion coordinates may 
also fill channels, such as in the case of nedocromil sodium 
trihydrate. Crystalline hydrates have been classified by struc-
tural aspects into three classes: isolated lattice sites, lattice 
channels, and metal-ion coordinated water. There are three 
classes, which are discernible by the commonly available ana-
lytical techniques.

 1. Class I includes isolated lattice sites, and repre-
sents the structures with water molecules that are 
isolated and kept from contacting other water mol-
ecules directly in the lattice structure. Therefore, 
water molecules exposed to the surface of crystals 
may be easily lost. However, the creation of holes 
that were occupied by the water molecules on the 
surface of the crystals does not provide access for 
water molecules inside the crystal lattice. The ther-
mogravimetric analysis (TGA) and differential scan-
ning calorimetry (DSC) for the hydrates in this class 
show sharp endotherms. Cephradine dihydrate is an 
example of this class of hydrates.

 2. Class II includes hydrates that have water molecules 
in channels. The water molecules in this class lie 
continuously next to the other water molecules, 
forming channels through the crystal. The TGA and 
DSC data show interesting characteristics of chan-
nel hydrate dehydration. Early onset temperature 
of dehydration is expected, and broad dehydration 
is also characteristic of the channel hydrates. This 
is because the dehydration begins from the ends 
of channels that are open to the surface of crys-
tals. Subsequently, dehydration keeps happening 
until all the water molecules are removed through 
the channels. Ampicillin trihydrate belongs to this 
class. Some hydrates have water molecules in two-
dimensional (2D) space, and they are called planar 
hydrates.

 3. Class III includes ion-associated hydrates. Hydrates 
contain metal-ion coordinated water and the inter-
action between the metal ions and water molecules 
is the major force in the structure of crystalline 
hydrates. The metal–water interactions may be 
quite strong relative to the other nonbonded inter-
actions, and therefore, dehydration occurs at very 
high temperatures. In TGA and DSC thermograms, 
very sharp peaks corresponding to dehydration of 
water bonded with metal ions are expected at high 
temperatures.

Hydrates can also exist in various polymorphs, such as in the 
case of amiloride hydrochloride. A myriad of methods are 
available to study hydrates and their polymorphs, including 
DTA, DSC, XRPD, and moisture-uptake studies.

6  AMORPHOUS FORMS

Solid powders, wherein no particular order of molecules are 
technically noncrystalline, are called amorphous forms. The 
amorphous forms are formed by vapor condensation, super-
cooling of a melt, precipitation from solution, and milling and 
compaction of crystals. These are more like liquids, where 
the molecular interaction has weakened; in most instances, 
there would be some crystalline forms among the amorphous 
forms as well. This two-state model is described in the USP. 
The amorphous forms are thermodynamically unstable, as 
they have high energy (that went into breaking intermolecular 
bonds). As a result, they might turn into a crystalline form, 
particularly in suspension dosage forms, and even in solid 
dosage forms, wherein the atmospheric moisture might serve 
as the nucleation points.

Discovery programs frequently yield amorphous com-
pounds as a result of time pressures, the methods used to iso-
late them on small scales, and the increasing complexity of 
newly discovered molecules. Amorphous compounds carry 
inherent risks because of their physicochemical nature, and 
as a result, very few Food and Drug Administration (FDA)-
approved drugs appear in amorphous forms; examples include 
accupril/accuretic, intraconazole, accolate (zafirlukast), vira-
cept (nelfinavir mesylate), paroxetine. Other drugs that are 
available in amorphous forms include: celecoxib, amifostine, 
cefuroxime axetil, cefpodoxime proxetil, and novobiocin. In 
addition to being a physically metastable physical form, amor-
phous forms are generally less stable chemically. They also 
tend to have very low bulk densities, making the materials dif-
ficult to isolate and handle. The irregular shape of the powder 
of amorphous forms creates high surface area, which attracts 
water molecules making them inherently more hygroscopic.

Although, all these problems can be resolved, generally, 
the amorphous forms are to be avoided unless the differences 
in solubility make a significant impact on the bioavailability.

7  HYGROSCOPICITY

Water molecules have polar ends, and readily form hydrogen 
bonding. As a result, several compounds interact with water 
molecules by surface adsorption, condensation in capillaries, 
bulk retention, and chemical interaction, and are called hygro-
scopic. At times, the interaction between the compounds and 
water is so strong that the interacting water vapors result in 
dissolving the compound. This process is called deliques-
cence, wherein a saturated layer of solution is formed around 
the particles. Most of these interactions are dependent on crit-
ical water vapor pressure or relative humidity (RH). Moisture 
also induces hydrolysis and other degradation reactions. In 
addition, its presence affects the physical properties, such 
as powder flow, dissolution, and even crystal structure. The 
impact of moisture on the physical or chemical properties of 
compounds depends on the strength of bonding between the 
water molecules and the surrounding space where the water 
molecules are contained. In a tightly bound state, the water 
molecules are generally not available to induce chemical 
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reactions. Free water molecules can participate in the cre-
ation of a liquid environment around the crystal lattice, where 
the pH may be altered as a result of the dissolution process. 
Similarly, water molecules held as crystal hydrates or trapped 
in an amorphous form are not available to modify the milieu 
interior of solid powders. It is noteworthy that some hydrates 
upon taking up moisture convert into hydrates (discussed ear-
lier). This transition can be useful in formulation studies, and 
this property should be tested for hygroscopic compounds.

The classification of compounds into different hygroscopic 
categories is based on two types of models: one where the RH 
and temperature are kept constant and gain in the weight of 
compound is recorded as per the definitions of the European 
Pharmacopoeia, the compound tested is stored at 25°C for 24 
hours at 80% RH. A slightly hygroscopic compound would 
show less than 2% m/m mass gain, hygroscopic compounds 
show less than 15%, and very hygroscopic compounds show 
more than 15% m/m mass gain; the deliquescent compounds 
simply liquefy. The dynamic model tests hygroscopic nature 
at various humidities; compounds showing no mass gain at 
90% are called nonhygroscopic, those that do not gain at 90% 
are slightly hygroscopic, but those that gain 5% over a week’s 
period are called moderately hygroscopic. Where mass 
increases at 40–50% humidity, these compounds are called 
very hygroscopic.

Generally, a compound that is very hygroscopic would be 
less desirable, but if studies show that despite moisture uptake 
the compound stays stable and workable in the formulation 
studies; this is an important consideration.

High hygroscopicity is undesirable for many reasons, 
including handling problems, requirement of special storage 
conditions, and chemical and physical stability problems. It is 
difficult to develop acceptance criteria for the amount of mois-
ture, and large batch to batch variations are inevitable. Even if 
it were possible to define reasonable acceptance criteria, if the 
compound shows changes in crystal structure as a function of 
moisture content, this leads to problems in solubility and dis-
solution profiles that may not be acceptable. Stability of salts 
at accelerated temperature is complicated when there is sig-
nificant sorption of moisture, because the properties related 
to the removal of moisture will be highly dependent on the 
choice and amount of excipients, the manufacturing process 
of the final dosage form, and even the impurity profile, both 
in the lead compound and in the excipients. As a rule, any 
property, such as hygroscopicity, which makes it difficult to 
create acceptance criterion should be minimized. Solid-state 
stability, as a result of hygroscopicity often plays a significant 
role in determining the dissolution rate, for example, napsyl-
ate salts often provide a more stable physical form and thus 
allow better dissolution.

8  SOLUBILITY

Solubility is a function of hygroscopicity, polymorphism, and 
chemical nature or pKa of the salt. If the pKa is at least two 
units lower than the pH of the medium, complete dissolution 
can be achieved; the opposite holds true for basic compounds. 

Even though in the early phase of the study the quantity of the 
compound might be limited, solubility studies need to be car-
ried out as a function of pH, leaving sufficient quantity even 
after the formation of salt. The solids formed (both wet and 
dry) should then be studied using the usual techniques, such as 
DSC, TGA, and XRPD. The method of determining solubility 
can often provide variable results. The in situ technique often 
proves more useful to screen out poor solubility compounds; 
the traditional methods are always preferred. Solubility 
increase leads to improved bioavailability and liquid formula-
tion, and can be achieved by increasing the melting point or 
the hydrophobicity of the conjugate anion. Reduced solubility 
is desired for suspension and controlled release dosage forms, 
and can be achieved by decreasing the pKa and increasing the 
solubility of the conjugate acid.

The choice of salt is greatly determined by solubility 
considerations; the pH of the resultant solution is important 
because the salts of the stronger acids produce liquids with a 
lower pH to promote the dissolution of the basic compounds. 
However, in places where a common ion effect can operate, 
such as the use of hydrochloride in gastric fluid, the useful sol-
ubility window might be limited, and this modification might 
not work well. Similarly, when determining the solubility, 
there can often be significant differences in results obtained 
depending on whether it is determined in water, saline, or buf-
fer, as a function of the nature of salt. It is not as straightfor-
ward as in the case of hydrochloride, where a common ion 
effect is clearly the most important observation. There is com-
plex effect of pH, common ion effect, and dielectric properties 
of media.

The dissolution of solid particles of salts can be inhibited 
if the parent acid or base precipitates at the surface of the 
particles undergoing dissolution. For example, stearate salts 
show reduced dissolution if stearic acid layer precipitates on 
the surface in an acidic pH environment.

The choice of salt is often determined by taste consider-
ation, such as the use of benzathine salts of penicillin V; low 
solubility salts have lesser taste, but also dissolve slowly, and 
are often used for preparing depot preparations, such as ben-
zathine salts of penicillin G and V. Similarly, the napsylate 
salt provides better organoleptic properties as a result of its 
low solubility when compared with hydrochloride forms.

The stoichiometry of the salts is established by a detailed 
study of the physical structure using XRPD techniques, and it 
can at times be not what the chemical structures would gener-
ally indicate.

8.1  sAlT forM

Combinatorial chemistry offers many advantages, including 
the synthesis of larger molecular weight drugs, which are 
mostly lipophilic. The bioavailability considerations require 
converting them into salt forms. This trend is apparent from 
recent regulatory approvals by FDA, where more than 50% of 
the new drugs approved have been in salt forms. The common 
methods used for the characterization and the screening of 
salt forms include:
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• XRPD analysis
• Thermal analysis (dsc, tga, thermomechanical 

analysis)
• Dynamic vapor sorption (dvs)
• Nuclear magnetic resonance (nmr)
• Dissolution (including intrinsic)
• Microscopy (light and polarized)
• Density (intrinsic and bulk)
• Particle size (optical, laser light, and light 

obscuration)

A process flow for the selection of the best salt form is given 
in Scheme 9.2.

The choice of using a cation or an anion form is always 
based on all the factors described earlier. There are fewer salt-
forming species for weak acids than there are for weak bases, 
and the available information suggests that, in general, alkali 
metal salts exhibit greater solubility than the correspond-
ing alkaline earth salts. Among cations, the most frequently 
found ion is sodium (62%), followed by potassium and cal-
cium (10%); this is followed by zinc and meglumine (3%), lith-
ium, magnesium diethanolamine, benzathine, ethyldiamine, 

SCHEME 9.2 Decision flow diagram to select the best salt form.
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aluminum, chloroprocaine, and choline (in decreasing order 
of frequency). Among anions, the most frequently used 
counter ion is hydrochloride (almost 50%), followed by sul-
fate (8%), bromide and chloride (5%), diphosphate, citrate, 
maleate (3%), iodine mesylate, hydrobromide (2%), acetate, 
pamoate (1%), isothionate, methylsulfate, salicylate, lactate, 
methylbromide, nitrate, bitartrate, benzoate, dihydrochloride, 
gluconate, carbonate, edisylate, mandelate, methylnitrate, 
subacetate, succinate, benzenesulfonate, calcium edentate, 
camsylate, edentate, fumarate, glutamate, hydrobromine, 
napsylate, pantothenate, stearate, gluceptate, bicarbonate, 
estolate, esylate, glycollylarsinate, hexylresorcinate, lactobi-
onate, maleate, mucate, polygalactoronate, teoclate, and tri-
ethiodide (in decreasing order of frequency). The choice of 
counter ions is a function of the pKa of the weak acid involved 
in the formation of salt. Table 9.5 lists the pKa values of weak 
acids that are most frequently used in salt formation.

To form a salt of a basic compound, the pKa of the salt-
forming acid has to be less than or equal to the pKa of the 
basic center of the compound. As a result, very weak basic 
compounds have a pKa value around 2. Bases with higher 
pKa have a greater range of possibilities for salt formation. 
As most drugs are weak bases, it is not surprising that hydro-
chloride, sulfuric, and toluenesulfonic salts are very common.

The chances are high that a newly discovered drug sub-
stance would have polarizable groups that make the com-
pound capable of interacting with the receptor sites. The 
most common polarizable ends are present in acidic or basic 
compounds. Neutral compounds are inert and mostly inac-
tive, for example, perfluorodecalin is a balanced cyclohexane, 
wherein the ring electronegativity is neutralized by the strong 
fluorine molecules. This molecule is inert, and is not degraded 

by the body. As the availability of the ionizing center leads to 
salt formation, the salt formation studies are one of the most 
important studies at the prenomination stage, because this can 
affect the solubility, dissolution hygroscopity, taste, physical 
and chemical stability, or polymorphism properties of the 
newly discovered drug substance. It is most likely for these 
studies to be conducted after establishing the basic physico-
chemical properties, in order to allow the comparison with 
properties in various salt forms. In the order of importance, 
the selection process follows the following theme.

8.2  MelTinG PoinT

Solubility is increased when the melting point of the salt is 
lower, or where there is improved hydrogen bonding (with 
water), and as a result, the hydroxyl groups in the conju-
gate acid improve the solubility and the hydrophobic groups 
reduce the solubility. Often, it is desired to prepare salts with 
a lower solubility to mask taste, provide slower dissolution, 
and increase its chemical stability. Melting point increase 
results in process problem and reduced solubility; this can 
be achieved by the use of more flexible aliphatic acids with 
aromatic bases. Move to more highly substituted acids that 
destroy the crystal symmetry. A decrease in the melting point 
generally improves the solubility and allows the formation 
of oil, and can be achieved by the use of small counter-ions, 
for example, chloride or bromide, or by the use of aromatic 
conjugate anions if aromatic base, or by using small hydroxyl 
acids if the drug has good hydrogen bonding potential. The 
melting point is generally decreased by increasing the hydrox-
ylation of the conjugate acid, and in the cases of common ion 
dependence, by moving small organic acids. In the case of the 
sodium salt of drugs, the logarithm of aqueous solubility is 
often inversely related to melting point.

8.3  DissoluTion

The factors described earlier that affect the solubility of a lead 
compound when choosing a particular salt form—a polymor-
phic form—a specific crystalline form directly affects the 
most critical parameter that determines the drug activity, 
which is the dissolution rate in the biological milieu. The first 
step in the commencement of dissolution is the wettability of 
solid particles—there is a direct correlation between wettabil-
ity and bioavailability. As the milieu of drug administration 
sites is mostly aqueous in nature, low wettability makes the 
particles less hygroscopic.

The dissolution of the salts leads to a change in the pH of 
the dissolution media because of the buffering effect. A base 
dissolved in acidic media increases the pH, because the acidic 
counter-ions are trapped into salt forms. Similarly, as the salts 
dissolve, the pH shift depends on whether it is the acid or the 
basic component which is weaker. The final balance is always 
dependent on the relative pKa of the acidic and alkaline com-
ponents. This is an important consideration as it explains the 
difference in the results obtained when the studies are con-
ducted in water or buffer. When enteric protection is desired, 

TABLE 9.5
The pKa of Common Weak Acids Used 
in Salt Formation

Acid pKa

Acetate 4.76

Ascorbate 4.21

Benzoate 4.20

Besylate 2.54

Citrate 3.13

Fumarate 3.0, 4.4

Gluconate 3.60

Hydrobromide −8.0

Hydrochloride −6.1

Malate 3.5, 5.1

Mesylate 1.92

Napsylate 0.17

Oleate ~4.0

Phosphate 2.15, 7.20, 12.38

Succinate 4.2, 5.6

Sulfate −3.0

Tartrate 3.0, 4.3

Tosylate −0.51
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the dissolution rates should be determined in 0.1-N HCl, 
wherein many differences in the dissolution rates between 
water and buffer are obviated.

9  STUDY METHODS

At the pre-formulation stage, the limitations of the quantity 
of the sample available determine to a great degree the type 
of study to be conducted. Some physical properties are fun-
damental in nature, whereas others are a manifestation of 
these basic properties. For example, melting point determina-
tion reveals much about the internal structure of crystals, the 
solubility and dissolution characteristics; the latter properties 
are the derived properties. As a result, techniques available 
to study the aforementioned properties are categorized by the 
U.S. FDA in decreasing order of importance (FDA, The Gold 
Sheet, 1985). The following is an expanded list of these meth-
odologies available for evaluation:

• Melting point (HSM)
• IRS
• XRPD
• Thermal analytical techniques [e.g., DSC, differen-

tial thermal analysis (DTA), TGA, and the like]
• Solid-state Raman spectroscopy
• Crystalline index of refraction
• Phase solubility analysis
• Solution pH profile determination
• Solution calorimetry
• Comparative intrinsic dissolution rates
• Cross-polarization/magic angle spinning (CP/MAS) 

solid-state NMR
• Hygroscopicity measurement (particularly for salts)

TherMAl AnAlysis

There are a number of interrelated thermal analytical tech-
niques that can be used to characterize the salts and the poly-
morphs of candidate drugs. The melting point of a salt can 
be manipulated to produce compounds with desirable physi-
cochemical properties for specific formulation types. Of the 
thermal methods available for investigating polymorphism 
and related phenomena, DSC, TGA, and HSM are the most 
widely used methods.

9.1  DifferenTiAl scAnninG cAloriMeTry

This is one of the most frequently used methods to study 
solid-state properties. The flux type DSC involves heating 
the sample and reference samples at a constant rate using 
thermocouples, to determine how much heat is flowing into 
each sample and thus finding the differences between the two. 
Examples of such DSC instrumentation are those provided 
by Mettler and duPont. The power compensation DSC (e.g., 
Perkin-Elmer), an exothermic or endothermic event, occurs 
when a sample is heated, and the power added or subtracted 
to one or both of the furnaces to compensate for the energy 

change occurring in the sample is measured. Thus, the system 
is maintained in a thermally neutral position at all times, and 
the amount of power required to maintain the system at equi-
librium is directly proportional to the energy changes that are 
occurring in the sample. In both types of DSC measurements, 
only a few milligrams of the compound suffices. The sample 
can be heated in an open pan or in hermetically sealed cham-
bers, where there may or may not be vents to release moisture 
or solvents; the compound may be subjected to pyrolysis in 
the testing phase.

Whereas the instrumentation available in the recent years 
has become very sophisticated, making such analysis possible 
with great consistency, the interpretation of the results is highly 
dependent on a keen understanding of the factors that affect the 
results. For example, such subtle factors as the type of pan, the 
heating rate used, the nature and mass of the compound, the 
particle size distribution, packing and porosity, pretreatment 
and dilution of the sample, and the use of the nitrogen cover 
can significantly alter the DSC profile obtained, and should be 
controlled to secure consistency in the repeat results.

A well-designed and properly replicated DSC profile 
would yield such physical properties as melting (endother-
mic), solid-state transitions (endothermic), glass transitions, 
crystallization (endothermic), decomposition (exothermic) 
and dehydration or desolvation (endothermic), and purity (of 
high purity compounds; though much less reliable than high-
performance liquid chromatography, HPLC).

A heating rate of 10°C/min is a useful compromise 
between the speed of analysis and detecting any heating rate-
dependent phenomena. If any heating rate-dependent phe-
nomena are evident, the experiments should be repeated by 
varying the heating rate, in order to identify the nature of the 
transition that might be the result of polymorphism or particle 
size. It is noteworthy that milling the powder size may alter 
the profile significantly, and can be confused with polymor-
phic changes. Using different heating rates often resolves this 
problem.

A number of parameters can be measured from the vari-
ous thermal events detected by DSC. For example, for a melt-
ing endotherm, the onset, peak temperatures, and enthalpy 
of fusion can be derived. The onset temperature is obtained 
by extrapolation from the leading edge of the endotherm to 
the baseline. The peak temperature is the temperature corre-
sponding to the maximum of the endotherm, and the enthalpy 
of fusion is derived from the area of the thermogram. It is 
an accepted custom that the extrapolated onset temperature 
is taken as the melting point; however, some users report the 
peak temperature in this respect. We tend to report both for 
completeness.

Recycling experiments can also be conducted, whereby 
a sample is heated and then cooled. The thermogram might 
show a crystallization exotherm for the sample, which on sub-
sequent reheating might show a melting point different from 
the first run. In a similar way, amorphous forms can be pro-
duced by cooling the molten sample to form a glass.

The calibration of a DSC employs the use of standards; the 
most common ones are listed in Table 9.6. These standards 
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must meet a certain criterion of purity. A two-point calibra-
tion is often needed, for example, using indium and lead.

A variation of DSC is the MDSC (modulated DSC), 
wherein heat is applied sinusoidally, such that any thermal 
events are resolved into reversing and nonreversing compo-
nents to allow complex and even overlapping processes to 
be deconvoluted. The heat flow signal in conventional DSC 
is a combination of “kinetic” and heat capacity responses, 
and Fourier transform (FT) techniques are used to separate 
the heat flow component from the underlying heat flow sig-
nal. The cyclic heat flow part of the signal (heat capacity, 
Cp × heating rate) is termed the reversing heat flow compo-
nent. The nonreversing part is obtained by subtracting this 
value from the total heat flow curve. It is important to note 
that all the noise appear in the nonreversing signal. The limi-
tations of MDSC studies include the requirement of a suf-
ficient number of cycles to cover thermal events. In cases 
where the samples do not follow the signal or where there is 
fluctuation in temperature during the sinusoidal ramp, these 
compounds may not be suitable for this study.

9.2  hoT-sTAGe MicroscoPy

Hot-stage microscopy is a thermal analytical technique, 
whereby a few milligrams of the material is spread on a micro-
scope slide, which is then placed in the hot stage and heated at 
various rates and under different atmospheric environments, 
including very low temperatures. The events can be recorded 
using video systems. Hot-stage microscopy is routinely used 
in conjunction with other methods. Although many newer 
automated methods to observe the melting behavior of crys-
tals are available, to a trained eye, this classic method remains 
one of the most powerful tools.

9.3  TherMoGrAviMeTric AnAlysis

Thermogravimetric analysis is used to detect the amount of 
weight lost on heating a sample. It is based on a sensitive bal-
ance that records the weight of the sample (generally 5–10 
mg) as it is heated under nitrogen. Thermogravimetric analy-
sis experiments can detect the presence of water or solvent in 

different locations in the crystal lattice. This technique has 
an advantage over a Karl Fischer titration or a loss on dry-
ing experiment that can only detect the total amount of mois-
ture present. In addition, TGA requires smaller quantities of 
the compounds than the other two techniques. However, the 
use of very little sample in TGA can yield erroneous results 
because of buoyancy and convection current effects. The total 
amount of moisture lost in TGA experiments is not affected 
by the heating rate; however, the temperature at which it 
occurs may vary. It is noteworthy that the dehydration mecha-
nism and activation of the reaction may be dependent on the 
practice size and sample weight. The TGA is calibrated using 
magnetic standards.

9.4  soluTion cAloriMeTry

Solution calorimetry involves the measurement of heat flow 
when a compound dissolves into a solvent. There are two 
types of solution calorimeters, that is, isoperibol and iso-
thermal. In the isoperibol technique, the heat change caused 
by the dissolution of the solute gives rise to a change in the 
temperature of the solution. This results in a temperature–
time plot from which the heat of the solution is calculated. 
In contrast, in isothermal solution calorimetry (where, by 
definition, the temperature is maintained constant), any heat 
change is compensated by an equal, but opposite, energy 
change, which is then the heat of solution. The latest micro-
solution calorimeter can be used with 3–5 mg of compound. 
Experimentally, the sample is introduced into the equili-
brated solvent system, and the heat flow is measured using a 
heat conduction calorimeter.

Dissolution of a solute involves several thermal events, such 
as heat associated with wetting, breakage of lattice bonds, 
and salvation energy. The peak can be integrated directly to 
give an enthalpy of dissolution. The relative stability of poly-
morphs can be investigated in this way by the magnitude and 
sign (endothermic/exothermic) of the enthalpy of dissolution. 
A more endothermic (or less exothermic) response indicates 
that the energy of solvation of the solute does not compensate 
for the breaking of lattice bonds, and it is therefore the more 
stable solid (polymorphs).

Solution calorimetry can also be used to evaluate amor-
phous/crystalline content in a binary mixture. The enthalpy 
of solution for the amorphous compound is an exothermic 
event, whereas that of the crystalline hydrate is endothermic. 
Enthalpy of solution is a sum of several thermal events, that 
is, heat of wetting (incorporating sorption process, such as 
surface sorption and complexation), disruption of the crys-
tal lattice, and solvation. The order of magnitude of solu-
tion enthalpy for the crystalline compound suggests that the 
disruption of the crystal lattice predominates over the heat 
of solvation. In addition, the ready solubility of the com-
pound in aqueous media is probably governed by entropy 
considerations.

Solution calorimeters are calibrated using KCl in water 
(for endothermic processes) and Tris-HCl in 0.01-M HCl (for 
exothermic processes) standards. For example, the heat of 

TABLE 9.6
Standards for Thermal Analysis in the 
Order of Increasing Melting Point
Temperature (°C) Substance

0 Water

26.87 Phenoxybenzene

114.2 Acetanilide

151.4 Adipic acid

156.6 Indium

229 Tin

232 Caffeine

327.5 Lead

419.6 Zinc
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solution ΔHs) of KCl at 25°C (298.15 K) is 235.86 ± 0.23 J/g. 
Similarly, the ΔHs for tris HCl at 25°C is −29.80 kJ/mol.

9.5  isoTherMAl MicrocAloriMeTry

Isothermal microcalorimetry can also be used to determine, 
among other things, the hygroscopicity of substances. In the 
ramp mode, this technique can be used, like DVS, to examine 
milligram quantities of compound. This instrument utilizes a 
perfusion attachment with a precision flow switching valve. 
The moist gas is pumped into a reaction ampoule through 
two inlets, one that delivers dry nitrogen at 0% RH and the 
other that delivers nitrogen that has been saturated by pass-
ing it through two humidifier chambers maintained at 100% 
RH. The required RH is then achieved by the switching valve, 
which varies the proportion of dry to saturated gas. The RH 
can then be increased or decreased to determine the effect of 
moisture on the physico-chemical properties of the compound.

It is probably more popular to perform microcalorimetry 
in the static mode. In the so-called internal hygrostat method, 
the compound under investigation is sealed into a vial with a 
sealed pipette tip containing the saturated salt solution chosen 
to give the required RH.

9.6  infrAreD sPecTroscoPy

Infrared spectroscopy differentiates solid-state structures 
of compounds just as well as it differentiates and identifies 
the chemical structures and peculiarities. This is because 
the different arrangements of atoms in the solid state lead 
to different molecular environments, which in turn induce 
variability in stretching frequencies. These differences are 
used to distinguish the polymorphic forms of a compound. 
The presence of solvent or water can be detected using this 
technique as a result of the broad—OH stretch associated 
with water.

The IRS is applied to studies in a number of ways: by Nujol 
mull, KBr disc, or the diffuse reflectance (DR) technique. In 
the KBr disc technique, the compound is mixed with KBr and 
compressed into a disc using a press and die. This compres-
sion can be a disadvantage if the compound undergoes a poly-
morphic transformation under pressure.

Nowadays, most instruments use a FT-infrared (FT-IR) 
system, a mathematical operation used to translate a com-
plex curve into its component curves. In an FT-IR instru-
ment, the complex curve is an interferogram, or the sum of 
the constructive and destructive interferences generated by 
overlapping light waves, and the component curves are the 
IR spectrum. The standard IR spectrum is calculated from 
the Fourier-transformed interferogram, giving a spectrum in 
percent transmittance (%T) versus light frequency (cm−1).

An interferogram is generated because of the unique optics 
of an FT-IR instrument. The key components are a moveable 
mirror and a beam splitter. The moveable mirror is respon-
sible for the quality of the interferogram, and it is very impor-
tant to move the mirror at constant speed. For this reason, the 

moveable mirror is often the most expensive component of an 
FT-IR spectrometer. The beam splitter is just a piece of semi-
reflective material, usually Mylar film sandwiched between 
two pieces of IR-transparent material. The beam splitter splits 
the IR beam 50/50 to the fixed and moveable mirrors, and 
then recombines the beams after being reflected at each mir-
ror. The Fourier transform is named after its inventor, the 
French geometrician and physicist Baron Jean Baptiste Joseph 
Fourier, born in 1830.

The FT-IR spectra of amorphous forms are often less well 
defined and can be used to characterize various polymor-
phic forms. Heating experiments are also possible using IRS, 
where the variable temperature IRS is conducted to confirm 
that a solid–solid transition takes place on heating various 
forms of the compounds.

The disadvantages of conventional IRS, like the need to 
compress the samples, is overcome when the diffuse reflec-
tance Fourier transform (DRIFT) technique is used, whereby 
a few milligrams of the compound is dispersed in approxi-
mately 250 mg of KBr, and the spectrum is obtained by reflec-
tion from the surface.

Many substances in their natural states (e.g., powders and 
rough surface solids) exhibit DR, that is, the incident light is 
scattered in all directions as opposed to specular (mirror-like) 
reflection, where the angle of incidence equals the angle of 
reflection. In practice, the DR spectra are complex, and are 
strongly dependent upon the conditions under which they 
are obtained. These spectra can exhibit both absorbance 
and reflectance features as a result of the contributions from 
transmission, internal and specular reflectance components 
and scattering phenomena in the collected radiation. The DR 
spectra are further complicated by sample preparation, par-
ticle size, sample concentration, and optical geometry effects, 
to name a few. Specular reflection, whether it occurs from 
a glossy sample surface or from a crystal surface, produces 
inverted bands (“Restsrahlen bands”) in the DR spectrum, 
which reduces the usefulness of traditional transmission refer-
ence spectra. For highly absorbing samples, these Restsrahlen 
bands are strong. Grinding and diluting the sample with non-
absorbing powder, such as KBr, KCl, Ge, or Si can minimize 
or eliminate these effects. Grinding reduces the contribution 
of reflection from large particle faces. Diluting ensures deeper 
penetration of the incident beam, thus increasing the contribu-
tion to the spectrum of the transmission and internal reflec-
tion component. The resulting spectra have an appearance 
more similar to that of the transmittance spectra than bulk 
reflectance spectra. If sample dilution is not feasible, the spec-
tra may still be improved by using an optical geometry that 
employs a low incident angle and an offline collection angle.

The DR spectrum of a dilute sample of “infinite depth” 
(i.e., up to 3 mm) is usually calculated with reference to the 
diffuse reflectance of the pure diluent to yield the reflectance, 
RiÄ. RiÄ is related to the concentration of the sample, c, by the 
Kubelka–Munk (K–M) equation:

 f R R R( ) ( ) .iA iA iA/ ac/s�� �� ��= − =1 2 2 3032  (1)



213Regulatory and Manufacturing Guidelines 

where a is the absorptivity and s is the scattering coefficient. 
The scattering coefficient depends on both particle size and 
degree of sample packing. Thus, the K–M function can be 
used for accurate quantitative analysis, provided the particle 
size and packing method are strictly controlled. For good dif-
fuse reflectors, plots of the K–M function, f(RiÄ), are analo-
gous to absorbance plots for transmission spectra. Care must 
be taken in applying the K–M equation when RiÄ is much less 
than about 30%, because deviations from linearity can occur 
when the sample concentration is high.

A modification of the aforementioned DR model is the 
praying mantis model, where the preferred offline type incor-
porates two 6:1 90 degree off-axis ellipsoidal mirrors. One 
of the ellipsoids focuses the incident beam on the sample, 
whereas the second collects the radiation diffusely reflected 
by the sample. Both ellipsoidal mirrors are tilted forward; 
therefore, the specular component is deflected behind the 
collecting ellipsoid and permits the collection of primarily 
the diffusely reflected component. Another advantage of the 
“praying mantis” design is the ability to expand the available 
sampling area indefinitely by rotating the ellipsoids and posi-
tioning the sampling point above the optical plane. This acces-
sory may also be used for specular reflectance at a 41.50 angle 
of incidence. This is achieved by tilting the sample angle as 
the alignment mirror. Specular sample holders are available 
for this purpose. Although diffuse reflection spectroscopy 
primarily measures the spectrum of the bulk, it can be very 
sensitive to the nature of the sample, for example, powders 
with a high surface area. Thus, it is valuable for catalysis 
and oxidation studies. In this application, it is important to 
measure the spectrum under controlled atmospheres and at 
high or low temperatures. The “praying mantis” model has 
a large sampling space between the ellipsoids for additional 
accessories, such as vacuum chambers. This cell is specially 
designed to conduct diffuse reflection spectroscopy studies in 
controlled atmospheres at high (up to 750°C) or low (liquid 
nitrogen) temperatures and under vacuum or high pressure 
(e.g., up to 1500 psi).

9.7  x-rAy PoWDer DiffrAcTion

X-rays are part of the electromagnetic spectrum lying 
between ultraviolet and gamma rays, and they are expressed 

in angstrom units (Å). Diffraction is a scattered phenomena, 
and when X-rays are incident on crystalline solids, they are 
scattered in all directions. Scattering occurs as a result of the 
radiation wavelength being in the same order of magnitude as 
the interatomic distances within the crystal structure. X-rays 
are extensively used to characterize a crystal. In Figure 9.8, 
the relationship between the interplanar spacing and the angle 
of an incident beam is described by Bragg’s equation.

The interference is constructive when the phase shift is 
proportional to 2π; this condition can be expressed by Bragg’s 
law:

 nλ θ= 2dsin( )  (2)

where n is an integer, λ is the wavelength of X-rays, and mov-
ing electrons, protons, and neutrons, d is the spacing between 
the planes in the atomic lattice, and θ is the angle between the 
incident ray and the scattering planes.

Bragg’s equation gives an easy way to understand XRPD. 
Powder X-ray diffraction data collected on crystalline sam-
ples gives information about peak intensities and peak posi-
tions. Peak intensities are determined by the contents of 
unit cells, and peak positions are closely related to the cell 
constants. Interplanar spacing is a function of Miller indices 
and cell constants. Therefore, if the cell constants are known 
for a crystalline compound, peak positions corresponding to 
Miller indices can be obtained from the Bragg’s equation: 
the wavelength, λ, is machine-specific. The determination of 
cell parameters in structure determination of XRPD pattern 
is a reverse process to find cell constants from peak posi-
tions. Here, note that the cell constants for a unit cell are not 
affected by the contents in the unit cell. The contents in the 
unit cell have effects on the peak intensities.

The X-ray diffraction experiment requires an X-ray source, 
the sample under investigation, and a detector to pick up the 
diffracted X-rays. Figure 9.9 is a schematic diagram of a pow-
der X-ray diffractometer.

The X-ray radiation most commonly used is that emitted 
by copper, whose characteristic wavelength for the K radia-
tion is 1.5418 Å. When the incident beam strikes a powder 
sample, diffraction occurs in every possible orientation of 2θ. 
The diffracted beam may be detected by using a moveable 
detector, such as a Geiger counter, which is connected to a 

FIGURE 9.8 Braggs diffraction.
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chart recorder. In normal use, the counter is set to scan over a 
range of 2θ values at a constant angular velocity. Routinely, a 
2θ range of 5–70° is sufficient to cover the most useful part of 
the powder pattern. The scanning speed of the counter is usu-
ally 2θ of 2°/min and therefore, about 30 minutes are needed 
to obtain a trace.

An X-ray diffractometer is made up to an X-ray tube gen-
erating X-rays from, for example, Cu, Ka, or Co source and 
a detector. The most common arrangement in pharmaceuti-
cal powder studies is the Bragg–Brentano θ–θ configura-
tion. In this arrangement, the X-ray tube is moved through 
angle θ, and the detector is moved through angle θ. The 
sample is fixed between the detector and the X-ray shown 
in Figure 3.

The powder pattern consists of a series of peaks that have 
been collected at various scattering angles, which are related 
to d-spacing, so that the unit cell dimensions can be deter-
mined. In most cases, the measurement of the d-spacing will 
suffice to positively identify a crystalline material. If the sam-
ple is of amorphous nature, that is, does not show long-range 
order, the X-rays are not coherently scattered, and no peaks 
will be observed.

Although XRPD analysis is a relatively straightforward 
technique for the identification of solid-phase structures, there 
are sources of error, including the following:

• Variations in particle size. Large particle sizes can 
lead to nonrandom orientation, and hence particles 
<10 µm should be used, that is, the sample should 
be carefully ground. However, if the size is too 
small, for example, 1 µm, it leads to the broaden-
ing of the diffraction peaks. Indeed, if the crystal 
sizes are too small, then the sample may appear to 
be amorphous.

• Preferred orientation. If a powder consists of nee-
dle- or plate-shaped particles, these tend to become 
aligned parallel to the specimen axis, and thus cer-
tain planes have a greater chance of reflecting the 
X-rays. To reduce the errors caused by this source, 
the sample is usually rotated. Alternatively, the sam-
ple can be packed into a capillary.

• Statistical errors. The magnitude of statistical errors 
depends on the number of photons counted. To keep 
this number small, scanning should be carried out at 
an appropriately slow speed.

• Sample height. The sample should be at the same 
level as the top of the holder. If the sample height is 
too low, the pattern shifts down the 2θ scale, and if it 
is too high, it moves up the 2θ scale.

• Sample preparation procedures. The greatest poten-
tial source of problems is grinding, which can intro-
duce strain, amorphism, and polymorphic changes. 
Even the contamination from the process of grinding 
(e.g., in a mortar) can significantly affect the diffrac-
tion pattern. Furthermore, the atmosphere surround-
ing the sample can create problems as a result of 
the loss or gain of moisture or carbon dioxide. This 
is particularly true if a heating stage is used; par-
ticularly when a compound undergoes a solid-state 
transition from a low-melting form to a high-melting 
form, this can be detected by a change in the dif-
fraction pattern. Using the Anton Parr TTK-450 
temperature attachment, the compound can be inves-
tigated between subambient temperature and several 
hundred degrees. In cases where desolvation occurs 
upon micronization, heating the sample makes the 
peaks shaper and stronger, indicating an increase 
in crystallinity. This is analogous to the annealing 
exotherm observed in the DSC thermogram. In a 
similar way, the sample can be exposed to varying 
degrees of humidity in situ, and the diffraction pat-
tern determined

• Irradiation effects. Sample exposure can result in 
solid-state reactions, carbonization, polymorphic 
changes, and the like, as a result of high energy 
exposure of the sample.

• Size of sample. The limited amount of compound 
available can be problematic. However, modern dif-
fractometers can use the so-called zero-background 
holders (ZBH). These are made from a single crystal 
of silicon that has been cut along a nondiffracting 
plane, and then polished to an optically flat finish. 
Thus, X-rays incident on this surface will be negated 
by Bragg extinction. In this technique, a thin layer of 
grease is placed on the ZBH surface, and the sam-
ple of ground compound is placed on the surface. 
The excess is removed such that only a monolayer 
is examined. The total thickness of the sample and 
grease should be of the order of a few microns. It is 
important that the sample is deagglomerated so that 
the monolayer condition is met. Using this technique, 
the diffraction pattern of approximately 10 mg of the 
compound can be obtained. One disadvantage of 
the ZBH is that weak reflections may not be readily 
detectable because of the small sample size used.

• Calibration. The XRPD should be properly cali-
brated using the standards available from reliable 
sources, such as the Laboratory of the Government 
Chemist (LGC) in the United Kingdom or the 
National Institute of Standards and Technology 
(NIST) in the United States. Analyzing one or two 
peaks of LaB6 (line broadening calibrator), at least 

FIGURE 9.9 Design plan of a typical X-ray powder diffractometer.
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weekly, should give confidence in the diffractometer 
performance and alert the user to any problems that 
may develop. The common external standards are: 
silicon, a-quartz, gold, and silicon (SRM 640b). The 
primary standards for internal d-spacing include sili-
con (SRM 640b), fluorophlogopite (SRM 675), and 
the secondary standards for internal d-spacing are: 
tungsten, silver, quartz, and diamond. The internal 
quantitative intensity standards are: Al2O3 (SRM 
676), α- and β-silicon nitride (SRM 656), oxides of 
Al, Ce, Cr, Ti, and Zn (SRM 674a), α-silicon diox-
ide (SRM 1878a), and cristobalite (SRM 1879a). 
A typical external sensitivity standard is Al2O3 
(SRM 1976).

9.8  PhAse solubiliTy AnAlysis

Solubility is generally estimated by visual observation. The 
solubility of a compound is initially determined by weighing 
out 10 mg (or other suitable amount) of the compound. To 
this is added 10 µL of the solvent of interest. If the compound 
does not dissolve, a further 40 µL of the solvent is added, and 
its effect is noted. Successive amounts of the solvent are then 
added until the compound is observed to dissolve. This proce-
dure should give an approximate value of the solubility. This 
method does not take into account the kinetic aspects of the 
dissolution processes involved in solubility measurements. To 
determine more accurately the concentration of a saturated 
solution of a compound, the following procedure can be used. 
A known volume of the solvent, water or buffer is taken into 
a scintillation vial, and the compound is added until satura-
tion is observed. The solution is then stirred or shaken and 
the experiment restarted. It is recommended that the experi-
ment be conducted at least overnight or longer, for low solu-
bility compounds. Depending on the amount of the compound 
available, replicate experiments should be carried out. After 
stirring or shaking, the solvent should be separated from the 
suspension by centrifugation or by filtration using polytet-
rafluoroethylene (PTFE) filters. The filtrate is then assayed 
preferably by HPLC; however, ultraviolet (UV)-visible spec-
troscopy can also be used to determine the solubility, if com-
pound stability or impurities are not an issue. This is termed 
as the thermodynamic solubility. It is also useful to measure 
the pH of the filtrate, and to characterize any undissolved 
material by DSC to detect any phase changes that might have 
occurred.

For high-throughput screening (HTS) of solubility, where 
the amount of the compound might be severely restricted, 
reporting kinetic solubility might be adequate. This can be 
accomplished by using techniques, such as a 96-well microti-
ter technique with an integral nephelometer, where aliquots 
of the aqueous solution are placed in the microtiter wells, to 
which are added 1 µL of the compounds in dimethylsulfoxide 
(DMSO), and the plate is shaken. The turbidity of the solu-
tions is then measured using the nephelometer. The process 
is repeated up to 10 times. If turbidity is detected in a cell, 
the experiment is terminated, that is, solution additions are 

stopped, and the solutions are ranked in terms of the number 
of additions that caused turbidity. This method is suitable to 
rank the compounds in terms of their solubility and not to 
measure solubility accurately. A transformation of the amor-
phous form to a crystalline form would decrease the dissolu-
tion rate in most instances. Once the presence of polymorphs 
is established, the solubility of the polymorphs and the ther-
modynamic quantities involved in the transition from a meta-
stable to stable polymorph can be calculated. Experimentally, 
the solubility of the polymorphs are determined at various 
temperatures, and subsequently, the log of the solubility is 
plotted against the reciprocal of the temperature (the van’t 
Hoff method), from which the enthalpy of solution can be 
calculated from the slope. If the lines intersect, it is known 
as the transition temperature, and one consequence of this is 
that there may be a transition from one polymorph to another, 
depending on the storage conditions.

9.9  DynAMic vAPor sorPTion

Measurement of the hygroscopic properties of a compound 
can be conveniently carried out on small quantities of com-
pound using a DVS system (10) from Surface Measurement 
Systems (UK) that allows highly accurate measurements 
under different conditions and materials. The IGAsorp is 
designed to measure accurately the magnitude and kinet-
ics of moisture sorption onto materials. It is fully automated 
and combines an ultrasensitive microbalance with precise 
measurement and control of both humidity and temperature. 
The IGA® (11) series of instruments uniquely utilize the IGA 
method to intelligently determine the equilibrium uptakes and 
kinetics, and the fully automated system is capable of isother-
mal, isochoric, and temperature programmed determinations. 
The RH is generated by bubbling nitrogen through a water 
reservoir, where it is saturated with moisture. Using a mixing 
chamber, the moist nitrogen is mixed with dry nitrogen in a 
fixed ratio, thus producing the required RH. The moist nitro-
gen is then passed over the sample, and the instrument is pro-
grammed such that the increase in weight caused by moisture 
is monitored with time using an ultrasensitive microbalance. 
The compound takes up moisture and reaches equilibrium, at 
which point the next RH stage is programmed to start. The 
adsorption and desorption of moisture can be studied using 
this instrument, and the effect of temperature can be investi-
gated as well. Using this technique, a quantity as small as 1 
mg can be assessed (12).

The SGA-100 Symmetrical Gravimetric Analyzer is a 
continuous vapor flow sorption instrument for obtaining 
water and organic vapor isotherms at temperatures ranging 
from 0°C to 80°C at ambient pressure. As a result of its sym-
metrical design (both the sample and the reference side of 
the microbalance are subjected to identical temperature, rela-
tive humidity, and flow rate), this instrument achieves great 
accuracy and stability. Another benefit of this design is the 
ability to perform absolute or differential adsorption experi-
ments. In addition to isotherms, “isohumesTM”, maintaining 
constant humidity and equilibrating the sample to a series of 
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temperatures, heats and kinetics of adsorption, hydrate for-
mation can also be studied. The core of the instrument is an 
isothermal aluminum block containing the sample chamber, 
which permits very tight control of temperature and RH at 
the sample. The temperature within the block is kept stable 
by a constant temperature bath capable of temperature con-
trol within 0.01°C. Because of the easy access to the sample 
and the absence of glass hang-down tubes, this instrument 
is very easy to operate and highly reliable. The SGA-100 is 
also very compact, with a footprint of only 18″ × 20″ (13). The 
MB-300 G-HP also from VTI Corp is specifically designed 
to obtain adsorption/desorption isotherms at values above the 
atmospheric pressures. A stainless steel microbalance head 
is integrated with a constant temperature bath or cryostat for 
optimal temperature control, a 5000 torr or higher pressure 
transducer, and our high-quality hardware and MicrosoftTM 
WindowsTMbased software. The design of the MB-300 G-HP 
provides very easy access to the sample. When a cryostat is 
used, the experimental temperature range is between 190°C 
and 600°C. The user can also select a constant temperature 
bath for experimental temperatures of 0–80°C and integrate a 
furnace for temperatures up to 500°C. The standard configu-
ration is for up to six atmospheres of pressure; however, higher 
pressures can be achieved by integrating optional equipment. 
Isobars can also be obtained effortlessly.

The Rubotherm system provides gravimetric sorption mea-
surements carried out in a closed measuring cell completely 
thermostated up to 700 K or down to 77 K without tempera-
ture differences or corrosive parts inside the whole measuring 
cell with pressures up to 100 MPa and a mass sensitivity down 
to 1 µg using a magnetic suspension balance to measure mass 
transfer under controlled environments (14).

Normally, the moisture sorption–desorption profile of the 
compound is investigated. This can reveal a range of phenom-
ena associated with the solid. For example, on reducing the 
RH from a high level, hysteresis (separation of the sorption–
desorption curves) may be observed. There are two types of 
hysteresis loops: an open hyteresis loop, where the final mois-
ture content is higher than the starting moisture content due 
to so-called ink-bottle pores, where condensed moisture is 
trapped in pores with a narrow neck, and the closed hysteresis 
loop may be closed due to compounds having capillary pore 
sizes.

When there is a large uptake of moisture, this often indi-
cates a phase change. In this case, the desorption phase is 
characterized by only small decreases in the moisture content 
(depending on the stability of the hydrate formed) until at low 
RH, when the moisture is lost. In some cases, hydrated amor-
phous forms are formed on desorption of the hydrate formed 
on the sorption phase. In this case, the sorption of moisture 
caused the sample to crystallize as a hydrate, which at higher 
RH crystallizes into a higher hydrate. The higher hydrates are 
generally more stable to decreasing RH until the humidity 
level reaches to less than 10% when most of the sorbed mois-
ture can be lost to regenerate the amorphous forms.

In terms of salt selection procedure, the critical rela-
tive humidity (CRH) of each salt should be identified. This 

is defined as the point at which the compound starts to sorb 
moisture. Clearly, compounds or salts that exhibit excessive 
moisture uptake should be rejected. The level of this uptake 
is debatable, but those exhibiting deliquescence (where the 
sample dissolves in the moisture that has been sorbed) should 
be automatically excluded from further consideration.

The automation of moisture sorption measurements is a 
relatively recent innovation. Prior to this advance, moisture 
sorption of compounds (~10 mg) was determined by exposing 
weighed amounts of compound in dishes placed in sealed des-
iccators containing saturated salt solutions. Saturated solutions 
of salts that give defined RH (as a function of temperature) 
have long been in use. The relative humidity of a saturated 
solution at 25°C ranges between 0% for silica gel and 100% 
for water, potassium acetate (20%), calcium chloride (32%), 
sodium bromide (58%), potassium bromide (84%), and dipotas-
sium hydrogen phosphate (92%). The test samples are placed 
in chambers containing these salts and then after saturation 
sorption, analyzed using methods, such as TGA or HPLC, and 
so on, to ascertain if there had been any phase change due to 
sorption in the solid state; this may require additional testing 
using scanning electron microscopy (SEM), DSC, or XRPD.

9.10  DissoluTion TesTinG

During the pre-formulation stage, an understanding of the 
dissolution rate of the drug candidate is necessary, as this 
property of the compound is recognized as a significant factor 
involved in drug bioavailability. Dissolution of a solid usually 
takes place in two stages: salvation of the solute molecules 
by the solvent molecules followed by transport of these mol-
ecules from the interface into the bulk medium by convection 
or diffusion. The major factor that determines the dissolution 
rate is the aqueous solubility of the compound; however, other 
factors, such as particle size, crystalline state (polymorphs, 
hydrates), pH, and buffer concentration can affect the rate. 
Moreover, physical properties, such as viscosity and wettabil-
ity can also influence the dissolution process.

Ideally, dissolution should simulate in vivo conditions. To 
do this, it should be carried out in a large volume of disso-
lution medium, or there must be some mechanism whereby 
the dissolution medium is constantly replenished by fresh sol-
vent. Provided this condition is met, the dissolution testing 
is defined as taking place under sink conditions. Conversely, 
if there is a concentration increase during dissolution test-
ing, such that the dissolution is retarded by a concentration 
gradient, the dissolution is said to be nonsink. While the use 
of the USP paddle dissolution apparatus is mandatory when 
developing a tablet, the rotating disc method has great utility 
with regard to pre-formulation studies. The intrinsic dissolu-
tion rate is the dissolution rate of the compound under the 
condition of constant surface area. The rationale for the use 
of a compressed disc of pure material is that the intrinsic ten-
dency of the test material to dissolve can be evaluated without 
formulation excipients.

Intrinsic dissolution rates of compounds obtained from rotat-
ing discs can be theoretically determined. Under hydrodynamic 
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conditions, the intrinsic dissolution rate is usually proportional 
to the solubility of the solid. However, the dissolution rate 
obtained will depend on the rotation speed. Several modifica-
tions of rotating disc apparatus have been introduced to force 
zero intercepts. A disc is generally prepared by compressing 
about 200 mg of the candidate drug in a hydraulic press; the IR 
press often proves useful as it gives a disc with a diameter of 1.3 
cm. It should be noted that some compounds do not compress 
well and may exhibit elastic compression properties; that is, the 
disc may be very weak, rendering the experiment impossible. 
In addition to poor compression properties, another complica-
tion is that some compounds can undergo polymorphic trans-
formations because of the application of pressure. This should 
therefore be borne in mind if there is insufficient compound to 
perform, for example, XRPD postcompaction.

If the disc has reasonable compression properties, it is then 
attached to a holder and set in motion in the dissolution medium 
(water, buffer, or simulated gastric fluid): we use a rotation 
speed of 100 rpm. A number of analytical techniques can be 
used to follow the dissolution process; however, UV-visible 
spectrophotometry and HPLC with fixed or variable wave-
length detectors (or diode array) appear to be the most com-
mon. The UV system employs a flow through system and does 
not require much attention; however, if HPLC is used, then any 
aliquot taken should be replaced by an equal amount of sol-
vent. The intrinsic dissolution rate is given by the slope of the 
linear portion of the concentration versus time curve divided 
by the area of the disc and has the units of mg/min cm2.

9.11  hiGh-PerforMAnce liquiD chroMAToGrAPhy

High-performance liquid chromatography is used to assess 
the degradation compounds in testing the stability of new 
drugs since in these studies the identification of degradation 
products is very important. Combined with mass spectrom-
eter and the newer instrumentation, liquid chromatography/
tandem mass spectroscopy (LC/MS/MS), and so on, offer 
powerful tools for the elucidation of degradation mechanism.

Isocratic elution is often the most desirable method as it 
does not require postequilibration phase for the next analysis; 
this can be an important consideration if a matrix of factors and 
excipients are studied for interaction. Gradient elution offers 
the advantage of sharper peaks, increased sensitivity, greater 
peak capacity, and selectivity (increased resolving power).

The type of detector to be used is usually dictated by the 
chemical structure of the compound under investigations. As 
most compounds of pharmaceutical interest contain aromatic 
rings, UV detection is the most common detection method. 
When using this technique, the most appropriate wavelength 
is selected from the UV spectrum of the pure compound 
and that of the system suitability sample. Usually, the λmax is 
chosen; however, in order to remove unwanted interference, 
it may be necessary to move away from this value. Where 
possible, the use of wavelength < 250 nm should be avoided 
because of the high level of background interference and sol-
vent adsorption. In practical terms, this requires the use of 
far-UV grade solvents and the avoidance of organic buffers.

Other types of detection include refractive index, fluores-
cence, or mass selective detectors. The use of other types of 
detectors, such as those based on fluorescence, may be used 
for assaying compounds that can be specifically detected at 
low concentrations in the present of nonfluorescent species. 
However, as few compounds are naturally fluorescent, they 
require chemical modification, assuming they have a suitable 
reactive group, to give a fluorescent derivative.

During the early stage of development, the amount of 
method validation carried out is likely to be limited because 
of compound availability. However, a calibration curve should 
be obtained using either an internal standard or external stan-
dard procedure. The latter procedure is commonly employed 
by injecting a fixed volume of standard samples containing 
a range of known concentrations of the compound of inter-
est. Plots of peak height and/or area versus concentration are 
checked for linearity by subjecting the data to linear regres-
sion analysis. Other tests may be carried out, such as the limit 
of detection, precision of the detector response, accuracy, 
reproducibility, specificity, and ruggedness, if more extensive 
validation is required.
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Al-Nimry, S. S. and K. A. Alkhamis (2018). “Effect of mois-
ture content of chitin-calcium silicate on rate of degrada-
tion of cefotaxime sodium.” AAPS PharmSciTech 19(3): 
1337–1343.

Assessment of incompatibilities between active pharma-
ceutical ingredient and pharmaceutical excipients is an impor-
tant part of pre-formulation studies. The objective of the work 
was to assess the effect of moisture content of chitin calcium 
silicate of two size ranges (two specific surface areas) on the 
rate of degradation of cefotaxime sodium. The surface area of 
the excipient was determined using adsorption method. The 
effect of moisture content of a given size range on the stabil-
ity of the drug was determined at 40°C in the solid state. The 
moisture content was determined at the beginning and the end 
of the kinetic study using TGA. The degradation in solution 
was studied for comparison. Increasing the moisture content 
of the excipient of size range 63–180 mum (surface area 7.2 
m(2)/g) from 3.88 to 8.06% increased the rate of degradation 
of the drug more than two times (from 0.0317 to 0.0718 h(−1)). 
While an opposite trend was observed for the excipient of size 
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range < 63 mum (surface area 55.4 m(2)/g). The rate of deg-
radation at moisture content < 3% was 0.4547 h(−1), almost 
two times higher than that (0.2594 h(−1)) at moisture content 
of 8.54%, and the degradation in solid state at both moisture 
contents was higher than that in solution (0.0871 h(−1)). In 
conclusion, the rate of degradation in solid should be studied 
taking into consideration the specific surface area and mois-
ture content of the excipient at the storage condition and it may 
be higher than that in solution.

Alsenz, J., et al. (2016). “Miniaturized INtrinsic DISsolution screen-
ing (MINDISS) assay for preformulation.” Eur J Pharm Sci 
87: 3–13.

This study describes a novel Miniaturized INtrinsic 
DISsolution Screening (MINDISS) assay for measuring 
disk intrinsic dissolution rates (DIDR). In MINDISS, com-
pacted mini disks of drugs (2–5 mg/disk) are prepared in 
custom made holders with a surface area of 3 mm(2). Disks 
are immersed, pellet side down, into 0.35 ml of appropriate 
dissolution media per well in 96-well microtiter plates, media 
are stirred and disk-holders are transferred to new wells after 
defined periods of time. After filtration, drug concentration in 
dissolution media is quantified by Ultra Performance Liquid 
Chromatography (UPLC) and solid state property of the disk 
is characterized by Raman spectroscopy. MINDISS was iden-
tified as an easy-to-use tool for rapid, parallel determination 
of DIDR of compounds that requires only small amounts of 
compound and of dissolution medium. Results obtained with 
marketed drugs in MINDISS correlate well with large scale 
DIDR methods and indicate that MINDISS can be used for 
(1) rank-ordering of compounds by intrinsic dissolution in 
late phase discovery and early development, (2) comparison 
of polymorphic forms and salts, (3) screening and selection 
of appropriate dissolution media, and (4) characterization of 
the intestinal release behavior of compounds along the gas-
tro intestinal tract by changing biorelevant media during 
experiments.

Antovska, P., et al. (2013). “Solid-state compatibility screening of 
excipients suitable for development of indapamide sustained 
release solid-dosage formulation.” Pharm Dev Technol 18(2): 
481–489.

Differential scanning calorimetry and Fourier transform 
infrared spectroscopy were applied as screening analytical 
methods to assess the solid-state compatibility of indapamide 
(4-ch loro- N-(2- methy l-2,3 -dihy droin dol-1 -yl)- 3-sul famoy 
l-ben zamid e) with several polymers aimed for development 
of 24 h sustained-release solid-dosage formulation. After the 
initial research phase which was directed towards selection 
of suitable polymer matrices, based on their solid-state com-
patibility with the studied pharmaceutical active ingredient, 
the second phase of evaluation was intended for compatibility 
selection of other excipients required to complete a sustained 
release formulation. The pre-formulation studies have shown 
that polyvinylpyrrolydone/polyvinyl acetate might be con-
sidered incompatible with indapamide, and the implementa-
tion of this polymer career should be avoided in the case of 
the entitled development. The experimental data additionally 
have revealed that sorbitol is incompatible with indapamide. 
The obtained results afforded deeper insight into the solid-
state stability of the studied binary systems and pointed out 
directions for further development of indapamide sustained 
release solid-dosage formulation.

Baertschi, S. W., et al. (2015). “Implications of in-use photostability: 
Proposed guidance for photostability testing and labeling to 
support the administration of photosensitive pharmaceutical 

products, Part 2: Topical drug product.” J Pharm Sci 104(9): 
2688–2701.

Although essential guidance to cover the photostability 
testing of pharmaceuticals for manufacturing and storage is 
well-established, there continues to be a significant gap in 
guidance regarding testing to support the effective adminis-
tration of photosensitive drug products. Continuing from Part 
1, (Baertschi SW, Clapham D, Foti C, Jansen PJ, Kristensen 
S, Reed RA, Templeton AC, Tonnesen HH. 2013. J Pharm Sci 
102:3888–3899) where the focus was drug products admin-
istered by injection, this commentary proposes guidance for 
testing topical drug products in order to support administra-
tion. As with the previous commentary, the approach taken is 
to examine “worst case” photoexposure scenarios in compari-
son with ICH testing conditions to provide practical guidance 
for the safe and effective administration of photosensitive 
topical drug products.

Baghel, S., et al. (2016). “Polymeric amorphous solid dispersions: A 
review of amorphization, crystallization, stabilization, solid-
state characterization, and aqueous solubilization of biophar-
maceutical classification system class II drugs.” J Pharm Sci 
105(9): 2527–2544.

Poor water solubility of many drugs has emerged as one of 
the major challenges in the pharmaceutical world. Polymer-
based amorphous solid dispersions have been considered as 
the major advancement in overcoming limited aqueous solu-
bility and oral absorption issues. The principle drawback of 
this approach is that they can lack necessary stability and 
revert to the crystalline form on storage. Significant upfront 
development is, therefore, required to generate stable amor-
phous formulations. A thorough understanding of the pro-
cesses occurring at a molecular level is imperative for the 
rational design of amorphous solid dispersion products. This 
review attempts to address the critical molecular and thermo-
dynamic aspects governing the physicochemical properties 
of such systems. A brief introduction to Biopharmaceutical 
Classification System, solid dispersions, glass transition, and 
solubility advantage of amorphous drugs is provided. The 
objective of this review is to weigh the current understanding 
of solid dispersion chemistry and to critically review the theo-
retical, technical, and molecular aspects of solid dispersions 
(amorphization and crystallization) and potential advantage 
of polymers (stabilization and solubilization) as inert, hydro-
philic, pharmaceutical carrier matrices. In addition, different 
pre-formulation tools for the rational selection of polymers, 
state-of-the-art techniques for preparation and characteriza-
tion of polymeric amorphous solid dispersions, and drug 
supersaturation in gastric media are also discussed.

Barrio, M., et al. (2017). “Pressure-temperature phase diagram of 
the dimorphism of the anti-inflammatory drug nimesulide.” 
Int J Pharm 525(1): 54–59.

Understanding the phase behavior of active pharmaceuti-
cal ingredients is important for formulations of dosage forms 
and regulatory reasons. Nimesulide is an anti-inflammatory 
drug that is known to exhibit dimorphism; however up to now 
its stability behavior was not clear, as few thermodynamic 
data were available. Therefore, calorimetric melting data 
have been obtained, which were found to be TI-L=422.4 ± 1.0 
K, Delta I → L H = 1 17.5  ± 5.2 Jg(−1 ),TII -L =  419.8  ± 1. 0 K and 
DeltaII → LH = 108.6 ± 3.3 Jg(−1). In addition, vapor-pressure 
data, high-pressure melting data, and specific volumes have 
been obtained. It is demonstrated that form II is intrinsically 
monotropic in relation to form I and the latter would thus 
be the best polymorph to use for drug formulations. This 
result has been obtained by experimental means, involving 
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high-pressure measurements. Furthermore, it has been shown 
that with very limited experimental and statistical data, the 
same conclusion can be obtained, demonstrating that in first 
instance topological pressure-temperature phase diagrams can 
be obtained without necessarily measuring any high-pressure 
data. It provides a quick method to verify the phase behavior 
of the known phases of an active pharmaceutical ingredient 
under different pressure and temperature conditions.

Beg, S., et al. (2013). “Development of solid self-nanoemulsi-
fying granules (SSNEGs) of ondansetron hydrochloride 
with enhanced bioavailability potential.” Colloids Surf B 
Biointerfaces 101: 414–423.

The current work aims to prepare the solid self-nanoemul-
sifying granules (SSNEGs) of ondansetron hydrochloride 
(ONH) to enhance its oral bioavailability by improving its 
aqueous solubility and facilitating its absorption though lym-
phatic pathways. Pre-formulation studies including screening 
of excipients for solubility and pseudoternary phase diagrams 
suggested the suitability of Capmul MCM as lipid, Labrasol 
as surfactant, and Tween 20 as cosurfactant for preparation 
of self-emulsifying formulations. Preliminary composition 
of the SNEDDS formulations were selected from the phase 
diagrams and subjected to thermodynamic stability studies 
and dispersibility tests. The prepared liquid SNEDDS for-
mulations were characterized for viscosity, refractive index, 
droplet size and zeta potential. The TEM study confirmed 
the formation of nanoemulsion following dilution of liquid 
SNEDDS. The optimized liquid SNEDDS were transformed 
into free flowing granules by adsorption on the porous carri-
ers like Sylysia (350, 550, and 730) and Neusilin US2. Solid 
state characterization employing the FTIR, DSC and powder 
XRD studies indicated lack of any significant interaction of 
drug with the lipidic and emulsifying excipients, and porous 
carriers. In vitro drug release studies indicated faster solubi-
lization of the drug by optimized SSNEGs (over 80% within 
30 min) vis-a-vis the pure drug (only 35% within 30 min). In 
vivo pharmacokinetic studies in Wistar rats observed signifi-
cant increase in C(max) (3.01-fold) and AUC (5.34-fold) using 
SSNEGs compared to pure drug, whereas no significant dif-
ference (p > 0.1) was observed with the liquid SNEDDS. Thus, 
the present studies ratify the bioavailability enhancement 
potential of SSNEGs of ONH prepared using porous carriers.

Chadha, R. and S. Bhandari (2014). “Drug-excipient compatibility 
screening—role of thermoanalytical and spectroscopic tech-
niques.” J Pharm Biomed Anal 87: 82–97.

Estimation of drug-excipient interactions is a crucial step 
in pre-formulation studies of drug development to achieve 
consistent stability, bioavailability and manufacturability 
of solid dosage forms. The advent of thermoanalytical and 
spectroscopic methods like DSC, isothermal microcalorim-
etry, HSM, SEM, FT-IR, solid-state NMR, and PXRD into 
pre-formulation studies have contributed significantly to early 
prediction, monitoring, and characterization of the active 
pharmaceutical ingredient incompatibility with pharma-
ceutical excipients to avoid expensive material wastage and 
considerably reduce the time required to arrive at an appro-
priate formulation. Concomitant use of several thermal and 
spectroscopic techniques allows an in-depth understanding of 
physical or chemical drug-excipient interactions and aids in 
selection of the most appropriate excipients in dosage form 
design. The present review focuses on the techniques for 
compatibility screening of active pharmaceutical ingredient 
with their potential merits and demerits. Further, the review 
highlights the applicability of these techniques using specific 
drug-excipient compatibility case studies.

Dutta, A. K., et al. (2011). “Physicochemical characterization of 
NPC 1161C, a novel antimalarial 8-aminoquinoline, in solu-
tion and solid state.” AAPS PharmSciTech 12(1): 177–191.

NPC 1161C is a novel antimalarial drug of interest because 
of its superior curative and prophylactic activity, and favor-
able toxicity profile against in vivo and in vitro models of 
malaria, pneumocystis carinii pneumonia, and leishmaniasis. 
The pre-formulation studies performed included determina-
tion of pK(a)s, aqueous and pH solubility, cosolvent solubil-
ity, log P, pH stability, thermal analysis, and preliminary 
hygroscopicity studies. The mean pK(a1), pK(a2), and pK(a3) 
were determined to be 10.12, 4.07, and 1.88, respectively. The 
aqueous solubility was found to be 2.4 × 10(−4) M having a 
saturated solution pH of 4.3–5.0 and a low intrinsic solubility 
of 1.6 × 10(−6) M. A mathematical model of the pH-solubil-
ity profile was derived from pH 2.2 to 8.0. An exponential 
decrease in solubility was observed with increasing pH. The 
excess solid phase in equilibrium with the solution in aqueous 
buffers was determined to be the free-base form of the drug. 
A significant increase in solubility was observed with all the 
cosolvents studied, in both unbuffered and buffered systems. 
Mean log P of the salt and the free base were estimated to be 
2.18 and 3.70, respectively. The compound had poor stability 
at pH 7.0 at 37°C, with a t (90) of 3.58 days. Thermal analy-
sis of the drug using DSC and TGA revealed that the drug is 
present as a semi-crystalline powder, which transformed into 
the amorphous state after melting. The drug was also found 
to sublime at higher temperatures. Determination of physi-
cochemical properties of NPC 1161C provided useful infor-
mation for the development of a dosage form and preclinical 
evaluation.

Erxleben, A. (2016). “Application of vibrational spectroscopy to 
study solid-state transformations of pharmaceuticals.” Curr 
Pharm Des 22(32): 4883–4911.

Understanding the properties, stability, and transforma-
tions of the solid-state forms of an active pharmaceutical 
ingredient (API) in the development pipeline is of crucial 
importance for process-development, formulation develop-
ment and FDA approval. Investigation of the polymorphism 
and polymorphic stability is a routine part of the pre-formu-
lation studies. Vibrational spectroscopy allows the real-time 
in situ monitoring of phase transformations and probes inter-
molecular interactions between API molecules, between API 
and polymer in amorphous solid dispersions or between API 
and coformer in cocrystals or coamorphous systems, and thus 
plays a major role in efforts to gain a predictive understanding 
of the relative stability of solid-state forms and formulations. 
Infrared (IR), near-infrared (NIR), and Raman spectrosco-
pies, alone or in combination with other analytical methods, 
are important tools for studying transformations between dif-
ferent crystalline forms, between the crystalline and amor-
phous form, between hydrate and anhydrous form and for 
investigating solid-state cocrystal formation. The develop-
ment of simple-to-use and cost-effective instruments on the 
one hand and recent technological advances such as access to 
the low-frequency Raman range down to 5 cm-1, on the other, 
have led to an exponential growth of the literature in the field. 
This review discusses the application of IR, NIR, and Raman 
spectroscopies in the study of solid-state transformations with 
a focus on the literature published over the last eight years.

Fan, Y., et al. (2015). “Preformulation characterization and in vivo 
absorption in beagle dogs of JFD, a novel anti-obesity drug for 
oral delivery.” Drug Dev Ind Pharm 41(5): 801–811.
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JFD (N-is oleuc yl-4- methy l-1,1 -cycl oprop yl-1- (4-ch lorin e)
phe nyl-2 -amyl amine .HCl)  is a novel investigational anti-obe-
sity drug without obvious cardiotoxicity. The objective of this 
study was to characterize the key physicochemical properties 
of JFD, including solution-state characterization (ionization 
constant, partition coefficient, aqueous and pH-solubility 
profile), solid-state characterization (particle size, thermal 
analysis, crystallinity, and hygroscopicity) and drug-excipi-
ent chemical compatibility. A supporting in vivo absorption 
study was also carried out in beagle dogs. JFD bulk pow-
ders are prismatic crystals with a low degree of crystallinity, 
particle sizes of which are within 2–10 μm2. JFD is highly 
hygroscopic, easily deliquesces to an amorphous glass solid 
and changes subsequently to another crystal form under an 
elevated moisture/temperature condition. Similar physical 
instability was also observed in real-time CheqSol solubil-
ity assay. pK(a) (7.49 ± 0.01), log P (5.10 ± 0.02) and intrinsic 
solubility (S0) (1.75 mug/ml) at 37°C of JFD were obtained 
using potentiometric titration method. Based on these solu-
tion-state properties, JFD was estimated to be classified as 
BCS II, thus its dissolution rate may be an absorption-limiting 
step. Moreover, JFD was more chemically compatible with 
dibasic calcium phosphate, mannitol, hypromellose, and col-
loidal silicon dioxide than with lactose and magnesium stea-
rate. Further, JFD exhibited an acceptable pharmacokinetic 
profiling in beagle dogs and the pharmacokinetic parameters 
T(max), C(max), AUC(0-t) and absolute bioavailability were 
1.60 ± 0.81 h, 0.78 ± 0.47 mug/ml, 3.77 ± 1.85 mug.h/ml and 
52.30 ± 19.39%, respectively. The pre-formulation character-
ization provides valuable information for further development 
of oral administration of JFD.

Gajdziok, J. and B. Vranikova (2015). “Enhancing of drug bioavail-
ability using liquisolid system formulation.” Ceska Slov Farm 
64(3): 55–66.

One of the modern technologies of how to ensure sufficient 
bioavailability of drugs with limited water solubility is repre-
sented by the preparation of liquisolid systems. The functional 
principle of these formulations is the sorption of a drug in a 
liquid phase to a porous carrier (aluminometasilicates, micro-
crystalline cellulose, etc.). After addition of further excipients, 
in particular a coating material (colloidal silica), a powder is 
formed with the properties suitable for conversion to conven-
tional solid unit dosage forms for oral administration (tablets, 
capsules). The drug is subsequently administered to the GIT 
already in a dissolved state, and moreover, the high surface area 
of the excipients and their surface hydrophilization by the sol-
vent used, facilitates its contact with and release to the dissolu-
tion medium and GI fluids. This technology, due to its ease of 
preparation, represents an interesting alternative to the currently 
used methods of bioavailability improvement. The article fol-
lows up, by describing the specific aspects influencing the prepa-
ration of liquid systems, on the already published papers about 
the bioavailability of drugs and the possibilities of its technologi-
cal improvement.Key words: liquisolid systems bioavailability 
porous carrier coating material pre-formulation studies.

Kim, M. S., et al. (2013). “Supersaturatable formulations for the 
enhanced oral absorption of sirolimus.” Int J Pharm 445(1–2): 
108–116.

The purpose of this study was to develop supersaturatable 
formulations for the enhanced solubility and oral absorption 
of sirolimus. Supersaturatable formulations of hydrophilic 
polymers and/or surfactants were screened by formulation 
screening, which is based on solvent casting. The solid disper-
sion particles in the optimized formulations were prepared by 
spray drying. The particles were characterized in vitro and in 

vivo. The most effective supersaturatable formulation found in 
the formulation screening process was hydroxypropylmethyl 
cellulose (HPMC)-D-alpha-tocopheryl polyethylene glycol 
1000 succinate (TPGS), followed by HPMC-Sucroester. In 
addition, the supersaturated state generated from HPMC-
TPGS and HPMC-Sucroester 15 particles prepared by spray 
drying significantly improved the oral absorption of sirolimus 
in rats. Based on the pharmacokinetic parameters and sup-
porting in vitro supersaturated dissolution data, the enhanced 
supersaturation properties of sirolimus led to enhanced in vivo 
oral absorption. In addition, the experimental results from the 
formulation screening used in our study could be useful for 
enhancing the bioavailability of sirolimus in pre-formulation 
and formulation studies.

Kumar, L., et al. (2013). “Effect of counterion on the solid state photo-
degradation behavior of prazosin salts.” AAPS PharmSciTech 
14(2): 757–763.

The effect of counterion was evaluated on the photodeg-
radation behavior of six prazosin salts, viz., prazosin hydro-
chloride anhydrous, prazosin hydrochloride polyhydrate, 
prazosin tosylate anhydrous, prazosin tosylate monohydrate, 
prazosin oxalate dihydrate, and prazosin camsylate anhy-
drous. The salts were subjected to UV-Visible irradiation in 
a photostability test chamber for 10 days. The samples were 
analyzed for chemical changes by a specific stability-indi-
cating high-performance liquid chromatography method. pH 
of the microenvironment was determined in 10%w/v aque-
ous slurry of the salts. The observed order of photostability 
was: prazosin hydrochloride anhydrous > prazosin camsyl-
ate anhydrous~prazosin-free base > prazosin hydrochloride 
polyhydrate > prazosin tosylate anhydrous > prazosin oxalate 
dihydrate~prazosin tosylate monohydrate. Multivariate analy-
sis of the photodegradation behavior suggested predominant 
contribution of the state of hydration and also intrinsic pho-
tosensitivity of the counterion. Overall, hydrated salts showed 
higher photodegradation compared to their anhydrous coun-
terparts. Within the anhydrous salts, aromatic and carbonyl 
counterion-containing salts showed higher susceptibility to 
light. The pH of microenvironment furthermore contributed 
to photodegradation of prazosin salts, especially for drug 
counterions with inherent higher pH. The study reveals impor-
tance of selection of a suitable drug salt form for photosensi-
tive drugs during pre-formulation stage of drug development.

Liltorp, K., et al. (2011). “Solid state compatibility studies with tab-
let excipients using non thermal methods.” J Pharm Biomed 
Anal 55(3): 424–428.

Compatibility between two new active pharmaceutical 
ingredients (API) and several pharmaceutical excipients used 
in solid formulations has been investigated by FT-IR and HPLC 
following storage under two different conditions. Compatibility 
was investigated by storage at isothermal stress conditions for 
(i) 3 days and subsequently analysed by FT-IR and (ii) 12 weeks 
of storage and analysis by HPLC. For the majority of the exam-
ined excipients a large degradation measured by HPLC after 
12 weeks storage was also detected by FT-IR following stor-
age at isothermal stress conditions for 3 days, i.e. there was a 
general agreement between the results obtained by the two pro-
tocols. Further, the FT-IR method showed clear incompatibil-
ity with three excipients where no degradation products were 
detected by HPLC, but where a significant decrease in the API 
quantified by the HPLC assay, was observed. The accelerated 
method thus showed a clear advantage: incompatibility found 
after 12 weeks using HPLC was seen after 3 days with FT-IR. 
Furthermore, FT-IR provides an insight into structural changes 
not seen with HPLC. This is exemplified by the desalting of 
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a hydrogen bromide salt of one of the two compounds, which 
might lead to changes of the intrinsic dissolution rate and poten-
tially affect the bioavailability of the API.

Madsen, C. M., et al. (2016). “Supersaturation of zafirlukast in fasted 
and fed state intestinal media with and without precipitation 
inhibitors.” Eur J Pharm Sci 91: 31–39.

Poor water solubility is a bottleneck in the development of 
many new drug candidates, and understanding and circum-
venting this is essential for a more effective drug development. 
Zafirlukast (ZA) is a leukotriene antagonist marketed for the 
treatment of asthma (Accolate(R)). ZA is poorly water soluble, 
and is formulated in an amorphous form (aZA) to improve 
its solubility and oral bioavailability. It has been shown that 
upon dissolution of aZa, the concentration of ZA in solution 
is supersaturated with respect to its stable crystalline form 
(ZA monohydrate), and thus, in theory, the bioavailability 
increases upon amorphization of ZA. The polymers hydroxy-
propylmethylcellulose (HPMC) and polyvinylpyrrolidone 
(PVP), often used as stabilizers of the supersaturated state, 
are in the excipient list of Accolate(R). It is not recommended 
to take Accolate(R) with food, as this reduces the bioavail-
ability by 40%. The aim of this study was to investigate the 
effect of simulated fasted and fed state intestinal media as well 
as the effect of HPMC and PVP on the supersaturation and 
precipitation of ZA in vitro. Supersaturation of aZA was stud-
ied in vitro in a small scale setup using the muDiss Profiler. 
Several media were used for this study: One medium simu-
lating the fasted state intestinal fluids and three media simu-
lating different fed state intestinal fluids. Solid-state changes 
of the drug were investigated by small-angle X-ray scatter-
ing. The duration wherein aZA was maintained at a super-
saturated state was prolonged in the presence of HPMC and 
lasted more than 20 h in the presence of PVP in a fasted state 
intestinal medium. The presence of PVP increased the con-
centration of drug dissolved in the supersaturated state. The 
duration of supersaturation was shorter in fed than in a fasted 
state simulated intestinal media, but the concentration during 
supersaturation was higher. It was thus not possible to pre-
dict any positive or negative food effects from the dissolution/
precipitation curves from different media. Lipolysis products 
in the fed state simulated media seemed to cause both a nega-
tive effect on the duration of supersaturation, and an increased 
drug concentration during supersaturation. In contrast, when 
testing the effect of a fed state simulated medium compared to 
the fasted state medium, in the presence of PVP, a clear nega-
tive effect was seen on the dissolution/precipitation curved of 
the fed state medium. The drug concentration during super-
saturation was marginally different in the two media, but a 
precipitation of ZA was seen in the fed state medium, which 
was not observed in the fasted state medium. Solid state trans-
formation from aZA to ZA monohydrate (mhZA) upon pre-
cipitation of the supersaturated solutions was confirmed by 
small-angle X-ray scattering. All of these results can explain 
the described in vivo behavior of ZA. For ZA simple dissolu-
tion experiments in vitro can be used to examine supersatura-
tion, effectiveness of PI, and potential food effects on these.

Malaj, L., et al. (2011). “Characterization of nicergoline polymorphs 
crystallized in several organic solvents.” J Pharm Sci 100(7): 
2610–2622.

Nicergoline (NIC), a poorly water-soluble semisynthetic 
ergot derivative, was crystallized from several organic sol-
vents, obtaining two different polymorphic forms, the tri-
clinic form I and the orthorhombic form II. NIC samples were 
then characterized by several techniques such as (13)C cross-
polarization magic angle spinning solid-state spectroscopy, 

room-temperature and high-temperature X-ray powder dif-
fraction, differential scanning calorimetry, and by analysis of 
weight loss, solvent content, powder density, morphology, and 
particle size. Solubility and intrinsic dissolution rates deter-
mined for the two polymorphic forms in water and hydro-
chloride solutions (HCl 0.1 N) were always higher for form II 
than for form I, which is actually the form used for the indus-
trial preparation of NIC medicinal products. Pre-formulation 
studies might encourage industry for the evaluation of poly-
morph II, as it is more suitable for pharmaceutical applica-
tions. Results in drug delivery, as well as those obtained by the 
above-mentioned techniques, and the application of Burger-
Ramberger’s rules make it possible to conclude that there is a 
thermodynamic relation of monotropy between the two poly-
morphs. This last assumption may help formulators in predict-
ing the relative stability of the two forms.

Moriyama, K., et al. (2017). “Visualization of protonation/deprot-
onation of active pharmaceutical ingredient in solid state by 
vapor phase amine-selective alkyne tagging and raman imag-
ing.” J Pharm Sci 106(7): 1778–1785.

Here, we report a simple and direct method to visualize the 
protonation/deprotonation of an amine active pharmaceutical 
ingredient (API) in the solid state using a solid-vapor reaction 
with propargyl bromide and Raman imaging for the assessment 
of the API during the manufacturing process of solid formula-
tions. An alkyne tagging occurred on the free form of solid 
haloperidol by the vapor phase reaction, and a distinct Raman 
signal of alkyne was detected. Alkyne signal monitoring by 
Raman imaging enabled us to visualize the distribution of the 
free-form haloperidol in a solid formulation. On the other hand, 
haloperidol hydrochloride did not react with propargyl bro-
mide in the solid-vapor reaction, and the alkyne signal was not 
observed. Using the difference in reactivity, the protonation/
deprotonation of the amine API in the solid state could be visu-
alized. As an example of application, we tried to visually assess 
the protonation/deprotonation state when the free-form halo-
peridol was ground with acids using the solid-vapor reaction 
and Raman imaging and found that haloperidol was partially 
protonated when ground with 2 equivalents of hydrogen chlo-
ride. Furthermore, we demonstrated the relationship between 
the degree of protonation and the amount of water added as a 
medium for grinding haloperidol with succinic acid.

Mortko, C. J., et al. (2010). “Risk assessment and physicochemi-
cal characterization of a metastable dihydrate API phase for 
intravenous formulation development.” J Pharm Sci 99(12): 
4973–4981.

(1S,5 R)-2- {[(4S )-aze pan-4 -ylam ino]c arbon yl}-7 -oxo- 2,6-d 
iazab icycl o[3.2 .0] heptane-6-sulfonic acid (Compound 1) is a 
beta-lactamase inhibitor for intravenous administration. The 
objective of this pre-formulation study was to determine the 
most appropriate form of the API for development. Compound 
1 can exist as an amorphous solid and four distinct crystal-
line phases A, B, C, and D in the solid state. Slurry experi-
ments along with analysis of physicochemical properties were 
used to construct a phase diagram and select the most suitable 
form of the API for development. In aqueous formulations, 
the dihydrate form of the API was predominant and, due to 
the more favorable solubility and dissolution profile required 
for preclinical and clinical studies, a metastable form of the 
API was selected, and the risks associated with developing 
this form were evaluated.

Nie, H., et al. (2016). “Impact of metallic stearates on dispropor-
tionation of hydrochloride salts of weak bases in solid-state 
formulations.” Mol Pharm 13(10): 3541–3552.
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Excipient-induced salt disproportionation (conversion 
from salt form to free form) in the solid state during stor-
age or manufacturing is a severe formulation issue that can 
negatively influence product performance. However, the 
role of excipient properties on salt disproportionation and 
mechanisms of proton transfer between salt and excipients 
are still unclear. Moreover, knowledge about the formation 
of disproportionation products and the consequent impact of 
these reactions products on the disproportionation process is 
still inadequate. In the present study, three commonly used 
lubricants (sodium stearate, calcium stearate, and magnesium 
stearate) were mixed with a hydrochloride salt as binary mix-
tures to examine their different capabilities for inducing salt 
disproportionation at a stressed storage condition (40°C/65% 
RH). The overall objective of this research is to explore fac-
tors influencing the kinetics and extent of disproportionation 
including surface area, alkalinity, hygroscopicity, formation 
of new species, etc. In addition, we also aim to clarify the 
reaction mechanism and proton transfer between the model 
salt and stearates to provide insight into the in situ formed 
reaction products. We found that the properties of stearates 
significantly affect the disproportionation process in the ini-
tial stage of storage, while properties of the reaction products 
negatively affect the hygroscopicity of the powder mixture 
promoting disproportionation during longer-term storage. In 
addition, lubrication difference among three stearates was 
evaluated by performing compaction studies. The findings of 
this study provide an improved understanding of the proton 
transfer mechanism between the ionized form of an active 
pharmaceutical ingredient and excipients in solid dosage 
forms. It also provides pragmatic information for formulation 
scientists to select appropriate lubricants and other excipients, 
and to design robust formulations.

Nie, H., et al. (2017). “Crystalline solid dispersion-a strategy to 
slowdown salt disproportionation in solid state formulations 
during storage and wet granulation.” Int J Pharm 517(1–2): 
203–215.

Salt disproportionation (a conversion from the ionized to 
the neutral state) in solid formulations is a potential concern 
during manufacturing or storage of products containing a salt 
of the active pharmaceutical ingredient (API) due to the nega-
tive ramifications on product performance. However, it is chal-
lenging to find an effective approach to prevent or mitigate this 
undesirable reaction in formulations. Hence, the overall objec-
tive of this study is to explore novel formulation strategies to 
reduce the risk of salt disproportionation in pharmaceutical 
products. Crystals of pioglitazone hydrochloride salt were 
dispersed into polymeric matrices as a means of preventing 
the pharmaceutical salt from direct contact with problematic 
excipients. It was found that the level of salt disproportion-
ation could be successfully reduced during storage or wet 
granulation by embedding a crystalline salt into a polymeric 
carrier. Furthermore, the impact of different polymers on the 
disproportionation process of a salt of a weakly basic API was 
investigated herein. Disproportionation of pioglitazone hydro-
chloride salt was found to be significantly affected by the 
physicochemical properties of different polymers including 
hygroscopicity and acidity of substituents. These findings pro-
vide an improved understanding of the role of polymeric car-
riers on the stability of a salt in solid formulations. Moreover, 
we also found that introducing acidifiers into granulation 
fluid can bring additional benefits to retard the disproportion-
ation of pioglitazone HCl during the wet granulation process. 
These interesting discoveries offer new approaches to mitigate 

disproportionation of API salt during storage or processing, 
which allow pharmaceutical scientists to develop appropriate 
formulations with improved drug stability.

Paczkowska, M., et al. (2015). “Complex of rutin with beta-cyclodex-
trin as potential delivery system.” PLoS One 10(3): e0120858.

This study aimed to obtain and characterize an RU-beta-CD 
complex in the context of investigating the possibility of changes 
in the solubility, stability, antioxidative and microbiological 
activity as well as permeability of complexated rutin as against 
its free form. The formation of the RU-beta-CD complex via 
a co-grinding technique was confirmed by using DSC, SEM, 
FT-IR, and Raman spectroscopy, and its geometry was assessed 
through molecular modeling. It was found that the stability and 
solubility of the so-obtained complex were greater compared to 
the free form; however, a slight decrease was observed inits anti-
bacterial potency. An examination of changes in the EPR spec-
tra of the complex excluded any reducing effect of complexation 
on the antioxidative activity of rutin. Considering the prospect 
of pre-formulation studies involving RU-beta-CD complexes, 
of significance is also the observed possibility of prolongedly 
releasing rutin from the complex at a constant level over a long 
period of 20 h, and the fact that twice as much complexated rutin 
was able to permeate compared to its free form.

Paudel, A., et al. (2015). “Raman spectroscopy in pharmaceutical 
product design.” Adv Drug Deliv Rev 89: 3–20.

Almost 100 years after the discovery of the Raman scatter-
ing phenomenon, related analytical techniques have emerged 
as important tools in biomedical sciences. Raman spectros-
copy and microscopy are frontier, non-invasive analytical 
techniques amenable for diverse biomedical areas, ranging 
from molecular-based drug discovery, design of innovative 
drug delivery systems and quality control of finished products. 
This review presents concise accounts of various conventional 
and emerging Raman instrumentations including associated 
hyphenated tools of pharmaceutical interest. Moreover, rel-
evant application cases of Raman spectroscopy in early and 
late phase pharmaceutical development, process analysis and 
micro-structural analysis of drug delivery systems are intro-
duced. Finally, potential areas of future advancement and 
application of Raman spectroscopic techniques are discussed.

Penumetcha, S. S., et al. (2016). “Hot melt extruded Aprepitant-
Soluplus solid dispersion: Preformulation considerations, 
stability and in vitro study.” Drug Dev Ind Pharm 42(10): 
1609–1620.

CONTEXT: Solubility limitation of BCS class II drugs 
pose challenges to in vitro release. OBJECTIVE: To inves-
tigate the miscibility of Aprepitant (APR) and Soluplus((R)) 
(SOL) for hot melt extrusion (HME) viability and improved 
in vitro release of APR. METHODS: Solubility parameters of 
APR and SOL from group contribution methods were evalu-
ated. Heat-cool-heat differential scanning calorimetry (DSC) 
scans were assessed for determining the glass forming ability 
(GFA) and glass stability (GS) of APR. An optimum HME 
temperature was selected based on melting point depression in 
physical mixtures. Moisture sorption isotherms were collected 
using a dynamic vapor sorption (DVS) analyzer at 25°C. A 
1:4 APR:SOL physical mixture was extruded in a co-rotating 
12 mm twin screw extruder and in vitro release was assessed 
in fasted state simulated intestinal fluid (FaSSIF) with 0.25% 
SLS. Extrudates were analyzed using TGA, DSC, XRD, and 
FTIR. RESULTS: APR was classified as a class II glass for-
mer. APR and SOL had composition-dependent miscibility 
based on Gibb’s free energy of mixing. Extrudate prepared 
using HME had an amorphous as well as a crystalline phase 
that showed good stability in accelerated stability conditions. 



223Regulatory and Manufacturing Guidelines 

Smaller particle size extrudates exhibited a higher % moisture 
uptake and in vitro release compared to larger particle size 
extrudates. Enhanced in vitro release of APR from extrudates 
was attributed to amorphization of APR, solubilization as 
well as crystal growth inhibition effect of SOL due to H-bond 
formation with APR. CONCLUSIONS: A solid dispersion of 
APR with improved in vitro release was successfully devel-
oped using HME technology.

Purohit, H. S., et al. (2017). “Insights into nano- and micron-scale 
phase separation in amorphous solid dispersions using fluo-
rescence-based techniques in combination with solid state 
nuclear magnetic resonance spectroscopy.” Pharm Res 34(7): 
1364–1377.

PURPOSE: Miscibility between the drug and the polymer 
in an amorphous solid dispersion (ASD) is considered to be 
one of the most important factors impacting the solid state sta-
bility and dissolution performance of the active pharmaceuti-
cal ingredient (API). The research described herein utilizes 
emerging fluorescence-based methodologies to probe (im)
miscibility of itraconazole (ITZ)-hydroxypropyl methylcel-
lulose (HPMC) ASDs. METHODS: The ASDs were prepared 
by solvent evaporation with varying evaporation rates and 
were characterized by steady-state fluorescence spectroscopy, 
confocal imaging, differential scanning calorimetry (DSC), 
and solid state nuclear magnetic resonance (ssNMR) spectros-
copy. RESULTS: The size of the phase separated domains for 
the ITZ-HPMC ASDs was affected by the solvent evaporation 
rate. Smaller domains (<10 nm) were observed in spray-dried 
ASDs, whereas larger domains (>30 nm) were found in ASDs 
prepared using slower evaporation rates. Confocal imaging 
provided visual confirmation of phase separation along with 
chemical specificity, achieved by selectively staining drug-
rich and polymer-rich phases. ssNMR confirmed the results 
of fluorescence-based techniques and provided information 
on the size of phase separated domains. CONCLUSIONS: 
The fluorescence-based methodologies proved to be sensitive 
and rapid in detecting phase separation, even at the nanoscale, 
in the ITZ-HPMC ASDs. Fluorescence-based methods thus 
show promise for miscibility evaluation of spray-dried ASDs.

Saal, W., et al. (2018). “The quest for exceptional drug solubilization 
in diluted surfactant solutions and consideration of residual 
solid state.” Eur J Pharm Sci 111: 96–103.

Solubility screening in different surfactant solutions is an 
important part of pharmaceutical profiling. A particular inter-
est is in low surfactant concentrations that mimic the dilution 
of an oral dosage form. Despite of intensive previous research 
on solubilization in micelles, there is only limited data avail-
able at low surfactant concentrations and generally missing 
is a physical state analysis of the residual solid. The present 
work, therefore, studied 13 model drugs in 6 different oral sur-
factant solutions (0.5%, w/w) by concomitant X-ray diffraction 
(XRPD) analysis to consider effects on solvent-mediated phase 
transformations. A particular aspect was potential occurrence 
of exceptionally high drug solubilization. As a result, general 
solubilization correlations were observed especially between 
surfactants that share chemical similarity. Exceptional solu-
bility enhancement of several hundred-fold was evidenced in 
case of sodium dodecyl sulfate solutions with dipyridamole 
and progesterone. Furthermore, carbamazepine and testoster-
one showed surfactant-type dependent hydrate formation. The 
present results are of practical relevance for an optimization 
of surfactant screenings in pre-formulation and early develop-
ment and provide a basis for mechanistic modeling of surfac-
tant effects on solubilization and solid state modifications.

Sadou Yaye, H., et al. (2017). “Investigating therapeutic usage of 
combined Ticagrelor and Aspirin through solid-state and ana-
lytical studies.” Eur J Pharm Sci 107: 62–70.

The mainstay treatment for patients with acute coronary 
syndrome is an oral route dual antiplatelet therapy with a 
P2Y12-receptor antagonist and Aspirin (ASA). To improve 
patient adherence to such treatments, combination therapies 
(polypill) are envisioned. Physicochemical solid-state stud-
ies have been carried out to develop a pre-formulation strat-
egy of ASA with the P2Y12-receptor antagonist Ticagrelor 
(TIC). The investigations were carried out using differential 
scanning calorimetry, liquid chromatography-high resolu-
tion-multistage mass spectrometry (LC-HR-MS(n)) and as 
complementary techniques Fourier transform infrared mea-
surements and thermogravimetric analysis. A simple eutectic 
transition at 98°C with a mole fraction for the eutectic liq-
uid of 0.457 has been observed and the mixing of ASA and 
TIC molecules in each other’s crystal structures appears to 
be limited. No cocrystals of TIC and ASA have been found. 
The appearance of the eutectic liquid was linked with a clear 
onset of chemical instability of the two pharmaceuticals. The 
decomposition mechanism in the liquid phase involves prior 
decomposition of ASA, whose residues react with well-iden-
tified TIC interaction sites. Seven interaction products were 
observed by LC-HR-MS(n) linked to corresponding degra-
dation products. The most important degradation pathway is 
N-dealkylation. In conclusion, polypills of ASA and TIC are 
a viable approach, but the decomposition of ASA should be 
avoided by eliminating high temperatures and high humidity.

Saha, S. C., et al. (2013). “Physicochemical characterization, solu-
bilization, and stabilization of 9-nitrocamptothecin using plu-
ronic block copolymers.” J Pharm Sci 102(10): 3653–3665.

Solid-state properties and physicochemical characteristics 
of 9-nitrocamptothecin (9NC) were investigated with a view 
of molecular and bulk level understanding of its poor aqueous 
solubility and hydrolytic instability that prevent efficient drug 
delivery and pharmacological activity. 9NC bulk drug sub-
stance was found to be a nonhygroscopic, yellowish crystalline 
solid with long rectangular prism-shaped particle morphology 
and a sharp melting point at 264°C. Hydrolysis of 9NC-lactone 
occurs above pH 4, whereas complete conversion of lactone to 
carboxylate was recorded above pH 8. At saturated conditions, 
appreciable concentrations of 9NC-lactone were detected at 
pH as high as 11. 9NC undergoes oxidation in the presence of 
dimethyl sulfoxide with formation of 9NC-N-oxide. The total 
solubility of lactone and carboxylate forms of 9NC in deion-
ized water was found to be less than 5 mug/mL, whereas the 
solubility of 9NC-lactone in aqueous acidic media was deter-
mined to be approximately 2.5 mug/mL. Incorporation of 
10% pluronic copolymers P123, F127, and F68 in 10 mM HCl 
increased 9NC solubility by 13-fold, eightfold, and fivefold, 
respectively. The thermodynamic stability of drug-loaded plu-
ronic micelles was evaluated under isothermal variable volume 
conditions and found F127, among all poloxamers, to offer the 
best hydrolytic protection efficacy for 9NC.

Sigfridsson, K., et al. (2018). “Salt formation improved the prop-
erties of a candidate drug during early formulation develop-
ment.” Eur J Pharm Sci 120: 162–171.

The purpose of this study was to investigate if AZD5329, a 
dual neurokinin NK1/2 receptor antagonist, is a suitable can-
didate for further development as an oral immediate release 
(IR) solid dosage form as a final product. The neutral form of 
AZD5329 has only been isolated as amorphous material. In 
order to search for a solid material with improved physical and 
chemical stability and more suitable solid-state properties, a 
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salt screen was performed. Crystalline material of a maleic 
acid salt and a fumaric acid salt of AZD5329 were obtained. 
X-ray powder diffractiometry, thermogravimetric analysis, 
differential scanning calorimetry, and dynamic vapor sorption 
were used to investigate the physicochemical characteristics 
of the two salts. The fumarate salt of AZD5329 is anhydrous, 
the crystallization is reproducible and the hygroscopicity 
is acceptable. Early polymorphism assessment work using 
slurry technique did not reveal any better crystal modifica-
tion or crystallinity for the fumarate salt. For the maleate salt, 
the form isolated originally was found to be a solvate, but an 
anhydrous form was found in later experiments; by suspension 
in water or acetone, by drying of the solvate to 100–120°C or 
by subjecting the solvate form to conditions of 40°C/75%RH 
for 3 months. The dissolution behavior and the chemical sta-
bility (in aqueous solutions, formulations and solid-state) of 
both salts were also studied and found to be satisfactory. The 
compound displays sensitivity to low pH, and the salt of the 
maleic acid, which is the stronger acid, shows more degra-
dation during stability studies, in line with this observation. 
The presented data indicate that the substance fulfills basic 
requirements for further development of an IR dosage form, 
based on the characterization on crystalline salts of AZD5329.

Sigfridsson, K., et al. (2015). “A small structural change resulting in 
improved properties for product development.” Drug Dev Ind 
Pharm 41(5): 866–873.

AZD9343 is a water-soluble gamma amino butyric acid 
(GABAB) agonist intended for symptomatic relief in gastro-
esophageal reflux disease (GERD) patients. The compound has 
good chemical stability in aqueous solutions, as well as in the 
solid state. Only one crystal modification has been observed 
to date. This polymorph is slightly hygroscopic (1.5% water 
uptake at 80% relative humidity (RH)), which is an improve-
ment compared to the structurally similar agonist lesogaberan 
(AZD3355) which liquefies at 65% RH. Since the substance is 
very polar and lacks a UV chromophore, conventional separa-
tion and detection techniques cannot be used to characterize 
the substance and its impurities. The analytical techniques are 
described, focusing on the capillary electrophoresis method 
with indirect UV detection for assay and purity, the liquid 
chromatographic method for enantiomeric separation with 
derivatization with UV chromophore and three complemen-
tary nuclear magnetic resonance (NMR) approaches ((31)
P-NMR, (13)C-NMR and (1)H-NMR) for impurities. For oral 
solutions, it was important to select the right concentration of 
phosphate buffer for the specific drug concentration and rou-
tinely use small additions of EDTA. I.V. solutions containing 
physiological saline as tonicity modifier could not be stored 
frozen at −20°C. Properties of AZD9343 will be discussed in 
light of experiences from the structurally similar lesogaberan 
and (2R)-(3-amino-2-fluoropropyl)sulphinic acid (AFPSiA).

Sigfridsson, K. and K. E. Carlsson (2017). “A preformulation evalu-
ation of a photosensitive surface active compound, explaining 
concentration dependent degradation.” Eur J Pharm Sci 109: 
650–656.

A candidate drug within the cardiovascular area was iden-
tified during early research and evaluated for further develop-
ment. The aim was to understand and explain the degradation 
mechanisms for the present compound. The stability of the 
active pharmaceutical ingredient (API) in solution and solid 
state was studied during different conditions. The bulk com-
pound was exposed to elevated temperatures, increased rela-
tive humidity and stressed light conditions. Degradation of the 
drug in solutions was followed in the presence versus absence 
of ethylenediaminetetraacetic acid (EDTA), during aerobic 

versus anaerobic conditions, stored protected from light ver-
sus exposed to light and as a function of pH and concentra-
tion. It was possible to improve the stability by adding EDTA 
and completely abolish degradation by storing dissolved com-
pound at anaerobic conditions. Solutions of API were stable 
between pH3 and 7, with some degradation at pH1, when 
stored protected from light and at 22°C, but degrade rapidly 
when exposed to ambient light conditions. The degradation 
products were identified by mass spectroscopy. Degradation 
schemes were drawn. There was concentration dependence 
in the degradation of dissolved drug when exposed to light, 
showing a titration behavior that concurred with the measured 
critical micelle/aggregation concentration (CMC/CAC) of the 
compound. The compound was stable in solution during the 
investigated time period, at concentrations above CMC/CAC, 
where the molecule was protected from photodegradation 
when the compound aggregated. Below CMC/CAC, a signifi-
cant degradation of the API occurred. This may be a potential 
explanation why other surface active compounds show con-
centration dependent degradation. The photosensitivity was 
also observed for the neutral compound in crystalline and 
amorphous form, as well as for the crystalline chloride salt of 
the drug. However, the degradation of amorphous form was 
faster compared to crystalline material. No difference was 
observed in the degradation pattern between the neutral form 
of the compound and the salt form of the drug.

Sigfridsson, K., et al. (2017). “Preformulation investigation and 
challenges; salt formation, salt disproportionation and hepatic 
recirculation.” Eur J Pharm Sci 104: 262–272.

A compound, which is a selective peroxisome proliferator 
activated receptor (PPAR) agonist, was investigated. The aim 
of the presented studies was to evaluate the potential of the 
further development of the compound. Fundamental physi-
cochemical properties and stability of the compound were 
characterized in solution by liquid chromatography and NMR 
and in solid-state by various techniques. The drug itself is a 
lipophilic acid with tendency to form aggregates in solution. 
The neutral form was only obtained in amorphous form with 
a glass-transition temperature of approximately 0°C. The 
intrinsic solubility at room temperature was determined to 
0.03 mg/mL. Chemical stability studies of the compound in 
aqueous solutions showed good stability for at least two weeks 
at room temperature, except at pH1, where a slight degrada-
tion was already observed after one day. The chemical sta-
bility in the amorphous solid-state was investigated during a 
period of three months. At 25°C/60% relative humidity (RH) 
and 40°C/75% RH no significant degradation was observed. 
At 80°C, however, some degradation was observed after four 
weeks and approximately 3% after three months. In an accel-
erated photostability study, degradation of approximately 4% 
was observed. Attempts to identify a crystalline form of the 
neutral compound were unsuccessful, however, salt formation 
with tert-butylamine, resulted in crystalline material. Results 
from stability tests of the presented crystalline salt form indi-
cated improved chemical stability at conditions whereas the 
amorphous neutral form degraded. However, the salt form of 
the drug dissociated under certain conditions. The drug was 
administered both per oral and intravenously, as amorphous 
nanoparticles, to conscious dogs. Plasma profiles showed 
curves with secondary absorption peaks, indicating hepatic 
recirculation following both administration routes. A similar 
behavior was observed in rats after oral administration of a 
pH-adjusted solution. The observed double peaks in plasma 
exposure and the dissociation tendency of the salt form, were 
properties that contributed to make further development of the 
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candidate drug challenging. Options for development of solid 
dosage forms of both amorphous and crystalline material of 
the compound are discussed.

Toscani, S., et al. (2016). “Stability hierarchy between Piracetam 
forms I, II, and III from experimental pressure-temperature 
diagrams and topological inferences.” Int J Pharm 497(1–2): 
96–105.

The trimorphism of the active pharmaceutical ingredient 
piracetam is a famous case of polymorphism that has been 
frequently revisited by many researchers. The phase relation-
ships between forms I, II, and III were ambiguous because 
they seemed to depend on the heating rate of the DSC and 
on the history of the samples or they have not been observed 
at all (equilibrium II-III). In the present paper, piezo-thermal 
analysis and high-pressure differential thermal analysis have 
been used to elucidate the positions of the different solid-solid 
and solid-liquid equilibria. The phase diagram, involving the 
three solid phases, the liquid phase and the vapor phase, has 
been constructed. It has been shown that form III is the high-
pressure, low-temperature form and the stable form at room 
temperature. Form II is stable under intermediary conditions 
and form I is the low-pressure, high-temperature form, which 
possesses a stable melting point. The present paper demon-
strates the strength of the topological approach based on the 
Clapeyron equation and the alternation rule when combined 
with high-pressure measurements.

Trivedi, M. K., et al. (2017). “In-depth investigation on physico-
chemical and thermal properties of magnesium (II) gluco-
nate using spectroscopic and thermoanalytical techniques.” J 
Pharm Anal 7(5): 332–337.

Magnesium gluconate is a classical organometallic phar-
maceutical compound used for the prevention and treatment of 
hypomagnesemia as a source of magnesium ion. The present 
research described the in-depth study on solid-state proper-
ties viz. physicochemical and thermal properties of magne-
sium gluconate using sophisticated analytical techniques like 
PXRD, PSA, FT-IR, UV-Vis spectroscopy, TGA/DTG, and 
DSC. Magnesium gluconate was found to be crystalline in 
nature along with the crystallite size ranging from 14.10 to 
47.35 nm. The particle size distribution was at d(0.1)=6.552 

microm, d(0.5)=38.299 microm, d(0.9)=173.712 microm, and 
D(4,3)=67.122 microm along with the specific surface area of 
0.372 m(2)/g. The wavelength for the maximum absorbance 
was at 198.0 nm. Magnesium gluconate exhibited 88.51% 
weight loss with three stages of thermal degradation process 
up to 895.18°C from room temperature. The TGA/DTG ther-
mograms of the analyte indicated that magnesium gluconate 
was thermally stable up to around 165°C. Consequently, the 
melting temperature of magnesium gluconate was found to be 
169.90°C along with the enthalpy of fusion of 308.7 J/g. Thus, 
the authors conclude that the achieved results from this study 
are very useful in pharmaceutical and nutraceutical industries 
for the identification, characterization and qualitative analysis 
of magnesium gluconate for pre-formulation studies and also 
for developing magnesium gluconate based novel formulation.

Yamashita, M., et al. (2015). “Vapor phase alkyne coating of 
pharmaceutical excipients: Discrimination enhancement of 
raman chemical imaging for tablets.” J Pharm Sci 104(12): 
4093–4098.

Raman chemical imaging has become a powerful analyti-
cal tool to investigate the crystallographic characteristics of 
pharmaceutical ingredients in tablet. However, it is often dif-
ficult to discriminate some pharmaceutical excipients from 
each other by Raman spectrum because of broad and overlap-
ping signals, limiting their detailed assessments. To overcome 
this difficulty, we developed a vapor phase coating method of 
excipients by an alkyne, which exhibits a distinctive Raman 
signal in the range of 2100–2300 cm(−1). We found that the 
combination of two volatile reagents, propargyl bromide and 
triethylamine, formed a thin and nonvolatile coating on the 
excipient and observed the Raman signal of the alkyne at the 
surface. We prepared alkyne-coated cellulose by this method 
and formed a tablet. The Raman chemical imaging of the tab-
let cross-section using the alkyne peak area intensity of 2120 
cm(−1) as the index showed a much clearer particle image of 
cellulose than using the peak area intensity of 1370 cm(−1), 
which originated from the cellulose itself. Our method pro-
vides an innovative technique to analyze the solid-state char-
acteristics of pharmaceutical excipients in tablets.
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Formulation of Flavor

1  INTRODUCTION

One purpose of flavoring is to minimize exposure of orally 
delivered solid drug substances to the sensor system respon-
sible for taste perception. The act of minimizing taste in this 
manner is a common element of a taste-masking strategy and 
it is often referred to broadly as taste masking. Oral formu-
lations are subject to several hurdles, including making the 
appearance appealing, overcoming swallowing limitations, 
the mouthfeel, taste, and smell, to allow an oral product to be 
accepted by patients. An interesting aspect about taste aver-
sion comes from a genetic coding to avoid something that 
tastes or smells bad, for it may be harmful, and that appears 
to be a fact. Addition of acceptable flavor components to the 
dose form can effectively mask the taste of some poor-tast-
ing drugs; however, a flavor element alone is not adequate in 
many cases for a variety of reasons, including the intensity of 
the drug taste and a commonly shorter flavor residence time 
in the mouth and taste receptors. When flavor alone is not ade-
quate, a taste-concealing technology becomes necessary. The 
concealing technology minimizes direct exposure of the drug 
to taste sensors. Taste concealing could broadly be extended 
to any technology that prevents or reduces exposure of drug 
to taste perception. This could include, but is not limited to, 
the following areas:

• Granulations, coating, microencapsulation, or com-
plexing technologies that use a protective layer or 
structure on or about drug particles to minimize 
exposure of drug to taste sensation.

• Chemical modifications that provide a drug or pro-
drug form that has better taste characteristics.

• Technologies that work in association with mouth 
taste sensors to prevent a drug molecule interaction 
with the sensor (this might more appropriately be 
termed taste sensor masking). One patented tech-
nology by the author produces carbon dioxide in a 
chewing gum formula to anesthetize taste buds.

2  TASTE-CONCEALING GOALS

The general goals and considerations for taste concealing 
include:

• Conceal the drug from taste sensors until it is cleared 
from the mouth. Any release in the mouth will con-
tribute to bad taste.

• Conceal the drug adequately for up to several min-
utes or more in the mouth to minimize latent adverse 
taste from residual particles that could get trapped 
around teeth, gums, or taste buds. After swallow-
ing the bulk of the dose, drug particles can remain 

trapped long enough between the teeth, around the 
gums, or in other places of the oral cavity to impart 
a latent offensive taste. The closer a latent taste onset 
is to the dosing event, the greater the potential for the 
bad taste to be associated with the drug dose.

• Maintain integrity through final dosage form pro-
cesses such as compression forces associated with 
tableting a chewable product or water exposure in 
final solid dosage form processing. Any fracture of 
taste concealed particles may compromise the taste. 
Taste concealing is typically a delayed release appli-
cation and the delay time in a solid dosage form 
product is often related to exposure to mouth fluids. 
Any exposure of taste concealed particles to water 
prior to ingestion will start the release process and 
potentially contribute to bad taste.

• Optimize particle size for the dosage form, mouth-
feel requirements, and mouth clearance. If particles 
are too large, they may fracture easily or contribute 
to a gritty mouthfeel. If they are too small, they may 
more easily be trapped in the mouth cavity or in 
and around taste sensors. Optimal size is somewhat 
dependent on the dosage form; a smooth texture may 
require finer particles, a coarse texture will likely 
tolerate larger particles. In general, taste concealed 
particle sizes range between the extremes of near 
1,400 μm to less than 50 μm, depending on the tech-
nology used and requirements of the dose form.

• Use only oral pharmaceutically approved excipients 
within the dosing limits of the patient group. Some 
approved excipients used in taste concealing have 
patient dose limits that may limit the amount that 
can be incorporated in a formulation.

• Use excipients that impart acceptable taste, no taste, 
or have a taste that can be masked

• Release the drug appropriately once it is past the 
mouth or to the delivery location in the gut to make it 
biologically available. Taste concealing is a transient 
need of the delivery process.

• The process used to make taste concealed particles 
must meet economic concerns of the application.

3  FLUID BED COATING

A commonly used and versatile microencapsulation technol-
ogy for taste concealing is fluid bed coating. Fluid bed coat-
ing includes the classic equipment designs of bottom spray 
(Wurster), top spray, and tangential spray. These systems 
involve the use of a two-fluid nozzle to spray a coat formu-
lation into a fluidized bed of particles. As particles move 
through the spray region, coat solution or suspension spray 
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droplets contact the particles as solvent in the coat formula-
tion is evaporated. Solvent vapors are carried away with the 
fluidizing air leaving a residue of the non-volatile coating 
ingredients on particle surfaces. The deposited residue is the 
filmcoat and the process is continued until the desired level 
of filmcoat has been applied. It is also possible to spray a 
molten material such as a wax directly as a coating without 
a water or organic solvent vehicle. This is commonly referred 
to as a “hot melt” process and it requires appropriate nozzle, 
pump, and liquid line heating to maintain coating material in 
a liquid state until it passes the nozzle. Hot melt applications 
can be very economical as ~100% of the sprayed material is 
nonvolatile; thus, the need for solvent vehicle evaporation is 
eliminated. Process temperature is adjusted to appropriately 
congeal a hot melt coating on particle surfaces.

Due to the nature of particle movement associated with 
their configurations, top and tangential spray systems are 
primarily used for granulating. Granulation alone can offer 
adequate taste-concealing properties for mildly bad-tasting 
material. Granules formed from these systems must be suf-
ficiently robust to maintain particle integrity through tablet 
compression processes; if granules break significantly during 
compression, taste can be compromised.

3.1  filMcoAT PArAMeTers

In addition to the ability to uniformly coat particles to a con-
trolled filmcoat thickness with the Wurster process, filmcoat 
formulations can be developed with the balance of conceal-
ing and drug release properties required for taste-concealing 
applications. Film coat requirements vary with contributing 
factors such as drug solubility, intensity of bad taste, drug 
chemical structure, drug release requirements (immediate, 
sustained, enteric, etc.), and particle size. Table 10.1 contains 
generalized information on critical taste-concealing factors 
with regard to the taste and solubility properties of the drug.

Drug solubility significantly influences release rate from a 
taste concealed particle, which subsequently influences film-
coat requirements. Taste-concealing filmcoats are formulated 
with required levels of solubility and porosity. If a completely 
dissolving filmcoat adequately conceals taste, a drug will 
release as the filmcoat dissolves in the digestive tract. When 
completely dissolving filmcoats do not adequately conceal, 
filmcoats with lower solubility and controlled porosity may be 

required. Figure 9.2 illustrates the simplified processes occur-
ring around a particle taste concealed in an insoluble filmcoat. 
All filmcoats have some level of permeability. As moisture 
diffuses through the coat layer, drug will dissolve inside the 
particle and dissolved drug will diffuse out through the coat 
layer. In addition to these diffusion processes, osmotic forces 
can develop within the particle depending on the osmolality 
of the contents. A soluble drug or core formula component 
will quickly dissolve and develop significant osmotic pressure 
within the particle. This pressure effectively pumps dissolved 
drug from the particle. Osmotic pressures can be sufficient to 
fracture the filmcoat and rapidly release the contents; thus, 
film strength and modulus can be important considerations.

A soluble drug may completely release through an insolu-
ble taste conceal membrane, but a low solubility drug might 
not. A low solubility drug dissolves less readily; thus, osmotic 
concerns are reduced and the film coat requirements may 
shift. If diffusion and osmotic pressure are not adequate to 
release the drug within bioavailability time constraints, a 
higher permeability filmcoat or completely dissolving film-
coat may be needed. Often water-soluble “pore formers” are 
added to an insoluble filmcoat formula to modify porosity 
and promote drug release. It is also possible to incorporate 
other water-soluble excipients in the core to impart control of 
osmotic forces.

Thin and thick coats are roughly 5 and 15 μm, respectively; 
however, higher levels may be required for a poorly run pro-
cess or a less than optimal filmcoat formulation. Although 
coat thickness is a key factor in this approach to taste conceal-
ing, the actual thickness need is difficult to establish. In actual 
practice, the coating process is relatively dynamic with some 
levels of agglomeration, accretion of fine particles on larger 
particles, and fracturing (attrition) of particles into smaller 
fragments. The extent of these phenomena is dependent on 
core particle integrity, filmcoat strength, process parameters, 
and the physical forces of fluidization and nozzle atomization 
air on the particles. The result is commonly significantly less 
than the ideal of each particle being coated to an identical 
thickness. The coating on each individual particle is typi-
cally uniform; however, any particle attrition that occurs dur-
ing processing exposes drug and increases the surface area, 
both of which increase the need for more coating to conceal. 
Agglomeration and accretion reduce surface area and may 
reduce the overall coating need. The ability to consistently 
control agglomeration, accretion, and attrition is vital to a suc-
cessful Wurster fluid bed taste conceal application.

The 5–15 μm coat thickness estimate creates a practical 
limit for the fluid bed filmcoat process. Table 10.2 indicates the 
theoretical coat level requirements for 5 and 15 μm coat thick-
ness on various particle sizes at varying core and filmcoat den-
sities. As particle size decreases, bulk surface area increases; 
thus, smaller particles require higher coat levels than larger 
particles to achieve a comparable coat thickness. Note that 
50 μm particles theoretically require over 80% coat level to 
achieve a 15 μm film thickness at one density combination. 
Many drug products or platforms cannot bear the higher cost 
associated with applying high taste-concealing coat levels.

TABLE 10.1
Generalized coat requirements

Drug solubility Taste
Coat 

thickness Coat properties

Low Mildly bad Thin High porosity or 
complete dissolution

Low Very bad Thick High porosity or 
complete dissolution

High Mildly bad Thin Low porosity

High Very bad Thick Low porosity
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These filmcoat requirements influence the payload within 
the taste concealed particles. A material with 20 wt% coat 
level would have an 80 wt% payload if it is a pure drug core, 
while a 40 wt% coat level would only be 60 wt% payload. 
The amount of taste concealed particles required to reach the 
drug dose must fit within the constraints of the final size of 
the finished product. For example, a 50 mg dose from an 80% 
payload product would require 62.5 mg of taste concealed 
particles per dose, while the same 50 mg dose from a 60% 
payload would require 83 mg.

Also note the particle size associated with the added coat 
layer. The higher coat levels that may be needed to achieve 
adequate taste concealing contribute to particle growth. This 
growth can potentially exceed particle size limits associated 
with either downstream processing or the dosage form.

In actual practice, there are significantly increasing chal-
lenges to coating as particle size decreases below 200 μm. 
Depending on coat formulation properties, equipment design, 
and process parameters, a significant amount of accretion of 
fine particles on the surface of larger particles and particle 
agglomeration are likely. This has a potentially positive effect 
on reducing the coating need since the bulk surface area will 
decrease with accretion and agglomeration. Depending on the 
final particle size goals, this aspect of particle growth can sig-
nificantly reduce yields if an oversize cut is removed.

3.2  filMcoAT forMulATions

It becomes apparent with these size, coat thickness, and pro-
cessing considerations that film coat composition is a key to a 

successful taste-concealing application. Taste-concealing for-
mulations involve a balance of filmcoat physical and chemical 
properties, filmcoat thickness, taste-concealing efficacy, and 
drug release. A taste-concealing filmcoat that works effec-
tively for one drug may not perform as well on another drug 
for a variety of reasons related to any of these formulation 
balance parameters. Any material approved for oral pharma-
ceutical use could potentially be used as a taste-concealing 
excipient; however, there is typically an underlying strategy 
to accomplish the goal. An inherent requirement of a taste-
concealing excipient is that the excipient itself has no taste, 
an acceptable taste, or a taste that can acceptably masked by 
flavor ingredients. Tables 10.3, 10.4, and 10.5 contain limited 
lists of formulation materials that could be used in taste-con-
cealing applications. Formulators should refer to the United 
States Pharmacopeia, National Formulary, or other applica-
ble regulatory resources for lists of allowed taste-concealing 
formulation excipients. This search should include not only 
the allowed use in an oral dosage form but also any ingestion 
limits that may apply. Some acrylic materials have ingestion 
limits that can potentially be exceeded at coat levels and dos-
ing requirements of some taste-concealing formulation strate-
gies. Limits are commonly set as mg of excipient per kg of 
body weight. Body weight in the pediatric age range can be 
relatively low; thus, an ingestion limit can easily be reached.

Tables 10.3, 10.4, and 10.5 are categorized by solubility 
properties: Table 10.3 contains examples of water-insoluble 
materials, Table 10.4 a list of water-soluble materials, and 
Table 10.5 a list of materials with solubility in specific pH 
ranges. If a water-insoluble material masks well but does not 

TABLE 10.2
Theoretical coating assessment

Core Coat thickness Coat level Coat level Core density Coat density Final size Final density

size (μm) (μm) (wt%) (vol.%) (g/cm3) (g/cm3) (μm) (g/cm3)

50 5.0 36.4% 42.1% 1.4 1.1 60 1.27

50 15.0 70.9% 75.6% 1.4 1.1 80 1.17

50 5.0 50.5% 42.1% 1.0 1.4 60 1.17

50 15.0 81.3% 75.6% 1.0 1.4 80 1.30

100 5.0 20.6% 24.9% 1.4 1.1 110 1.33

100 15.0 48.5% 54.5% 1.4 1.1 130 1.24

100 5.0 31.7% 24.9% 1.0 1.4 110 1.10

100 15.0 62.6% 54.5% 1.0 1.4 130 1.22

200 5.0 11.0% 13.6% 1.4 1.1 210 1.36

200 15.0 29.0% 34.2% 1.4 1.1 230 1.30

200 5.0 18.1% 13.6% 1.0 1.4 210 1.05

200 15.0 42.2% 34.2% 1.0 1.4 230 1.14

500 5.0 4.6% 5.8% 1.4 1.1 510 1.38

500 15.0 13.0% 16.0% 1.4 1.1 530 1.35

500 5.0 7.9% 5.8% 1.0 1.4 510 1.02

500 15.0 21.1% 16.0% 1.0 1.4 530 1.06

1,000 5.0 2.3% 2.9% 1.4 1.1 1,010 1.39

1,000 15.0 6.8% 8.5% 1.4 1.1 1,030 1.37

1,000 5.0 4.1% 2.9% 1.0 1.4 1,010 1.01

1,000 15.0 11.5% 8.5% 1.0 1.4 1,030 1.03



230 Handbook of Pharmaceutical Manufacturing Formulations, 3e: Volume 2 

TABLE 10.3
Water insoluble coat materials

Chemical Example Comments 

Ethyl cellulose Dow Wolff ethyl cellulose Various viscosity grades available

Ashland ethyl cellulose Various viscosity grades available 

Surelease dispersion 25% aqueous dispersion 

Aquacoat ECD dispersion 30% aqueous dispersion

Cellulose esters Eastman cellulose acetate Various grades/substitution levels available 

Eastman cellulose acetate butyrate Various grades/substitution levels available 

Low substituted hydroxypropyl cellulose Shin-Etsu L-HPC –

Acrylic neutral ester polymers Evonic eudragit NE 30D dispersion 30% aqueous dispersion 

Acrylic sustained release polymers Evonic eudragit RS 100% polymer or aqueous dispersions

Evonic eudragit RL 100% polymer or aqueous dispersions 

Polyvinyl acetate BASF kollicoat SR 30D 30% aqueous dispersion

Shellac Emerson Marcoat 125 Water-based shellac dispersion

Zein Freeman industries Corn protein 

Waxes Hydrogenated oils –

Carnauba –

TABLE 10.4
Water soluble coat materials

Chemical Example

Hydroxypropyl methyl cellulose Dow Wolff Methocel E series

Shin-Etsu pharmacoat

Hydroxypropyl cellulose Ashland Klucel

Nisso-HPC

Hydroxyethyl cellulose Ashland natrosol

Povidone ISP plasdone

BASF Kollidon

Vinylpyrrolidone—vinyl acetate copolymers BASF Kollidon VA 64

Polyvinyl alcohol—polyethylene glycol graft copolymer BASF Kollicoat IR

Polyvinyl alcohol—polyethylene glycol graft copolymer and polyvinyl alcohol BASF protect

Modified Pea starch Roquette Lycoat and ReadiLycoat

Polyethylene glycol Dow carbowax

TABLE 10.5
pH dependent water soluble materials

Chemical Example Comments

Acrylic enteric polymers Evonic eudragit L –

Evonic eudragit S Colonic delivery

Evonic eudragit L100-55 –

Evonic eudragit L30 D55 –

Evonic eudragit FS 30D Colonic delivery

BASF kollicoat MAE 100% polymer or aqueous depression

Cellulose acetate phthalate (Enteric) Eastman CAP cellulose ester –

FMC aquacoat CPD dispersion 30% aqueous depression

Hydroxypropyl methyl cellulose phthalate (Enteric) Shin-Etsu HPMCP –

Hydroxypropyl methyl cellulose acetate succinate (Enteric) Shin-Etsu aqoat –

Acrylic acid-soluble polymers (Reverse enteric) Eudragit E –

Kollicoat smartseal 300 –
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release the drug adequately, it could potentially be applied at 
a lower coat level to promote release. Nevertheless, if proper 
release is only realized at a coat level that is too thin to ade-
quately taste conceal, a compatible pore-forming ingredient 
from the water-soluble list or limited pH solubility list could 
be added to the coating. The pore former provides variable 
concealing properties, but will dissolve from the coat as it is 
exposed to fluids in the mouth and/or gastrointestinal tract 
and leaves a porous layer of water-insoluble components. The 
amount of porosity is related to the amount of pore former. 
Coat level and pore former content can be optimized for the 
taste concealing and release. In the extreme, it is possible to 
achieve adequate taste concealing with a water-soluble poly-
mer alone if the drug taste is only mildly offensive.

The pH soluble materials in Table 10.5 offer selective solu-
bility for more targeted delivery. Enteric polymers are used 
to prevent drug release through the mouth and stomach, but 
release in the intestinal tract. Dissolution onset begins in the 
pH range of ~5.5 to ~7.0 depending on the enteric material and 
dissolution rate accelerates as pH increases beyond the onset 
point. Enteric polymers are weak acid materials with pKa val-
ues in the ~4.5 to ~6.0 range; these polymers dissolve as acid 
groups are more fully deprotonated at pH values above the 
pKa. As a result of a short duration in the mouth at relatively 
neutral pH, effective taste masking can be realized either with 
enteric polymer alone as the principle concealing and release 
component or as a pore former. A potential benefit of its use as 
a pore former is the ability to tailor sustained release mecha-
nism in the intestinal region through control of coat poros-
ity. Use of enteric polymer alone as the primary film forming 
ingredient may be necessary to ensure adequate release of a 
poorly soluble drug since complete removal of the coating 
occurs in the dissolution process.

The acid soluble polymers in Table 10.5 are weak bases 
that dissolve when protonated at lower pH levels. These mate-
rials are sometimes referred to as “reverse enteric” polymers. 
They offer useful taste-concealing properties by remaining 
insoluble at relatively neutral conditions of the mouth, but 
dissolving at more acidic pH levels in the stomach. Since pH 
conditions of the stomach can vary significantly from fasted 
to fed state and transit time through the stomach can vary, 
dose timing in relation to patient activity can be critical to 
achieving required drug release with a reverse enteric taste-
concealing formulation.

Use of enteric and reverse enteric materials should take 
into consideration the acid or base properties of the drug. A 
basic drug encapsulated with an enteric coating can promote 
dissolution of the coating at the inside surface of the coat-
ing. An acidic drug can do the same to a reverse enteric coat-
ing. This process can result in poor concealing properties and 
shelf instability. Interface coating layers can be applied to 
minimize the drug/coat interactions.

In addition to filmcoat release properties, the solvent 
vehicle used for the coat solution/suspension can be a criti-
cal factor. Solvent can influence filmcoat morphology by its 
effect on molecular conformation or arrangement. A solvent 
vehicle that is also a good solvent for the drug can promote 

“bleed” of the drug into the developing filmcoat as filmcoat is 
deposited on the core. This bleed could translate to a higher 
coat level requirement to achieve adequate taste concealing. 
Solvent selection can also influence the wetting properties of 
the coat solution spray droplets as they contact the particle 
surface during application, which could influence filmcoat 
quality. Highly volatile solvents may contribute to premature 
drying near the nozzle tip resulting in poor film integrity or 
spray drying (low coating efficiency).

Additional excipients that could be beneficial in a taste-con-
cealing application include plasticizer, glidants, pH modifiers, 
or process aids. Plasticizers are required by many polymers 
to reduce brittleness or optimize film-forming properties. 
Taste-concealing performance can be significantly different 
for a hydrophobic plasticizer than a hydrophilic one. Glidants 
such as talc, magnesium stearate, or glycerol mono-stearate 
help mitigate agglomeration of particles during or after coat-
ing in formulations that are prone to particle accretion. pH 
modifiers such as bicarbonates, carbonates or citric acid or 
its salts can be used to preserve a localized pH condition that 
might perhaps help conceal taste, minimize drug solubility, 
or stabilize a product. Charge transfer agents such as silicon 
dioxide or clays can be used to improve particle flow during 
processing by minimizing electrostatic concerns inherent in 
many applications.

3.3  oTher consiDerATions

Upon application of fluid bed technology for taste conceal-
ing, some less obvious concerns are realized. Some of this has 
been touched on in the above discussion. Notable concerns 
include the following:

• Although granulating processes offer a means to taste 
conceal mildly bad-tasting material, a significant 
limitation is the structure of formed agglomerates. 
Agglomerate structures can have many nooks, cran-
nies, and surfaces internal to the agglomerated par-
ticles that are not exposed to spray droplets from the 
nozzle; thus, those surfaces do not receive additional 
coating once formed in the process. This same con-
cern will be realized with any agglomerates that form 
in a process intended to individually coat particles. If 
sufficient coating is applied to bridge the open gaps 
between particles within the formed agglomerate 
particles, an adequate taste conceal may be realized.

• Core particle engineering prior to application of a 
taste-concealing coat can be critical to the success 
of a taste conceal application. Fluidization and coat 
solution/suspension atomization impart significant 
physical forces on particles during processing. This 
can create a very dynamic coating environment 
in which particles can be fracturing, agglomerat-
ing, and abrading throughout the process. This can 
result in a continuous presence of exposed drug sur-
face and prevent adequate taste concealing regard-
less of the amount of coating applied. An adequate 
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balance of mild physical process conditions, particle 
strength, and coating or binder strength may be criti-
cal to achieving adequate taste concealing.

• Residual uncoated or poorly coated drug can be 
accepted as an immediate release element in appli-
cations such as enteric or sustained release; however, 
any such residual in a taste concealed product can 
easily compromise the taste. Care taken to minimize 
the presence of such residuals during discharge of 
taste concealed product from the coating process can 
be critical to the taste profile.

• Drug particles that are taste concealed with a fluid 
bed process are generally used in chewable, orally 
dissolving, film strip, and point of use mix/blend 
formulations. They are not typically used in com-
mercial liquid formulations due to filmcoat limita-
tions including shelf stability concerns related to the 
migration of solvent and dissolved drug through an 
applied coat layer.

4  SPRAY DRYING OR SPRAY CONGEALING

Spray drying, spray congealing, and related processes offer 
some potential for taste concealing mildly bad-tasting materi-
als. These processes generally involve creation of matrix par-
ticles near 30 μm and below. Spray drying involves the use of 
a solvent vehicle to carry coating and dissolved or suspended 
drug through an atomizing nozzle followed by evaporative 
removal of the solvent to create these matrix particles.

Spray congealing involves suspension or dissolution of 
drug in a molten material matrix such as a wax followed by 
spray through an atomizing nozzle and congealing of the 
molten material. Both processes yield matrix particles with 
drug dispersed or dissolved in the matrix. Critical concerns 
of these processes for taste concealing include the following:

• A small percentage of residual drug remains exposed 
at or near the outer surface of the particles. This may 
compromise taste unless a subsequent taste-conceal-
ing coat or flavor system is applied

• Spray dry matrices are commonly composed of 
hydrophilic materials such as starches or gums that 
provide minimal taste-concealing properties

• Spray congealed matrices are hydrophobic materials 
that delay or extend release of the drug

• As a result of these concerns, there is limited taste-
concealing capacity and limited control of drug 
release

5  COACERVATION

Coacervation has found limited use for taste concealing, but 
it is potentially applicable depending on the release profile 
needs and drug properties. Coacervation is based on colloid 
chemistry. Following formation of a colloid, changes related 
to the nature of the colloid material can be introduced to pre-
cipitate or deposit the colloid material. Changes can include 

temperature changes, addition of a non-solvent, pH changes, 
or addition of suitable crosslinking ion or ion pairing material 
of opposite charge depending on the chemistry of the system. 
If an insoluble particulate material such as an insoluble drug 
is included prior to precipitation, a three-phase system can 
be created. This system consists of the solid particles indi-
vidually encapsulated in the gel-like colloid material all sus-
pended in the liquid phase. When precipitation is induced, the 
colloid material forms a solid shell around each particle to 
produce the coacervate.

Use of coacervation for taste concealing or other oral 
delivery purposes is limited by drug solubility and coacervate 
chemistries. Although it offers a viable means of taste con-
cealing, there is a challenge to identify systems that properly 
release the drug. There is less flexibility to tailor systems for 
specific taste and drug release targets compared to that avail-
able with fluid bed film coating technology. For soluble drugs 
dosed for sustained delivery, it offers a potential means of sus-
tained delivery and taste concealing.

6  INCLUSION COMPLEXES

Inclusion complexes offer a potential means to taste conceal 
mildly bad-tasting drugs or drugs with low dose require-
ments. Inclusion of a drug or portion of a drug within a cavity 
or structure may conceal the bad-tasting portion of the drug 
from availability to taste sensors. Depending on the stability 
and structure of the complex, taste concealing may be ade-
quate for liquid or solid formulations.

The most common inclusion complexes involve cyclodex-
trins as the host molecule. Many drugs or drug functions have 
a suitable size to fit in cyclodextrin cavities. If the taste center 
is adequately concealed from exposure to taste sensors, taste-
concealing properties may be realized. In general, cyclo-
dextrins have a limited taste-concealing capacity, but can 
be effective if the drug fits appropriately in the cyclodextrin 
cavity. Enzymatic degradation of the cyclodextrin molecule in 
the gut assures release of the drug from the complex.

7  ION RESIN TECHNOLOGY

Ion exchange resins provide a charged surface where oppo-
sitely charged ions or polar molecules can ionically bind. Most 
drug molecules have basic or acidic functionalities that ionize 
under suitable conditions or are relatively polar; thus, they can 
be bound to an appropriately charged resin surface to form an 
ion resin complex. Once bound and in the absence of signifi-
cant competing ions, the drug is effectively immobilized on 
the resin surface and not readily available to taste receptors. 
This provides a potential means of concealing taste without 
the use of a coating. Once the complex is past the mouth and 
reaches the gut, higher concentrations of competing ions dis-
place the drug to make it bioavailable. As bioavailable drug 
uptake occurs, the equilibrium naturally shifts toward com-
plete drug bioavailability.

Resin materials, the principles that govern ion exchange, 
and drug loading processes used to prepare taste concealed 



233Regulatory and Manufacturing Guidelines 

ion resin complexes are the same as those described in Sect. 
10.2 of this book. Nevertheless, when applying resins for taste 
concealing, residual, free drug removal at the end of the drug 
loading process may be critical to performance. Washing steps 
used to remove this free drug may be necessary. When using 
ion resin technology for taste concealing, it is critical that the 
ionic strength of the gut is adequate to displace the drug from 
the resin to meet bioavailability requirements. High affinity 
drugs may not completely be displaced or the equilibrium 
could extend throughout gastrointestinal transit and yield 
a sustained release bioavailability pattern. Dissolution test 
strategy should take released drug uptake into consideration 
since this will likely affect drug release rate.

Ion resin complexes can be incorporated into liquid or solid 
dosage forms. Formulation should contain minimal amounts 
of ionized components to avoid compromising taste by pre-
maturely displacing the bound drug from the resin.

8  TASTE CONCEAL PERFORMANCE 
SPECIFICATIONS

The taste specification for any taste-concealed product is dif-
ficult to establish. The human tongue, electronic tongue, and 
dissolution testing each offer a potential means of assessing 
taste performance. The human tongue is perhaps the most ideal 
option since this is the discriminating sense that brings about 
the taste-concealing requirement; however, there are several 
significant obstacles to application of the human tongue:

• Use of the human tongue requires potential exposure 
of drug to the tongue. Depending on the drug prop-
erties, this may not be acceptable or allowed due to 
safety considerations for the individual.

• The human tongue has varying sensitivity depend-
ing on the individual and the recent taste history of 
the individual. In addition, taste sensitivity of an 
individual can change with drug exposure history. 
These concerns compromise the consistency of the 
tongue.

• Even if the human tongue option were allowed, the 
human pediatric tongue would ultimately be the dis-
criminating system and reliable feedback may not be 
achievable.

• Electronic tongues use electronic taste sensing tech-
nology to measure the intensity of a taste. They can 
potentially be calibrated to detect and measure the 
bad taste associated with drug molecules. This offers 
a potentially unbiased means of assessing the taste 
performance of a taste concealed product. Use of 
these devices requires a proper means of calibrat-
ing instrument sensitivity for the sample matrix and 
correlation of electronic tongue results with final 
dose form taste performance. The many variables 
associated with device and taste performance cre-
ate significant challenges to establishing a reliable 
specification.

• Dissolution testing under conditions similar to the 
mouth can provide a release profile for the drug. 
Release in the early portion of the profile can pro-
vide an indication of taste performance; however, 
this early release must be correlated with final dose 
form performance. Since most taste conceal systems 
employ flavor ingredients to overcome early release 
and latent release from retained particles in the 
mouth, it is difficult to establish reliable acceptance 
criteria.
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GMP AUDIT TEMPLATE

The Guidelines for cGMP Compliance:

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/vo l4-ch ap1_2 013-0 1_en. pdf

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/20 14-03 _chap ter_2 .pdf

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/ch apter 4_01- 2011_ en.pd f

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/20 14-11 _vol4 _chap ter_6 .pdf

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/20 14-08 _gmp_ chap8 .pdf

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/pd fs-en /cap9 _en.p df

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/20 14-08 _gmp_ part1 .pdf

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/20 11_si te_ma ster_ file_ en.pd f

• http: //www .ema. europ a.eu/ docs/ en_GB /docu ment_ 
libra ry/Sc ienti fic_g uidel ine/2 009/0 9/WC5 00002 
873.p df

• http: //www .ema. europ a.eu/ docs/ en_GB /docu ment_ 
libra ry/Sc ienti fic_g uidel ine/2 009/0 9/WC5 00002 
871.p df

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/mr a_bat ch-ce rtifi cate_ 05-20 11.pd f

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/gm 
p/201 3_01_ 28_te mplat e.pdf 

• http: //www .ema. europ a.eu/ docs/ en_GB /docu ment_ 
libra ry/Sc ienti fic_g uidel ine/2 014/1 1/WC5 00177 735.
p df

• http: //eur -lex. europ a.eu/ legal -cont ent/E N/TXT /
PDF/ ?uri= CELEX :5201 5XC03 21(02 )&fro m=EN

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/te mplat e_imp _batc h_cer tific ation .docx 

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/20 08_11 _25_g mp-an 1_en. pdf

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/pd fs-en /2018 _anne x2_en .pdf

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/an nex11 _01-2 011_e n.pdf 

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/20 15-10 _anne x15.p df

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/v4 _an16 _2015 10_en .pdf

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/pd fs-en /2018 _anne x17_e n.pdf 

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/pd fs-en /2005 _12_1 4_ann ex19_ en.pd f

• https ://ec .euro pa.eu /heal th/si tes/h ealth /file s/fil es/eu 
drale x/vol -4/pd fs-en /2018 _anne x17_e n.pdf 
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 Compliance 1 2 3a Remarks EU-Guide

1 PERSONNEL

1.1 Qualified personnel available? □  □  □ 2.1

1.2 Organization charts available? □  □  □ 2.2

1.3 Job descriptions available? □  □  □ 2.2

1.4 Responsibilities clearly defined? □  □  □ 2.2

Key Personnel
Responsible persons designated for

1.5 • Production? □  □  □ 2.5

1.6 • Quality control? □  □  □ 2.6

1.7 Are they independent from each other? □  □  □ 2.3

1.8 Are joint functions clearly defined? □  □  □ 2.7

1.9 Are the responsible persons working full time? □  □  □ 2.3

1.10 Do the responsible persons have the appropriate formulation, 
knowledge, and experience?

□  □  □ 2.1/2.2

1.11 Do the relevant departments have enough personnel? □  □  □ 2.1

 Training   

1.12 Continuous training programs for the production and QC staff? □  □  □ 2.8

1.13 Initial job training for all employees? □  □  □ 2.9

1.14 Teaching aids (videos, slides, and brochures) available? □  □  □ 2.9

1.15 External training courses for the staff? □  □  □ 2.9

1.16 Training records? □  □  □ 2.9

1.17 Special training in sensitive areas (sterile production and toxic 
substances)?

□  □  □ 2.10

1.18 Information for visitors to the manufacturing area? □  □  □ 2.11

2 HYGIENE   

 Personnel Hygiene   

 Detailed written hygiene programs for   

2.1 • Clothing? □  □  □ 2.13

2.2 • Use of washrooms? □  □  □ 2.13

2.3 • Behavior in production areas? □  □  □ 2.13

2.4 Precautions against sick personnel or personnel with open 
wounds in production?

□  □  □ 2.14

 Medical examination:   

2.5 • On recruitment? □  □  □ 2.15

2.6 • Regular reexaminations? □  □  □ 2.15

 Duty of notification after   

2.7 • Trips to tropical countries? □  □  □ 2.15

2.8 • Cases of contagious illness in the family? □  □  □ 2.15

2.9 Instructions for appropriate working clothes? □  □  □ 2.16

2.10 Absence of food and drink (chewing gum!) in the working area? □  □  □ 2.17

2.11 Measures against contact with open product (gloves, etc.)? □  □  □ 2.18

2.12 Instructions for hand washing in production? □  □  □ 2.19

2.13 Change of clothes when entering and leaving the production 
area?

□  □  □ 5.19

2.14 Change rooms and toilets easily within reach? □  □  □ 3.31

2.15 Toilets and restrooms sufficiently separated from production 
areas?

□  □  □ 3.30/3.31

2.16 Workshops separate from production areas? □  □  □ 3.32

2.17 Laboratory animal rooms totally segregated from production 
rooms?

□  □  □ 3.33

3 WAREHOUSE   

 Rooms, General   

3.1 Suitable for the intended use? □  □  □ 3

3.2 • Adequate size? □  □  □ 3

3.3 • Clean? □  □  □ 3

3.4 Located and designed to exclude external contamination? □  □  □ 3.1
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3.5 Appropriate level of maintenance? □  □  □ 3.2

3.6 Maintenance works possible without contamination risk? □  □  □ 3.2

3.7 Appropriate lighting and air-conditioning? □  □  □ 3.3

3.8 Recording of temperature and humidity? □  □  □ 3.3

3.9 Protection against the entry of insects or other animals? □  □  □ 3.4

3.10 Controlled access for authorized personnel only? □  □  □ 3.5

 Rooms, Special Requirements   

 Type of warehousing:   

3.11 Separation of goods sufficient? □  □  □ 3.18

3.12 Provision for different storage temperatures? □  □  □ 3.19

3.13 Goods receiving zone weather protected? □  □  □ 3.20

3.14 Cleaning zone for incoming goods? □  □  □ 3.20

3.15 Separate quarantine area with controlled access? □  □  □ 3.21

3.16 Separate, protected sampling area? □  □  □ 3.22

 Separate and safe storage of   

3.17 • Returned goods? □  □  □ 3.23

3.18 • Rejected goods? □  □  □ 3.23

3.19 Separate and safe storage of highly active, toxic, or dangerous 
substances?

□  □  □ 3.24

3.20 Safe storage of narcotics? □  □  □ 3.24

3.21 Safe storage of printed packaging materials? □  □  □ 3.25

3.22 Security measurements against theft? □  □  □ 3.25

3.23 Smoke detectors? □  □  □ 3.25

3.24 Fire extinguishing system? □  □  □ 3.25

 Operations   

3.25 Reception, sampling, and labeling according to written 
procedures?

□  □  □ 5.2

3.26 Is a sampling plan available? □  □  □ Suppl. 4

3.27 Cleaning of incoming containers? □  □  □ 5.3

3.28 Investigation and recording of damaged deliveries? □  □  □ 5.4

3.29 First In First Out (FIFO) principle? □  □  □ 5.7

3.30 Inventory system? □  □  □ 5.8

3.31 Can the location of materials be detected at all times? □  □  □  

3.32 Incoming goods: containers and seals intact? □  □  □ 5.27

3.33 Incoming goods: conformity with bill of delivery? □  □  □ 5.27

 Labeling of incoming containers with   

3.34 • Internal name and code? □  □  □ 5.29

3.35 • Allocated batch number? □  □  □ 5.29

3.36 • Quarantine status? □  □  □ 5.29

3.37 • Expiry date or reanalysis date? □  □  □ 5.29

3.38 Identity test for each incoming container? □  □  □ 5.29

3.39 Are the sampled containers marked? □  □  □ 5.30

3.40 Are reference samples taken? □  □  □ 5.30

3.41 Safe storage of printed packaging materials? □  □  □ 5.41

3.42 Lot tracing of all packaging materials possible? □  □  □ 5.42

3.43 Are excessive packaging materials destroyed? □  □  □ 5.43

 Release of starting materials by physical/inventory checks on 
raw materials, packaging materials, and finished goods:

 

 Item Stocks: Physical Stocks: Inventory Storage conditions  
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4 DISPENSING/ASSEMBLING    

 Rooms, General    

4.1 Suitable for the intended use? □  □  □  3

4.2 • Adequate size? □  □  □  3

4.3 • Clean □  □  □  3

4.4 Located and designed to exclude external contamination? □  □  □  3.1

4.5 Appropriate level of maintenance? □  □  □  3.2

4.6 Maintenance works possible without contamination risk? □  □  □  3.2

4.7 Appropriate lighting and air-conditioning? □  □  □  3.3

4.8 Recording of temperature and humidity? □  □  □   

4.9 Protection against the entry of insects or other animals? □  □  □  3.4

4.10 Controlled access for authorized personnel only? □  □  □  3.5

 Rooms, Special Requirements    

4.11 Segregated from production and warehouse? □  □  □  3.13

4.12 Separate weighing cabins? □  □  □  3.13

4.13 Separate air handling unit (AHU) for each cabin? □  □  □  3.12

 Air pressure gradient from weighing cabin → corridor:   3.3

4.14 Dust-extraction systems available? □  □  □  5.11

 Operations    

4.15 Balances regularly calibrated? □  □  □  3.41

4.16 Only pharmaceutical raw materials in this area? □  □  □  5.17

4.17 Check on remains from previous materials before entering of 
new materials into a weighing cabin?

□  □  □  5.9/5.35

4.18 Only one material in one cabin? □  □  □  5.9

4.19 Are dispensed materials correctly labeled? □  □  □  5.29

4.2 Only released products in the dispensing? □  □  □  5.31

4.21 Cleaning SOPs for the dispensing? □  □  □  4.28

4.22 Previously dispensed material recorded on weighing protocol? □  □  □  4.8

4.23 Safety measures against mix-ups during assembling (e.g., cage 
pallets)?

□  □  □  5.32/5.34

5 SOLIDS MANUFACTURING    

 Field of activity:    

 • Granulation □   

 • Compression □   

 • Encapsulation □   

 • Film and sugar coating □   

 • Visual inspection (capsules, tablets, etc.) □   

 • Premix (human) □   

 Rooms, General    

5.1 Suitable for the intended use? □  □  □  3

5.2 • Adequate size? □  □  □  3

5.3 • Clean? □  □  □  3

5.4 Located and designed to exclude external contamination? □  □  □  3.1

5.5 Appropriate level of maintenance? □  □  □  3.2

5.6 Maintenance works possible without contamination risk? □  □  □  3.2

5.7 Appropriate lighting and air-conditioning? □  □  □  3.3

5.8 Recording of temperature and humidity? □  □  □   

5.9 Protection against the entry of insects or other animals? □  □  □  3.4

5.10 Controlled access for authorized personnel only? □  □  □  3.5

 Rooms, Special Requirements    

5.11 Separate manufacturing area for penicillins/cephalosporins or 
highly sensitizing substances?

□  □  □  3.6

5.12 Only for processing of pharmaceuticals? □  □  □  3.6

5.13 Logical flow of materials? □  □  □  3.7

5.14 Walls, floors, and ceilings: smooth surface and free of cracks? □  □  □  3.8

5.15 Easy cleaning possible? □  □  □  3.10
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5.16 Adequate drains with traps and grilles? □  □  □  3.11

5.17 Appropriate air-handling system? □  □  □  3.12

 Air pressure gradient from working bay → corridor:    

 Classification according to EC guide?    

5.18 Appropriate dust-extraction system? □  □  □  3.14

5.19 Appropriate lighting? □  □  □  3.16

5.20 Separate rest rooms? □  □  □  3.30

5.21 Changing rooms designed to avoid contamination? □  □  □  3.31

5.22 Toilets segregated from manufacturing areas? □  □  □  3.31

 Equipment    

5.23 Suitable for the intended use? □  □  □  3.34

5.24 Well maintained? □  □  □  3.34

5.25 Written and validated cleaning procedures? □  □  □  3.36

5.26 Maintenance without contamination risk (separate area)? □  □  □  3.35

5.27 Equipment in contact with product: suitable materials quality? □  □  □  3.39

5.28 Machinery equipped with measuring and control devices? □  □  □  3.40

5.29 Calibration at fixed intervals according to written procedures? □  □  □  3.41

5.30 Calibration records available? □  □  □  3.41

5.31 Contents and flow direction marked on pipes? □  □  □  3.42

5.32 Pipes for distilled and demineralized water regularly monitored 
and sanitized?

□  □  □  3.43

5.33 Not functioning equipment in the production area (if yes: clearly 
marked)?

Y     N  3.44

5.34 Status of cleanliness indicated? □  □  □  5.13

5.35 Previous product indicated? □  □  □  5.13

 Operations    

5.36 Are written and validated procedures for all manufacturing steps 
available?

□  □  □  5.2

5.37 Are all manufacturing steps recorded with actual parameters? □  □  □  5.2

5.38 Check of each single container of the starting materials 
(contents, weight, and identity)?

□  □  □  5.3

5.39 Limits for yields? □  □  □  5.8

5.40 Only one batch of one product processed? □  □  □  5.9

5.41 Protection against microbial contamination? □  □  □  5.10

5.42 Appropriate measures against generation of dust (e.g., closed 
systems)?

□  □  □  5.11

 Correct labeling of containers, materials, equipment, and rooms 
with

  5.12

5.43 • Product name and batch no? □  □  □  5.12

5.44 • Quarantine status? □  □  □  5.12

5.45 Deviations from standard procedures recorded and signed by the 
supervisor?

□  □  □  5.14

5.46 Special procedures for the production of antibiotics, hormones, 
etc.?

□  □  □  5.19

5.47 • Campaign production? □  □  □  5.19

5.48 • Special monitoring? □  □  □  5.19

5.49 • Validated decontamination procedure? □  □  □  5.19

5.50 Double check on weight? □  □  □  5.34

5.51 Line clearance before start of production? □  □  □  5.35

5.52 Investigation of deviations in yields? □  □  □  5.39

5.53 Validated procedures for reworking of rejected batches? □  □  □  5.62

5.54 Detailed procedures for the addition of previous batches? □  □  □  5.63

5.55 Special release procedure (QA) for those batches? □  □  □  5.64

5.56 Use of protective clothing (hair cover, shoes, masks, and 
gloves)?

□  □  □  2.16

5.57 Clothing regulation for visitors? □  □  □  2.11
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 In-Process Control (IPC)   5.38

 Who performs IPC?    

5.58 Are IPC methods approved by QC? □  □  □  6.18

 Performance of IPCs: During start-up? Frequency Automation data 
recording?

Yes No  Yes No
 Tablets/Kernels    

5.59 Individual weights □  □  □   

5.60 Disintegration □  □  □   

5.61 Thickness □  □  □   

5.62 Hardness □  □  □   

5.63 Friability/Abrasion □  □  □   

 Sugar-/Film-Coated Tablets    

5.64 Weights □  □  □   

5.65 Disintegration □  □  □   

5.66 Residual absolute humidity □  □  □   

 Capsules    

5.67 Individual weights □  □  □   

5.68 Disintegration □  □  □   

 Validation    

5.69 Validation according to fixed procedures? □  □  □  5.21

5.70 New procedures released only after validation? □  □  □  5.22

 Validation of changes of    

5.71 • Processes? □  □  □  5.23

5.72 • Starting materials? □  □  □  5.23

5.73 • Equipment? □  □  □  5.23

5.74 Revalidation at fixed intervals? □  □  □  5.24

5.75 Procedures for the retrospective validation of old procedures? □  □  □   

6 LIQUIDS MANUFACTURING    

 Operations carried out:    

 • Dispensing (if different from solid) □  □  □   

 • Syrups and suspensions □  □  □   

 • Drops □  □  □   

 • Ointment manufacture □  □  □   

 • Ointment filling □  □  □   

 • Ampoule solution manufacture □  □  □   

 • Sterile or aseptic ampoule filling □  □  □   

 • Sterile freeze drying □  □  □   

 • Sterile powder filling □  □  □   

 Rooms, General    

6.1 Suitable for the intended use? □  □  □  3

6.2 • Adequate size? □  □  □  3

6.3 • Clean? □  □  □  3

6.4 Located and designed to exclude external contamination? □  □  □  3.1

6.5 Appropriate level of maintenance? □  □  □  3.2

6.6 Maintenance works possible without contamination risk? □  □  □  3.2

6.7 Appropriate lighting and air-conditioning? □  □  □  3.3

6.8 Recording of temperature and humidity? □  □  □   

6.9 Protection against the entry of insects or other animals? □  □  □  3.4

6.10 Controlled access for authorized personnel only? □  □  □  3.5

 Rooms, Special Requirements    

6.11 Separate manufacturing area for penicillins/cephalosporins or 
highly sensitizing substances?

□  □  □  3.6

6.12 Only for processing of pharmaceuticals? □  □  □  3.6

6.13 Logical flow of materials? □  □  □  3.7

6.14 Walls, floors, and ceilings: smooth surface and free of cracks? □  □  □  3.8
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6.15 Easy cleaning possible? □  □  □  3.10

6.16 Adequate drains with traps and grilles? □  □  □  3.11

6.17 Appropriate air-handling system with filtered air where open 
products are exposed to the environment?

□  □  □  3.12

 Air pressure gradient from working bay → corridor:    

 Classification according to EC guide?    

6.18 Appropriate lighting? □  □  □  3.16

6.19 Separate rest rooms? □  □  □  3.30

6.20 Changing rooms designed to avoid contamination? □  □  □  3.31

6.21 Toilets segregated from manufacturing areas? □  □  □  3.31

 Equipment    

6.22 Suitable for the intended use? □  □  □  3.34

6.23 Well maintained? □  □  □  3.34

6.24 Tanks, containers, pipework, and pumps designed for easy 
cleaning and sanitation (dead legs!)?

□  □  □  Suppl. 2

6.25 Written and validated cleaning procedures? □  □  □  3.36

6.26 Maintenance without contamination risk (separate area)? □  □  □  3.35

6.27 Equipment in contact with product: suitable materials 
quality?

□  □  □  3.39

6.28 Machinery equipped with measuring and control devices? □  □  □  3.40

6.29 Calibration at fixed intervals according to written procedures? □  □  □  3.41

6.30 Calibration records available? □  □  □  3.41

6.31 Contents and flow direction marked on pipes? □  □  □  3.42

6.32 Pipes for distilled and demineralized water regularly monitored 
and sanitized?

□  □  □  3.43

6.33 Not functioning equipment in the production area (if yes: clearly 
marked)?

Y N  3.44

6.34 Status of cleanliness indicated? □  □  □  5.13

6.35 Previous product indicated? □  □  □  5.13

 Operations    

6.36 Are written and validated procedures for all manufacturing steps 
available?

□  □  □  5.2

6.37 Are all manufacturing steps recorded with actual parameters? □  □  □  5.2

6.38 Check of each single container of the starting materials 
(contents, weight, and identity)?

□  □  □  5.3

6.39 Limits for yields? □  □  □  5.8

6.40 Only one batch of one product processed? □  □  □  5.9

6.41 Protection against microbial contamination? □  □  □  5.10

 Correct labeling of containers, materials, equipment, and rooms 
with

  5.12

6.42 • Product name and batch no.? □  □  □  5.12

6.43 • Quarantine status? □  □  □  5.12

6.44 Deviations from standard procedures recorded and signed by the 
supervisor?

□  □  □  5.14

6.45 Special procedures for the production of antibiotics, hormones, 
etc.?

□  □  □  5.19

6.46 • Campaign production? □  □  □  5.19

6.47 • Special monitoring? □  □  □  5.19

6.48 • Validated decontamination procedure? □  □  □  5.19

6.49 Double check on weight? □  □  □  5.34

6.50 Line clearance before start of production? □  □  □  5.35

6.51 Investigation of deviations in yields? □  □  □  5.39

6.52 Specification of maximum storage time and storage conditions 
if products are not immediately filled or packaged?

□  □  □  Suppl. 9

6.53 Validated procedures for reworking of rejected batches? □  □  □  5.62

6.54 Detailed procedures for the addition of previous batches? □  □  □  5.63

6.55 Special release procedure (QA) for those batches? □  □  □  5.64
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6.56 Use of protective clothing (hair cover, shoes, masks, and 
gloves)?

□  □  □  2.16

6.57 Clothing regulation for visitors? □  □  □  2.11

 Water    

6.58 Loop system for purified water? □  □  □  Suppl. 4

6.59 Antimicrobial treatment of purified water? □  □  □  Suppl. 4

6.60 Loop system for water for injection? □  □  □  Suppl. 4

 Storage temperature of water for injection:   Suppl. 4

6.61 Loop system constructed to avoid dead legs? □  □  □  Suppl. 4

6.62 Regular microbiological monitoring? □  □  □  Suppl. 4

6.63 Regular endotoxin control? □  □  □  Suppl. 4

 Special Requirements for Sterile and Aseptic Products   Suppl.
 Rooms and Equipment    

6.64 Access of staff and materials to clean areas only through air 
locks?

□  □  □  1

6.66 Rooms classified according to EC Guide? □  □  □  3

 Classification for products to be sterilized:    

6.67 • Solution preparation (EC: class C, with special precautions 
class D):

Class:  5

6.68 • Filling (EC: under LF in class C): Class:  5

 Classification for aseptic products:    

6.69 • Handling of starting materials that can be sterile filtered 
(EC: class C):

Class:  6

6.70 • Handling of starting materials that cannot be sterile filtered 
(EC: class A in class B):

Class:  6

6.71 • Handling and filling of bulk (EC: class A in Class B): Class:  6

6.72 All rooms easy to clean and disinfect? □  □  □  17

6.73 Doors, windows, frames, lighting, etc. without edges? □  □  □  18

6.74 Suspended ceilings (if yes: sealed?)? □  □  □  19

6.75 Traps constructed to avoid microbiological contamination? □  □  □  21

6.76 Appropriately constructed changing rooms? □  □  □  22

6.77 Measures against opening of both doors of air locks? □  □  □  23

6.78 Overpressure gradient from cleanest areas to others? □  □  □  24

6.79 AHU validated and regularly revalidated? □  □  □  25

6.80 Control instruments for pressure gradient? □  □  □  26

6.81 Warning system for errors in air supply? □  □  □  26

6.82 Recording of pressure gradients? □  □  □  26

6.83 Do conveyor belts leave sterile areas? □  □  □  28

6.84 Maintenance works outside clean areas possible? □  □  □  28

6.85 Cleaning and disinfection procedure after maintenance works? □  □  □  29

6.86 Regular revalidation of all equipment and systems? □  □  □  30

6.87 Water prepared, circulated, and stored to exclude 
microbiological contamination?

□  □  □  31

6.88 Cleaning and disinfection of rooms according to validated SOPs 
rooms?

□  □  □  32

 • Disinfection methods?  

6.89 Microbiological monitoring of cleaning and disinfection agents? □  □  □  33

6.90 Microbiological monitoring program of production areas? □  □  □  35

6.91 Results recorded and considered for the release? □  □  □  35

 Personnel and Hygiene    

6.92 Minimal number of personnel in clean areas? □  □  □  7

6.93 Special and regular training? □  □  □  8

6.94 Regular medical examinations? □  □  □  10

6.95 Appropriate clean room clothes (material and design)? □  □  □  12

6.96 Protective clothes worn correctly? □  □  □  12

6.97 Prohibition of cosmetics, jewelry, and watches? □  □  □  13

6.98 New clean room clothes for each working cycle? □  □  □  15
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6.99 Appropriate washing and sterilization of clothes? □  □  □  16

 Operations    

6.100 Validation (media filling) at regular intervals? □  □  □  38

 Monitoring of water preparation system, frequency:    

6.101 • Microbiological:   40

6.102 • Chemical:   40

6.103 • Particles:   40

6.104 • Endotoxins:   40

6.105 Microbiological monitoring of starting materials? □  □  □  42

6.106 Maximum storage times defined for sterilized equipment? □  □  □  45

6.107 Maximum storage time defined between solution preparation 
and filtration?

□  □  □  46

6.108 Material transfer to clean areas through double door autoclaves? □  □  □  48

 Sterilization Processes    

6.109 All processes validated? □  □  □  50

6.110 Sterilized and nonsterilized materials clearly separated? □  □  □  54

 Trays and boxes clearly labeled with    

6.111 • Product name and code □  □  □  54

6.112 • Batch no. □  □  □  54

6.113 • Status: sterilized or nonsterilized □  □  □  54

 Sterilizers    

6.114 Recording of temperature, pressure, and time? □  □  □  55

6.115 Coldest point determined? □  □  □  55

6.116 Independent counter check probe? □  □  □  55

6.117 Heat-up time for each product determined? □  □  □  56

6.118 Sterile cooling media? □  □  □  57

6.119 Tightness tests for vacuum autoclaves? □  □  □  58

6.120 Clean steam for steam autoclaves? □  □  □  58

6.121 Circulated air with overpressure? □  □  □  61

6.122 Recirculated air: sterile filtered? □  □  □  61

6.123 Ethylene oxide autoclaves: humidity, temperature, and time 
recorded?

□  □  □  69

6.124 Ethylene oxide autoclaves: use of bioindicators? □  □  □  70

 Filtration    

6.125 Double filtration? □  □  □  75

6.126 Integrity testing of filters immediately after use? □  □  □  77

6.127 Are results a part of the batch protocol? □  □  □  77

6.128 Optical control of each single container of ampoules, vials, and 
infusions?

□  □  □  82

 IPC    

6.129 Written IPC procedures and SOPs? □  □  □   

 Particle testing of    

6.130 • Rooms? □  □  □   

6.131 • Primary packaging materials? □  □  □   

6.132 • System of warning and action limits? □  □  □   

 Microbiological monitoring of    

6.133 • Rooms?    

6.134 • Personnel?    

6.135 • Equipment?    

6.136 Residual O2 of ampoules, infusions, and syrups? □  □  □   

6.137 Endotoxin testing of water and packaging materials? □  □  □   

6.138 Calibration of equipment? □  □  □   

6.139 Regular revalidation of equipment? □  □  □   

7 PACKAGING    

 Operations carried out:    

 • Blistering □   
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 • Foil packaging □   

 • Filling into tablet glasses □   

 • Effervescent packaging □   

 • Powder filling □   

 • Syrup/drops filling □   

 • Ointment filling □   

 Rooms    

7.1 Suitable for the intended use? □  □  □  3

7.2 • Adequate size? □  □  □  3

7.3 • Clean? □  □  □  3

7.4 Located and designed to exclude external contamination? □  □  □  3.1

7.5 Appropriate level of maintenance? □  □  □  3.2

7.6 Maintenance works possible without contamination risk? □  □  □  3.2

7.7 Appropriate lighting and air-conditioning? □  □  □  3.3

7.8 Recording of temperature and humidity? □  □  □   

7.9 Protection against the entry of insects or other animals? □  □  □  3.4

7.10 Controlled access for authorized personnel only? □  □  □  3.5

7.11 Adequate separation of the packaging lines? □  □  □  3.15

 Operations    

7.12 Only one product per line? □  □  □  5.44

7.13 Check list for clearance before processing a new product/new 
batch?

□  □  □  5.45

7.14 Adequate labeling of the lines (product name and code)? □  □  □  5.46

7.15 Check of all materials delivered to the line (quantity, identity, 
conformity with order)?

□  □  □  5.47

7.16 Cleaning of primary packaging materials? □  □  □  5.48

7.17 Immediate labeling after filling? □  □  □  5.49

7.18 Careful check of all printing processes (code and expiry date)? □  □  □  5.50

7.19 Special safety measures for off-line printing? □  □  □  5.51

7.20 Regular checks of all control devices (code reader, counter, 
etc.)?

□  □  □  5.52

7.21 Printings clear and durable? □  □  □  5.53

7.22 Balancing of printed packaging materials and bulk? □  □  □  5.56

7.23 Destruction of excessive coded packaging material after 
completion of an order?

□  □  □  5.57

7.24 Are the finished products kept in quarantine until final release? □  □  □  5.58

7.25 Appropriate storage after release? □  □  □  5.60

 IPC    

7.26 Checks on identity of bulk and packaging materials? □  □  □  5.47

 Regular line checks on    

7.27 • Aspect of the packages? □  □  □  5.54a

7.28 • Completeness? □  □  □  5.54b

7.29 • Conformity of quantity and quality of materials with 
packaging order?

□  □  □  5.54c

7.30 • Correct imprint? □  □  □  5.54d

7.31 • Correct function of control devices? □  □  □  5.54d

 Are the following IPC checks performed?    

7.32 • Leaking □  □  □   

7.33 • Release torque of screw caps □  □  □   

7.34 • pH, density, drop weight, viscosity, and sedimentation □  □  □   

8 DOCUMENTATION    

 Specifications    

8.1 Specifications for raw/packaging materials available? □  □  □  4.10

 • Do they include    

8.2 • Internal name and code □  □  □  4.11

8.3 • Name of supplier and/or manufacturer? □  □  □  4.11

8.4 • Reference sample (printed packaging material)? □  □  □  4.11
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8.5 • Sampling procedure? □  □  □  4.11

8.6 • Qualitative/quantitative specifications with limits? □  □  □  4.11

8.7 • Storage conditions? □  □  □  4.11

8.8 • Maximum storage period? □  □  □  4.11

 Goods Receiving?    

8.9 Written procedures for the reception of deliveries? □  □  □  4.19

 Do the records of receipt include    

8.10 • Product name on labels and delivery note? □  □  □  4.20

8.11 • Internal name and code? □  □  □  4.20

8.12 • Receiving date? □  □  □  4.20

8.13 • Name of supplier and/or manufacturer? □  □  □  4.20

8.14 • Batch number of supplier? □  □  □  4.20

8.15 • Total quantity and number of containers? □  □  □  4.20

8.16 • Allocated internal batch number? □  □  □  4.20

8.17 SOPs for labeling, quarantine, and storage conditions of all 
incoming goods available?

□  □  □  4.21

 SOPs include    

8.18 • Authorized sampling personnel? □  □  □  4.22

8.19 • Methods, equipment, and quantities? □  □  □  4.22

8.2 • Safety measures? □  □  □  4.22

 Master Formulae    

8.21 Are master formulae for each product and batch size available? □  □  □  4.3

8.22 Is the master formula approved and signed by the authorized 
persons?

□  □  □  4.3

 The master formula includes    

8.23 • Product name and code? □  □  □  4.14a

8.24 • Description of galenical form, dosage, and batch size? □  □  □  4.14b

8.25 • All active ingredients with name, code, and weight? □  □  □  4.14c

8.26 • All excipients used during manufacture with name, code, 
and weight?

□  □  □  4.14c

8.27 • Yields with limits? □  □  □  4.14d

 Does the working procedure include    

8.28 • The production line? □  □  □  4.15a

8.29 • Equipment to be used? □  □  □  4.15a

8.30 • Reference to methods for cleaning, assembling, and 
calibration of machines?

□  □  □  4.15b

8.31 • Detailed stepwise manufacturing prescription? □  □  □  4.15c

8.32 • IPCs to be performed with limits? □  □  □  4.15d

8.33 • Precautions to be followed? □  □  □  4.15e

8.34 Are batch records kept for each batch processed? □  □  □  4.17

 Do batch records include    

8.35 • Protocol of line clearance? □  □  □  4.17

8.36 • Name of the product and batch no.? □  □  □  4.17a

8.37 • Date and time of start and end of production? □  □  □  4.17b

8.38 • Name and initials of responsible workers for each step? □  □  □  4.17c, d

8.39 • Batch and analytical no. and actual weight of all starting 
materials?

□  □  □  4.17e

8.40 • Equipment used? □  □  □  4.17f

8.41 • Results of IPCs with initials of person who carries them 
out?

□  □  □  4.17g

8.42 • Yields of the relevant manufacturing steps? □  □  □  4.17h

8.43 • Detailed notes on problems and process deviations? □  □  □  4.17i

8.44 Records on reprocessing of batches? □  □  □   

 Packaging Instructions    

8.45 Packaging instructions for each product, package size, and 
presentation?

□  □  □  4.16

 Do they include    
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8.46 • Product name? □  □  □  4.16a

8.47 • Description of galenical form and strength? □  □  □  4.16b

8.48 • Package size? □  □  □  4.17c

8.49 • List of all packaging materials with code for a standard 
batch size?

□  □  □  4.17d

8.50 • Samples of printed packaging materials? □  □  □  4.17e

8.51 • Special precautions? □  □  □  4.17f

8.52 • Description of the process and equipment? □  □  □  4.17g

8.53 • IPCs to be performed with sampling instruction? □  □  □  4.17h

8.54 Are packaging batch records kept for each batch or part batch? □  □  □  4.18

 Do the packaging batch records include    

8.55 • Protocol of line clearance? □  □  □  4.18

8.56 • Name of the product? □  □  □  4.18a

8.57 • Date and time when operations have been performed? □  □  □  4.18b

8.58 • Name of the responsible person? □  □  □  4.18c

8.59 • Initials of workers carrying out operations? □  □  □  4.18d

8.60 • Notes on identity checks and conformity with packaging 
instructions?

□  □  □  4.18e

8.61 • Results of IPCs? □  □  □  4.18e

8.62 • Details of operations and equipment used? □  □  □  4.18f

8.63 • Samples of printed packaging materials with codes (MFD, 
EXP, batch no., etc.)?

□  □  □  4.18g

8.64 • Record of problems and process deviations? □  □  □  4.18h

8.65 • Quantities of packaging materials delivered, used, 
destroyed, or returned?

□  □  □  4.18i

8.66 • Number of packs consumed? □  □  □  4.18j

 Testing    

 Do the written testing procedures include    

8.67 • Test methods? □  □  □  4.23

8.68 • Equipment for testing? □  □  □  4.23

8.69 Tests documented? □  □  □  4.23

 Others    

8.70 Procedures for release and rejection of materials and finished 
products?

□  □  □  4.24

8.71 Final release by authorized person? □  □  □  4.24

8.72 Records about distribution of each batch? □  □  □  4.25

 Procedures and protocols about    

8.73 • Validation? □  □  □  4.26

8.74 • Set-up and calibration of equipment? □  □  □  4.26

8.75 • Maintenance, cleaning, and disinfection? □  □  □  4.26

8.76 • Training records? □  □  □  4.26

8.77 • Environmental monitoring of production areas? □  □  □  4.26

8.78 • Pest control? □  □  □  4.26

8.79 • Complaints? □  □  □  4.26

8.80 • Recalls? □  □  □  4.26

8.81 • Returned goods? □  □  □  4.26

8.82 Instructions for use of manufacturing and testing equipment? □  □  □  4.27

 Log books for major equipment including date and name of 
persons who performed

   

8.83 • Validation? □  □  □  4.28

8.84 • Calibration? □  □  □  4.28

8.85 • Maintenance, cleaning, and repair works? □  □  □  4.28

8.86 Chronological records of use of major equipment and 
manufacturing areas?

□  □  □  4.29

9 QUALITY CONTROl 6
General Requirements

9.1 Independent QC department available? □  □  □  6.1
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9.2 Head of QC well qualified and sufficiently experienced? □  □  □  6.1

9.3 Qualified personnel available? □  □  □  2.1

9.4 Organization charts available? □  □  □  2.2

9.5 Job descriptions available? □  □  □  2.2

9.6 Responsibilities clearly defined? □  □  □  2.2

9.7 Continuous training programs for QC staff? □  □  □  2.2

9.8 Initial job training for all employees? □  □  □  2.9

9.9 Training records? □  □  □   

9.10 QC personnel admitted to the production rooms for sampling, 
etc.?

□  □  □   

 QC Laboratories    

9.11 Suitable for the intended use? □  □  □  3.26

9.12 Laboratories of adequate size? □  □  □  3.26

9.13 Appropriate level of maintenance? □  □  □  3.1

9.14 Adequate separation from the production area? □  □  □  3.26

9.15 Controlled access of authorized personnel only? □  □  □  3.5

9.16 Special laboratory to handle biological samples available? □  □  □  3.29

9.17 Special laboratory to handle radioactive material available? □  □  □  3.29

9.18 Separate recreation rooms for the personnel available? □  □  □  3.30

9.19 Animal laboratories present? □  □  □  3.33

9.20 Animal laboratories separated from other areas? □  □  □  3.33

9.21 Animal laboratories equipped with a separate air-handling 
system?

□  □  □  3.33

 QC Documentation    

9.22 Do procedures exist for    

• Self inspection? □  □  □   

• Release or rejection of products or raw material? □  □  □   

• Product complaints? □  □  □   

• Product recalls? □  □  □   

• Local stability testing? □  □  □   

• Storage of reference samples? □  □  □   

• Validation of analytical procedures? □  □  □   

9.23 Specifications available for □  □  □  6.7

• Raw materials? □  □  □   

• Bulk products? □  □  □   

• Packaging materials? □  □  □   

9.24 Analytical procedures for every product? □  □  □   

9.25 Are Basel methods followed? □  □  □   

9.26 Validation of locally developed test methods? □  □  □   

9.27 Sampling procedures available for   6.7

• Raw materials? □  □  □   

• Bulk products? □  □  □   

• Packaging materials? □  □  □   

9.28 Suppliers’ certificates available? □  □  □  6.7

9.29 Calibration program for analytical instruments installed? □  □  □  6.7

9.30 Maintenance program for analytical instruments? □  □  □  6.7

9.31 Retention system for QC records? □  □  □  6.8

9.32 Batch documents stored for expiry + 1 year or 5 years (EEC 
75/319, article 22) minimum?

□  □  □  6.8

9.33 Are original data such as notebooks stored in addition to the 
batch documents?

□  □  □  6.10

9.34 Can the original data be traced back easily and quickly from the 
analytical report number or batch number?

□  □  □  6.10

9.35 Are trend analyses being performed for   6.9

• Analytical results? □  □  □   

• Yields? □  □  □   

• Environmental monitoring data? □  □  □   
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 Sampling    

9.36 Written procedures for taking samples? □  □  □  6.11

9.37 Do procedures define    

• Method of sampling? □  □  □   

• Necessary equipment? □  □  □   

• Quantity of the sample? □  □  □   

• Subdivision of the sample? □  □  □   

• Sample container? □  □  □   

• Labeling of samples? □  □  □   

• Storage conditions? □  □  □   

• Cleaning and storage of sampling equipment? □  □  □   

• Identification of containers sampled? □  □  □   

9.38 Are samples representative of the batch they are taken from 
(sampling plan)?

□  □  □  6.12

9.39 Are critical steps being surveilled and validated by additional 
sampling (e.g., at the beginning or end of a process)?

□  □  □  6.12

9.40 Sample containers labeled with   6.13

• Name of the content? □  □  □   

• Batch number? □  □  □   

• Date of sampling? □  □  □   

• Batch containers sampled □  □  □   

9.41 Are samples taken by QC/QA? □  □  □   

9.42 Reference samples retained for validity +1 year? □  □  □  6.14

9.43 Storage of reference samples under the recommended storage 
conditions?

□  □  □  6.14

9.44 Finished products stored in the final packaging? □  □  □  6.14

9.45 Quantity of the reference sample makes one (better two) 
complete reanalysis possible?

□  □  □  6.14

9.46 Sample room secure? Y N  6.14

9.47 Sample room neatly organized and not overcrowded? Y N  6.14

 Testing    

9.48 Are the applied analytical methods validated? □  □  □  6.15

9.49 Analytical methods in compliance with the registration? □  □  □  6.16

9.50 Are all results recorded and checked for correctness? □  □  □  6.16

9.51 Are all calculations checked? □  □  □  6.16

9.52 Do the testing protocols contain   6.17

• Name and galenical form of material? □  □  □   

• Batch number? □  □  □   

• Supplier if applicable? □  □  □   

• Specification reference? □  □  □   

• Method reference? □  □  □   

• Analytical results? □  □  □   

• Reference to analytical certificates? □  □  □   

• Date of the analysis? □  □  □   

• Name of the analyst? □  □  □   

• Name of the person verifying the data? □  □  □   

• Statement of release or rejection? □  □  □   

• Date and signature of the release person? □  □  □   

9.53 Are all IPC methods in production approved by QC? □  □  □  6.18

9.54 Are written methods available for the preparation of reagents 
and volumetric solutions?

□  □  □  6.19

9.55 Is a record maintained of standardization of volumetric 
solutions?

□  □  □  6.20

9.56 Are reagents for prolonged use labeled with   6.20

• Date of the preparation? □  □  □   

• Signature of the preparator? □  □  □   
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9.57 Are unstable reagents labeled with   6.20

• Expiry date? □  □  □   

• Storage conditions? □  □  □   

9.58 Are volumetric solutions labeled with   6.20

• The last date of standardization? □  □  □   

• Last current factor? □  □  □   

9.59 Are reference standards labeled with   6.21

• Name and potency? □  □  □   

• Suppliers reference? □  □  □   

• Date of receipt? □  □  □   

• Date of expiry? □  □  □   

9.60 Are reference standards stored properly and under the control of 
a designated person?

□  □  □   

9.61 Are animals used for testing of components, materials, or 
products

   

• Quarantined before use? □  □  □   

• Checked for suitability? □  □  □   

• Are records maintained showing the history of their use? □  □  □   

10 COMPLAINTS AND PRODUCT RECALLS   8
 Complaints   8.1

10.1 Does a written complaint procedure exist? □  □  □  8.2

10.2 Are product complaints carefully reviewed? □  □  □  8.1

10.3 Is a person designated to handle complaints and to decide on 
measures to be taken?

□  □  □  8.1

10.4 Is each complaint concerning a product recorded with all 
original details?

□  □  □  8.3

10.5 Are product complaints thoroughly investigated? □  □  □  8.3

10.6 Is a responsible QC person involved in the study? □  □  □  8.3

10.7 Is it considered that other batches might be concerned as well? □  □  □  8.4

10.8 Are decisions and measures as a result recorded? □  □  □  8.5

10.9 Is this record added to the corresponding batch documents? □  □  □  8.5

10.10 Are the complaint records regularly revised with respect to 
specific or recurring problems?

□  □  □  8.6

10.11 Are the authorities informed of serious quality problems with a 
product?

□  □  □  8.7

 Recalls   8.8

10.12 Does a written recall procedure exist? □  □  □  8.9

10.13 Is a person nominated responsible for the execution and 
coordination of a recall?

□  □  □  8.8

10.14 Is the responsible person independent of the marketing and sales 
organization?

□  □  □  8.8

10.15 Are the competent authorities informed of an imminent recall? □  □  □  8.11

10.16 Does the person responsible for a recall have access to the 
distribution records?

□  □  □  8.12

10.17 Do the distribution records contain sufficient information on 
customers with

□  □  □  8.12

• Addresses?    

• Phone numbers inside or outside working hours? □  □  □   

• Batches and amounts delivered? □  □  □   

• Medical samples? □  □  □   

10.18 Are recalled products stored separately in a secure area? □  □  □  8.13

10.19 Is a final record made, including a reconciliation between the 
delivered and recovered quantities?

□  □  □  8.14

10.20 Is the effectiveness of the arrangements for recalls checked 
critically from time to time?

□  □  □  8.15
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11 SELF-INSPECTION   9
11.1 Does a self-inspection procedure exist that defines frequency 

and program?
□  □  □  9.1

11.2 Are self-inspections carried out to check compliance with GMP 
rules?

□  □  □  9.1

11.3 Are self-inspections conducted in an independent and detailed 
way?

□  □  □  9.2

 by designated competent persons from the company or 
external experts?

□  □  □   

11.4 Are self-inspections recorded? □  □  □  9.3

11.5 Do reports contain □  □  □  9.3

• The observations made during a self-inspection?    

• Proposals for corrective measures? □  □  □   

11.6 Are actions subsequently taken recorded? □  □  □  9.3

12 CONTRACT MANUFACTURE AND ANALYSIS   7
12.1 Is a written contract between contract giver and contract 

acceptor available?
□  □  □  7.1

12.2 Are responsibilities and duties clearly defined? □  □  □  7

12.3 Are all arrangements in accordance with the marketing 
authorization of the product concerned?

□  □  □  7.2

 The Contract Giver    
12.4 Competence of the acceptor to carry out the work successfully 

and according to GMP assessed?
□  □  □  7.3

12.5 Acceptor provided with all the information necessary to carry 
out the contract work?

□  □  □  7.4

12.6 Acceptor informed of safety aspects? □  □  □  7.4
12.7 Conformance of products supplied by the acceptor ensured? □  □  □  7.5
12.8 Product released by a qualified person on the acceptor’s side? □  □  □  7.5
 The Contract Acceptor    
12.9 Does the acceptor have □  □  □  7.6

• Adequate premises and equipment?    
• Knowledge and experience? □  □  □   
• Competent personnel? □  □  □   
• A manufacturing authorization? □  □  □   

12.10 Does the acceptor ensure that all products or materials delivered 
to him or her are suitable?

□  □  □  7.7

12.11 There must be no work passed to a third party without the 
permission of the giver.

□  □  □  7.8

12.12 If a third party is involved, it must have the necessary 
manufacturing and analytical information.

□  □  □  7.8

 The Contract
12.13 Does the written contract specify the responsibilities? □  □  □  7.10

12.14 Have technical aspects been drawn up by competent persons? □  □  □  7.10

12.15 Release of material and check for compliance with the 
marketing authorization defined?

□  □  □  7.11

12.16 Is it defined who is responsible for   7.12

• Purchasing of materials? □  □  □   

• IPC controls? □  □  □   

• Testing and release of materials? □  □  □   

• Manufacturing and quality control? □  □  □   

• Sampling? □  □  □   

• Storage of batch documentation? □  □  □   

12.17 Are manufacturing, analytical, and distribution records available 
to the contract giver?

□  □  □  7.13

12.18 Does the contract permit the giver to visit the facilities of the 
acceptor?

□  □  □  7.14

12.19 In the case of contract analysis: Does the contract acceptor 
understand that he or she is subject to inspection by the 
competent authorities?

□  □  □  7.15
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GLOSSARY

Acceptance Criteria: Numerical limits, ranges, or other suit-
able measures for acceptance of test results.

Active Pharmaceutical Ingredient (API) (or Drug 
Substance):  Any substance or mixture of sub-
stances intended to be used in the manufacture of a 
drug (medicinal) product and that, when used in the 
production of a drug, becomes an active ingredient 
of the drug product. Such substances are intended 
to furnish pharmacological activity or other direct 
effect in the diagnosis, cure, mitigation, treatment, 
or prevention of disease or to affect the structure and 
function of the body.

Air Lock: An enclosed space with two or more doors, 
which is interposed between two or more rooms, 
for example, of differing classes of cleanliness, for 
the purpose of controlling the airflow between those 
rooms when they need to be entered. An air lock is 
designed for use either by people or for goods and/
or equipment.

API Starting Material:  A raw material, intermediate, or 
API that is used in the production of an API and 
that is incorporated as a significant structural frag-
ment into the structure of the API. An API Starting 
Material can be an article of commerce, a material 
purchased from one or more suppliers under contract 
or commercial agreement, or produced in-house. API 
Starting Materials are normally of defined chemical 
properties and structure.

Authorized Person:  The person recognized by the national 
regulatory authority as having the responsibility for 
ensuring that each batch of finished product has been 
manufactured, tested, and approved for release in 
compliance with the laws and regulations in force in 
that country.

Batch (or Lot):  A specific quantity of material produced in a 
process or series of processes so that it is expected to 
be homogeneous within specified limits. In the case 
of continuous production, a batch may correspond to 
a defined fraction of the production. The batch size 
can be defined either by a fixed quantity or by the 
amount produced in a fixed time interval. 

Batch Number (or Lot Number):  A unique combination 
of numbers, letters, and/or symbols that identifies a 

batch (or lot) and from which the production and dis-
tribution history can be determined. 

Batch Records:  All documents associated with the manufac-
ture of a batch of bulk product or finished product. 
They provide a history of each batch of product and 
of all circumstances pertinent to the quality of the 
final product.

Bioburden:  The level and type (e.g., objectionable or not) of 
microorganisms that can be present in raw materi-
als, API starting materials, intermediates, or APIs. 
Bioburden should not be considered contamination 
unless the levels have been exceeded or defined 
objectionable organisms have been detected.

Bulk Product:  Any product that has completed all process-
ing stages up to, but not including, final packaging.

Calibration:  The demonstration that a particular instrument 
or device produces results within specified limits by 
comparison with those produced by a reference or 
traceable standard over an appropriate range of mea-
surements. The set of operations that establish, under 
specified conditions, the relationship between values 
indicated by an instrument or system for measuring 
(especially weighing), recording, and controlling, or 
the values represented by a material measure, and 
the corresponding known values of a reference stan-
dard. Limits for acceptance of the results of measur-
ing should be established.

Clean Area:  An area with defined environmental control 
of particulate and microbial contamination, con-
structed, and used in such a way as to reduce the 
introduction, generation, and retention of contami-
nants within the area.

Computer System:  A group of hardware components and 
associated software, designed and assembled to per-
form a specific function or group of functions. A pro-
cess or operation integrated with a computer system.

Consignment (or Delivery):  The quantity of a pharmaceuti- 
cal(s) made by one manufacturer and supplied at one 
time in response to a particular request or order. A 
consignment may comprise one or more packages 
or containers and may include material belonging to 
more than one batch.

Contamination:  The undesired introduction of impuri-
ties of a chemical or microbiological nature, or of 
foreign matter, into or on to a starting material or 
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13 AUDIT OF SUPPLIERS   2.7

13.1 Supplier audits performed for   

• Excipients? □  □  □   

• Active substances? □  □  □   

• Packaging material? □  □  □   

a1. Fulfilled or available; 2. partially fulfilled; 3. not fulfilled or not available.
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intermediate during production, sampling, packag-
ing or repackaging, and storage or transport.

Contract Manufacturer:  A manufacturer performing some 
aspect of manufacturing on behalf of the original 
manufacturer.

Critical:  Describes a process step, process condition, test 
requirement, or other relevant parameter or item that 
must be controlled within predetermined criteria to 
ensure that the API meets its specification.

Critical Operation:  An operation in the manufacturing pro-
cess that may cause variation in the quality of the 
pharmaceutical product.

Cross-Contamination:  Contamination of a material or prod-
uct with another material or product. Contamination 
of a starting material, intermediate product, or fin-
ished product with another starting material or prod-
uct during production.

Deviation:  Departure from an approved instruction or estab-
lished standard.

Drug (Medicinal) Product:  The dosage form in the final 
immediate packaging intended for marketing. (See 
ICH Guidance Q1A.)

Drug Substance:  See Active Pharmaceutical Ingredient.
Expiry Date (or Expiration Date):  The date placed on the 

container/labels of an API designating the time dur-
ing which the API is expected to remain within estab-
lished shelf-life specifications if stored under defined 
conditions, and after which it should not be used.

Finished Product:  A finished dosage form that has under-
gone all stages of manufacture, including packaging 
in its final container and labeling.

Impurity:  Any component present in the intermediate or 
API that is not the desired entity.

Impurity Profile:  A description of the identified and uniden-
tified impurities present in an API.

In-Process Control:  Checks performed during production 
in order to monitor and, if necessary, to adjust the 
process to ensure that the product conforms to its 
specifications. The control of the environment or 
equipment may also be regarded as a part of in-pro-
cess control.

Intermediate:  A material produced during steps of the pro-
cessing of an API that undergoes further molecular 
change or purification before it becomes an API. 
Intermediates may or may not be isolated. Partly 
processed product that must undergo further manu-
facturing steps before it becomes a bulk product.

Large-Volume Parenterals:  Sterile solutions intended for 
parenteral application with a volume of 100 mL or 
more in one container of the finished dosage form.

Lot:  See Batch.
Lot Number:  See Batch Number.
Manufacture:  All operations of receipt of materials, produc-

tion, packaging, repackaging, labeling, relabeling, 
quality control, release, storage, and distribution of 
APIs and related controls.

Manufacturer:  A company that carries out operations such 
as production, packaging, repackaging, labeling, and 
relabeling of pharmaceuticals.

Marketing Authorization (Product License, Registration 
Certificate):  A legal document issued by the com-
petent drug regulatory authority that establishes the 
detailed composition and formulation of the product 
and the pharmacopoeial or other recognized speci-
fications of its ingredients and of the final product 
itself, and includes details of packaging, labeling, 
and shelf life.

Master Formula:  A document or set of documents specify-
ing the starting materials with their quantities and 
the packaging materials, together with a descrip-
tion of the procedures and precautions required to 
produce a specified quantity of a finished product as 
well as the processing instructions, including the in-
process controls.

Master Record:  A document or set of documents that serve 
as a basis for the batch documentation (blank batch 
record).

Material:  A general term used to denote raw materials (start-
ing materials, reagents, and solvents), process aids, 
intermediates, APIs, and packaging and labeling 
materials.

Mother Liquor:  The residual liquid that remains after the 
crystallization or isolation processes. A mother 
liquor may contain unreacted materials, intermedi-
ates, levels of the API, and/or impurities. It may be 
used for further processing.

Packaging:  All operations, including filling and labeling, 
that a bulk product has to undergo in order to become 
a finished product. Filling of a sterile product under 
aseptic conditions or a product intended to be termi-
nally sterilized, would not normally be regarded as 
part of packaging.

Packaging Material:  Any material intended to protect an 
intermediate or API during storage and transport. 
Any material, including printed material, employed 
in the packaging of a pharmaceutical, but excluding 
any outer packaging used for transportation or ship-
ment. Packaging materials are referred to as primary 
or secondary according to whether or not they are 
intended to be in direct contact with the product.

Pharmaceutical Product:  Any material or product intended 
for human or veterinary use presented in its finished 
dosage form or as a starting material for use in such 
a dosage form, that is subject to control by pharma-
ceutical legislation in the exporting state and/or the 
importing state.

Procedure:  A documented description of the operations to 
be performed, the precautions to be taken and mea-
sures to be applied directly or indirectly related to 
the manufacture of an intermediate or API.

Process Aids:  Materials, excluding solvents, used as an aid 
in the manufacture of an intermediate or API that do 
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not themselves participate in a chemical or biologi-
cal reaction (e.g., filter aid, activated carbon, and so 
on).

Process Control:  See In-Process Control.
Production:  All operations involved in the preparation of 

a pharmaceutical product, from receipt of materials, 
through processing, packaging and repackaging, and 
labeling and relabeling, to completion of the finished 
product.

Qualification:  Action of proving and documenting that equip-
ment or ancillary systems are properly installed, 
work correctly, and actually lead to the expected 
results. Qualification is part of validation, but the 
individual qualification steps alone do not constitute 
process validation.

Quality Assurance (QA):  The sum total of the organised 
arrangements made with the object of ensuring that 
all APIs are of the quality required for their intended 
use and that quality systems are maintained.

Quality Control (QC):  Checking or testing that specifica-
tions are met.

Quality Unit(s):  An organizational unit independent of pro-
duction that fulfills both Quality Assurance and 
Quality Control responsibilities. This can be in the 
form of separate QA and QC units or a single indi-
vidual or group, depending upon the size and struc-
ture of the organization.

Quarantine:  The status of starting or packaging materi-
als, intermediates, or bulk or finished products iso-
lated physically or by other effective means while 
a decision is awaited on their release, rejection, or 
reprocessing.

Raw Material:  A general term used to denote starting mate-
rials, reagents, and solvents intended for use in the 
production of intermediates or APIs.

Reconciliation:  A comparison between the theoretical quan-
tity and the actual quantity.

Recovery:  The introduction of all or part of previous batches 
(or of redistilled solvents and similar products) of the 
required quality into another batch at a defined stage 
of manufacture. It includes the removal of impurities 
from waste to obtain a pure substance or the recov-
ery of used materials for a separate use.

Reference Standard, Primary:  A substance that has been 
shown by an extensive set of analytical tests to be 
authentic material that should be of high purity.

Reference Standard, Secondary:  A substance of estab-
lished quality and purity, as shown by comparison 
with a primary reference standard, used as a refer-
ence standard for routine laboratory analysis.

Reprocessing:  Subjecting all or part of a batch or lot of an 
in-process drug, bulk process intermediate (final 
biological bulk intermediate), or bulk product of a 
single batch/lot to a previous step in the validated 
manufacturing process due to failure to meet pre-
determined specifications. Reprocessing procedures 
are foreseen as occasionally necessary for biological 

drugs and in such cases, are validated and preap-
proved as part of the marketing authorization.

Retest Date:  The date when a material should be reexamined 
to ensure that it is still suitable for use.

Reworking:  Subjecting an in-process or bulk process inter-
mediate (final biological bulk intermediate) or final 
product of a single batch to an alternate manufacturing 
process due to a failure to meet predetermined specifi-
cations. Reworking is an unexpected occurrence and is 
not preapproved as part of the marketing authorization.

Self-Contained Area:  Premises that provide complete and 
total separation of all aspects of an operation, includ-
ing personnel and equipment movement, with well-
established procedures, controls, and monitoring. 
This includes physical barriers as well as separate 
airhandling systems, but does not necessarily imply 
two distinct and separate buildings.

Signature (Signed):  See definition for signed.
Signed (Signature):  The record of the individual who per-

formed a particular action or review. This record 
can be initials, a full handwritten signature, a per-
sonal seal, or an authenticated and secure electronic 
signature.

Solvent:  An inorganic or organic liquid used as a vehicle 
for the preparation of solutions or suspensions in the 
manufacture of an intermediate or API.

Specification:  A list of detailed requirements to which the 
products or materials used or obtained during manu-
facture have to conform. They serve as a basis for 
quality evaluation.

Standard Operating Procedure (SOP):  An authorized 
written procedure giving instructions for performing 
operations not necessarily specific to a given product 
or material (e.g., equipment operation, maintenance, 
and cleaning; validation; cleaning of premises and 
environmental control; sampling and inspection). 
Certain SOPs may be used to supplement product-
specific master and batch production documentation.

Starting Material:  Any substance of a defined quality used 
in the production of a pharmaceutical product, but 
excluding packaging materials.

Validation:  A documented program that provides a high 
degree of assurance that a specific process, method, 
or system will consistently produce a result meeting 
predetermined acceptance criteria. Action of prov-
ing, in accordance with the principles of GMP, that 
any procedure, process, equipment, material, activ-
ity, or system actually leads to the expected results 
(see also Qualification).

Validation Protocol:  A written plan stating how validation 
will be conducted and defining acceptance criteria. 
For example, the protocol for a manufacturing pro-
cess identifies processing equipment, critical process 
parameters/operating ranges, product characteris-
tics, sampling, test data to be collected, number of 
validation runs, and acceptable test results.
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Yield, Expected:  The quantity of material or the percent-
age of theoretical yield anticipated at any appropriate 
phase of production based on previous laboratory, 
pilot-scale, or manufacturing data.

Yield, Theoretical:  The quantity that would be produced at 
any appropriate phase of production, based upon the 
quantity of material to be used, in the absence of any 
loss or error in actual production.
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Excipients

ALPHA-TOCOPHEROL 1 MG

ALPHA-TOCOPHEROL SOFT GELATIN 5 MG

ALPHA-TOCOPHEROL ACETATE 2 MG

ALPHA-TOCOPHEROL, DL- SOFT GELATIN 0.08 MG

1-(PHENYLAZO)-2-NAPHTHYLAMINE 0.13 MG

1,4-SORBITAN 24.15 MG

ACACIA 8.86 MG

ACACIA SUSTAINED ACTION 11.77 MG

ACACIA EXTENDED RELEASE 16.05 mg

ACACIA SYRUP SUSTAINED ACTION 69.64 MG

ACETIC ACID ENTERIC COATED PELLETS 0.36 MG

ACETOPHENONE SOFT GELATIN 0.01 MG

ACETYLTRIBUTYL CITRATE COATED 3.5 MG

ACETYLTRIBUTYL CITRATE DELAYED RELEASE 4.72 MG

ACETYLTRIBUTYL CITRATE 6.57 MG

ACETYLTRIBUTYL CITRATE ENTERIC COATED PELLETS 7.6 MG

ACETYLTRIBUTYL CITRATE EXTENDED RELEASE 18.96 MG

ACETYLTRIBUTYL CITRATE SUSTAINED ACTION 18.98 MG

ACTIVATED CHARCOAL 3.4 MG

ACTIVATED CHARCOAL SUSTAINED ACTION 5.2 MG

ALGINIC ACID 80 MG

ALUMINUM MONOACETATE EXTENDED RELEASE 1 MG

ALUMINUM STEARATE SUSTAINED ACTION 0.4 MG

AMARANTH SOFT GELATIN 0.092 MG

AMARANTH 0.1 MG

AMARANTH SUSTAINED ACTION 0.1 MG

AMARANTH (IMMED./COMP. RELEASE), SOFT GELATIN, 
PERLE

0.18 MG

AMARANTH EXTENDED RELEASE 2.9 MG

AMBERLITE 4.86 MG

AMINOBENZOATE SODIUM 0.002 MG

AMMONIA SOLUTION SUSTAINED ACTION ADJPH

AMMONIA SOLUTION DELAYED ACTION 1.5 MG

AMMONIA SOLUTION 6.03 MG

AMMONIO METHACRYLATE COPOLYMER EXTENDED RELEASE 48.91 MG

AMMONIO METHACRYLATE COPOLYMER TYPE A SUSTAINED ACTION, HARD GELATIN 4.2 MG

AMMONIO METHACRYLATE COPOLYMER TYPE A DELAYED ACTION 15.36 MG

AMMONIO METHACRYLATE COPOLYMER TYPE A SUSTAINED ACTION 25.59 MG

AMMONIO METHACRYLATE COPOLYMER TYPE A EXTENDED RELEASE 42.4 MG

AMMONIO METHACRYLATE COPOLYMER TYPE B DELAYED ACTION 35.85 MG

AMMONIO METHACRYLATE COPOLYMER TYPE B HARD GELATIN 38.51 MG

AMMONIO METHACRYLATE COPOLYMER TYPE B EXTENDED RELEASE 89.17 MG

AMMONIO METHACRYLATE COPOLYMER TYPE B SUSTAINED ACTION 91.88 MG

AMMONIO METHACRYLATE COPOLYMER TYPE B 109.56 MG

ANHYDROUS CITRIC ACID SOFT GELATIN 1.64 MG

ANHYDROUS CITRIC ACID SOFT GELATIN LIQUID-FILLED 30 MG

ANHYDROUS DIBASIC CALCIUM PHOSPHATE 184.31 MG

ANHYDROUS DIBASIC CALCIUM PHOSPHATE SUSTAINED ACTION 301.7 MG

ANHYDROUS DIBASIC CALCIUM PHOSPHATE DELAYED RELEASE 381 MG

(Continued )

Appendix B



256 Appendix B 

Appendix B

Excipients

ANHYDROUS DIBASIC CALCIUM PHOSPHATE 401 MG

ANHYDROUS LACTOSE DELAYED RELEASE 40 MG

ANHYDROUS LACTOSE  (IMMED./COMP. RELEASE) 46.06 MG

ANHYDROUS LACTOSE EXTENDED RELEASE 53.8 MG

ANHYDROUS LACTOSE COATED, SOFT GELATIN 71.91 MG

ANHYDROUS LACTOSE ENTERIC COATED PELLETS 117 MG

ANHYDROUS LACTOSE HARD GELATIN 238.24 MG

ANHYDROUS LACTOSE SUSTAINED ACTION 300.8 MG

ANHYDROUS LACTOSE 402.5 MG

ANHYDROUS TRISODIUM CITRATE POWDER, ORAL SUSPENSION 9 MG/5ML

ANIDRISORB 85/70 44 MG

ANIDRISORB 85/70 SOFT GELATIN LIQUID-FILLED 93.4 MG

ANIDRISORB 85/70 SOFT GELATIN 123 MG

ANTIFOAM SUSTAINED ACTION 0.16 MG

AQUACOAT 3.6 MG

AQUACOAT ECD 9 MG

AQUACOAT ECD-30 13.33 MG

AQUACOAT ECD-30 EXTENDED RELEASE 32.5 MG

ASCORBIC ACID EXTENDED RELEASE 0.4 MG

ASCORBIC ACID 7 MG

ASCORBYL PALMITATE 12 MG

ASPARTAME 0.8 MG

BENTONITE ADJPH

BENZYL ALCOHOL SUSTAINED ACTION 1.23 MG

BENZYL ALCOHOL 15 MG

BETANAPHTHOL 0.3 MG

BLACK INK SUSTAINED ACTION 0.019 MG

BLACK INK DELAYED RELEASE 0.57 MG

BUTYLATED HYDROXYANISOLE GELATIN COATED 0.07 MG

BUTYLATED HYDROXYANISOLE 1 MG

BUTYLATED HYDROXYANISOLE SOFT GELATIN 1 MG

BUTYLATED HYDROXYTOLUENE COATED, SOFT GELATIN 0.035 MG

BUTYLATED HYDROXYTOLUENE SOFT GELATIN 0.25 MG

BUTYLATED HYDROXYTOLUENE 0.38 MG

BUTYLPARABEN 0.002 MG

CALCIUM CARBONATE SUSTAINED ACTION 4 MG

CALCIUM CARBONATE HARD GELATIN 62.84 MG

CALCIUM CARBONATE 349.9 MG

CALCIUM CHLORIDE 1.74 MG

CALCIUM HYDROXIDE DELAYED ACTION 13.56 MG

CALCIUM SILICATE SOFT GELATIN 1.03 MG

CALCIUM SILICATE 20 MG

CALCIUM STEARATE HARD GELATIN 1 MG

CALCIUM STEARATE EXTENDED RELEASE 3.2 MG

CALCIUM STEARATE 21.1 MG

CALCIUM STEARATE SUSTAINED ACTION 91.9 MG

CALCIUM SULFATE ANHYDROUS 50 MG

CALCIUM SULFATE DIHYDRATE SUSTAINED ACTION 26.68 MG

CALCIUM SULFATE DIHYDRATE 370 MG

CALCIUM SULFATE HEMIHYDRATE 10 MG

CALCIUM SULFATE, UNSPECIFIED FORM SUSTAINED ACTION 1.54 MG

CALCIUM SULFATE, UNSPECIFIED FORM 74.68 MG

CANOLA OIL SOFT GELATIN 165.55 MG

CAPRYLIC/CAPRIC TRIGLYCERIDE/LECITHIN/
ALCOHOL

0.002 MG

CAPRYLOCAPROYL POLYOXYLGLYCERIDES SOFT GELATIN 905.81 MG
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CARBOMER HOMOPOLYMER TYPE A (ALLYL 
PENTAERYTHRITOL CROSSLINKED)

8 MG

CARBOMER HOMOPOLYMER TYPE B (ALLYL 
PENTAERYTHRITOL CROSSLINKED)

20 MG

CARBOMER HOMOPOLYMER TYPE B (ALLYL 
PENTAERYTHRITOL OR ALLYL SUCROSE 
CROSSLINKED)

14.2 MG

CARBOXYMETHYL STARCH 15 MG

CARBOXYMETHYLCELLULOSE 4.5 MG

CARBOXYMETHYLCELLULOSE DELAYED ACTION 29.36 MG

CARBOXYMETHYLCELLULOSE CALCIUM HARD GELATIN 36 MG

CARBOXYMETHYLCELLULOSE CALCIUM 70 MG

CARBOXYMETHYLCELLULOSE SODIUM, 
UNSPECIFIED FORM

SUSTAINED ACTION 0.47 MG

CARBOXYMETHYLCELLULOSE SODIUM, 
UNSPECIFIED FORM

DELAYED ACTION, COATED, HARD GELATIN 4 MG

CARBOXYMETHYLCELLULOSE SODIUM, 
UNSPECIFIED FORM

ENTERIC COATED PELLETS 4.2 MG

CARBOXYMETHYLCELLULOSE SODIUM, 
UNSPECIFIED FORM

160 MG

CARNAUBA WAX SUSTAINED ACTION 0.75 MG

CARNAUBA WAX EXTENDED RELEASE 80.67 MG

CARRAGEENAN EXTENDED RELEASE 0.3 MG

CARRAGEENAN 2.54 MG

CASTOR OIL 1.04 MG

CASTOR OIL SUSTAINED ACTION 1.76 MG

CELLABURATE EXTENDED RELEASE 5.5 MG

CELLACEFATE SUSTAINED ACTION 9.42 MG

CELLACEFATE ENTERIC COATED PELLETS 28.2 MG

CELLACEFATE 75.6 MG

CELLULOSE ACETATE 22.15 MG

CELLULOSE MICROCRYSTALLINE/
CARBOXYMETHYLCELLULOSE SODIUM

EXTENDED RELEASE 72 MG

CETOSTEARYL ALCOHOL EXTENDED RELEASE 9.43 MG

CETYL ALCOHOL DELAYED RELEASE 2.33 MG

CETYL ALCOHOL ENTERIC COATED PELLETS 3.07 MG

CETYL ALCOHOL DELAYED ACTION, COATED 3.255 mg

CETYL ALCOHOL DELAYED ACTION 12.5 MG

CETYLPYRIDINIUM CHLORIDE SOFT GELATIN 0.004 MG

CETYLPYRIDINIUM CHLORIDE SUSTAINED ACTION 0.02 MG

CETYLPYRIDINIUM CHLORIDE 1.5 MG

CITRIC ACID MONOHYDRATE SOFT GELATIN 1 MG

CITRIC ACID MONOHYDRATE POWDER, ORAL SUSPENSION 5 MG/5ML

CITRIC ACID MONOHYDRATE EXTENDED RELEASE 18.8 MG

CITRIC ACID MONOHYDRATE SUSTAINED ACTION, HARD GELATIN 18.8 MG

CITRIC ACID MONOHYDRATE 119 MG

COLLAGEN, HYDROLYZED 8.77 MG

COMPRESSIBLE SUGAR SUSTAINED ACTION 75 MG

COMPRESSIBLE SUGAR 270 MG

COPOVIDONE K25-31 5 MG

COPOVIDONE K25-31 COATED PELLETS 11.03 MG

COPOVIDONE K25-31 11.32 MG

COPOVIDONE K25-31 DELAYED RELEASE 33.2 MG

COPOVIDONE K25-31 EXTENDED RELEASE 85.55 MG

COPOVIDONE K25-31 224.4 mg

CORN GLYCERIDES SOFT GELATIN 344 MG
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CORN OIL SOFT GELATIN 416 MG

CORN OIL 918 MG

CORN OIL PEG-6 ESTERS SOFT GELATIN 300 MG

CROSCARMELLOSE SODIUM EXTENDED RELEASE 7.3 MG

CROSCARMELLOSE SODIUM GELATIN COATED 9 MG

CROSCARMELLOSE SODIUM ENTERIC COATED PELLETS 20 MG

CROSCARMELLOSE SODIUM DELAYED ACTION 24 MG

CROSCARMELLOSE SODIUM COATED PELLETS 24.75 MG

CROSCARMELLOSE SODIUM (IMMED./COMP. RELEASE), HARD GELATIN 30 MG

CROSCARMELLOSE SODIUM HARD GELATIN 30 MG

CROSCARMELLOSE SODIUM 65.6 MG

CROSCARMELLOSE SODIUM SUSTAINED ACTION 65.6 MG

CROSPOVIDONE (12 MPA.S AT 5%) EXTENDED RELEASE 20.54 MG

CROSPOVIDONE (15 MPA.S AT 5%) DELAYED ACTION 6 mg

CROSPOVIDONE (15 MPA.S AT 5%) 23.3 MG

CROSPOVIDONE (15 MPA.S AT 5%) 56 MG

CROSPOVIDONE, UNSPECIFIED EXTENDED RELEASE 1 MG

CROSPOVIDONE, UNSPECIFIED DELAYED ACTION 5 MG

CROSPOVIDONE, UNSPECIFIED SUSTAINED ACTION 10.71 MG

CROSPOVIDONE, UNSPECIFIED DELAYED RELEASE 13.5 MG

CROSPOVIDONE, UNSPECIFIED COATED, SOFT GELATIN 14 MG

CROSPOVIDONE, UNSPECIFIED  (IMMED./COMP. RELEASE), HARD GELATIN 15.91 MG

CROSPOVIDONE, UNSPECIFIED 32.4 mg

CROSPOVIDONE, UNSPECIFIED ENTERIC COATED PELLETS 40.5 MG

CROSPOVIDONE, UNSPECIFIED HARD GELATIN 70 MG

CROSPOVIDONE, UNSPECIFIED 85 MG

D&C GREEN NO. 5 SUSTAINED ACTION 0.003 MG

D&C RED NO. 22 0.022 MG

D&C RED NO. 27 ALUMINUM LAKE 1.31 MG

D&C RED NO. 28 0.0071 mg

D&C RED NO. 28 HARD GELATIN 0.008 MG

D&C RED NO. 28 (IMMED./COMP. RELEASE) 0.011 MG

D&C RED NO. 28 COATED, SOFT GELATIN 0.057 MG

D&C RED NO. 28 EXTENDED RELEASE 0.06 MG

D&C RED NO. 28 DELAYED RELEASE 0.11 MG

D&C RED NO. 28 DELAYED ACTION 0.21 MG

D&C RED NO. 28 0.22 MG

D&C RED NO. 3 LAKE (DELISTED) 0.005 MG

D&C RED NO. 30 0.1 MG

D&C RED NO. 30 LAKE ENTERIC COATED PELLETS 0.3 MG

D&C RED NO. 33 SUSTAINED ACTION 0.001 MG

D&C RED NO. 33 EXTENDED RELEASE 0.003 MG

D&C RED NO. 33 SOFT GELATIN LIQUID-FILLED 0.011 MG

D&C RED NO. 33 0.39 MG

D&C RED NO. 33 LAKE 0.005 MG

D&C YELLOW NO. 10 COATED PELLETS 0.015 MG

D&C YELLOW NO. 10 HARD GELATIN 0.05 MG

D&C YELLOW NO. 10 ENTERIC COATED PELLETS 0.053 MG

D&C YELLOW NO. 10 DELAYED ACTION, COATED 0.127 mg

D&C YELLOW NO. 10 DELAYED ACTION 0.14 MG

D&C YELLOW NO. 10  (IMMED./COMP. RELEASE), SOFT GELATIN, 
PERLE

0.2 MG

D&C YELLOW NO. 10 0.34 MG

D&C YELLOW NO. 10 COATED, SOFT GELATIN 0.36 MG

D&C YELLOW NO. 10 SUSTAINED ACTION 0.49 MG

D&C YELLOW NO. 10 EXTENDED RELEASE 0.64 MG
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D&C YELLOW NO. 10 SOFT GELATIN 1.51 MG

D&C YELLOW NO. 10 LAKE SUSTAINED ACTION 0.28 MG

D&C YELLOW NO. 10—ALUMINUM LAKE SUSTAINED ACTION 0.068 MG

D&C YELLOW NO. 10—ALUMINUM LAKE ENTERIC COATED PELLETS 0.3 MG

D&C YELLOW NO. 10—ALUMINUM LAKE 1.2 MG

D&C YELLOW NO. 10—ALUMINUM LAKE EXTENDED RELEASE 1.24 MG

D&C YELLOW NO. 6 LAKE ENTERIC COATED PELLETS 0.5 MG

DEXTROSE, UNSPECIFIED FORM DELAYED ACTION 1.1 MG

DIACETYLATED MONOGLYCERIDES SUSTAINED ACTION 0.59 MG

DIACETYLATED MONOGLYCERIDES EXTENDED RELEASE 2.37 MG

DIACETYLATED MONOGLYCERIDES ENTERIC COATED PELLETS 4 MG

DIATOMACEOUS EARTH 3.4 MG

DIBASIC CALCIUM PHOSPHATE DIHYDRATE EXTENDED RELEASE 50.6 MG

DIBASIC CALCIUM PHOSPHATE DIHYDRATE 400 MG

DIBASIC POTASSIUM PHOSPHATE 30 MG

DIBUTYL SEBACATE ENTERIC COATED PELLETS 0.89 MG

DIBUTYL SEBACATE SUSTAINED ACTION, HARD GELATIN 2.83 MG

DIBUTYL SEBACATE DELAYED RELEASE 3.02 MG

DIBUTYL SEBACATE HARD GELATIN 3.83 MG

DIBUTYL SEBACATE DELAYED ACTION 6.41 MG

DIBUTYL SEBACATE SUSTAINED ACTION 8.82 MG

DIBUTYL SEBACATE EXTENDED RELEASE 10 MG

DIBUTYL SEBACATE 15.47 MG

DIETHYL PHTHALATE EXTENDED RELEASE 9.13 MG

DIETHYL PHTHALATE SUSTAINED ACTION 9.47 MG

DIETHYL PHTHALATE ENTERIC COATED PELLETS 12 MG

DIETHYL PHTHALATE DELAYED ACTION, COATED, HARD GELATIN 15.1 MG

DIETHYL PHTHALATE 20.52 MG

DIMETHICONE 2.2 MG

DIMETHICONE 1000 ENTERIC COATED PELLETS 3.46 MG

DIMETHICONE 350 SUSTAINED ACTION 0.11 MG

DIMETHICONE 350 3.7 MG

DIMETHYLAMINOETHYL METHACRYLATE—BUTYL 
METHACRYLATE—METHYL METHACRYLATE 
COPOLYMER

SUSTAINED ACTION 1.63 MG

DIMETHYLAMINOETHYL METHACRYLATE—BUTYL 
METHACRYLATE—METHYL METHACRYLATE 
COPOLYMER

4.52 MG

DIMETHYLAMINOETHYL METHACRYLATE—BUTYL 
METHACRYLATE—METHYL METHACRYLATE 
COPOLYMER

EXTENDED RELEASE 33.69 MG

DOCUSATE SODIUM SUSTAINED ACTION 0.001 MG

DOCUSATE SODIUM HARD GELATIN 0.64 MG

DOCUSATE SODIUM 8.2 MG

DOCUSATE SODIUM/SODIUM BENZOATE EXTENDED RELEASE 0.14 MG

DOCUSATE SODIUM/SODIUM BENZOATE 85 MG

DYE BLUE LAKE BLEND LB-332 0.56 MG

DYE CHROMA-TONE 29.6 MG

DYE FDC BLUE NO. 40 HT LAKE 0.16 MG

DYE GREEN LAKE BLEND LB-333 0.73 MG

DYE YELLOW NO. 62 5.1 MG

EDETATE CALCIUM DISODIUM 0.27 MG

EDETATE DISODIUM 1 MG

EDETATE DISODIUM  (IMMED./COMP. RELEASE) 1 MG

EDETATE DISODIUM SOFT GELATIN 1 MG

EDETATE SODIUM SOFT GELATIN 1 MG
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ERYTHROSINE SODIUM ANHYDROUS 0.42 MG

ETHYL ACETATE SUSTAINED ACTION 382.26 MG

ETHYL ACRYLATE AND METHYL METHACRYLATE 
COPOLYMER  
(2:1; 750000 MW)

33.8 MG

ETHYL ACRYLATE AND METHYL METHACRYLATE 
COPOLYMER  
(2:1; 750000 MW)

EXTENDED RELEASE 36.72 MG

ETHYL ACRYLATE AND METHYL METHACRYLATE 
COPOLYMER  
(2:1; 750000 MW)

ENTERIC COATED PELLETS 93.36 MG

ETHYL ACRYLATE AND METHYL METHACRYLATE 
COPOLYMER  
(2:1; 750000 MW)

SUSTAINED ACTION 187.3 MG

ETHYL VANILLIN COATED, SOFT GELATIN 0.27 MG

ETHYL VANILLIN 0.34 MG

ETHYL VANILLIN SOFT GELATIN 0.64 MG

ETHYLCELLULOSE (10 MPA.S) 8 MG

ETHYLCELLULOSE (10 MPA.S) DELAYED ACTION 25.1 MG

ETHYLCELLULOSE (10 MPA.S) 39.39 mg

ETHYLCELLULOSE (10 MPA.S) EXTENDED RELEASE 137.25 MG

ETHYLCELLULOSE (20 MPA.S) FILM COATED, EXTENDED RELEASE 31.97 MG

ETHYLCELLULOSE (20 MPA.S) EXTENDED RELEASE 72.71 MG

ETHYLCELLULOSE (4 MPA.S) 36.67 MG

ETHYLCELLULOSE (45 MPA.S) EXTENDED RELEASE 12.79 MG

ETHYLCELLULOSE (50 MPA.S) EXTENDED RELEASE 32.656 MG

ETHYLCELLULOSE (7 MPA.S) DELAYED ACTION 41.1 MG

ETHYLCELLULOSE (7 MPA.S) 62.13 MG

ETHYLCELLULOSE (7 MPA.S) EXTENDED RELEASE 72.6 MG

ETHYLCELLULOSE, UNSPECIFIED DELAYED RELEASE 1.42 MG

ETHYLCELLULOSE, UNSPECIFIED EXTENDED RELEASE 1.633 MG

ETHYLCELLULOSE, UNSPECIFIED COATED 16.5 MG

ETHYLCELLULOSE, UNSPECIFIED ENTERIC COATED PELLETS 18 MG

ETHYLCELLULOSE, UNSPECIFIED SUSTAINED ACTION 39.2 MG

ETHYLCELLULOSE, UNSPECIFIED SUSTAINED ACTION, HARD GELATIN 56.6 MG

ETHYLCELLULOSE, UNSPECIFIED 69.97 MG

ETHYLCELLULOSE, UNSPECIFIED DELAYED ACTION 88.06 MG

ETHYLCELLULOSE, UNSPECIFIED EXTENDED RELEASE 175.4 MG

ETHYLENE GLYCOL MONOETHYL ETHER 0.009 MG

ETHYLPARABEN SODIUM SOFT GELATIN 1 MG

EUDRAGIT L 30 D DELAYED RELEASE 47.21 MG

EUDRAGIT L 30 D 53.792 MG

EUDRAGIT L 30 D DELAYED ACTION 58.01 MG

EUDRAGIT L 30 D ENTERIC COATED PELLETS 150 MG

FAT, HARD SOFT GELATIN 76.5 MG

FATTY ACID ESTERS, SATURATED ENTERIC COATED PELLETS 0.2 MG

FATTY ACID GLYCERIDES 1.8 MG

FD&C BLUE NO. 1 SOFT GELATIN LIQUID-FILLED 0.024 MG

FD&C BLUE NO. 1 COATED, SOFT GELATIN 0.034 MG

FD&C BLUE NO. 1 DELAYED RELEASE 0.035 MG

FD&C BLUE NO. 1 SOFT GELATIN 0.04 MG

FD&C BLUE NO. 1 (IMMED./COMP. RELEASE) 0.13 MG

FD&C BLUE NO. 1 (IMMED./COMP. RELEASE), COATED, SOFT 
GELATIN

0.2 MG

FD&C BLUE NO. 1 DELAYED ACTION 0.5 MG

FD&C BLUE NO. 1 EXTENDED RELEASE 0.78 MG
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FD&C BLUE NO. 1 SUSTAINED ACTION 0.9 MG

FD&C BLUE NO. 1 HARD GELATIN 3.71 MG

FD&C BLUE NO. 1 4.78 MG

FD&C BLUE NO. 1-ALUMINUM LAKE SUSTAINED ACTION 0.022 MG

FD&C BLUE NO. 1-ALUMINUM LAKE 0.041 MG

FD&C BLUE NO. 1-ALUMINUM LAKE ENTERIC COATED PELLETS 4 MG

FD&C BLUE NO. 2 HARD GELATIN 0.011 MG

FD&C BLUE NO. 2 SUSTAINED ACTION 0.03 MG

FD&C BLUE NO. 2 DELAYED ACTION 0.15 MG

FD&C BLUE NO. 2 DELAYED RELEASE 0.21 MG

FD&C BLUE NO. 2 0.34 MG

FD&C BLUE NO. 2 EXTENDED RELEASE 0.44 MG

FD&C BLUE NO. 2—ALUMINUM LAKE 0.22 MG

FD&C BLUE NO. 2—ALUMINUM LAKE ENTERIC COATED PELLETS 3.5 MG

FD&C GREEN NO. 3 SOFT GELATIN LIQUID-FILLED 0.018 MG

FD&C GREEN NO. 3 SUSTAINED ACTION 0.067 MG

FD&C GREEN NO. 3 EXTENDED RELEASE 0.16 MG

FD&C GREEN NO. 3 SOFT GELATIN 0.17 MG

FD&C GREEN NO. 3 ENTERIC COATED PELLETS 0.22 MG

FD&C GREEN NO. 3 DELAYED ACTION 0.532 mg

FD&C GREEN NO. 3 40 MG

FD&C RED NO. 3 EXTENDED RELEASE 0.047 MG

FD&C RED NO. 3 EXTENDED RELEASE 0.057 mg

FD&C RED NO. 3 SOFT GELATIN 0.22 MG

FD&C RED NO. 3 SUSTAINED ACTION 0.3 MG

FD&C RED NO. 3 1.69 MG

FD&C RED NO. 40 ENTERIC COATED PELLETS 0.001 MG

FD&C RED NO. 40 0.0054 mg

FD&C RED NO. 40 COATED, SOFT GELATIN 0.046 MG

FD&C RED NO. 40 SOFT GELATIN LIQUID-FILLED 0.05 MG

FD&C RED NO. 40 DELAYED ACTION 0.15 MG

FD&C RED NO. 40 HARD GELATIN 0.15 MG

FD&C RED NO. 40 SUSTAINED ACTION 0.2 MG

FD&C RED NO. 40 DELAYED RELEASE 0.26 MG

FD&C RED NO. 40 EXTENDED RELEASE 0.27 MG

FD&C RED NO. 40 SOFT GELATIN 0.52 MG

FD&C RED NO. 40 1.49 MG

FD&C RED NO. 40--ALUMINUM LAKE SUSTAINED ACTION 0.05 MG

FD&C RED NO. 40--ALUMINUM LAKE SOFT GELATIN 0.5 MG

FD&C RED NO. 40--ALUMINUM LAKE 0.9 MG

FD&C YELLOW NO. 5 (IMMED./COMP. RELEASE) 0.027 MG

FD&C YELLOW NO. 5 (IMMED./COMP. RELEASE), COATED, SOFT 
GELATIN

0.26 MG

FD&C YELLOW NO. 5 SUSTAINED ACTION 0.26 MG

FD&C YELLOW NO. 5 652 MG

FD&C YELLOW NO. 5--ALUMINUM LAKE 0.09 MG

FD&C YELLOW NO. 6 HARD GELATIN 0.001 MG

FD&C YELLOW NO. 6 COATED PELLETS 0.002 MG

FD&C YELLOW NO. 6 ENTERIC COATED PELLETS 0.028 MG

FD&C YELLOW NO. 6 EXTENDED RELEASE 0.065 MG

FD&C YELLOW NO. 6 DELAYED ACTION 0.07 MG

FD&C YELLOW NO. 6 EXTENDED RELEASE 0.07 mg

FD&C YELLOW NO. 6 SOFT GELATIN LIQUID-FILLED 0.13 MG

FD&C YELLOW NO. 6 SOFT GELATIN 0.8 MG

FD&C YELLOW NO. 6 0.96 MG

FD&C YELLOW NO. 6 SUSTAINED ACTION 4.59 MG
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FD&C YELLOW NO. 6—ALUMINUM LAKE SUSTAINED ACTION 0.18 MG

FD&C YELLOW NO. 6—ALUMINUM LAKE 0.8 MG

FD&C YELLOW NO. 6—ALUMINUM LAKE ENTERIC COATED PELLETS 1.25 MG

FD&C YELLOW NO. 6—ALUMINUM LAKE SOFT GELATIN 0.1 MG

FD&C YELLOW NO. 6—ALUMINUM LAKE EXTENDED RELEASE 0.3 MG

FD&C YELLOW NO. 6—ALUMINUM LAKE 1.38 MG

FERRIC OXIDE BROWN 0.098 MG

FERRIC OXIDE BROWN SOFT GELATIN 0.7 MG

FERRIC OXIDE RED COATED 0.1152 MG

FERRIC OXIDE RED HARD GELATIN 0.3 MG

FERRIC OXIDE RED EXTENDED RELEASE 0.5 MG

FERRIC OXIDE RED DELAYED ACTION 0.55 MG

FERRIC OXIDE RED EXTENDED RELEASE 0.5998 mg

FERRIC OXIDE RED ENTERIC COATED PELLETS 2 MG

FERRIC OXIDE RED SOFT GELATIN 2.28 MG

FERRIC OXIDE RED DELAYED RELEASE 2.3 MG

FERRIC OXIDE RED 2.64 MG

FERRIC OXIDE YELLOW COATED 0.0115 MG

FERRIC OXIDE YELLOW SOFT GELATIN LIQUID-FILLED 0.1 MG

FERRIC OXIDE YELLOW (IMMED./COMP. RELEASE), HARD GELATIN 0.17 MG

FERRIC OXIDE YELLOW HARD GELATIN 0.41 MG

FERRIC OXIDE YELLOW DELAYED RELEASE 0.42 MG

FERRIC OXIDE YELLOW DELAYED ACTION 0.68 MG

FERRIC OXIDE YELLOW 1.05 MG

FERRIC OXIDE YELLOW SOFT GELATIN 1.23 MG

FERRIC OXIDE YELLOW EXTENDED RELEASE 1.67 MG

FERRIC OXIDE YELLOW SUSTAINED ACTION 3.04 MG

FERROSOFERRIC OXIDE FILM COATED, EXTENDED RELEASE 0.0093 MG

FERROSOFERRIC OXIDE COATED, SOFT GELATIN 0.015 MG

FERROSOFERRIC OXIDE HARD GELATIN 0.02 MG

FERROSOFERRIC OXIDE COATED 0.0576 MG

FERROSOFERRIC OXIDE  (IMMED./COMP. RELEASE) 0.17 MG

FERROSOFERRIC OXIDE SOFT GELATIN 0.3 MG

FERROSOFERRIC OXIDE ENTERIC COATED PELLETS 0.86 MG

FERROSOFERRIC OXIDE DELAYED RELEASE 0.887 MG

FERROSOFERRIC OXIDE DELAYED ACTION 0.89 MG

FERROSOFERRIC OXIDE (IMMED./COMP. RELEASE), SOFT GELATIN 0.93 MG

FERROSOFERRIC OXIDE 0.96 MG

FERROSOFERRIC OXIDE SUSTAINED ACTION 1.49 MG

FLAVOR COCONUT 41 0.79 MG

FLAVOR STRAWBERRY 052311 AP0551 POWDER, ORAL SUSPENSION 25 MG/5ML

FLUORESCEIN 0.007 MG

FUMARIC ACID SUSTAINED ACTION 150 MG

GALACTOSE MONOHYDRATE 163.61 MG

GELATIN HARD DELAYED ACTION 96 MG

GELATIN HARD HARD GELATIN 107 MG

GELATIN HARD 118 MG

GELATIN HARD EXTENDED RELEASE 125 MG

GELATIN HYDROLYSATE 17.25 MG

GELATIN TYPE A PORCINE (160 BLOOM) 270 MG

GELATIN TYPE B BOVINE (160 BLOOM) SOFT GELATIN 92.25 MG

GELATIN TYPE B BOVINE (230 BLOOM) 146.5 MG

GELATIN TYPE B BOVINE (230 BLOOM) 222.6 mg

GELATIN, UNSPECIFIED (IMMED./COMP. RELEASE) 50.86 MG

GELATIN, UNSPECIFIED HARD GELATIN 52.75 MG

GELATIN, UNSPECIFIED DELAYED RELEASE 59.84 MG
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GELATIN, UNSPECIFIED COATED PELLETS 65 MG

GELATIN, UNSPECIFIED DELAYED RELEASE 78.64 MG

GELATIN, UNSPECIFIED ENTERIC COATED PELLETS 84.6 MG

GELATIN, UNSPECIFIED (IMMED./COMP. RELEASE), COATED, SOFT 
GELATIN

88.97 MG

GELATIN, UNSPECIFIED FILM COATED, EXTENDED RELEASE 93.4765 MG

GELATIN, UNSPECIFIED (IMMED./COMP. RELEASE), HARD GELATIN 94.87 MG

GELATIN, UNSPECIFIED (IMMED./COMP. RELEASE), SOFT GELATIN, 
PERLE

95.21 MG

GELATIN, UNSPECIFIED EXTENDED RELEASE 99.4278 mg

GELATIN, UNSPECIFIED SUSTAINED ACTION, HARD GELATIN 107 MG

GELATIN, UNSPECIFIED DELAYED ACTION 107.465 mg

GELATIN, UNSPECIFIED DELAYED ACTION 116.23 MG

GELATIN, UNSPECIFIED EXTENDED RELEASE 122.87 MG

GELATIN, UNSPECIFIED COATED, SOFT GELATIN 153.7 MG

GELATIN, UNSPECIFIED SOFT GELATIN LIQUID-FILLED 194 MG

GELATIN, UNSPECIFIED 194.93 MG

GELATIN, UNSPECIFIED SUSTAINED ACTION 217.86 MG

GELATIN, UNSPECIFIED 230 MG

GELATIN, UNSPECIFIED 239.963 mg

GELATIN, UNSPECIFIED (IMMED./COMP. RELEASE), SOFT GELATIN 260.85 MG

GELATIN, UNSPECIFIED SOFT GELATIN 281.6 MG

GELATIN, UNSPECIFIED 657 MG

GELATIN, UNSPECIFIED SOFT GELATIN 733 MG

GELUCIRE 33/01 SOFT GELATIN 114 MG

GLUTAMIC ACID HYDROCHLORIDE 30 MG

GLYCERIN GELATIN COATED 3.37 MG

GLYCERIN SOFT GELATIN LIQUID-FILLED 40 MG

GLYCERIN (IMMED./COMP. RELEASE), COATED, SOFT 
GELATIN

41 MG

GLYCERIN (IMMED./COMP. RELEASE), SOFT GELATIN, 
PERLE

43.85 MG

GLYCERIN COATED, SOFT GELATIN 91.5 MG

GLYCERIN SUSTAINED ACTION 132.32 MG

GLYCERIN SOFT GELATIN 204.2 MG

GLYCERIN (IMMED./COMP. RELEASE), SOFT GELATIN 223.52 MG

GLYCERIN 249.1 MG

GLYCERYL 1-STEARATE 0.53 MG

GLYCERYL CAPRYLOCAPRATE DELAYED ACTION 4.07 MG

GLYCERYL CAPRYLOCAPRATE SOFT GELATIN LIQUID-FILLED 139 MG

GLYCERYL CAPRYLOCAPRATE COATED, SOFT GELATIN 349.47 MG

GLYCERYL CAPRYLOCAPRATE SOFT GELATIN 349.47 MG

GLYCERYL CAPRYLOCAPRATE 369.47 MG

GLYCERYL CAPRYLOCAPRATE SOFT GELATIN 765 MG

GLYCERYL DIBEHENATE HARD GELATIN 2.7 MG

GLYCERYL DIBEHENATE ENTERIC COATED PELLETS 3.5 MG

GLYCERYL DIBEHENATE 5.7 MG

GLYCERYL DISTEARATE EXTENDED RELEASE 25.48 MG

GLYCERYL DISTEARATE SUSTAINED ACTION 39.2 MG

GLYCERYL MONO AND DIPALMITOSTEARATE 2.688 MG

GLYCERYL MONO AND DIPALMITOSTEARATE DELAYED RELEASE 5.608 mg

GLYCERYL MONO AND DIPALMITOSTEARATE 11.7 mg

GLYCERYL MONOCAPRYLATE 38.34 MG

GLYCERYL MONOCAPRYLATE GELATIN COATED 62.2 MG

GLYCERYL MONOCAPRYLATE SOFT GELATIN 400 MG

GLYCERYL MONOCAPRYLOCAPRATE SOFT GELATIN 374.24 MG
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GLYCERYL MONOCAPRYLOCAPRATE SOFT GELATIN 374.5 MG

GLYCERYL MONOSTEARATE EXTENDED RELEASE 0.25 MG

GLYCERYL MONOSTEARATE DELAYED RELEASE 1.745 MG

GLYCERYL MONOSTEARATE DELAYED ACTION 2.04 MG

GLYCERYL MONOSTEARATE HARD GELATIN 13.75 MG

GLYCERYL MONOSTEARATE SUSTAINED ACTION 27 MG

GLYCERYL TRISTEARATE 225 MG

GLYCINE SOFT GELATIN 6.22 MG

GUAR GUM 3.3 MG

GUAR GUM POWDER, ORAL SUSPENSION 10 MG/5ML

HIGH DENSITY POLYETHYLENE 2 MG

HYDROCHLORIC ACID SOFT GELATIN LIQUID-FILLED ADJPH

HYDROGENATED CASTOR OIL 10 MG

HYDROGENATED CASTOR OIL EXTENDED RELEASE 24 MG

HYDROGENATED CASTOR OIL SUSTAINED ACTION 410.82 MG

HYDROGENATED COTTONSEED OIL 15 MG

HYDROGENATED COTTONSEED OIL EXTENDED RELEASE 39.14 MG

HYDROGENATED COTTONSEED OIL SUSTAINED ACTION 58 MG

HYDROGENATED SOYBEAN OIL SOFT GELATIN 15.3 MG

HYDROGENATED SOYBEAN OIL 19.03 MG

HYDROXYETHYL CELLULOSE 2.98 MG

HYDROXYETHYL CELLULOSE (140 MPA.S AT 5%) 20 MG

HYDROXYMETHYL CELLULOSE SUSTAINED ACTION 1.6 MG

HYDROXYPROPYL CELLULOSE (110000 WAMW) 0.2 MG

HYDROXYPROPYL CELLULOSE (110000 WAMW) DELAYED RELEASE 5.207 mg

HYDROXYPROPYL CELLULOSE (110000 WAMW) DELAYED ACTION 9 mg

HYDROXYPROPYL CELLULOSE (110000 WAMW) EXTENDED RELEASE 19.27 MG

HYDROXYPROPYL CELLULOSE (110000 WAMW) DELAYED RELEASE 25 MG

HYDROXYPROPYL CELLULOSE (110000 WAMW) EXTENDED RELEASE 25.2 MG

HYDROXYPROPYL CELLULOSE (110000 WAMW) DELAYED ACTION 75 MG

HYDROXYPROPYL CELLULOSE (1200000 WAMW) COATED PELLETS 3.96 MG

HYDROXYPROPYL CELLULOSE (1200000 WAMW) DELAYED ACTION 12.96 MG

HYDROXYPROPYL CELLULOSE (1200000 WAMW) DELAYED RELEASE 16 MG

HYDROXYPROPYL CELLULOSE (1200000 WAMW) ENTERIC COATED PELLETS 41.4 MG

HYDROXYPROPYL CELLULOSE (1200000 WAMW) 41.5 MG

HYDROXYPROPYL CELLULOSE (1200000 WAMW) SUSTAINED ACTION 41.5 MG

HYDROXYPROPYL CELLULOSE (1200000 WAMW) HARD GELATIN 71.3 MG

HYDROXYPROPYL CELLULOSE (1200000 WAMW) EXTENDED RELEASE 214.48 MG

HYDROXYPROPYL CELLULOSE (1600000 WAMW) DELAYED ACTION 36.23 MG

HYDROXYPROPYL CELLULOSE (70000 WAMW) DELAYED RELEASE 13.9 MG

HYDROXYPROPYL CELLULOSE (70000 WAMW) EXTENDED RELEASE 22.58 MG

HYDROXYPROPYL CELLULOSE (90000 WAMW) DELAYED ACTION 6.73 MG

HYDROXYPROPYL CELLULOSE (90000 WAMW) 9 MG

HYDROXYPROPYL CELLULOSE (90000 WAMW) 9.81 mg

HYDROXYPROPYL CELLULOSE, UNSPECIFIED 3 MG

HYDROXYPROPYL CELLULOSE, UNSPECIFIED EXTENDED RELEASE 94.29 MG

HYPROMELLOSE 2208 (100 MPA.S) EXTENDED RELEASE 3 MG

HYPROMELLOSE 2208 (100000 MPA.S) 113.6577 MG

HYPROMELLOSE 2208 (15000 MPA.S) SUSTAINED ACTION, HARD GELATIN 2.77 MG

HYPROMELLOSE 2208 (15000 MPA.S) 80.25 MG

HYPROMELLOSE 2208 (15000 MPA.S) DELAYED ACTION 221.5 MG

HYPROMELLOSE 2208 (15000 MPA.S) SUSTAINED ACTION 336 MG

HYPROMELLOSE 2208 (3 MPA.S) 1.17 MG

HYPROMELLOSE 2208 (3 MPA.S) SUSTAINED ACTION 7 MG

HYPROMELLOSE 2208 (3 MPA.S) EXTENDED RELEASE 23.76 MG

HYPROMELLOSE 2208 (4000 MPA.S) EXTENDED RELEASE 2.4 MG
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HYPROMELLOSE 2906 (4000 MPA.S) 3.5 MG

HYPROMELLOSE 2910 (15 MPA.S) HARD GELATIN 3 MG

HYPROMELLOSE 2910 (15 MPA.S) 5 mg

HYPROMELLOSE 2910 (15 MPA.S) DELAYED RELEASE 13 MG

HYPROMELLOSE 2910 (15 MPA.S) EXTENDED RELEASE 13 MG

HYPROMELLOSE 2910 (15 MPA.S) EXTENDED RELEASE 35.348 mg

HYPROMELLOSE 2910 (15 MPA.S) DELAYED ACTION 54.4 MG

HYPROMELLOSE 2910 (15000 MPA.S) HARD GELATIN 2 MG

HYPROMELLOSE 2910 (15000 MPA.S) SUSTAINED ACTION, HARD GELATIN 4.77 MG

HYPROMELLOSE 2910 (15000 MPA.S) EXTENDED RELEASE 10.6 MG

HYPROMELLOSE 2910 (15000 MPA.S) ENTERIC COATED PELLETS 13.82 MG

HYPROMELLOSE 2910 (15000 MPA.S) SUSTAINED ACTION 21.1 MG

HYPROMELLOSE 2910 (15000 MPA.S) DELAYED ACTION 33.42 MG

HYPROMELLOSE 2910 (15000 MPA.S) 40.55 MG

HYPROMELLOSE 2910 (3 MPA.S) HARD GELATIN 3.6 MG

HYPROMELLOSE 2910 (3 MPA.S) (IMMED./COMP. RELEASE) 24.03 MG

HYPROMELLOSE 2910 (3 MPA.S) 25.78 MG

HYPROMELLOSE 2910 (3 MPA.S) DELAYED RELEASE 29 MG

HYPROMELLOSE 2910 (3 MPA.S) EXTENDED RELEASE 29.18 MG

HYPROMELLOSE 2910 (3 MPA.S) DELAYED ACTION, COATED 32.728 mg

HYPROMELLOSE 2910 (3 MPA.S) DELAYED ACTION 80.14 MG

HYPROMELLOSE 2910 (4000 MPA.S) EXTENDED RELEASE 27 MG

HYPROMELLOSE 2910 (5 MPA.S) DELAYED RELEASE 2.97 MG

HYPROMELLOSE 2910 (5 MPA.S) HARD GELATIN 4 MG

HYPROMELLOSE 2910 (5 MPA.S) 9 MG

HYPROMELLOSE 2910 (5 MPA.S) DELAYED RELEASE 19.91 MG

HYPROMELLOSE 2910 (5 MPA.S) DELAYED ACTION 20.82 MG

HYPROMELLOSE 2910 (5 MPA.S) DELAYED ACTION 31.53 MG

HYPROMELLOSE 2910 (5 MPA.S) EXTENDED RELEASE 41.85 MG

HYPROMELLOSE 2910 (5 MPA.S) 150 MG

HYPROMELLOSE 2910 (50 MPA.S) EXTENDED RELEASE 54 MG

HYPROMELLOSE 2910 (50 MPA.S) 155 mg

HYPROMELLOSE 2910 (6 MPA.S) SOFT GELATIN LIQUID-FILLED 2.59 MG

HYPROMELLOSE 2910 (6 MPA.S) EXTENDED RELEASE 9.07 MG

HYPROMELLOSE 2910 (6 MPA.S) DELAYED ACTION 57.5 MG

HYPROMELLOSE 2910 (6 MPA.S) DELAYED RELEASE 60.7 MG

HYPROMELLOSE 2910 (6 MPA.S) 150 MG

HYPROMELLOSE ACETATE SUCCINATE EXTENDED RELEASE 28.34 MG

HYPROMELLOSE ACETATE SUCCINATE 44.6 MG

HYPROMELLOSE ACETATE SUCCINATE EXTENDED RELEASE 49.36 mg

HYPROMELLOSE ACETATE SUCCINATE DELAYED ACTION 66.78 MG

HYPROMELLOSE PHTHALATE COATED PELLETS 13.26 MG

HYPROMELLOSE PHTHALATE SUSTAINED ACTION 19.63 MG

HYPROMELLOSE PHTHALATE DELAYED RELEASE 30 MG

HYPROMELLOSE PHTHALATE EXTENDED RELEASE 46.66 MG

HYPROMELLOSE PHTHALATE DELAYED ACTION 51.66 MG

HYPROMELLOSE PHTHALATE DELAYED ACTION 65.1 mg

HYPROMELLOSE PHTHALATE 69.3 MG

HYPROMELLOSE PHTHALATE ENTERIC COATED PELLETS 144.51 MG

HYPROMELLOSE PHTHALATE (24% PHTHALATE, 55 
CST)

DELAYED ACTION 27.51 MG

HYPROMELLOSE PHTHALATE (31% PHTHALATE, 40 
CST)

DELAYED RELEASE 18.1 MG

HYPROMELLOSE, UNSPECIFIED COATED PELLETS 3.32 MG

HYPROMELLOSE, UNSPECIFIED DELAYED ACTION, COATED, HARD GELATIN 20 MG

HYPROMELLOSE, UNSPECIFIED ENTERIC COATED PELLETS 64.43 MG
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HYPROMELLOSE, UNSPECIFIED DELAYED ACTION 67.87 MG

HYPROMELLOSE, UNSPECIFIED HARD GELATIN 73.9 MG

HYPROMELLOSE, UNSPECIFIED DELAYED RELEASE 96 MG

HYPROMELLOSE, UNSPECIFIED EXTENDED RELEASE 118 MG

HYPROMELLOSE, UNSPECIFIED SOFT GELATIN LIQUID-FILLED 118 MG

HYPROMELLOSE, UNSPECIFIED 155 MG

HYPROMELLOSE, UNSPECIFIED SUSTAINED ACTION 670.04 MG

INDIGOTINDISULFONATE SODIUM 0.68 MG

INK BLACK GG-606 37 MG

INK BLACK SW-9008 EXTENDED RELEASE 0.1 MG

INK BLUE TEKPRINT SB-6018 63.31 MG

INK EDIBLE BLACK 0.25 MG

INK EDIBLE BLUE 1 MG

INK EDIBLE WHITE 0.001 MG

INK RED AND AQUA IMPRINTING GG-827 95 MG

INK RED AND CARAMEL IMPRINTING GG-825 62 MG

INK RED IMPRINTING GG-826 78 MG

INK WHITE A-8154 0.8 MG

ISOPROPYL ALCOHOL EXTENDED RELEASE 183 MG

ISOPROPYL ALCOHOL DELAYED RELEASE 300.5 MG

ISOPROPYL ALCOHOL DELAYED ACTION 347.2 MG

ISOPROPYL ALCOHOL SUSTAINED ACTION 392.8 MG

KAOLIN ENTERIC COATED PELLETS 14.61 MG

KAOLIN 90.83 MG

KARION 83 (D-SORBITOL CONTENT 19-25%) 55.79 MG

LACTIC ACID, L- 44 MG

LACTIC ACID, UNSPECIFIED FORM 1.6 MG

LACTIC ACID, UNSPECIFIED FORM SOFT GELATIN LIQUID-FILLED 44 MG

LACTITOL MONOHYDRATE 235 MG

LACTOSE MONOHYDRATE DELAYED ACTION, COATED 16 mg

LACTOSE MONOHYDRATE SUSTAINED ACTION, HARD GELATIN 18.8 MG

LACTOSE MONOHYDRATE COATED PELLETS 33.09 MG

LACTOSE MONOHYDRATE DELAYED RELEASE 76.4 MG

LACTOSE MONOHYDRATE COATED, HARD GELATIN 85 MG

LACTOSE MONOHYDRATE COATED 99.5 MG

LACTOSE MONOHYDRATE ENTERIC COATED PELLETS 100 MG

LACTOSE MONOHYDRATE (IMMED./COMP. RELEASE) 112 MG

LACTOSE MONOHYDRATE DELAYED ACTION 125.09 MG

LACTOSE MONOHYDRATE SUSTAINED ACTION 147.6 MG

LACTOSE MONOHYDRATE (IMMED./COMP. RELEASE), HARD GELATIN 166.77 MG

LACTOSE MONOHYDRATE COATED, SOFT GELATIN 178.91 MG

LACTOSE MONOHYDRATE HARD GELATIN 199.5 MG

LACTOSE MONOHYDRATE 430.42 MG

LACTOSE MONOHYDRATE EXTENDED RELEASE 536.4 MG

LACTOSE, UNSPECIFIED FORM 20 MG

LACTOSE, UNSPECIFIED FORM HARD GELATIN 25 MG

LACTOSE, UNSPECIFIED FORM HARD GELATIN 100 MG

LACTOSE, UNSPECIFIED FORM COATED PELLETS 102.44 MG

LACTOSE, UNSPECIFIED FORM SOFT GELATIN 115.75 MG

LACTOSE, UNSPECIFIED FORM SUSTAINED ACTION 120 MG

LACTOSE, UNSPECIFIED FORM ENTERIC COATED PELLETS 231.84 MG

LACTOSE, UNSPECIFIED FORM 530 MG

LAUROYL POLYOXYLGLYCERIDES 16.58 MG

LAUROYL POLYOXYLGLYCERIDES HARD GELATIN 218 MG

LAURYL SULFATE 0.15 MG

LECITHIN COATED, SOFT GELATIN 1 MG
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LECITHIN SOFT GELATIN 1.8 MG

LECITHIN 15 MG

LECITHIN SOFT GELATIN LIQUID-FILLED 325 MG

LECITHIN, SOYBEAN EXTENDED RELEASE 0.67 MG

LECITHIN, SOYBEAN 7 MG

LECITHIN, SOYBEAN SOFT GELATIN 20 MG

LEMON OIL 5 MG

LEMON OIL SOFT GELATIN 8.5 MG

LEUCINE 0.78 MG

LIGHT GREEN CF YELLOWISH 40 MG

LIGHT MINERAL OIL 0.8 MG

LIGHT MINERAL OIL ENTERIC COATED PELLETS 14.1 MG

LINOLEOYL MACROGOLGLYCERIDES SOFT GELATIN 23.8 MG

LOW-SUBSTITUTED HYDROXYPROPYL CELLULOSE 
(11% HYDROXYPROPYL; 100000 MW)

DELAYED ACTION 2.5 MG

LOW-SUBSTITUTED HYDROXYPROPYL CELLULOSE, 
UNSPECIFIED

HARD GELATIN 6 MG

LOW-SUBSTITUTED HYDROXYPROPYL CELLULOSE, 
UNSPECIFIED

ENTERIC COATED PELLETS 20 MG

LOW-SUBSTITUTED HYDROXYPROPYL CELLULOSE, 
UNSPECIFIED

EXTENDED RELEASE 20 MG

LOW-SUBSTITUTED HYDROXYPROPYL CELLULOSE, 
UNSPECIFIED

35.63 MG

LOW-SUBSTITUTED HYDROXYPROPYL CELLULOSE, 
UNSPECIFIED

DELAYED ACTION 40 MG

LUBRITAB 1.5 MG

MAGNESIUM ACETATE 1.48 MG

MAGNESIUM ALUMINUM SILICATE 60 MG

MAGNESIUM CARBONATE DELAYED RELEASE 20 MG

MAGNESIUM CARBONATE 22.4 MG

MAGNESIUM CARBONATE ENTERIC COATED PELLETS 22.4 MG

MAGNESIUM CARBONATE EXTENDED RELEASE 22.4 MG

MAGNESIUM CARBONATE SUSTAINED ACTION 22.4 MG

MAGNESIUM CARBONATE DELAYED ACTION 30 MG

MAGNESIUM CITRATE 237 MG

MAGNESIUM OXIDE ENTERIC COATED PELLETS 1.6 MG

MAGNESIUM OXIDE DELAYED ACTION 5 MG

MAGNESIUM OXIDE EXTENDED RELEASE 7.5 MG

MAGNESIUM OXIDE 10 MG

MAGNESIUM OXIDE DELAYED RELEASE 13.04 MG

MAGNESIUM PALMITOSTEARATE EXTENDED RELEASE 0.31 MG

MAGNESIUM SILICATE 40 MG

MAGNESIUM STEARATE COATED PELLETS 0.15 MG

MAGNESIUM STEARATE GELATIN COATED 1.5 MG

MAGNESIUM STEARATE (IMMED./COMP. RELEASE) 2.5 MG

MAGNESIUM STEARATE COATED, SOFT GELATIN 3 MG

MAGNESIUM STEARATE SOFT GELATIN 9 MG

MAGNESIUM STEARATE 10 MG

MAGNESIUM STEARATE (IMMED./COMP. RELEASE), HARD GELATIN 10 MG

MAGNESIUM STEARATE DELAYED RELEASE 10.69 MG

MAGNESIUM STEARATE 28 mg

MAGNESIUM STEARATE EXTENDED RELEASE 31.8 MG

MAGNESIUM STEARATE ENTERIC COATED PELLETS 34.87 MG

MAGNESIUM STEARATE DELAYED ACTION 41.1 MG

MAGNESIUM STEARATE HARD GELATIN 79.4 MG

MAGNESIUM STEARATE SUSTAINED ACTION 100 MG
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MAGNESIUM SULFATE ANHYDROUS 29.8 MG

MALEIC ACID 2 MG

MALTITOL SOFT GELATIN 38.7 MG

MALTODEXTRIN (IMMED./COMP. RELEASE) 75 MG

MALTODEXTRIN 100 MG

MANNITOL COATED PELLETS 1.75 MG

MANNITOL EXTENDED RELEASE 6.42 MG

MANNITOL DELAYED RELEASE 39.1 MG

MANNITOL SUSTAINED ACTION 56.1 MG

MANNITOL HARD GELATIN 92 MG

MANNITOL DELAYED ACTION 109 mg

MANNITOL DELAYED ACTION 227 MG

MANNITOL ENTERIC COATED PELLETS 236 MG

MANNITOL (IMMED./COMP. RELEASE), HARD GELATIN 264.8 MG

MANNITOL 297.2 MG

MEDIUM-CHAIN TRIGLYCERIDES EXTENDED RELEASE 3.08 MG

MEDIUM-CHAIN TRIGLYCERIDES SOFT GELATIN LIQUID-FILLED 72.2 MG

MEDIUM-CHAIN TRIGLYCERIDES 249.47 MG

MEDIUM-CHAIN TRIGLYCERIDES SOFT GELATIN 250 MG

MEGLUMINE ENTERIC COATED PELLETS 3 MG

MEGLUMINE DELAYED ACTION 3.5 MG

MEGLUMINE DELAYED RELEASE 3.5 MG

MEGLUMINE EXTENDED RELEASE 5 MG

MENTHOL, UNSPECIFIED FORM 0.87 MG

METHACRYLIC ACID DELAYED RELEASE 34.5 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

HARD GELATIN 2.2 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

COATED PELLETS 3.94 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

SUSTAINED ACTION, HARD GELATIN 10.9 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

19.07 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

DELAYED ACTION 39.7 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

EXTENDED RELEASE 55.58 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

EXTENDED RELEASE 56.76 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

SUSTAINED ACTION 57.28 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

DELAYED RELEASE 58.88 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

DELAYED ACTION 82.51 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

93.6 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

DELAYED ACTION, COATED, HARD GELATIN 100.69 MG

METHACRYLIC ACID - ETHYL ACRYLATE COPOLYMER 
(1:1) TYPE A

ENTERIC COATED PELLETS 1500 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:1)

DELAYED ACTION 6.8 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:1)

SUSTAINED ACTION 22.08 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:1)

EXTENDED RELEASE 55.58 MG
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METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:1)

57.6 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:1)

ENTERIC COATED PELLETS 93.36 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:2)

DELAYED RELEASE 17.79 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:2)

19.011 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:2)

SUSTAINED ACTION 28.38 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:2)

EXTENDED RELEASE 47.31 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:2)

DELAYED ACTION 50.42 MG

METHACRYLIC ACID - METHYL METHACRYLATE 
COPOLYMER (1:2)

116.1 mg

METHACRYLIC ACID COPOLYMER EXTENDED RELEASE 27.35 MG

METHACRYLIC ACID COPOLYMER SUSTAINED ACTION 44.6 MG

METHACRYLIC ACID COPOLYMER COATED 62.1 MG

METHACRYLIC ACID COPOLYMER 81.75 MG

METHACRYLIC ACID COPOLYMER ENTERIC COATED PELLETS 95.88 MG

METHACRYLIC ACID COPOLYMER DELAYED ACTION 158.69 MG

METHACRYLIC ACID COPOLYMER DELAYED RELEASE 180.046 MG

METHYL SALICYLATE 16 MG

METHYLATED SPIRITS 0.1 MG

METHYLCELLULOSE, UNSPECIFIED SUSTAINED ACTION 3.2 MG

METHYLCELLULOSE, UNSPECIFIED 13.5 MG

METHYLCELLULOSE, UNSPECIFIED EXTENDED RELEASE 18.2 MG

METHYLCELLULOSE, UNSPECIFIED DELAYED ACTION 92.6 MG

METHYLPARABEN COATED, SOFT GELATIN 0.21 MG

METHYLPARABEN (IMMED./COMP. RELEASE), SOFT GELATIN, 
PERLE

0.32 MG

METHYLPARABEN SOFT GELATIN 0.68 MG

METHYLPARABEN SUSTAINED ACTION 0.86 MG

METHYLPARABEN 1 MG

METHYLPARABEN SODIUM 0.27 MG

MICROCRYSTALLINE CELLULOSE DELAYED ACTION 6 mg

MICROCRYSTALLINE CELLULOSE ENTERIC COATED PELLETS 14 MG

MICROCRYSTALLINE CELLULOSE EXTENDED RELEASE 22.96 mg

MICROCRYSTALLINE CELLULOSE (IMMED./COMP. RELEASE), HARD GELATIN 44.33 MG

MICROCRYSTALLINE CELLULOSE 47.85 MG

MICROCRYSTALLINE CELLULOSE COATED PELLETS 57.03 MG

MICROCRYSTALLINE CELLULOSE COATED, SOFT GELATIN 60 MG

MICROCRYSTALLINE CELLULOSE DELAYED RELEASE 60 MG

MICROCRYSTALLINE CELLULOSE GELATIN COATED 60.15 MG

MICROCRYSTALLINE CELLULOSE SOFT GELATIN 105 MG

MICROCRYSTALLINE CELLULOSE DELAYED ACTION 131.6 MG

MICROCRYSTALLINE CELLULOSE (IMMED./COMP. RELEASE) 139.1 MG

MICROCRYSTALLINE CELLULOSE HARD GELATIN 141 MG

MICROCRYSTALLINE CELLULOSE HARD GELATIN 172.2 MG

MICROCRYSTALLINE CELLULOSE SUSTAINED ACTION 186 MG

MICROCRYSTALLINE CELLULOSE EXTENDED RELEASE 239.79 MG

MICROCRYSTALLINE CELLULOSE 256.59 mg

MICROCRYSTALLINE CELLULOSE 282.4 mg

MICROCRYSTALLINE CELLULOSE SUSTAINED ACTION, HARD GELATIN 282.6 MG

MICROCRYSTALLINE CELLULOSE EXTENDED RELEASE 306.8 MG
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MICROCRYSTALLINE CELLULOSE 363.75 MG

MICROCRYSTALLINE WAX SUSTAINED ACTION 6 MG

MINERAL OIL SUSTAINED ACTION 50 MG

MINERAL OIL 60.08 MG

MODIFIED CORN STARCH (1-OCTENYL SUCCINIC 
ANHYDRIDE)

53.3 MG

MONO AND DIGLYCERIDE DELAYED ACTION 4 MG

MONO AND DIGLYCERIDE DELAYED RELEASE 11.4 MG

MONO AND DIGLYCERIDE 369.47 MG

MYRISTIC ACID EXTENDED RELEASE 215.13 MG

NEUTRAL OIL SUSTAINED ACTION 240 MG

NON-PAREIL SEEDS HARD GELATIN 60.3 MG

NON-PAREIL SEEDS COATED PELLETS 122.19 MG

NON-PAREIL SEEDS EXTENDED RELEASE 249.9 MG

NON-PAREIL SEEDS SUSTAINED ACTION 345.45 MG

NON-PAREIL SEEDS 429.6 MG

NON-PAREIL SEEDS BLUE 65 MG

NON-PAREIL SEEDS ORANGE SUSTAINED ACTION 35 MG

NON-PAREIL SEEDS WHITE 43 MG

OLEIC ACID SOFT GELATIN 598.6 MG

OPACODE S-1-1666 RED 1 MG

OPACODE S-1-1681 RED 1 MG

OPACODE S-1-17822 BLACK 0.003 MG

OPACODE S-1-17822 BLACK EXTENDED RELEASE 0.023 MG

OPACODE S-1-17822 BLACK DELAYED ACTION 0.042 MG

OPACODE S-1-17823 BLACK 0.97 MG

OPACODE S-1-7085 WHITE SUSTAINED ACTION 0.028 MG

OPACODE S-1-7085 WHITE 0.033 MG

OPACODE S-1-8090 BLACK 0.05 MG

OPACODE S-1-8114 BLACK 0.033 MG

OPACODE S-1-8114 BLACK SUSTAINED ACTION 0.033 MG

OPACODE S-1-8114 BLACK EXTENDED RELEASE 0.13 MG

OPACODE S-1-8115 BLACK SUSTAINED ACTION 0.023 MG

OPACODE S-1-8115 BLACK 0.041 MG

OPACODE S-1-8115 BLACK EXTENDED RELEASE 0.042 MG

OPACODE S-1-9460HV BROWN 0.15 MG

OPACODE S-19-7014 WHITE SUSTAINED ACTION 0.5 MG

OPADRY 02G59011 CLEAR DELAYED ACTION 30 MG

OPADRY 03F12920 YELLOW 5.4 MG

OPADRY 85F19250 CLEAR EXTENDED RELEASE 7.65 MG

OPADRY II 85F18378 WHITE 25.31 MG

OPADRY II Y-19-19054 CLEAR COATED PELLETS 1.23 MG

OPADRY II Y-19-19054 CLEAR SUSTAINED ACTION 45.14 MG

OPADRY II Y-19-7483 CLEAR SUSTAINED ACTION 5.74 MG

OPADRY II Y-22-7719 WHITE 4.44 MG

OPADRY II YS-1-19025A CLEAR EXTENDED RELEASE 23.89 MG

OPADRY II YS-1-7006 CLEAR EXTENDED RELEASE 2.6 MG

OPADRY OY-29020 CLEAR 2.08 MG

OPADRY YS-1-14129 PINK SUSTAINED ACTION 9 MG

OPADRY YS-1-17274A BEIGE DELAYED ACTION 1.49 MG

OPADRY YS-1-17274A BEIGE SUSTAINED ACTION 9.1 MG

OPADRY YS-1-18202A WHITE DELAYED ACTION 6.25 MG

OPADRY YS-1-19025-A CLEAR SUSTAINED ACTION 2.76 MG

OPADRY YS-1-7003 WHITE SUSTAINED ACTION 1.5 MG

OPADRY YS-1-7003 WHITE 7 MG

OPADRY YS-1-7003 WHITE DELAYED ACTION 10 MG
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OPADRY YS-1-7003 WHITE EXTENDED RELEASE 10.7 MG

OPADRY YS-1-7006 CLEAR COATED PELLETS 4 MG

OPADRY YS-1-7006 CLEAR 6.25 MG

OPADRY YS-1-7006 CLEAR SUSTAINED ACTION, HARD GELATIN 11.25 MG

OPADRY YS-1-7006 CLEAR SUSTAINED ACTION 12.16 MG

OPADRY YS-1-7006 CLEAR EXTENDED RELEASE 12.9 MG

OPADRY YS-1-7472 CLEAR EXTENDED RELEASE 50.76 MG

OPADRY YS-1-7552 GREY 7.3 MG

OPADRY YS-1-7706 CLEAR 3.6 MG

OPALUX AS 4151 BLUE 2.76 MG

OPALUX AS 8050-L BLACK 2 MG

OPAQUE WHITE 001 78 MG

OPAQUE WHITE 002 62 MG

OPAQUE WHITE 535 45 MG

OPAQUE WHITE 536 65 MG

OPAQUE WHITE 538 38 MG

OPATINT AD-22901 YELLOW SOFT GELATIN 4.09 MG

OPATINT DD-18000 WHITE SOFT GELATIN 3.07 MG

PALM OIL - SOYBEAN OIL, HYDROGENATED 4 MG

PARABENS 0.16 MG

PARAFFIN 34 MG

PARAFFIN SUSTAINED ACTION 50 MG

PD BASE-1000 SUSTAINED ACTION 225 MG

PEANUT OIL COATED, SOFT GELATIN 149 MG

PEANUT OIL 313.8 MG

PECTIN EXTENDED RELEASE 5.45 MG

PEG-32 HYDROGENATED PALM GLYCERIDES EXTENDED RELEASE 4.17 MG

PEG-8 CAPRYLIC/CAPRIC GLYCERIDES SOFT GELATIN 70 MG

PEGAPAMODUTIDE 16.77 MG

PEPPERMINT OIL (IMMED./COMP. RELEASE), SOFT GELATIN 0.6 MG

PEPPERMINT OIL SOFT GELATIN 1.02 MG

PEPPERMINT OIL 3 MG

PETROLATUM SUSTAINED ACTION 0.07 MG

POLACRILIN POTASSIUM 23 MG

POLACRILIN POTASSIUM (IMMED./COMP. RELEASE), HARD GELATIN 45.28 MG

POLOXAMER 188 DELAYED RELEASE 3 MG

POLOXAMER 188 (IMMED./COMP. RELEASE), HARD GELATIN 3.18 MG

POLOXAMER 188 DELAYED ACTION 4 MG

POLOXAMER 188 10 MG

POLOXAMER 188 25.1 mg

POLOXAMER 338 ENTERIC COATED PELLETS 2 MG

POLOXAMER 407 (IMMED./COMP. RELEASE) 1 MG

POLOXAMER 407 ENTERIC COATED PELLETS 5 MG

POLOXAMER 407 EXTENDED RELEASE 8.96 MG

POLOXAMER 407 30 MG

POLOXAMER 407 DELAYED ACTION 40 MG

POLY(METHYL ACRYLATE-CO-METHYL 
METHACRYLATE-CO-METHACRYLIC ACID 7:3:1; 
280000 MW)

EXTENDED RELEASE 44.08 MG

POLYETHYLENE GLYCOL 1450 EXTENDED RELEASE 17 MG

POLYETHYLENE GLYCOL 20000 HARD GELATIN 13.5 MG

POLYETHYLENE GLYCOL 20000 18 MG

POLYETHYLENE GLYCOL 3350 EXTENDED RELEASE 0.67 MG

POLYETHYLENE GLYCOL 3350 27.2 MG

POLYETHYLENE GLYCOL 3350 SOFT GELATIN 76.92 MG

POLYETHYLENE GLYCOL 3350 HARD GELATIN 288 MG

(Continued )



272 Appendix B 

Excipients

POLYETHYLENE GLYCOL 400 EXTENDED RELEASE 1.7 MG

POLYETHYLENE GLYCOL 400 DELAYED ACTION 2.74 MG

POLYETHYLENE GLYCOL 400 DELAYED RELEASE 2.74 MG

POLYETHYLENE GLYCOL 400 SUSTAINED ACTION, HARD GELATIN 11.32 MG

POLYETHYLENE GLYCOL 400 (IMMED./COMP. RELEASE), SOFT GELATIN, 
PERLE

50 MG

POLYETHYLENE GLYCOL 400 COATED, SOFT GELATIN 103.55 MG

POLYETHYLENE GLYCOL 400 SOFT GELATIN LIQUID-FILLED 324.5 MG

POLYETHYLENE GLYCOL 400 (IMMED./COMP. RELEASE), SOFT GELATIN 950 MG

POLYETHYLENE GLYCOL 400 960 MG

POLYETHYLENE GLYCOL 400 SOFT GELATIN 1057 MG

POLYETHYLENE GLYCOL 4000 DELAYED RELEASE 1.28 MG

POLYETHYLENE GLYCOL 4000 DELAYED ACTION 2.55 MG

POLYETHYLENE GLYCOL 4000 EXTENDED RELEASE 10.72 MG

POLYETHYLENE GLYCOL 4000 SOFT GELATIN 15 MG

POLYETHYLENE GLYCOL 4000 ENTERIC COATED PELLETS 96.19 MG

POLYETHYLENE GLYCOL 4000 380.5 MG

POLYETHYLENE GLYCOL 4500 EXTENDED RELEASE 10 MG

POLYETHYLENE GLYCOL 600 SOFT GELATIN 324 MG

POLYETHYLENE GLYCOL 600 580.6 MG

POLYETHYLENE GLYCOL 600 SOFT GELATIN LIQUID-FILLED 580.6 MG

POLYETHYLENE GLYCOL 6000 DELAYED RELEASE 1.71 MG

POLYETHYLENE GLYCOL 6000 DELAYED RELEASE 3.471 mg

POLYETHYLENE GLYCOL 6000 DELAYED ACTION 4.43 MG

POLYETHYLENE GLYCOL 6000 SUSTAINED ACTION 17.46 MG

POLYETHYLENE GLYCOL 6000 EXTENDED RELEASE 18.88 MG

POLYETHYLENE GLYCOL 6000 HARD GELATIN 450 MG

POLYETHYLENE GLYCOL 6000 462.5 MG

POLYETHYLENE GLYCOL 8000 SUSTAINED ACTION 1.39 MG

POLYETHYLENE GLYCOL 8000 DELAYED ACTION 1.78 MG

POLYETHYLENE GLYCOL 8000 EXTENDED RELEASE 4.91 MG

POLYETHYLENE GLYCOL 8000 HARD GELATIN 27.8 MG

POLYETHYLENE GLYCOL 8000 35 MG

POLYETHYLENE GLYCOL, UNSPECIFIED 4.8 mg

POLYGLYCERYL-10 OLEATE SOFT GELATIN 199.9 MG

POLYGLYCERYL-3 OLEATE GELATIN COATED 0.87 MG

POLYGLYCERYL-3 OLEATE SOFT GELATIN 330.7 MG

POLYOXYL 35 CASTOR OIL 120 MG

POLYOXYL 35 CASTOR OIL SOFT GELATIN 599.4 MG

POLYOXYL 40 HYDROGENATED CASTOR OIL 200 MG

POLYOXYL 40 HYDROGENATED CASTOR OIL SOFT GELATIN 405 MG

POLYOXYL 40 STEARATE HARD GELATIN 0.6 MG

POLYOXYL 40 STEARATE 7 MG

POLYSORB 85/70/00 72 mg

POLYSORBATE 20 56.25 MG

POLYSORBATE 80 COATED PELLETS 0.053 MG

POLYSORBATE 80 EXTENDED RELEASE 1.56 MG

POLYSORBATE 80 ENTERIC COATED PELLETS 2 MG

POLYSORBATE 80 SUSTAINED ACTION 2.6 MG

POLYSORBATE 80 DELAYED ACTION 3.05 MG

POLYSORBATE 80 DELAYED RELEASE 3.82 MG

POLYSORBATE 80 SOFT GELATIN LIQUID-FILLED 6 MG

POLYSORBATE 80 SOFT GELATIN 80.56 MG

POLYSORBATE 80 418.37 MG

POLYSTYRENE SULFONIC ACID 12 MG

POLYSTYRENE SULFONIC ACID SUSTAINED ACTION 32 MG
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POLYVINYL ACETATE PHTHALATE DELAYED ACTION 32 MG

POLYVINYLACETAL SUSTAINED ACTION 5 MG

PONCEAU 3R SUSTAINED ACTION 0.035 MG

PONCEAU XYLIDINE 0.001 MG

POTASSIUM BICARBONATE SOFT GELATIN 29 MG

POTASSIUM CARBONATE 27.69 MG

POTASSIUM CHLORIDE EXTENDED RELEASE 0.4 MG

POTASSIUM CHLORIDE 62 MG

POTASSIUM HYDROXIDE EXTENDED RELEASE 0.065 MG

POTASSIUM HYDROXIDE SOFT GELATIN 25.6 MG

POTASSIUM HYDROXIDE SOFT GELATIN LIQUID-FILLED 25.6 MG

POTASSIUM HYDROXIDE 28.69 MG

POTASSIUM PHOSPHATE, MONOBASIC ENTERIC COATED PELLETS 17 MG

POVIDONE K25 SUSTAINED ACTION, HARD GELATIN 12.6 MG

POVIDONE K25 SUSTAINED ACTION 17.79 MG

POVIDONE K25 20 MG

POVIDONE K25 EXTENDED RELEASE 21.36 MG

POVIDONE K25 30 mg

POVIDONE K30 COATED, SOFT GELATIN 5 MG

POVIDONE K30 DELAYED RELEASE 8.06 MG

POVIDONE K30 SUSTAINED ACTION 10.05 MG

POVIDONE K30 DELAYED ACTION 12.38 MG

POVIDONE K30 15 MG

POVIDONE K30 (IMMED./COMP. RELEASE), HARD GELATIN 16 MG

POVIDONE K30 SOFT GELATIN LIQUID-FILLED 25.2 MG

POVIDONE K30 SOFT GELATIN 30 MG

POVIDONE K30 SUSTAINED ACTION, HARD GELATIN 41.7 MG

POVIDONE K30 60 MG

POVIDONE K30 61.5 MG

POVIDONE K30 EXTENDED RELEASE 82.18 MG

POVIDONE K90 HARD GELATIN 5.95 MG

POVIDONE K90 DELAYED ACTION 9.29 MG

POVIDONE K90 EXTENDED RELEASE 18.8 MG

POVIDONE K90 SUSTAINED ACTION, HARD GELATIN 18.8 MG

POVIDONE K90 DELAYED RELEASE 22.82 MG

POVIDONE K90 54.81 MG

POVIDONE, UNSPECIFIED COATED, SOFT GELATIN 6.9 MG

POVIDONE, UNSPECIFIED DELAYED RELEASE 8.7 MG

POVIDONE, UNSPECIFIED ENTERIC COATED PELLETS 9.2 MG

POVIDONE, UNSPECIFIED COATED PELLETS 10.03 MG

POVIDONE, UNSPECIFIED SUSTAINED ACTION, HARD GELATIN 10.43 MG

POVIDONE, UNSPECIFIED HARD GELATIN 50 MG

POVIDONE, UNSPECIFIED SUSTAINED ACTION 72 MG

POVIDONE, UNSPECIFIED EXTENDED RELEASE 102.73 MG

POVIDONE, UNSPECIFIED 130 MG

POWDERED CELLULOSE DELAYED ACTION 8.5 MG

POWDERED CELLULOSE HARD GELATIN 140 MG

POWDERED CELLULOSE 405 MG

PROPYL GALLATE 0.16 MG

PROPYL GALLATE SOFT GELATIN 2 MG

PROPYLENE GLYCOL DELAYED ACTION 0.016 MG

PROPYLENE GLYCOL EXTENDED RELEASE 0.019 MG

PROPYLENE GLYCOL ENTERIC COATED PELLETS 1.7 MG

PROPYLENE GLYCOL SUSTAINED ACTION 14.6 MG

PROPYLENE GLYCOL SOFT GELATIN LIQUID-FILLED 17.7 MG

PROPYLENE GLYCOL 52 MG
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PROPYLENE GLYCOL SOFT GELATIN 148.31 MG

PROPYLPARABEN COATED, SOFT GELATIN 0.053 MG

PROPYLPARABEN (IMMED./COMP. RELEASE), SOFT GELATIN, 
PERLE

0.081 MG

PROPYLPARABEN SOFT GELATIN 0.12 MG

PROPYLPARABEN 0.21 MG

PROPYLPARABEN SUSTAINED ACTION 0.22 MG

PROPYLPARABEN SODIUM 0.072 MG

PROPYLPARABEN SODIUM SOFT GELATIN 0.35 MG

PROSOLV 50 SUSTAINED ACTION, HARD GELATIN 82.5 MG

PROSOLV HD 90 199.11 MG

SACCHARIN SODIUM SOFT GELATIN 0.51 MG

SACCHARIN SODIUM 2.02 MG

SESAME OIL SOFT GELATIN 44.4 MG

SESAME OIL 162.5 MG

SHELLAC DELAYED RELEASE 0.02 MG

SHELLAC DELAYED ACTION 0.063 MG

SHELLAC EXTENDED RELEASE 0.0783 MG

SHELLAC COATED PELLETS 0.43 MG

SHELLAC ENTERIC COATED PELLETS 29 MG

SHELLAC SUSTAINED ACTION 75.01 MG

SHELLAC 330.88 MG

SHELLAC P.V.P. SOLUTION NO. 4 SUSTAINED ACTION 87 MG

SILICA DIMETHYL SILYLATE 0.5 MG

SILICON DIOXIDE DELAYED RELEASE 0.25 MG

SILICON DIOXIDE COATED, SOFT GELATIN 0.5 MG

SILICON DIOXIDE DELAYED ACTION, COATED, HARD GELATIN 1.28 MG

SILICON DIOXIDE SUSTAINED ACTION, HARD GELATIN 1.7 MG

SILICON DIOXIDE SOFT GELATIN 1.73 MG

SILICON DIOXIDE (IMMED./COMP. RELEASE) 2.5 MG

SILICON DIOXIDE DELAYED RELEASE 2.6 MG

SILICON DIOXIDE 4.5 MG

SILICON DIOXIDE EXTENDED RELEASE 4.6 MG

SILICON DIOXIDE HARD GELATIN 6 MG

SILICON DIOXIDE COATED PELLETS 8.61 MG

SILICON DIOXIDE SOFT GELATIN LIQUID-FILLED 8.8 MG

SILICON DIOXIDE GELATIN COATED 9 MG

SILICON DIOXIDE ENTERIC COATED PELLETS 9.64 MG

SILICON DIOXIDE DELAYED ACTION 13.69 MG

SILICON DIOXIDE EXTENDED RELEASE 15 MG

SILICON DIOXIDE POWDER, ORAL SUSPENSION 15 MG/5ML

SILICON DIOXIDE 100 MG

SILICON DIOXIDE SUSTAINED ACTION 106 MG

SILICONE SUSTAINED ACTION 0.14 MG

SILICONE HARD GELATIN 0.42 MG

SILICONE 15 MG

SILICONE EMULSION SUSTAINED ACTION 0.078 MG

SIMETHICONE DELAYED RELEASE 0.02 MG

SIMETHICONE SOFT GELATIN LIQUID-FILLED 0.025 MG

SIMETHICONE SUSTAINED ACTION 0.062 MG

SIMETHICONE DELAYED ACTION 0.2 MG

SIMETHICONE ENTERIC COATED PELLETS 0.61 MG

SIMETHICONE EXTENDED RELEASE 1 MG

SIMETHICONE 5.7 MG

SIMETHICONE EMULSION 14.4 MG

SIMETHICONE EMULSION SUSTAINED ACTION 15.63 MG
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SODIUM ALGINATE 80 MG

SODIUM ASCORBATE (IMMED./COMP. RELEASE) 2 MG

SODIUM ASCORBATE 3 MG

SODIUM BENZOATE HARD GELATIN 0.11 MG

SODIUM BENZOATE 0.3 MG

SODIUM BENZOATE POWDER, ORAL SUSPENSION 10 MG/5ML

SODIUM BICARBONATE DELAYED ACTION 0.36 MG

SODIUM BICARBONATE HARD GELATIN 2 MG

SODIUM BICARBONATE 108 MG

SODIUM BISULFITE 0.36 MG

SODIUM CARBONATE SUSTAINED ACTION 6 MG

SODIUM CARBONATE DELAYED ACTION 10 mg

SODIUM CARBONATE 91.8 MG

SODIUM CELLULOSE 150 MG

SODIUM CHLORIDE 6 MG

SODIUM CHLORIDE EXTENDED RELEASE 20.72 MG

SODIUM CITRATE, UNSPECIFIED FORM 1 MG

SODIUM HYDROXIDE ADJ PH

SODIUM HYDROXIDE COATED PELLETS 0.013 MG

SODIUM HYDROXIDE COATED 0.08 MG

SODIUM HYDROXIDE ENTERIC COATED PELLETS 0.083 MG

SODIUM HYDROXIDE DELAYED ACTION 0.25 MG

SODIUM HYDROXIDE SOFT GELATIN LIQUID-FILLED 1.5 MG

SODIUM HYDROXIDE 9.88 MG

SODIUM LAURETH-3 SULFATE 3.5 MG

SODIUM LAURYL SULFATE ENTERIC COATED PELLETS 0.6 MG

SODIUM LAURYL SULFATE DELAYED ACTION, COATED 1 mg

SODIUM LAURYL SULFATE DELAYED RELEASE 1 MG

SODIUM LAURYL SULFATE DELAYED ACTION, COATED, HARD GELATIN 2 MG

SODIUM LAURYL SULFATE (IMMED./COMP. RELEASE), HARD GELATIN 3.6 MG

SODIUM LAURYL SULFATE SUSTAINED ACTION, HARD GELATIN 3.75 MG

SODIUM LAURYL SULFATE DELAYED ACTION 5.98 MG

SODIUM LAURYL SULFATE SUSTAINED ACTION 9.47 MG

SODIUM LAURYL SULFATE HARD GELATIN 16.2 MG

SODIUM LAURYL SULFATE EXTENDED RELEASE 16.67 MG

SODIUM LAURYL SULFATE 25.8 MG

SODIUM LAURYL SULFATE SOFT GELATIN 96 MG

SODIUM METABISULFITE 0.36 MG

SODIUM PHOSPHATE 36 MG

SODIUM PHOSPHATE, DIBASIC, ANHYDROUS ENTERIC COATED PELLETS 2 MG

SODIUM PHOSPHATE, DIBASIC, ANHYDROUS DELAYED RELEASE 4.8 MG

SODIUM PHOSPHATE, DIBASIC, ANHYDROUS 300 MG

SODIUM PHOSPHATE, DIBASIC, DIHYDRATE 0.9 MG

SODIUM PHOSPHATE, DIBASIC, DIHYDRATE ENTERIC COATED PELLETS 0.9 MG

SODIUM PHOSPHATE, DIBASIC, DIHYDRATE DELAYED ACTION 2 MG

SODIUM PHOSPHATE, DIBASIC, HEPTAHYDRATE SUSTAINED ACTION 92 MG

SODIUM PHOSPHATE, DIBASIC, HEPTAHYDRATE 500 MG

SODIUM PHOSPHATE, MONOBASIC, MONOHYDRATE 109.5 MG

SODIUM PHOSPHATE, MONOBASIC, MONOHYDRATE 600 MG

SODIUM PROPIONATE 0.36 MG

SODIUM STARCH GLYCOLATE TYPE A CORN 6 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO SOFT GELATIN 7.75 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO DELAYED ACTION 15 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO DELAYED ACTION, COATED, HARD GELATIN 16 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO COATED PELLETS 16.71 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO ENTERIC COATED PELLETS 16.8 MG
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SODIUM STARCH GLYCOLATE TYPE A POTATO DELAYED RELEASE 18.3 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO SUSTAINED ACTION 18.6 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO HARD GELATIN 20 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO EXTENDED RELEASE 30 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO 180 MG

SODIUM STARCH GLYCOLATE TYPE A POTATO 180 MG

SODIUM STARCH GLYCOLATE TYPE B POTATO 26.53 MG

SODIUM STEARYL FUMARATE HARD GELATIN 2.7 MG

SODIUM STEARYL FUMARATE DELAYED RELEASE 2.713 mg

SODIUM STEARYL FUMARATE GELATIN COATED 3 MG

SODIUM STEARYL FUMARATE DELAYED ACTION 4.92 MG

SODIUM STEARYL FUMARATE EXTENDED RELEASE 7 MG

SODIUM STEARYL FUMARATE 15 MG

SODIUM THIOSULFATE 20 MG

SORBIC ACID 0.94 MG

SORBIC ACID SUSTAINED ACTION 0.94 MG

SORBITAN MONOLAURATE 0.08 MG

SORBITAN MONOOLEATE SUSTAINED ACTION 1.7 MG

SORBITAN MONOOLEATE SOFT GELATIN LIQUID-FILLED 10 MG

SORBITAN MONOOLEATE 40 MG

SORBITAN MONOOLEATE SOFT GELATIN 153.9 MG

SORBITOL SOFT GELATIN 113.6 MG

SORBITOL 185.18 MG

SORBITOL SOLUTION COATED, SOFT GELATIN 3.11 MG

SORBITOL SOLUTION SOFT GELATIN 80 MG

SORBITOL SOLUTION 95 MG

SORBITOL SOLUTION SOFT GELATIN LIQUID-FILLED 97 MG

SORBITOL SPECIAL POLYOL SOLUTION SOFT GELATIN 28.39 MG

SORBITOL SPECIAL POLYOL SOLUTION 83.52 MG

SORBITOL-GLYCERIN BLEND 61.23 MG

SOYBEAN OIL SOFT GELATIN LIQUID-FILLED 129.87 MG

SOYBEAN OIL SOFT GELATIN 227 MG

SOYBEAN OIL (IMMED./COMP. RELEASE), COATED, SOFT 
GELATIN

238.59 MG

SOYBEAN OIL 263 MG

STARCH SOFT GELATIN 15.5 MG

STARCH COATED, HARD GELATIN 25 MG

STARCH HARD GELATIN 33.5 MG

STARCH ENTERIC COATED PELLETS 36.4 MG

STARCH DELAYED ACTION 43.5 MG

STARCH SUSTAINED ACTION 65.2 MG

STARCH 605 MG

STARCH 7150 0.44 MG

STARCH 825 217 MG

STARCH 826 237 MG

STARCH, CORN SUSTAINED ACTION 27 MG

STARCH, CORN COATED, SOFT GELATIN 27.75 MG

STARCH, CORN HARD GELATIN 34 MG

STARCH, CORN DELAYED RELEASE 36 MG

STARCH, CORN DELAYED ACTION 36.4 MG

STARCH, CORN 59 MG

STARCH, CORN EXTENDED RELEASE 95.85 MG

STARCH, CORN (IMMED./COMP. RELEASE) 110 MG

STARCH, CORN 243.24 MG

STARCH, CORN HARD GELATIN 289.2 MG

STARCH, CORN 600 MG
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STARCH, MODIFIED 23 MG

STARCH, PREGELATINIZED EXTENDED RELEASE 6.56 MG

STARCH, PREGELATINIZED COATED, SOFT GELATIN 15 MG

STARCH, PREGELATINIZED (IMMED./COMP. RELEASE), HARD GELATIN 70 MG

STARCH, PREGELATINIZED HARD GELATIN 128.75 MG

STARCH, PREGELATINIZED SUSTAINED ACTION 141.75 MG

STARCH, PREGELATINIZED 452.79 MG

STARCH, TAPIOCA 100 MG

STARCH, WHEAT SUSTAINED ACTION 0.75 MG

STEAR-O-WET M HARD GELATIN 0.25 MG

STEAR-O-WET M COATED, SOFT GELATIN 1.5 MG

STEAR-O-WET M SUSTAINED ACTION 6 MG

STEAR-O-WET M 14 MG

STEARIC ACID COATED, SOFT GELATIN 3 MG

STEARIC ACID DELAYED ACTION 3 MG

STEARIC ACID EXTENDED RELEASE 3.23 MG

STEARIC ACID HARD GELATIN 15 MG

STEARIC ACID SUSTAINED ACTION 21 MG

STEARIC ACID 52 MG

STEAROYL POLYOXYLGLYCERIDES 480 MG

STEARYL ALCOHOL SUSTAINED ACTION 72 MG

SUCCINIC ACID 65 mg

SUCROSE DELAYED RELEASE 48 MG

SUCROSE ENTERIC COATED PELLETS 140.76 MG

SUCROSE DELAYED ACTION 175.14 MG

SUCROSE EXTENDED RELEASE 396.14 MG

SUCROSE SUSTAINED ACTION 481.7 MG

SUCROSE 527.43 MG

SUCROSE POWDER, ORAL SUSPENSION 3041 MG/5ML

SUCROSE LAURATE GELATIN COATED 30 MG

SUCROSE STEARATE EXTENDED RELEASE 31.84 MG

SUCROSE STEARATE SUSTAINED ACTION 44.57 MG

SUCROSE TETRAISOSTEARATE 175.68 MG

SUGAR SPHERES SUSTAINED ACTION, HARD GELATIN 100.3 MG

SUGAR SPHERES FILM COATED, EXTENDED RELEASE 150 MG

SUGAR SPHERES SUSTAINED ACTION 155.94 MG

SUGAR SPHERES DELAYED RELEASE 160 MG

SUGAR SPHERES COATED 218 MG

SUGAR SPHERES ENTERIC COATED PELLETS 225.21 MG

SUGAR SPHERES DELAYED ACTION 280.12 MG

SUGAR SPHERES 314.13 MG

SUGAR SPHERES EXTENDED RELEASE 529.49 MG

SURELEASE E-7-7050 ENTERIC COATED PELLETS 28.33 MG

SURELEASE E-7-7050 COATED PELLETS 39.8 MG

SURELEASE E-719010 CLEAR 11.1 MG

SURELEASE E-719010 CLEAR SUSTAINED ACTION 37.44 MG

SURELEASE E-719010 CLEAR EXTENDED RELEASE 46.55 MG

TALC SOFT GELATIN 0.1 MG

TALC (IMMED./COMP. RELEASE) 0.44 MG

TALC COATED PELLETS 0.66 MG

TALC FILM COATED, EXTENDED RELEASE 6.824 MG

TALC COATED, HARD GELATIN 10 MG

TALC DELAYED ACTION, COATED, HARD GELATIN 14.93 MG

TALC SUSTAINED ACTION, HARD GELATIN 16.7 MG

TALC DELAYED ACTION, COATED 16.94 mg

TALC COATED 28.45 MG
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TALC ENTERIC COATED PELLETS 28.9 MG

TALC DELAYED RELEASE 46.63 MG

TALC SUSTAINED ACTION 122.06 MG

TALC DELAYED ACTION 130.13 MG

TALC HARD GELATIN 139.17 MG

TALC EXTENDED RELEASE 157.6 MG

TALC 284.38 MG

TALC 127 SUSTAINED ACTION 40.88 MG

TALC TRITURATE 1.92 MG

TARTARIC ACID 200 MG

TARTARIC ACID SUSTAINED ACTION 215.1 MG

TARTARIC ACID EXTENDED RELEASE 260 MG

TIMING SOLUTION CLEAR N-7 SUSTAINED ACTION 26.2 MG

TITANIUM DIOXIDE COATED, SOFT GELATIN 0.8 MG

TITANIUM DIOXIDE (IMMED./COMP. RELEASE), HARD GELATIN 0.96 MG

TITANIUM DIOXIDE (IMMED./COMP. RELEASE) 0.97 MG

TITANIUM DIOXIDE HARD GELATIN 1.62 MG

TITANIUM DIOXIDE EXTENDED RELEASE 2.722 mg

TITANIUM DIOXIDE 2.93 MG

TITANIUM DIOXIDE ENTERIC COATED PELLETS 4.4 MG

TITANIUM DIOXIDE SUSTAINED ACTION 5.1 MG

TITANIUM DIOXIDE (IMMED./COMP. RELEASE), SOFT GELATIN 5.15 MG

TITANIUM DIOXIDE COATED 5.5224 MG

TITANIUM DIOXIDE DELAYED ACTION, COATED 5.616 mg

TITANIUM DIOXIDE 5.681 mg

TITANIUM DIOXIDE DELAYED RELEASE 8.53 MG

TITANIUM DIOXIDE DELAYED ACTION 16.82 MG

TITANIUM DIOXIDE SOFT GELATIN 17.93 MG

TOCOPHERSOLAN SOFT GELATIN 282 MG

TOCOPHERSOLAN 300 MG

TOLUENE SOFT GELATIN 0.2 MG

TRIACETIN COATED PELLETS 1.21 MG

TRIACETIN SUSTAINED ACTION 2.76 MG

TRIACETIN ENTERIC COATED PELLETS 5.1 MG

TRIACETIN 6.42 MG

TRIACETIN EXTENDED RELEASE 46.7 MG

TRIBASIC CALCIUM PHOSPHATE 11.01 MG

TRIBASIC CALCIUM PHOSPHATE SUSTAINED ACTION 32.73 MG

TRIETHYL CITRATE COATED PELLETS 0.59 MG

TRIETHYL CITRATE FILM COATED, EXTENDED RELEASE 0.939 MG

TRIETHYL CITRATE COATED 2.18 MG

TRIETHYL CITRATE SUSTAINED ACTION, HARD GELATIN 3.3 MG

TRIETHYL CITRATE HARD GELATIN 4 MG

TRIETHYL CITRATE SUSTAINED ACTION 7.5 MG

TRIETHYL CITRATE 16 MG

TRIETHYL CITRATE DELAYED RELEASE 16.7 MG

TRIETHYL CITRATE DELAYED RELEASE 16.825 mg

TRIETHYL CITRATE DELAYED ACTION 17.92 MG

TRIETHYL CITRATE EXTENDED RELEASE 22.23 MG

TRIETHYL CITRATE ENTERIC COATED PELLETS 45 MG

TRIGLYCERIDE, SYNTHETIC SOFT GELATIN 160 MG

TROMETHAMINE SOFT GELATIN 15 MG

URSODIOL 4.32 MG

VANILLIN 0.94 MG

VANILLIN SUSTAINED ACTION 0.94 MG

VEGETABLE OIL 2 MG

(Continued )
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Excipients

VEGETABLE OIL, HYDROGENATED SOFT GELATIN LIQUID-FILLED 2.09 MG

VEGETABLE OIL, HYDROGENATED EXTENDED RELEASE 9 MG

VEGETABLE OIL, HYDROGENATED 82 MG

VEGETABLE OIL, HYDROGENATED SOFT GELATIN 82.8 MG

VEGETABLE OIL, HYDROGENATED HARD GELATIN 261 MG

VEGETABLE SHORTENING SOFT GELATIN LIQUID-FILLED 8.34 MG

VEGETABLE SHORTENING 66.59 MG

WHITE WAX SUSTAINED ACTION 15.3 MG

WHITE WAX 15.86 MG

WHITE WAX SOFT GELATIN 18.36 MG

XANTHAN GUM POWDER, ORAL SUSPENSION 3.75 MG/5ML

YELLOW WAX 2 MG

YELLOW WAX SOFT GELATIN LIQUID-FILLED 2.09 MG

YELLOW WAX 10 MG

YELLOW WAX SUSTAINED ACTION 15.79 MG

YELLOW WAX SOFT GELATIN 16.8 MG

YELLOW WAX EXTENDED RELEASE 80.67 MG

ZINC STEARATE 2.04 MG



http://taylorandfrancis.com
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Appendix C

DISSOLUTION TESTING METHODS

In general, capsule dosage forms tend to float during dissolu-
tion testing with the paddle method. In such cases, it is rec-
ommended that a few turns of a wire helix around the capsule 
be used. The inclusion of enzymes in the dissolution media 
must be considered on case-by-case basis. A Gelatin Capsule 
Working Group (including participants from the FDA, indus-
try, and the USP) was formed to assess the noncompliance of 
certain gelatin capsule products with the required dissolution 
specifications and the potential implications on bioavailability. 

The working group recommended the addition of a second 
tier to the standard USP and new drug and abbreviated new 
drug applications (NDA/ANDA) dissolution tests: the incor-
poration of enzyme (pepsin with simulated gastric fluid and 
pancreatin with simulated intestinal fluid) into the dissolution 
medium. If the drug product fails the first tier but passes the 
second tier, the product’s performance is acceptable. The two-
tier dissolution test is appropriate for all gelatin capsule and 
gelatin-coated tablets and the phenomenon may have little 
significance in vivo.

Appendix C
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Uncompressed Solids Formulations

ACEBUTOLOL HYDROCHLORIDE CAPSULES

The capsules are provided in two dosage strengths, which 
contain 200 or 400 mg of acebutolol as the hydrochloride 
salt. The inactive ingredients present are D&C Red No. 22, 
FD&C Blue No. 1, FD&C Yellow No. 6, gelatin, povidone, 
starch, stearic acid, and titanium dioxide. The 200 mg dosage 
strength also contains D&C Red No. 28; the 400 mg dosage 
strength also contains FD&C Red No. 40.

ACECLOFENAC INSTANT GRANULES

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000  
Sachet (g)

50.00 1 Aceclofenac 50.00

165.83 2 Orange Flavor 165.83

3292.30 3 Sorbitol 3292.30

169.23 4 Lutrol F 68 169.23

169.23 5 Cremophor RH 40 169.23

QS 6 Deionized water ~2 kg

MAnufAcTurinG DirecTions

 1. Granulate items 1 to 3 with a solution of items 4 to 6. 
Pass through a 0.8 mm screen, dry, and sieve again.

 2. Fill 3.9 g into sachets corresponding to 50 mg 
aceclofenac.

ACETAMINOPHEN AND DIPHENHYDRAMINE 
HYDROCHLORIDE HOT THERAPY SACHETS

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000 
Sachets (g)

650.00 1 Acetaminophen 
(micronized)

650.00

250.00 2 Diphenhydramine 
hydrochloride

250.00

0.90 3 FD&C Yellow No. 10 Lake 0.90

0.0005 4 FD&C Red No. 40 0.0005

18081.10 5 Castor sugar 18081.10

200.00 6 Aspartame 200.00

250.00 7 Maize starch (dried) 250.00

180.00 8 Citric acid 180.00

38.00 9 Sodium citrate 38.00

200.00 10 Sodium chloride 200.00

240.00 11 Honey flavor (dry) 240.00

100.00 12 Lemon flavor (dry) 100.00

QS 13 Purified water QS

MAnufAcTurinG DirecTions

 1. Mix items 1 and 2 well, then pass through 0.8 mm 
sieves.

 2. Mix items 3, 5, and 13 to make a clear solution.
 3. Add mixture of items 1 and 2 to second step mixture 

and mix well.
 4. Add this mixture to item 4 and mix. Take care to 

avoid lump formation.
 5. Dry in an oven and maintain a constant temperature.
 6. Sieve and add items 6 to 12. Mix well. Make sure all 

the solids added are in fine powder form.
 7. Fill 20 g of powder into sachets and seal.

ACETAMINOPHEN CAPSULES (500 MG)

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Caps (g)

500.00 1 Acetaminophen powder 500.00

30.00 2 Sodium starch glycolate 30.00

1.00 3 Aerosil® 200 1.00

2.00 4 Magnesium stearate 2.00

17.00 5 Starch dried 15.00

MAnufAcTurinG DirecTions

 1. Mix all items after passing through 60 mesh screen 
and mix for 1 hour.

 2. Fill 550 mg into size 0 capsule.

ACETAMINOPHEN, DOXYLAMINE, 
AND CAFFEINE EFFERVESCENT

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000  
Sachet (g)

500.00 1 Acetaminophen powder 500.00

5.00 2 Doxylamine succinate 5.00

33.00 3 Caffeine (knoll) 33.00

391.00 4 Tartaric acid 391.00

417.00 5 Sodium hydrogen 
carbonate

417.00

6.00 6 Kollidon® 30 6.00
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— 7 Isopropanol (or ethanol) QS

30.00 8 Sodium citrate 30.00

707.00 9 Sugar 707.00

MAnufAcTurinG DirecTions

 1. Granulate a mixture of items 1 to 5 with a solution of 
items 6 and 7. Dry at 60°C under vacuum conditions. 
Sieve and mix with items 8 and 9.

 2. Fill 2.1 g into sachets at a maximum 30% of relative 
atmospheric humidity. If the solvent isopropanol is 
replaced by water, the granulation should be done in 
a fluidized bed.

ACETAMINOPHEN INSTANT GRANULES

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

166.66 1 Acetaminophen fine 
powder

166.66

426.64 2 Sucrose fine powder 426.64

300.00 3 Kollidon® CL-M 300.00

23.33 4 Aspartame 23.33

16.66 5 Orange flavor 16.66

16.66 6 Strawberry flavor 16.66

40.00 7 Kollidon 30 40.00

250.00 8 Ethanol 96% 250.00

MAnufAcTurinG DirecTions

 1. Granulate items 1 to 6 with solution made from items 
7 and 8 and pass through a 0.8 mm sieve.

 2. Fill 1.5 or 3.0 g into sachets (for 250 or 500 mg 
strength, respectively). The free-flowing granules 
are well dispersible in cold water. Suspend 1.5 or 3.0 
g of the granules (=250 or 500 mg acetaminophen, 
respectively) in a glass of water.

ACETAMINOPHEN INSTANT GRANULES

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

192.30 1 Acetaminophen fine 
powder

192.30

500.00 2 Sorbitol instant (Merck) 500.00

192.30 3 Kollidon CL-M 192.30

27.00 4 Aspartame 27.00

19.23 5 Orange flavor 19.23

19.23 6 Strawberry flavor 19.23

11.53 7 Sodium citrate 11.53

11.53 8 Citric acid 11.53

30.76 9 Kollidon® 90 F 30.76

192.30 10 Ethanol 96% 192.30

MAnufAcTurinG DirecTions

 1. Granulate items 1 to 8 with a solution made from 
items 9 and 10 and pass through a 0.8 mm sieve.

 2. Fill 1.3 or 2.6 g into sachets (for 250 or 500 mg 
strength, respectively).

 3. The free-flowing granules are well dispersible in cold 
water. Suspend 1.2 or 2.6 g of the granules (=250 or 500 
mg acetaminophen, respectively) in a glass of water.

ACETAMINOPHEN INSTANT GRANULES

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000  
Sachet (g)

500.00 1 Acetaminophen fine 
powder

500.00

1300.00 2 Sorbitol instant (Merck) 1300.00

500.00 3 Lutrol F 127 500.00

30.00 4 Citric acid powder 30.00

30.00 5 Sodium citrate 30.00

80.00 6 Kollidon 90 F 80.00

500.00 7 Ethanol 96% 500.00

MAnufAcTurinG DirecTions

 1. Granulate a mixture of items 1 to 5 in a solution of 
item 6 in item 7. Fill 2.44 g into sachets (=500 mg 
acetaminophen).

 2. The free-flowing granules are well dispersible in 
cold water.

 3. The taste of the suspension is only slightly bitter 
(2.44 g in a glass of water).

ACETAMINOPHEN, PSEUDOEPHEDRINE 
HYDROCHLORIDE, CHLORPHENIRAMINE 
HOT THERAPY SACHET

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000 
Sachets (g)

650.00 1 Acetaminophen micronized 650.00

60.00 2 Pseudoephedrine 
hydrochloride

60.00

4.00 3 Chlorpheniramine maleate 4.00

1.20 4 Dispersed orange 1.20

18081.10 5 Castor sugar 18081.10

200.00 6 Aspartame 200.00

250.00 7 Cornstarch dried 250.00

180.00 8 Citric acid 180.00

38.00 9 Sodium citrate 38.00
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200.00 10 Sodium chloride 200.00

400.00 11 Blood orange dry flavor 400.00

QS 12 Purified water QS

MAnufAcTurinG DirecTions

 1. Mix items 1 and 2 well, pass through sieves and add to 
items 3 and 12 premixed and make into a clear solution.

 2. Take care to avoid lump formation.
 3. Dry in an oven.
 4. Sieve and add items 6 to 11. Mix well.
 5. Make sure all the solids added are in fine powder 

form. Fill 20 g powder into sachets and seal.

ACETAMINOPHEN, PSEUDOEPHEDRINE 
HYDROCHLORIDE HOT THERAPY SACHET

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000  
Sachet (g)

650.00 1 Acetaminophen micronized 650.00

260.00 2 Pseudoephedrine 
hydrochloride

260.00

0.90 3 FD&C Yellow No. 10 Lake 0.90

18081.10 4 Castor sugar 18081.10

200.00 5 Aspartame 200.00

250.00 6 Cornstarch dried 250.00

180.00 7 Citric acid 180.00

38.00 8 Sodium citrate 38.00

200.00 9 Sodium chloride 200.00

240.00 10 Apple dry flavor 240.00

100.00 11 Cinnamon dry flavor 100.00

QS 12 Purified water QS

MAnufAcTurinG DirecTions

 1. Mix items 1 and 2 well, pass through sieves and add 
to items 3 and 12 premixed and make into a clear 
solution.

 2. Take care to avoid lump formation.
 3. Dry in an oven.
 4. Sieve and add items 6 to 11. Mix well.
 5. Make sure all the solids added are in fine powder 

form. Fill 20 g powder into sachets and seal.

ACETAMINOPHEN SWALLOW CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

325.00 1 Acetaminophen fine powder 325.00

409.50 2 Sodium carbonate fine 
powder

409.50

13.91 3 Cornstarch 13.91

32.50 4 Starch pregelatinized 32.50

1.30 5 Polyvinylpyrrolidone K25 1.30

0.39 6 Potassium sorbate 0.39

9.75 7 Talc 9.75

3.25 8 Stearic acid 3.25

23.86 9 Ac-Di-Sol® 23.86

QS 10 Water purified QS

MAnufAcTurinG DirecTions

 1. Sift items 1 to 6 through a 16 mesh sieve into a suit-
able mixer and granulate with a suitable quantity of 
item 10 to form a medium/heavy granule.

 2. Dry the granules in a suitable oven at 45°C until the 
water content is <1%.

 3. Pass the dried granule through a 12 mesh sieve to 
produce a white granule (yield 20.250 kg).

 4. Fill 819.46 mg in a suitable capsule size.

ACETAZOLAMIDE SUSTAINED-
RELEASE CAPSULES

Each sustained-release capsule, for oral administration, con-
tains 500 mg of acetazolamide and the following inactive 
ingredients: ethyl vanillin, FD&C Blue No. 1, FD&C Yellow 
No. 6, gelatin, glycerin, microcrystalline cellulose, methyl-
paraben, propylene glycol, propylparaben, silicon dioxide, 
and sodium lauryl sulfate.

ACETYLCYSTEINE SACHETS

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000 
Sachets (g)

66.66 1 Acetylcysteine BP (200 
mg/sachet)

66.66

914.16 2 Sugar (18–60 mesh) 914.16

3.33 3 Saccharin sodium 3.33

0.66 4 Silicon dioxide (colloidal) 0.66

0.16 5 FD&C Yellow dye No. 6 0.16

QS 6 Mandarin flavor (e.g., 
Naarden)

~13.00 mL

MAnufAcTurinG DirecTions

 1. Load the acetylcysteine and half the amount of sugar 
and saccharin sodium into a suitable blender and 
premix for 30 minutes.

 2. Sift the premix through a 0.8 mm screen.
 3. Load again into the blender.
 4. Add the remaining amount of sugar and colloidal 

silicon dioxide and blend until uniform (typically 
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this is achieved on the PK processor® by heating the 
envelope to 40°C and mixing until the product cools 
to 30–35°C).

 5. Dissolve the dye in 13 mL of distilled water.
 6. Continue mixing the blended powders and slowly 

add the solution from step 5 above.
 7. When addition of the solution is complete, continue 

massing until the granulation is evenly wetted and 
colored. If necessary, complete massing by adding 
additional quantities of distilled water (approxi-
mately 1 mL increments).

 8. Verify that massing is adequate and note the total 
quantity of added water. Record the total quantity of 
water added. Do not overmass.

 9. Spread the wet granules on trays and dry at 50°C 
until loss on drying (LOD) is NMT 1% (3 hours at 
60°C at 5 mm Hg).

 10. Allow the granules to cool, then sift on an oscillating 
granulator fitted with 1.18 mm aperture screen.

 11. Load the granules from step 10 above into a suit-
able blender, add the flavor, and blend until uniform 
(15 minutes), passing it through a 1.18 mm screen if 
necessary.

 12. Fill into suitable approved sachets at a theoretical fill 
weight of 3 g per sachet.

ACITRETIN CAPSULES

Acitretin, a retinoid, is available in 10 and 25 mg gelatin cap-
sules for oral administration. Each capsule contains acitretin, 
microcrystalline cellulose, sodium ascorbate, gelatin, black 
monogramming ink, and maltodextrin (a mixture of polysac-
charides). Gelatin capsule shells contain gelatin, iron oxide 
(yellow, black, and red), and titanium dioxide. They may also 
contain benzyl alcohol, carboxymethylcellulose sodium, and 
edetate calcium disodium.

ACRIVASTINE AND PSEUDOEPHEDRINE 
HYDROCHLORIDE CAPSULES

Acrivastine and pseudoephedrine hydrochloride is a fixed 
combination product formulated for oral administration. 
Acrivastine is an antihistamine and pseudoephedrine is a 
decongestant. Each capsule contains 8 mg of acrivastine, 
60 mg of pseudoephedrine hydrochloride, and the following 
inactive ingredients: lactose, magnesium stearate, and sodium 
starch glycolate. The green and white capsule shell consists 
of gelatin, D&C Yellow No. 10, FD&C Green No. 3, and tita-
nium dioxide. The yellow band around the capsule consists of 
gelatin and D&C Yellow No. 10. The capsules may contain 
one or more parabens and are printed with edible black and 
white inks.

ACRIVASTINE AND PSEUDOEPHEDRINE 
HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

8.00 1 Acrivastine 8.00

60.00 2 Pseudoephedrine 60.00

440.00 3 Lactose 440.00

5.00 4 Magnesium stearate 5.00

MAnufAcTurinG DirecTions

 1. Blend items 1 to 3 after sifting through an 80 mesh 
screen.

 2. Pass item 4 through a 100 mesh screen and add to 
step 1. Blend for 2 minutes.

 3. Fill 513 mg into size 0 capsules.

ACYCLOVIR CAPSULES

Each capsule contains 200 mg of acyclovir and the inactive 
ingredients cornstarch, lactose, magnesium stearate, and 
sodium lauryl sulfate. The capsule shell consists of gelatin, 
FD&C Blue No. 2, and titanium dioxide. It may contain one or 
more parabens and is printed with edible black ink.

ACYCLOVIR CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

200.00 1 Acyclovir, USE acyclovir 
micronized

212.00

3.00 2 Sodium lauryl sulfate 3.00

20.00 3 Cornstarch 20.00

52.00 4 Lactose monohydrate 52.00

2.00 5 Magnesium stearate 2.00

— 6 Ethanol 60 mL

MAnufAcTurinG DirecTions

 1. Load items 1 to 4 in a suitable mixer and mix for 5 
minutes with slow chopper speed.

 2. Add item 6 slowly with mixing at slow speed. Mix 
and chop for 2 to 3 minutes.

 3. Check for satisfactory massing. Use additional item 
6 if necessary.

 4. Spread granules to ¼-inch thick layer on paper trays 
and dry at 50°C for 4 hours to a moisture of not more 
than (NMT) 1%. Dry further if required after testing.
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 5. Pass the dried granules through a granulator 
equipped with a 0 mm sieve.

 6. Pass item 5 through 250 mm sieve and add to step 5. 
Mix for 3 minutes.

 7. Use size 1 capsules to fill 289 mg.

ADENOSINE MONOPHOSPHATE 
TOPICAL POWDER

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

30.00 1 DBcAMPa 30.00

920.00 2 Polyethylene glycol 6000 920.00

30.00 3 Talc 30.00

20.00 4 Colloidal silica Aerosil 200 20.00

a Sodium N6, 2’-O-dibutyryladenosine-3’, 5’-cyclic phosphate.

MAnufAcTurinG DirecTions

 1. Pass all items through a 100 mesh sieve and blend.
 2. Pack in a bottle. Topical powder for treatment of 

dermatosis.

ALUMINUM ACETATE POWDER

Each powder packet, when dissolved in water and ready for 
use, provides the active ingredient aluminum acetate, result-
ing from the reaction of calcium acetate (938 mg) and alu-
minum sulfate (1191 mg). The resulting astringent solution is 
buffered to an acid pH.

ALUMINUM HYDROXIDE AND 
MAGNESIUM CARBONATE DRY SYRUP

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

200.00 1 Aluminum hydroxide dry 
gel (Giulini)

200.00

200.00 2 Basic magnesium 
carbonate

200.00

240.00 3 Kollidon CL-M 240.00

211.50 4 Sorbitol, crystalline 211.50

41.30 5 Orange flavor 41.30

82.60 6 Kollidon 30 82.60

3.30 7 Coconut flavor 3.30

4.13 8 Banana flavor 4.13

4.13 9 Saccharin sodium 4.13

8.26 10 Water 8.26

MAnufAcTurinG DirecTions

 1. Granulate mixture of items 1 to 5 with solution of 
items 6 to 10, pass through a sieve, and dry. Shake 58 
g of the granules with 100 mL of water.

AMINOSALICYLIC ACID GRANULES

Delayed-release granule preparation of aminosalicylic acid 
(p-aminosalicylic acid: 4-aminosalicylic acid) for use with 
other antituberculosis drugs for the treatment of all forms 
of active tuberculosis due to susceptible strains of tubercle 
bacilli. The granules are designed for gradual release to avoid 
high peak levels that are not useful (and perhaps toxic) with 
bacteriostatic drugs. Aminosalicylic acid is rapidly degraded 
in acid media; the protective acid-resistant outer coating is 
rapidly dissolved in neutral media such that a mildly acidic 
food, e.g., orange, apple, tomato juice, yogurt, or applesauce 
should be consumed to prevent this dissolution. PASER gran-
ules are the free base of aminosalicylic acid and do not contain 
sodium or sugar. With heat p-aminosalicylic acid is decar-
boxylated to produce CO2 and m-aminophenol. If the airtight 
packets are swollen, storage has been improper. Supply warn-
ing: DO NOT USE if packets are swollen or the granules have 
lost their tan color and are dark brown or purple. The granules 
are supplied as off-white, tan-colored granules with an aver-
age diameter of 1.5 mm and an average content of 60% ami-
nosalicylic acid by weight. The acid-resistant outer coating 
will be completely removed after a few minutes at a neutral 
pH. The inert ingredients are colloidal silicon dioxide, dibu-
tyl sebacate, hydroxypropyl methylcellulose, methacrylic acid 
copolymer, microcrystalline cellulose, and talc.

AMLODIPINE BESYLATE AND BENAZEPRIL 
HYDROCHLORIDE CAPSULES

The capsules are formulated for oral administration with a 
combination of amlodipine besylate equivalent to 2.5 or 5 mg 
of amlodipine and 10 or 20 mg of benazepril hydrochloride. 
The inactive ingredients of the capsules are calcium phos-
phate, cellulose compounds, colloidal silicon dioxide, crospo-
vidone, gelatin, hydrogenated castor oil, iron oxides, lactose, 
magnesium stearate, polysorbate 80, silicon dioxide, sodium 
lauryl sulfate, sodium starch glycolate, starch, talc, and tita-
nium dioxide.

AMLODIPINE BESYLATE AND BENAZEPRIL 
HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

20.00 1 Benazepril hydrochloride 20.00

32.92 2 Lactose monohydrate 32.92

5.00 3 Pregelatinized starch 5.00
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1.00 4 Colloidal silica 1.00

2.00 5 Crospovidone 2.00

10.00 6 Microcrystalline cellulose 10.00

4.00 7 Hydrogenated castor oil 4.00

— 8 Water purified QS

4.88 9 Hydroxypropyl 
methylcellulose 2910, 3 
cps

4.88

0.12 10 Polysorbate 80 0.12

— 11 Water purified QS

QS 12 Talc QS

5.00 13 Amlodipine, USE 
amlodipine besylate

6.94

124.05 14 Microcrystalline cellulose, 
Avicel PH102

124.05

63.00 15 Dibasic calcium phosphate 63.00

4.00 16 Sodium starch glycolate 4.00

2.00 17 Magnesium stearate 2.00

MAnufAcTurinG DirecTions

 1. Mill items 1 to 3 and blend together.
 2. Add water (item 8) to granulate the blend.
 3. Screen the wet granules and dry them in oven.
 4. Mill the dried granules and then mill together with 

items 5 to 7.
 5. Screen item 4 and mix in step 4.
 6. Compress into a core.
 7. Dissolve item 10 in item 11 and add item 9 to it.
 8. Coat the core prepared in step 6 using item 12 to dust 

the cores.
 9. Mix items 13 to 16, then blend and screen. Blend 

again in a separate vessel.
 10. Screen item 17 separately and add to step 9.
 11. Fill into size 1 hard gelatin capsules the coated cores 

with 200 mg of the powder in step 10.

AMLODIPINE BESYLATE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

5.00 1 Amlodipine, USE 
amlodipine besylate

7.00

93.00 2 Microcrystalline cellulose, 
Avicel PH102

93.00

65.00 3 Dibasic calcium phosphate 65.00

8.00 4 Sodium starch glycolate 8.00

0.50 5 Colloidal silicon dioxide 
Aerosil 200

0.50

1.50 6 Magnesium stearate 1.50

1 7 Empty hard gelatin shell, 
size 3

1000.00

MAnufAcTurinG DirecTions

 1. Sift amlodipine besylate, Avicel PH102, dibasic cal-
cium phosphate, and Primojel® through a 0.5 mm 
sieve and mix well in a mixer.

 2. Lubricate the powder mixture in step 1 with magne-
sium stearate and Aerosil 200 that has been previ-
ously sieved. Mix for 2 minutes to get a homogeneous 
powder.

 3. Fill the capsule in the capsule-filling machine to 
a weight adjusted to provide 5 mg amlodipine per 
capsule.

AMLODIPINE FREE BASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

5.00 1 Amlodipine base 5.00

20.00 2 Predried potato starch 20.00

72.60 3 Microcrystalline cellulose 72.60

0.50 4 Magnesium stearate 0.50

MAnufAcTurinG DirecTions

 1. Sieve the amlodipine base through a 500 micron 
screen.

 2. Sieve the other excipients through an 850 micron 
screen.

 3. Mix all excipients except magnesium stearate in 
a free fall mixer for 15 minutes at approximately 
25 rpm.

 4. Add magnesium stearate and the mix powder blend 
for another 5 minutes at approximately 25 rpm and 
fill into gelatin capsules.

AMLODIPINE MALEATE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

6.42 1 Amlodipine maleate 6.42

72.60 2 Microcrystalline cellulose 72.60

20.00 3 Predried potato starch 20.00

0.50 4 Magnesium stearate 0.50

MAnufAcTurinG DirecTions

 1. Sieve the amlodipine maleate through a 500 micron 
screen. Sieve the other excipients through an 850 
micron screen.

 2. Mix all excipients except magnesium stearate in a 
free fall mixer for 15 minutes at approximately 25 
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rpm. Check the pH value in 20% aqueous slurry (pH 
should be around 5.9).

 3. Add magnesium stearate and mix the powder blend 
for another 5 minutes at approximately 25 rpm.

 4. Fill gelatin capsules to approximately 100 mg weight.

AMOXICILLIN AND BROMHEXINE 
HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Amoxicillin, USE 
amoxicillin trihydrate

290.00

8.00 2 Bromhexine, USE 
bromhexine hydrochloride

8.80

34.00 3 Starch dried 34.00

3.00 4 Magnesium stearate 3.00

3.50 5 Aerosil 200 3.50

40.00 6 Talc 40.00

1.00 7 Hard gelatin capsule, size 1 1000.00

MAnufAcTurinG DirecTions

 1. Load items 1 and 3 to 6 in a suitable blender and mix 
for 10 minutes.

 2. In a separate mixer, add small portion of step 1 and 
add by geometric dilution item 2 and mix well.

 3. Sift through 60 mesh screen.
 4. Fill 398 mg in each capsule.

AMOXICILLIN AND CLAVULANIC ACID 
POWDER FOR SUSPENSION, 125 MG 
AND 31.25 MG PER 5 ML (AMOXIL)*

Each capsule, with a royal blue opaque cap and pink opaque 
body, contains 250 or 500 mg of amoxicillin as the trihydrate. 
The cap and body of the 250 mg capsule are imprinted with 
the product name and 250; the cap and body of the 500 mg 
capsule are imprinted with AMOXIL and 500. The inactive 
ingredients are D&C Red No. 28, FD&C Blue No. 1, FD&C 
Red No. 40, gelatin, magnesium stearate, and titanium dioxide.

AMOXICILLIN AND CLAVULANIC 
ACID POWDER FOR SUSPENSION

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

19.00 1 Amoxicillin trihydrate 19.00

10.60 2 Potassium clavulanate (eq. 
clavulanic acid) 1: 1 in 
sylloid

10.60

15.00 3 Aerosil 200 15.00

48.80 4 Mannitol 48.80

0.50 5 Citric acid monohydrate 0.50

1.90 6 Sodium citrate 1.90

1.20 7 Xanthan gum 1.20

2.00 8 Powdered flavor 2.00

0.45 9 Sweetener 0.45

MAnufAcTurinG DirecTions

 1. Mix items 1 to 9 after passing through a 60 mesh 
screen at a temperature of 25°C and RH of NMT 
30% in a suitable blender-mixer.

 2. Fill 5 g in a 30 mL bottle. Reconstitution with water gives 
125 mg of item 1 and 31.25 mg of item 2 per 5 mL.

AMOXICILLIN AND CLAVULANATE 
POTASSIUM FOR SUSPENSION*

The inactive ingredients are powder for oral suspension (i.e., 
colloidal silicon dioxide, flavorings, succinic acid, xanthan 
gum, and aspartame) hydroxypropyl methylcellulose, manni-
tol, silica gel, silicon dioxide, and sodium saccharin.

AMOXICILLIN AND CLAVULANATE 
POTASSIUM FOR SUSPENSION*

Bill of Materials

Scale (mg/
bottle) (7 
g/60 mL) Item Material Name

Qty/1000 Bottle 
(g)

1500.00 1 Amoxicillin trihydrate 
(equivalent to 1250 g of 
amoxicillin)

1500.00

393.60 2 Potassium clavulanate 393.60

150.00 3 Xanthan gum 150.00

1800.00 4 Hydroxypropyl 
methylcellulose dried

1800.00

150.00 5 Saccharin sodium 150.00

300.00 6 Silicon dioxide colloidal 300.00

10.00 7 Succinic acid 10.00

1500.00 8 Silica gel 1500.00

183.60 9 Peach dry flavor 183.60

236.40 10 Strawberry dry flavor 236.40

731.14 11 Lemon dry flavor 731.14

Note: 156 mg/5 mL syrup 60 mL (125 mg amoxicillin and 31.25 mg clavu-
lanic acid.) 6.95 g/60 mL: Each 5 mL of reconstituted syrup contains 
156.25 mg of amoxicillin and clavulanic acid.

MAnufAcTurinG DirecTions

Note: Throughout the process of manufacturing and fill-
ing, maintain a relative humidity (RH) of NMT 40%.
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 I. Preparation of powder mix
 A. Mill 50% of amoxicillin trihydrate, saccharin 

sodium (dried to NMT 2% moisture by the Karl 
Fischer method), succinic acid through a 250 
mm sieve or using a Fitz mill or equivalent with 
blades forward. Transfer to a blending mixer and 
mix for 15 minutes.

 B. Mill remaining amoxicillin trihydrate through a 
100 mesh screen using a Fitz mill or equivalent 
and mix with above screened powders. Mix for 
15 minutes.

 C. Mill xanthan gum, hydroxypropyl methylcel-
lulose (dried to NMT 2% moisture dried at 
105°C for 2 hours), colloidal silica, and silica 
gel through a No. 250 mm sieve or using a Fitz 
mill or equivalent with knives forward. Add to 
above mixture in step band mix for 15 minutes 
at medium speed.

 D. Screen all dry flavors through a 250 mm mesh 
screen and add to above mixture from step C.

 II. Finishing
 A. Fill dry powder approximately 7 g in dry 60 mL 

glass bottles at a fill weight based on the assay of 
the active constituent.

AMOXICILLIN POWDER FOR 
SUSPENSION (125 AND 250 MG)

Bill of Materials

Scale 
(mg/5 mL) 

a Item Material Name Qty/51 (g)

125.00 1 Amoxicillin, USE 
amoxicillin trihydrate 
with 8% excess

143.50

1.04 2 Simethicone A 1.04

111.11 3 Castor sugar 111.11

444.44 4 Castor sugar 444.44

2479.86 5 Castor sugar 2479.86

23.33 6 Sodium citrate 23.33

1.67 7 Xanthan gum 1.67

13.33 8 Blood orange dry flavor 13.33

0.74 9 Vanilla dry flavor 0.74

4.44 10 Orange banana dry flavor 4.44

14.44 11 Aerosil 200 14.44

a After reconstitution.

MAnufAcTurinG DirecTions

 1. Load item 3 and item 2 in a mixer and mix for 2 
minutes.

 2. Add item 4 and items 6 to 11 and mix for 5 minutes.
 3. Pass through a Fitz mill; impact forward at high 

speed using sieve 24228.

 4. In a separate mixer, load item 5 and item 1 and mix 
well, passing through a sifter.

 5. Add to step 3 and mix for 20 minutes.
 6. Fill 65 g for 100 mL and 39 g for 60 mL pack size.

AMOXICILLIN TRIHYDRATE 
CAPSULES (250 AND 500 MG)

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

500.00 1 Amoxicillin, USE 
amoxicillin trihydrate

576.00

1.20 2 Aerosil 200 1.20

7.72 3 Magnesium stearate 7.72

8.91 4 Sodium lauryl sulfate 8.91

MAnufAcTurinG DirecTions

 a. All operations are to be completed at RH 40% to 
45% and temperature 20°C to 25°C.

 b. Pass item 1 through a 1 mm sieve in a mixing vessel.
 c. Pass items 2 to 4 after passing through a 250 mm 

sieve; add one-third portion of item 1 from step 2 and 
mix for 10 minutes; add another one-third item 1 and 
mix; and finally, add balance and mix.

 d. Fill 594 mg into size 0 capsules.

AMPICILLIN DRY SYRUP (5% = 500 MG/10 ML)

forMulATion

Ampicillin trihydrate, 5.0 g; sodium citrate, 5.0 g; citric acid, 
crystalline, 2.1 g; sodium gluconate, 5.0 g; sorbitol crystalline 
[10], 40.0 g; Kollidon CL-M [1], 6.0 g; orange flavor, 1.5 g; 
lemon flavor, 0.5 g; saccharin sodium, 0.4 g.

MAnufAcTurinG

 1. Mix all components and fill into a bottle.

PrePArATion of The susPension for ADMinisTrATion

 1. To 66 g of the powder, add water to fill to a total 
volume of 100 mL while shaking well.

AMPICILLIN POWDER FOR SUSPENSION

Bill of Materials

Scale 
(mg/5 mL) Item Material Name Qty/5 l (g)

125.00 1 Ampicillin, USE ampicillin 
trihydrate 8% excess

144.25
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1.00 2 Simethicone A 1.00

138.90 3 Castor sugar 138.90

27.44 4 Sodium citrate 27.44

7.00 5 Xanthan gum 7.00

15.00 6 Blood orange dry flavor 15.00

0.78 7 Vanilla dry flavor 0.78

7.55 8 Strawberry dry flavor 7.55

10.00 9 Aerosil 200 10.00

138.90 10 Castor sugar 138.90

2747.90 11 Castor sugar 2747.90

MAnufAcTurinG DirecTions

 1. All operations should be completed in a RH of 45% 
to 55% and a temperature of 23°C to 25°C.

 2. Load items 2 and 3 in a suitable blender and mix for 
5 minutes.

 3. Load items 1 and 4 to 10 in a separate mixer and mix 
for 5 minutes.

 4. Add step 2 into step 3 and mix for 10 minutes.
 5. Add item 11 and mix for 10 minutes.
 6. Fill 65 g for a 100 mL pack and 39 g for a 60 mL 

pack. For 250 mg strength, adjust active ingredient 
and adjust with item 11.

AMPICILLIN TRIHYDRATE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

500.00 1 Ampicillin, USE ampicillin 
trihydrate compacted

582.13

1.17 2 Aerosil 200 1.17

11.69 3 Magnesium stearate 11.69

MAnufAcTurinG DirecTions

 1. Pass item 1 through a 1 mm sieve into a double-cone 
blender, except approximately 5% of the quantity.

 2. In a separate container, pass and collect items 2 and 
3 through a 250 mm sieve.

 3. Add the balance of item 1 retained in step 1 into step 
2 and blend for 10 minutes; pass through a 900 mm 
sieve if necessary.

 4. Add to step 2 and blend for 10 minutes.
 5. Fill 223.125 mg into size 0 capsules.

AMPICILLIN TRIHYDRATE 
CAPSULES FOR SUSPENSION

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Ampicillin, USE ampicillin 
trihydrate

250.00

2.50 2 Magnesium stearate 2.50

— 3 Gelatin capsule, size 2 1000.00

MAnufAcTurinG DirecTions

 1. Dry blend ampicillin trihydrate and magnesium 
stearate in Baker Perkins mixer; bag off into poly-
ethylene-lined drums.

 2. Fill on Zanasi AZ20 capsule-filling machine. The 
average fill weight is 295±9 mg; the average total 
weight is 360 mg. For a 500 mg capsule (size 0 cap-
sules), the average fill weight is 593±15 mg; the aver-
age total weight is 690 mg.

AMPICILLIN TRIHYDRATE 
POWDER FOR SUSPENSION

Bill of Materials

Scale (mg/
bottle) (15 
mL) Item Material Name

Qty/1000 
Bottles (g)

1500.00 1 Ampicillin, USE ampicillin 
trihydrate (assuming 
potency 871; adjust 
amount accordingly)

1722.22

3072.10 2 Sucrose (adjust amount 
based on item 1 potency)

3072.10

372.53 3 Sodium citrate Dihydrate 372.53

31.93 4 Saccharin sodium 31.93

2.12 5 Acid citric anhydrous 2.12

45.23 6 Sodium carboxymethyl 
cellulose

45.23

22.61 7 Magnesium aluminum 
silicate Veegumw F

22.61

7.98 8 Dye 7.98

26.60 9 Flavor 26.60

18.00 10 Sodium benzoate 18.00

QS 11 Water purified 400.00

Note: Simethicone 0.15% can be added to reduce foaming during reconsti-
tution. Adjust fill volume for the final size of reconstitution container, 
such as 60 mL or different strength desired, e.g., 250 mg/5 mL upon 
reconstitution.
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MAnufAcTurinG DirecTions

Caution: Handle with extreme care. Protect face and hands 
from amoxicillin because some individuals may be sensitive 
and reactions may occur.

 1. Mixing
 a. Pass sugar through a 2.38 mm aperture screen 

using an oscillating granulator.
 b. Pass the following ingredients through a 595 

mm aperture screen in a Fitz mill (high speed, 
impact forward): Sodium citrate, acid citric, sac-
charin sodium, carboxymethylcellulose, amoxi-
cillin, and magnesium aluminum silicate.

 c. Load ingredients from steps A and B in a suit-
able mixer and mix for 10 minutes until uniform.

 d. Dissolve yellow dye in approximately 60 g of 
purified water.

 e. Mass mixture from step C with dye solution 
from step D. If necessary, pass wet mass through 
a 4.76 mm aperture screen. Caution: Do not 
overwet or overmass. Product must remain as 
wet granules.

 f. Spread evenly on stainless steel trays. If neces-
sary, pass wet mass through a 4.76 mm aperture 
screen.

 g. Oven dry granules at 45°C until LOD is NMT 
0.6% (vacuum 60°C, 2 hours).

 2. Finishing
 a. Fill product into suitable containers. Theoretical 

fill weight is 5.32 g (+3% fill excess) per 15 mL 
container, requiring approximately 12 mL of 
water for reconstitution.

ANTIBACTERIAL AND BACTERIAL 
CULTURE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

125–500 
mg

1 Penicillin, cephalosporin, 
or macrolide

125–500

10–100 
million

2 Lactobacillus acidophilusa 10–100 B

a Substitute with Lactobacillus spores, 300–600 million; Streptococcus ther-
mophilus, 10 million; Lactobacillus lactis, 10–500 million; Streptococcus 
lactis, 10 million; Saccharomyces cerevisiae, 10 million; lactobacilli, GG 
1010 units. This formulation includes the anti-infective agent, which can be 
penicillin, a cephalosporin, or a macrolide in doses ranging from 125 to 
500 mg per capsule. Also included in the same capsule is a granulation of 
the bacteria, which is known to be eradicated during the therapy with these 
antibiotics. The bacteria are coated to protect them from the effect of coad-
ministered antibiotics so that they can last in the intestine for over 3 months, 
replenishing the lost flora and reducing many of the side effects related to 
the use of antibiotics.

MAnufAcTurinG DirecTions

 1. Granules of one of the active ingredients (e.g., 
microorganisms) are first prepared by the following 
process.
Ingredients Parts by Weight

– Microorganism: 42.86%
– Microcrystalline cellulose: 53.93%
– Magnesium stearate: 1.07%
– Colloidal silicone dioxide: 0.71%
– Cross carmellose sodium: 1.43%
– The granules formed are compressed into a 

tablet-by-tablet compression machine heav-
ing a laying facility at a temperature less 
than 25°C and RH NMT 50%.

– Tablets are transferred to a coating pan for 
coating using the following formulation.

Ingredients Parts by Weight
– Hydroxypropyl methylcellulose phthalate: 

4.37%
– Titanium dioxide: 0.96% Purified talc: 0.19%
– Polyethylene glycol: 0.99%
– Isopropyl alcohol: 34.95%
– Dichloromethane: 58.54%

 2. The remaining active ingredient (antibacterial agent) 
is mixed with excipients and filled into gelatin cap-
sules. Before sealing of capsules the coated tablet 
containing active ingredients is introduced into cap-
sules. The relative proportion of anti-infective agent 
and excipients for filling into capsule:
Ingredients Parts by Weight

– Anti-infective agent: 91.94%
– Pregelatinized starch: 6.24%
– Magnesium stearate: 1.44%
– Sodium lauryl sulfate: 0.38%

ANTIFUNGAL FOOT POWDER

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

5.00 1 Dichlorobenzyl alcohol 
(myacide SF)

5.00

5.00 2 Allantoin 5.00

200.00 3 Cornstarch 200.00

790.00 4 Talc 790.00

MAnufAcTurinG DirecTions

 1. Mix all ingredients using the geometric dilution 
technique.

 2. Fill.
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ANTIOXIDANT EYE NUTRITION 
SUPPLEMENT CAPSULES

This is an antioxidant supplement formulated to provide nutri-
tional support for the eye. It contains essential antioxidant 
vitamins, minerals, and 6 mg of lutein. Each capsule contains 
ascorbic acid, 60 mg; DL-alpha-tocopheryl acetate, 30 IU; 
zinc oxide, 15 mg (elemental); cupric oxide, 2 mg (elemental). 
The inactive ingredients are lactose monohydrate, crospovi-
done, magnesium stearate, and silicon dioxide.

ASPARTAME GRANULES IN SACHETS

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000 
Sachet (g)

30.00 1 Aspartame 30.00

2.00 2 Silicon dioxide colloidal 2.00

968.00 3 Cerelose powder No. 60a 1052.00

a Std. qty. of cerelose powder allows for loss on drying.

MAnufAcTurinG DirecTions

 1. Protect from moisture; 40% RH at 25°C.
 2. Oven dry cerelose powder at 50°C overnight until 

LOD is no more than 3% (3 hours, vacuum at 60°C). 
Pass dried cerelose powder through 595 μm aperture 
screen in oscillating granulator.

 3. Load the following ingredients in suitable blender: 
aspartame, half the amount of dried cerelose powder 
(milled), and silicon dioxide colloidal. Add balance 
of dried cerelose powder (total amount of dried pow-
der is 968 g/kg) and blend for 15 minutes. 

 4. Pass blended powders through an 840 mm aperture 
screen using an oscillating granulator and discharge 
into polyethylene-lined drums. Fill weight of 1 g/
sachet.

ASPARTAME POWDER IN SACHETS

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

47.50 1 Aspartame 47.50

2.50 2 Silicon dioxide (colloidal) 2.50

950.00 3 Mannitol granules 950.00

MAnufAcTurinG DirecTions

 1. Protect from humidity. Maintain a RH of 40% and a 
temperature of 25°C.

 2. Pass mannitol granules and colloidal silicon diox-
ide through an 840 μm screen in an oscillating 
granulator.

 3. Load the following ingredients in suitable blender: 
aspartame, half of the amount of mannitol granules, 
and colloidal silicon dioxide.

 4. Add balance of mannitol granules and blend for 15 
minutes.

 5. Pass blended powders through an 840 μm screen 
using an oscillating granulator and discharge into 
polyethylene-lined drums.

 6. Fill weight is 0.8 g/sachet.

ASPIRIN AND CHLORPHENIRAMINE POWDER

The active ingredients are aspirin (650 mg) and chlorphenira-
mine maleate (4 mg) per powder. The inactive ingredients are 
fumaric acid, glycine, lactose, potassium chloride, silica, and 
sodium lauryl sulfate.

ASPIRIN-COATED CRYSTALS

Formulation: aqueous-based polymeric coating solution: 
hydroxypropylmethylcellulose (HPMC E5) 6%, propylene 
glycol 1%, FD&C Red No. 3 0.01%, and distilled Water QS 
to 100.

MAnufAcTurinG DirecTions

 1. Use a standard coating pan and an air suspension 6 
in column to coat aspirin crystals of 100 to 200 mesh 
using top-spray, bottom-spray, and tangential-spray 
fluid bed coating processes.

 2. Place aspirin crystal load in the product container.
 3. Fluidize the crystals in an expansion chamber.
 4. Locate the spray nozzle low in the expansion cham-

ber so that liquid is applied when the crystals are 
moving at a higher velocity.

 5. This serves to minimize surface wetting and to 
inhibit agglomeration.

 6. Use a filter to separate entrained crystals from the 
exiting process air stream.

 7. Calibrate the pump with coating solution prior to 
start-up of the coating process.

 8. Activate the turbine and heat the process air to 55°C.
 9. Start the spray and shake cycle and run continually 

until the coating solution is completely depleted.
 10. Dry the coated aspirin crystal bed for 10 minutes and 

cool the product to 35°C.
 11. Remove and weigh the product and pass through a 

20 mesh screen to remove any agglomerates.
 12. Aspirin-coated crystals can be used to make tablets 

or capsules. Tablets are prepared containing five 
components: 50% by weight aspirin crystals (100–
200 mesh) coated previously with 3% to 6% polyvi-
nylpyrrolidone; 25% calcium carbonate buffer, 5% 
to 15% hydroxypropymethylcellulose (K100LV) as 
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the gel forming hydrophilic matrix material; 14.5% 
to 19.5% microcrystalline cellulose (Avicel PH 101) 
as the excipient/binder; and 0.5% stearic acid as the 
hydrophobic lubricant.

 13. 650 mg samples are either compressed in 1/2 inch 
punches or filled into size 0 capsules.

ASPIRIN AND PHENYLPROPANOLAMINE 
POWDER

The active ingredients are aspirin (650 mg), phenylpropanol-
amine hydrochloride (25 mg) per powder, and pseudoephed-
rine hydrochloride (60 mg) per powder sachet. The inactive 
ingredients are fumaric acid, glycine, lactose, potassium chlo-
ride, silica, and sodium lauryl sulfate.

ASPIRIN MICROENCAPSULATED 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

320.00 1 Aspirin 320.00

480.00 2 Gelatin 480.00

QS 3 Water purified QS

QS 4 Corn oil QS

QS 5 Petroleum ether QS

QS 6 Isopropyl alcohol QS

QS 7 Glutaraldehyde 1% QS

MAnufAcTurinG DirecTions

 1. Add item 2 to 0.8 L of item 3 and allow the mixture 
to stand at 25°C for 1 hour while the gelatin hydrates 
and swells.

 2. Heat this preparation to 60°C while stirring at 300 
rpm for 30 minutes; heat 0.5 L of distilled water to 
60°C and add, and stir the solution at 500 rpm for an 
additional 5 minutes.

 3. Add item 1, as finely powdered aspirin, to the solution 
while continuing to stir to give a uniform suspension.

 4. After 1 minute, pour the warm suspension without 
delay into 5 L of a rapidly stirred (500 rpm) solution 
of 20% corn oil in petroleum ether, which has been 
previously brought to 25°C, and rapidly (i.e., over a 
period of no more than 5 minutes) cool the resulting 
emulsion to 5°C while the stirring is continued.

 5. Cold (5°C) isopropyl alcohol is then added to dehy-
drate the gelatin microspheres while the preparation 
is stirred for another 10 minutes.

 6. Collect the microspheres by filtration and wash 3 
times with cold (5°C) isopropyl alcohol.

 7. Immersed the microspheres in 0.8 L of a 1% solu-
tion of glutaraldehyde in cold (5°C) isopropyl alcohol 

for 8 hours and then wash 3 times with isopropyl 
alcohol, collect by filtration, and vacuum dry for 24 
hours.

 8. Fill the microspheres, which average 300 to 400 μm 
in diameter, into gelatin capsules for administration 
as a safer, long-acting analgesic product (800 mg of 
the microsphere mix, which contains 320 mg of aspi-
rin, is filled into each size 0 capsule). The capsules, 
when released into the stomach following ingestion, 
provide for the sustained release of the drug for 1 
to 4 hours and also ensure that the drug reaches the 
gastrointestinal mucosa while in the solution state, 
instead of the more deleterious solid state that is 
characteristic of conventional dosage forms of this 
drug. Physical integrity of the matrix is maintained 
for 1 to 4 hours after the release of its drug content, 
after which time the matrix dissolves.

ASPIRIN, SALICYLAMIDE, AND 
CAFFEINE POWDER

Each powder contains aspirin (650 mg), salicylamide (195 
mg), and caffeine (33.3 mg). The inactive ingredients are 
dioctyl sodium sulfosuccinate, fumaric acid, lactose, and 
potassium chloride. For arthritis strength powder, the active 
ingredients in each powder are aspirin (742 mg), salicylam-
ide (222 mg), and caffeine (38 mg). The inactive ingredients 
are dioctyl sodium sulfosuccinate, fumaric acid, lactose, and 
potassium chloride.

AZITHROMYCIN SUSPENSION

MAnufAcTurinG DirecTions

 1. Place sucrose (1433.216 g), azithromycin dihydrate 
(530.784 g), mannitol (1200 g), pregelatinized starch 
(200 g), and magnesium oxide (280 g) in a blender 
and blend for 15 minutes.

 2. Pass the blend through a sieve and blend for another 
15 minutes. To the blend add aspartame (100 g), arti-
ficial cherry flavor (8 g), artificial cream flavor (8 g), 
and artificial strawberry flavor (8 g) and blend the 
mixture for 10 minutes.

 3. To the blend add magnesium stearate (30 g) and fur-
ther blend the mixture for 5 minutes. Remove the 
contents of the blender and package for constitution 
with water.

AZITHROMYCIN CAPSULES

Each capsule contains azithromycin dihydrate equivalent to 
250 mg of azithromycin. The capsules are supplied in red 
opaque hard gelatin capsules (containing FD&C Red No. 40). 
They also contain the following inactive ingredients: anhy-
drous lactose, cornstarch, magnesium stearate, and sodium 
lauryl sulfate.
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AZITHROMYCIN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Azithromycin, USE 
azithromycin dihydratea

263.00

196.00 2 Anhydrous lactose 196.00

50.00 3 Starch (cornstarch dried) 50.00

9.00 4 Magnesium stearate 9.00

2.00 5 Sodium lauryl sulfate 2.00

— 6 Empty hard gelatin 
capsules, size 0

1000.00

Note: Weight of one capsule = 520 mg + shell.

a Considering the potency of the active ingredient is 1000 Mg/mg (anhy-
drous basis) with water content 5%, the required quantity of azithromycin 
dihydrate depends on the provided potency.

MAnufAcTurinG DirecTions

Note: Processing should be done under a controlled room 
temperature and humidity area. The limits are room tempera-
ture: 20°C to 25°C, RH: 40% to 45%.

 1. Mix items 1 and 2 in a polyethylene bag. Pass through 
a 500 mm stainless steel sieve. Collect in a stainless 
steel drum lined with a polyethylene bag.

 2. Mix items 3 to 5 in a polyethylene bag. Pass through 
a 250 mm stainless steel sieve. Collect in a polyeth-
ylene bag.

 3. Take a polyethylene bag. Check if there is any leak-
age. Add the powder mix from steps 1 and 2. Mix 
manually for 1 minute.

 4. Unload the powder in a stainless steel drum.
 5. Check the temperature and RH of the room before 

beginning encapsulation. The limits are RH: 40% to 
45%, temperature: 20°C to 25°C.

 6. Load the empty capsule shells, size 0, in the hopper.
 7. Switch the power to “ON.” Check the locking of the 

capsules without powder. The locking length is 21.1 
to 21.7 mm.

 8. Load the powder in the hopper by scoop. Switch the 
power to “ON.” Adjust the fill net weight to 520 mg 
per capsule. Nominal weight of one capsule: 520 mg 
+ weight of one empty shell (95 mg). Target weight: 
520 mg±2% + weight of one empty shell (95 mg).

AZITHROMYCIN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Azithromycin base, USE 
azithromycin monohydrate

263.72

149.88 2 Lactose anhydrous 149.88

9.40 3 Magnesium stearate/
Sodium lauryl sulfate 
(90/10)

9.40

Note: Based on bulk potency of 94.8%, adjust with item 2.

MAnufAcTurinG DirecTions

 1. Sift items 1 and 2 through an 80 mesh screen and 
blend.

 2. Add item 3 and mix for 3 minutes.
 3. Fill 470 mg into size 0 capsules.

AZITHROMYCIN CAPSULES 
AND ORAL SUSPENSION

Capsules contain azithromycin dihydrate equivalent to 250 
mg of azithromycin. The capsules are supplied in red opaque 
hard gelatin capsules (containing FD&C Red No. 40). They 
also contain the following inactive ingredients: anhydrous 
lactose, cornstarch, magnesium stearate, and sodium lauryl 
sulfate. It is also supplied as a powder for oral suspension in 
bottles containing azithromycin dihydrate powder equivalent 
to 300, 600, 900, or 1200 mg azithromycin per bottle, and 
the following inactive ingredients: sucrose; sodium phosphate 
tribasic anhydrous; hydroxypropyl cellulose; xanthan gum; 
FD&C Red No. 40; and spray-dried artificial cherry, creme 
de vanilla, and banana flavors. After constitution, each 5 mL 
of suspension contains 100 or 200 mg of azithromycin.

AZITHROMYCIN FOR ORAL SUSPENSION

Bill of Materials

Scale 
(mg/5 mL) Item Material Name Qty/Bottles (g)

200.00 1 Azithromycin, USE 
azithromycin dihydratea

1.263

3861.50 2 Castor sugar 23.169

18.00 3 Tribasic sodium phosphate 0.108

15.00 4 Sodium benzoate 0.090

2.50 5 Hydroxypropyl cellulose 
(Klucel EF)

0.015

2.50 6 Xanthan gum 0.015

15.00 7 Cherry dry flavor 0.090

33.33 8 Vanilla dry flavor 0.200

25.00 9 Banana dry flavor 0.150

a Considering the potency of the active ingredient is 1000 Mg/mg (anhy-
drous basis) with water content 5%, the required quantity of azithromycin 
dihydrate depends on the provided potency.

MAnufAcTurinG DirecTions

Note: Processing should be done under controlled room 
temperature and humidity conditions. The limits are room 
temperature: 20°C to 25°C, RH: 40% to 45%.



322 Handbook of Pharmaceutical Manufacturing Formulations 

 1. Dry item 3 at 90°C for 2 hours.
 2. Sift item 2 through a Fitz mill, impact forward, 

medium speed using sieve No. 24228.
 3. Collect in a stainless steel drum.
 4. Sift 12 g of item 2 (From step 2) and item 1 through 

630 μm s.s. sieve in sifter. Load into a drum blender. 
Mix for 3 minutes.

 5. Mix 5 g of item 2 (from step 2), item 3 from step 1, 
and items 4 to 9 in a polyethylene bag. Sift through 
630 mm s.s. sieve in sifter. Collect in a polyethylene 
bag.

 6. Load the powder mix from step 4 into step 3 in a 
drum blender. Mix for 3 minutes.

 7. Load 6.17 g of item 2 (from step 2) into step 5 in a 
drum blender. Mix for 3 minutes.

 8. The fill weight for a 30 mL pack is 25.10 g.

AZITHROMYCIN FOR ORAL SUSPENSION

Bill of Materials

Scale (mg/
bottle) Item Material Name

Qty/1000 
Bottles (g)

838.57 1 Azithromycin dihydrate 838.57

15487.74 2 Sucrose 15487.74

70.01 3 Sodium phosphate tribasic 
anhydrous

70.01

26.62 4 Hydroxypropyl cellulose 
(Klucel EF)

26.62

26.62 5 Xanthan gum (Keltrol) 26.62

0.67 6 FD&C Red No. 40 0.67

59.94 7 Cherry flavor spray-dried 
artificial No. 11929

59.94

133.28 8 Vanilla flavor artificial No. 
11489

133.28

99.96 9 Banana flavor spray-dried 
artificial No. 15223

99.96

Note: Based on bulk potency of 95.4%, adjust with item 2.

MAnufAcTurinG DirecTions

 1. Sift all ingredients through an 80 mesh screen and 
mix well.

 2. Fill 16.743 g per bottle.
 3. To reconstitute, add 0.52 mL/g of dry suspension.

AZITHROMYCIN SACHETS FOR 
ORAL SUSPENSION

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000 
Sachet (g)

1.000 1 Azithromycin base, USE 
azithromycin dihydrate

1.048

9.707 2 Sucrose 9.707

0.088 3 Sodium phosphate tribasic 
anhydrous

0.088

0.055 4 Colloidal silicon dioxide 0.055

0.038 5 Cherry flavor spray-dried 
artificial

0.038

0.064 6 Banana flavor spray-dried 
artificial

0.064

Note: Based on bulk potency of 95.4% of azithromycin, adjust for potency 
using item 2.

MAnufAcTurinG DirecTions

 1. Sift items 1 to 4 through an 80 mesh screen into a 
blender. Blend.

 2. Sift items 5 and 6 and add to step 1. Blend.
 3. Fill 11 g in one sachet, approximately 3.25 in × 4 in, 

polyethylene-lined. To reconstitute, add contents to 
60 mL water and stir well.

BALSALAZIDE DISODIUM CAPSULES

Each capsule contains 750 mg of balsalazide disodium. The 
inactive ingredients are colloidal silicon dioxide and magne-
sium stearate. The sodium content of each capsule is approxi-
mately 86 mg.

BENAZEPRIL HYDROCHLORIDE AND 
AMLODIPINE BESYLATE CAPSULES

These capsules are a combination of amlodipine besylate and 
benazepril hydrochloride. The capsules are formulated for 
oral administration with a combination of amlodipine besyl-
ate equivalent to 2.5 or 5 mg of amlodipine and 10 or 20 mg of 
benazepril hydrochloride. The inactive ingredients of the cap-
sules are calcium phosphate, cellulose compounds, colloidal 
silicon dioxide, crospovidone, gelatin, hydrogenated castor 
oil, iron oxides, lactose, magnesium stearate, polysorbate 80, 
silicon dioxide, sodium lauryl sulfate, sodium starch (potato) 
glycolate, starch (corn), talc, and titanium dioxide.

BENAZEPRIL HYDROCHLORIDE AND 
AMLODIPINE BESYLATE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

20.00 1 Benazepril hydrochloride 20.00

32.90 2 Lactose monohydrate 32.90

5.00 3 Pregelatinized starch 5.00

1.00 4 Colloidal silicon dioxide 1.00

2.00 5 Crospovidone 2.00

10.00 6 Microcrystalline cellulose 10.00

4.00 7 Hydrogenated castor oil 4.00
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QS 8 Water purified QS

4.88 9 Hydroxypropyl 
methylcellulose 2910, 3 
cps

4.88

0.19 10 Polysorbate 80 0.19

QS 11 Purified water QS

QS 12 Talc QS

5.00 13 Amlodipine, USE 
amlodipine besylate

6.94

124.05 14 Microcrystalline cellulose 124.05

63.00 15 Calcium phosphate dibasic 63.00

4.00 16 Sodium starch glycolate 4.00

2.00 17 Magnesium stearate 2.00

MAnufAcTurinG DirecTions

 1. Benazepril hydrochloride cores are prepared using 
the following:

 a. Mill Items 1 to 3 and blend together and add 
water to granulate the blend.

 b. Screen and oven dry the wet granules. Then, 
mill the dried granules together with items 5 
to 7.

 c. Screen item 4 and then mix with the other ingre-
dients. Compress the resulting mixture into a 
core.

 2. Coat the resulting cores with a coating solution pre-
pared as follows: dissolve item 10 in the water and 
add item 9 thereto.

 a. Then coat the previously made cores with this 
solution and dry the wet-coated tablets.

 b. Dust the dried tablets with item 12.
 3. Prepare amlodipine besylate for incorporation into 

the formulation as follows:
 a. Blend together items 13 to 16 and screen and 

reblend the blended mixture.
 b. Separately screen item 17 and then blend with the 

reblended mixture containing the amlodipine.
 4. Use No. 1 hard gelatin capsules to encapsulate benaz-

epril hydrochloride containing the coated core along 
with 200 mg of the amlodipine besylate containing 
powder per capsule.

BISACODYL COLONIC DELIVERY CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

210.00 1 Sugar sphere 210.00

5.00 2 Hydroxypropyl 
methylcellulose

5.00

3.00 3 Bisacodyl micronized 3.00

1.00 4 Hydroxypropyl 
methylcellulose

1.00

18.00 5 Eudragit® L100–55 18.00

5.00 6 Eudragit S 5.00

4.00 7 Dibutyl phthalate 4.00

8.00 8 Talc 8.00

1.00 9 Red ferric oxide 1.00

2.00 10 Talc 2.00

MAnufAcTurinG DirecTions

 1. Micronize bisacodyl in a fluid energy mill using a 
grinding pressure of 50 psi to produce a powder with 
90% of the particles below 10 μm.

 2. Disperse this in water at a level of 2.7% by weight, 
with 0.9% by weight of hydroxypropyl methylcel-
lulose (HPMC) as a binding polymer sprayed onto 
sugar spheres (6.53–6.63 mm diameter) in a perfo-
rated pan coater maintaining an outlet airbed tem-
perature of approximately 40°C.

 3. Barrier coat: Dissolve HMPC in water to produce 
4% by weight solution, and coat on the substrates 
described above in a perforated pan coater main-
taining an outlet air/bed temperature of approxi-
mately 40°C.

 4. Inner enteric coat: Dissolve Eudragit L100–55 
and dibutyl phthalate in a solution of isopropanol, 
acetone, and water (37: 9: 1) at levels of 8.0% and 
1.6% (total weight percent), respectively. Suspend 
talc in the solution at a level of 3.3% by weight. 
Coat the resulting mixture onto the barrier-coated 
substrates in step 4 in a perforated pan coater 
maintaining an outlet air/bed temperature of 
approximately 30°C.

 5. Outermost enteric coat: Dissolve Eudragit S and 
dibutyl phthalate in a solution of isopropanol, ace-
tone, and water (37: 9: 1) at levels of 8.0% and 1.6% 
(total weight percent) respectively. Suspend red fer-
ric oxide and talc in the solution at levels of 1.2% 
and 2.1% by weight, respectively. Coat the resulting 
mixture onto the barrier-coated substrates above in a 
perforated pan coater maintaining an outlet air/bed 
temperature of approximately 30°C.

 6. Fill an appropriate theoretical quantity into hard 
capsules.

BROMPHENIRAMINE AND 
PSEUDOEPHEDRINE CAPSULES

These capsules are light green and clear, and contain white 
beads. The extended-release capsule contains bromphenira-
mine maleate (12 mg) and pseudoephedrine hydrochloride 
(120 mg) in a specially prepared base to provide prolonged 
action. Alternate strength is 6 mg and 60 mg, respectively. 
The capsules also contain the following inactive ingredients: 
calcium stearate, D&C Yellow No. 10, FD&C Blue No. 1, 
FD&C Yellow No. 6, gelatin, pharmaceutical glaze, starch, 
sucrose, and talc.
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BUDESONIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

1.00 1 Budesonide micronized 1.00

321.00 2 Sugar spheres 321.00

6.60 3 Aquacoat ECD30 6.60

0.50 4 Acetyltributyl citrate 0.50

0.10 5 Polysorbate 80 0.10

17.50 6 Eudragit L100–55 17.50

1.80 7 Triethylcitrate 1.80

8.80 8 Talc 8.80

0.01 9 Antifoam MMS 0.01

MAnufAcTurinG DirecTions

 1. Suspend budesonide (32.2 g) in the Aquacoat ECD30 
dispersion (0.70 kg) with the aid of the polysorbate 80 
(0.42 g) together with acetyltributyl citrate (15.8 g).

 2. Spray the mixture onto sugar spheres (10.2 kg) in a 
fluid bed apparatus.

 3. Then spray enteric coating, consisting of the Eudragit 
L100–55 dispersion [Eudragit L100–55 (0.558 kg), 
triethylcitrate (55.8 g), talc (0.279 kg), antifoam 
MMS (0.44 g), and polysorbate 80 (2.79 g)] on the 
spheres.

 4. Dry the pellets in the fluid bed apparatus, sieve, and 
fill into hard gelatin capsules.

BUDESONIDE INHALATION POWDER

The inhalation-driven, multidose dry powder inhaler contains 
only micronized budesonide. Each actuation of container 
provides 200 μg budesonide per metered dose, which deliv-
ers approximately 160 μg budesonide from the mouthpiece 
(based on in vitro testing at 60 L/min for 2 sec).

BUTALBITAL AND ACETAMINOPHEN CAPSULES

Each capsule contains butalbital (50 mg) and acetaminophen 
(325 mg). In addition, each capsule may also contain the fol-
lowing inactive ingredients: benzyl alcohol, butylparaben, 
D&C Red No. 28, D&C Red No. 33, edetate calcium diso-
dium, FD&C Blue No. 1, FD&C Red No. 40, gelatin, meth-
ylparaben, propylparaben, silicon dioxide, sodium lauryl 
sulfate, sodium propionate, and titanium dioxide.
 1. Operate the fluid bed sprayer/dryer with the follow-

ing parameters.
Flow rate: 1.5 mL/min
Inlet air temperature: 25°C
Outlet air temperature: 25°C
Air flap: 35 Atomizer: 2 bar

 2. A size 0 capsule after the enteric coating will typi-
cally have the following composition.

Preemulsion solution: 0.589 g
Undercoat polymer: 0.027 g
Enteric coat polymer: 0.032 g, 0.648 g

CALCITONIN (SALMON) CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

500 IU 1 Salmon calcitonin 500000 IU

0.048 2 Dimyristoyl phosphatidic 
acid

0.048

3.44 3 Aprotinina 3.44

3.78 4 Hydroxypropyl 
cellulose-LF

3.78

3.78 5 Polyoxy-40 stearate 3.78

140.97 6 Polyethylene glycol 400 140.97

15.55 7 Propylene glycol 15.55

8.83 8 Citrate buffer 8.83

31.49 9 Cholesterol 31.49

17.40 10 Tween 80 17.40

63.69 11 Egg yolk lecithin 63.69

19.79 12 D-Alpha-tocopherol 19.79

28.15 13 Glyceryl monooleate 28.15

251.45 14 Isostearic acid 251.45

Note: Human Growth Hormone: 2.6 IU = 1 mg.

a Aprotinin: 7500 KIU = 1 mg.

MAnufAcTurinG DirecTions

 1. Disperse polyoxy-40 stearate in the solvent mixture 
of polyethylene glycol 400 and propylene glycol.

 2. Separately disperse sodium cholate in the mixture.
 3. Then add a water solution containing recombinant 

human growth hormone, phospholipid, and aprotinin 
to the solvent mixture from step 1 and adjust the pH 
2.5 with the help of buffer.

 4. Spearately make the lipid solution in another vessel.
 5. To the oil solution, add the polyol solution drop-wise 

while mixing continuously. While mixing, it is sug-
gested that the vessel be ice jacketed to prevent the 
denaturation of the protein in the formulation.

 6. Clear transparent liquid, which is called the pre-
emulsion solution, is obtained after approximately 5 
minutes of mixing at low speed. An in situ emulsion 
can be made by mixing any ratio of the preemulsion 
solution with the simulated intestinal fluid.

 7. Fill the preemulsion solution into a size 0 hard gela-
tin capsule, and seal the capsule with a band of gela-
tin solution. The banding helps to coat the capsule 
uniformly.

 8. Then coat the capsule with a 10% hydroxypro-
pyl methylcellulose solution as an undercoat. The 
amount of coat required is sufficient to just enough 
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cover the capsule uniformly with a thin layer of the 
polymer coat. Usually, a 3.5% to 4.5% weight gain 
of the capsules is a good indication of the amount 
required as an undercoat.

 9. Once the capsule is coated with an undercoat, apply 
an enteric coating. For enteric coating purposes, dif-
ferent polymers such as hydroxypropyl methylcellu-
lose, hydroxypropyl methylcellulose phthalate, and 
cellulose acetate phthalate are used.

 10. Anionic copolymers, which are based on methacrylic 
acid and methyl methacrylate and are commercially 
available as Eudragit, are also suitable polymers for 
enteric coating purposes. Dissolve the polymer in 
organic solvents such as ethyl alcohol, methyl alcohol, 
acetone, or isopropyl alcohol. A combination of two 
solvents can also be used. The amount of enteric coat-
ing solution required is 5% to 6% of the weight gain of 
the capsules from the original weight of the capsules 
before applying enteric coat. A typical enteric coat-
ing solution is made as follows: methacrylic acid and 
methyl, 10% w/w; methacrylate copolymer (polymer); 
diethyl butyl phthalate (plasticizer), 2% w/w; acetone, 
22% w/w; isopropanol, 66% w/w.

 11. Mix acetone and isopropanol. Add the polymer 
slowly with constant mixing. Once the polymer 
is dissolved, add the plasticizer slowly and let it 
dissolve.

 12. For size 0 capsules, the above-mentioned enteric 
coating solution can be sprayed using fluidizing.

CALCITRIOL CAPSULES

It is available as capsules containing 0.25 or 0.50 μg calcitriol, 
BHA, and BHT as antioxidants. The capsules contain a frac-
tionated triglycerides of palm seed oil. Gelatin capsule shell 
contains glycerin, methyl, and propylparabens, and sorbitol, 
with the following dye system: 0.25 μg of FD&C Red No.3, 
FD&C Yellow No. 6, and titanium dioxide.

CALCIUM CARBONATE MICROENCAPSULATED 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

600.00 1 Calcium carbonate 600.00

900.00 2 Gelatin 900.00

QS 3 Water purified 1.5 l

QS 4 Corn oil QS

QS 5 Petroleum ether QS

QS 6 Isopropyl alcohol QS

QS 7 Glutaraldehyde 1% QS

MAnufAcTurinG DirecTions

 1. Add item 2 to 1.5 L of item 3 and allow the mixture 
to stand at 25°C for 1 hour while the gelatin hydrates 
and swells.

 2. Add item 1 to this mixture and heat the preparation 
to 60°C while stirring at 300 rpm for 30 minutes to 
effect dissolution of the gelatin and to ensure even 
suspension of the calcium carbonate. Add addi-
tional distilled water, previously heated to 60°C, to 
bring the total volume to 100°C while the stirring is 
continued.

 3. Slowly pour this preparation into 12 L of a mixture 
consisting of 20% by volume of corn oil in petroleum 
ether, which has previously been heated to 60°C 
while stirring the petroleum ether solution 500 rpm. 
Cool this preparation to 5°C with continued stirring 
and continue stirring at 500 rpm for 1 hour after the 
lower temperature is reached.

 4. While stirring of the preparation at 5°C is continued, 
add 6 L of isopropanol.

 5. Collect the solid microspheres by filtration and wash 
3 times with isopropyl alcohol.

 6. Immerse the capsules in 1.5 L of a 1% solution of 
glutaraldehyde in isopropyl alcohol for 8 hours 
at 5°C.

 7. Wash the capsules again 3 times with isopropyl alco-
hol, filter, and vacuum dry for 24 hours.

 8. Fill the microspheres, which average between 200 
and 300 μm in diameter, into gelatin capsules for 
administration as a long-acting antacid product (fill 
1.5 g of the microsphere mix, which contains 600 
mg calcium carbonate, into each size 0 capsule).

 9. The microcapsules, when released into the stomach 
following ingestion, delay the reaction of the calcium 
carbonate with the acid of the stomach for a useful 
period of time (between 3 and 6 hours), which pro-
vides the patient with sustained antacid protection.

 10. Physical integrity of the matrix is maintained from 1 
to 4 hours after the release of its drug contents, after 
which the matrix dissolves through hydrolytic cleav-
age of its bonds and proteolytic digestion.

CAMPTOTHECIN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 CPT-11 100.00

470.00 2 Polyethylene glycol 13000 470.00

50.00 3 Triacetin 50.00

5.00 4 Polysorbate 80 5.00

QS 5 Capsule shell HPMC 1000.00
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MAnufAcTurinG DirecTions

 1. Melt items 2 to 4 and add item 1 and admix thor-
oughly; allow the mixture cool and solidify.

 2. Mill the step 1 mixture into a suitable size and fill 
into HPMC shell capsules.

CARBAMAZEPINE EXTENDED-RELEASE CAPSULES

The capsule is a multicomponent capsule formulation con-
sisting of three different types of beads: immediate-release 
beads, extended-release beads, and enteric-release beads. The 
three bead types are combined in a specific ratio to provide 
twice daily dosing of carbamazepine. The inactive ingredients 
are citric acid, colloidal silicon dioxide, lactose monohydrate, 
microcrystalline cellulose, polyethylene glycol, povidone, 
sodium lauryl sulfate, talc, triethyl citrate, and other ingredi-
ents. The 200 mg capsule shells contain gelatin, FD&C Red 
No. 3, FD&C Yellow No. 6, yellow iron oxide, FD&C Blue 
No. 2, and titanium dioxide, and are imprinted with white ink. 
The 300 mg capsule shells contain gelatin, FD&C Blue No. 2, 
FD&C Yellow No. 6, red iron oxide, yellow iron oxide, and 
titanium dioxide, and are imprinted with white ink.

MAnufAcTurinG DirecTions

This product is made from three types of pellets, one with 
instant-release profile and two with sustained-release profile; 
generally, an equal component of each pellet is used but other 
variations may be used as well.

Percent Kilograms

Pellet A: Immediate-Release Component
Microcrystalline cellulose, N.F. (MCC) (Avicel 
PH-101/102, Emcocel)

40.0 40.0

Hydroxypropyl methylcellulose (HPMC) 
(Methocel E5/E50/K5/K50)

2.5 0.025

Croscarmellose, type A, N.F. (Ac-Di-Sol) 2.0 0.020

Sodium lauryl sulfate (SLS) 0.1 0.001

Carbamazepine 55.4 0.554

Total 100.0 1.000

Pellet B: Sustained-Release Component
Microcrystalline cellulose 30.0 0.300

Hydroxypropyl methylcellulose 5.0 0.050

Sodium monoglycerate 8.0 0.080

Tartaric acid 5.0 0.050

Sodium lauryl sulfate 0.2 0.002

Carbamazepine 51.8 0.518

Total 100.0 1.000

Coating
Ethacrylic/Methacrylic acid esters (Eudragit 
RS100)

45.0 0.450

Ethacrylic/Methacrylic acid esters (Eudragit 
RL100)

45.0 0.450

Propylene glycol 9.0 0.090

Talc 1.0 0.010

Total 100.0 1.000

Pellet C: Delayed-Release Component

Microcrystalline cellulose 25.0 0.250

Hydroxypropyl methylcellulose phthalate 10.0 0.100

Tartaric acid 10.0 0.100

Sodium monoglycerate 7.5 0.075

Dioctyl sodium sulfosuccinate 0.5 0.005

Carbamazepine 47.0 0.470

Total 100.0 1.000

Coating
Cellulose acetate phthalate (CAP) 60.0 0.600

Ethylcellulose 25.0 0.250

PEG400 15.0 0.150

Total 100.0 1.000

CEFACLOR CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Cefaclor 250.00

15.00 2 Starch 15.00

5.00 3 Silicon fluid 350 CS 5.00

4.00 4 Magnesium stearate 4.00

Note: For 500 mg strength, fill proportionally higher quantity.

MAnufAcTurinG DirecTions

 1. Mix cefaclor with silicon fluid and magnesium 
stearate.

 2. Slug and granulate if necessary for flow.
 3. Mix with starch powder.
 4. Fill into appropriate size 2 capsules. Finish capsules 

with polishing methods.

CEFDINIR CAPSULES AND ORAL SUSPENSION*

Capsules contain 300 mg cefdinir and the following inac-
tive ingredients: carboxymethylcellulose calcium, polyoxyl 
40 stearate, magnesium stearate, and silicon dioxide. The 
capsule shells contain FD&C Blue No. 1, FD&C Red No. 
40, D&C Red No. 28, titanium dioxide, gelatin, and sodium 
lauryl sulfate. Powder for oral suspension, after reconsti-
tution, contains 125 mg/5 mL cefdinir and the following 
inactive ingredients: sucrose, citric acid, sodium citrate, 
sodium benzoate, xanthan gum, guar gum, artificial straw-
berry and cream flavors, silicon dioxide, and magnesium 
stearate.

CEFIXIME FOR ORAL SUSPENSION*

Powder for oral suspension, when reconstituted, provides 
100 mg/5 mL. The powder for oral suspension is strawberry 
flavored and contains sodium benzoate, sucrose, and xan-
than gum.
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CEFPODOXIME PROXETIL FOR 
ORAL SUSPENSION*

Each 5 mL of oral suspension contains cefpodoxime prox-
etil equivalent to 50 or 100 mg of cefpodoxime activity after 
constitution and the following inactive ingredients: artificial 
flavorings, butylated hydroxy anisole (BHA), carboxymeth-
ylcellulose sodium, microcrystalline cellulose, carrageenan, 
citric acid, colloidal silicon dioxide, croscarmellose sodium, 
hydroxypropyl cellulose, lactose, maltodextrin, natural flavor-
ings, propylene glycol alginate, sodium citrate, sodium benzo-
ate, starch, sucrose, and vegetable oil.

CEFPROZIL FOR ORAL SUSPENSION*

Cefprozil for oral suspension contains cefprozil equivalent to 
125 or 250 mg of anhydrous cefprozil per 5 mL of constituted 
suspension. In addition, the oral suspension contains the fol-
lowing inactive ingredients: aspartame, cellulose, citric acid, 
colloidal silicone dioxide, FD&C Red No. 3, flavors (natural 
and artificial), glycine, polysorbate 80, simethicone, sodium 
benzoate, sodium carboxymethylcellulose, sodium chloride, 
and sucrose.

CEFTIBUTEN CAPSULES AND 
ORAL SUSPENSION*

Capsules contain ceftibuten dihydrate equivalent to 400 mg 
of ceftibuten. Inactive ingredients include magnesium stea-
rate, microcrystalline cellulose, and sodium starch glycolate. 
The capsule shell and band contain gelatin, sodium lauryl sul-
fate, titanium dioxide, and polysorbate 80. The capsule shell 
may also contain benzyl alcohol, sodium propionate, edetate 
calcium disodium, butylparaben, propylparaben, and methyl-
paraben. Oral suspension after reconstitution contains ceft-
ibuten dihydrate equivalent to 90 mg of ceftibuten per 5 mL. 
Oral suspension is cherry flavored and contains the following 
inactive ingredients: cherry flavoring, polysorbate 80, silicon 
dioxide, simethicone, sodium benzoate, sucrose (approxi-
mately 1 g/5 mL), titanium dioxide, and xanthan gum.

CEFTIBUTEN FOR ORAL SUSPENSION

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

72.00 1 Ceftibuten trihydrate 72.00

0.40 2 Polysorbate 80 0.40

0.80 3 Simethicone 0.80

16.00 4 Xanthan gum 16.00

10.00 5 Silicone dioxide 10.00

18.00 6 Titanium dioxide 18.00

8.00 7 Sodium benzoate 8.00

3.66 8 Cherry flavor, natural and 
artificial 
(microencapsulated)

3.66

QS 9 Sucrose QS to 1 kg QS

MAnufAcTurinG DirecTions

Note: This formulation, upon reconstitution, gives a final 
concentration of 19 mg/mL. For 36 mg/mL, use 144.00 g of 
item 1 and 4 g of item 7. Adjust quantity of item 1 based on 
moisture content. The quantity given here is for anhydrous 
form; adjust with item 9.

 1. Pass all items through an 80 mesh screen and blend.
 2. Fill into 60 mL bottles at either 5, 7.5, or 15 g, or 120 

mL bottles at 25 or 30 g aliquots.

CEFUROXIME FOR ORAL SUSPENSION*

The oral suspension, when reconstituted with water, provides 
the equivalent of 125 or 250 mg of cefuroxime (as cefurox-
ime axetil) per 5 mL of suspension. It contains the following 
inactive ingredients: povidone K30, stearic acid, sucrose, and 
tutti-frutti flavoring.

CELECOXIB CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

200.00 1 Celecoxib 200.00

204.00 2 Lactose 204.00

12.00 3 Sodium lauryl sulfate 12.00

7.00 4 Polyvinyl pyrrolidine 
potassium 30

7.00

— 5 Isopropyl alcohol 45.00 L

6.00 6 Polyvinyl pyrrolidine 
potassium 30

6.00

6.00 7 Magnesium stearate 6.00

15.00 8 Talc 15.00

50.00 9 Croscarmellose sodium 50.00

MAnufAcTurinG DirecTions

 1. Load items 1 to 3 in a suitable vessel after passing 
through a 60 mesh screen and mix for 15 minutes.

 2. In a separate container, mix and prepare a solution of 
items 4 and 5.

 3. Add step 2 into step 1 and mix, pass the gran-
ules through a 2.5 mm sieve, dry the granules at 
40°Cinanopenroom or a fluid-bed dryer to moisture 
of NMT 1%.
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 4. Pass the dried granules through a 30 mesh sieve and 
recycle through 1.5 mm sieve to size all granules 
through a 30 mesh screen.

 5. Pass items 7 to 9 through a 40 mesh screen and add 
to step 4; mix for 5 to 10 minutes.

 6. Tap density is NMT 0.80 g/cc; fines are NMT 10%.
 7. Fill 600 mg into size 0 capsules.

CELECOXIB TABLETS CELEBREX*

Celebrex oral capsules contain 100 and 200 mg of celecoxib. 
The inactive ingredients in Celebrex capsules include cros-
carmellose sodium, edible inks, gelatin, lactose monohydrate, 
magnesium stearate, povidone, sodium lauryl sulfate, and 
titanium dioxide.

CELLULOSE TRIACETATE LIQUEFIABLE 
TOPICAL POWDER

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

120.00 1 Cellulose triacetate 120.00

880.00 2 Dow Corning® 345 880.00

MAnufAcTurinG DirecTions

 1. Prepare a liquefiable powder by evaporative spray 
drying. Use Dow Corning 345, a slightly volatile 
cyclic silicone liquid, as the porogen.

 2. Dissolve cellulose triacetate (40 g) in 3000 g of 
methylene chloride by moderate stirring for 4 hours. 
To that solution add 270 g of the porogen dissolved 
in 1000 g of methylene chloride.

 3. Spray the resulting homogeneous solution at 1000 
psi from a 0.0135 in nozzle, downward into a tower 
100 cm in diameter and 300 cm tall, through which 
1250 L/min of solvent-free air is passing from top to 
bottom.

 4. Collect the evaporatively formed powder on a fabric 
filter spanning the bottom of the tower and pass the 
solvent-laden air through carbon beds to collect and 
recover solvent.

 5. Transfer the product to a steel tray and expose as a 1 
cm deep layer in a ventilated hood for 25 minutes to 
remove residual solvent.

 6. An analysis should show 12% cellulose triacetate, 
88% DC 345, and less than 4 ppm of residual methy-
lene chloride.

 7. The white powder readily can be dusted onto the feet 
and made to liquefy and vanish by gentle rubbing.

CEPHALEXIN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

500.00 1 Cephalexin, USE 
cephalexin monohydrate 
(0–2% excess)

526.31

2.50 2 Magnesium stearate 2.50

QS 3 Cornstarch 600.00

MAnufAcTurinG DirecTions

 1. Load magnesium stearate, cornstarch, and one-tenth 
part of cephalexin into a suitable mixer. Mix well.

 2. Pass blend from step 1 and balance of cephalexin 
through an 840 mm aperture screen by hand or with 
a mechanical shaker.

 3. Load into a suitable mixer and mix well. Discharge 
into polyethylene-lined drums.

 Note: For slugging, first use 624 mg of magnesium 
stearate; balance after milling slugs through a 1.2 
mm aperture screen in an oscillating granulator. 

 4. Machine fill using either size 00 or size 0 capsules; 
the theoretical weight of 10 capsules is 6 g. Sort and 
final clean with sodium chloride.

CEPHALEXIN POWDER FOR ORAL SUSPENSION

Bill of Materials

Scale 
(mg/5 mL)a Item Material Name Qty/51 (g)

125.00 1 Cephalexin, USE cephalexin 
monohydrate, 1.5% excess

131.50

0.50 2 FD&C No. 6 0.50

10.00 3 Orange flavor 10.00

5.00 4 Vanilla dry flavor 5.00

5.00 5 Raspberry dry flavor 5.00

277.54 6 Castor sugar 277.54

2844.80 7 Castor sugar 2844.80

a Upon reconstitution as recommended. For 250 mg strength, adjust with 
items 6 and 7.

MAnufAcTurinG DirecTions

 1. Load items 2 to 6 in a suitable mixer and mix for 5 
minutes.

 2. Add item 1 in portions and mix well.
 3. Pass through a Fitz mill, impact forward at high 

speed using sieve 24338.
 4. Collect milled powder in step 3 in a suitable mixer 

and mix for 10 minutes.
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 5. Pass item 7 through 900 mm sieve, add 15% of quan-
tity to step 4, and mix for 10 minutes.

 6. Load in a double-cone blender. Add the balance of 
item 7 from step 5 and mix for 20 minutes.

 7. Fill appropriate quantity in bottles.

CEPHRADINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

500.00 1 Cephradine, USE 
cephradine compacted 
(1000 µg/mg with 5% 
moisture) a

526.00

7.00 2 Magnesium stearate 7.00

8.40 3 Talc 8.40

18.60 4 Lactose monohydrateb 18.60

a Adjust according to potency; taken as 105.2% of label.
b Adjust according to quantity of item 1.

MAnufAcTurinG DirecTions

 1. Process limits are relative humidity: 40% to 45%, 
temperature: 20°C to 25°C.

 2. Pass item 1 through 630 μm sieve; crush larger par-
ticles in a Frewitt mill using a 1 mm sieve.

 3. Load approximately half of item 1 from steps 1 and 
2 into a mixer.

 4. Sift items 2 to 4 through a 250 mm sieve in a suitable 
blender; blend for 5 minutes at slow speed.

 5. Mix balance of item 1 with product of step 4 and 
blend for 5 minutes at slow speed.

 6. Fill 560 mg per capsule.

CEPHRADINE POWDER FOR SUSPENSION

Bill of Materials

Scale 
(mg/5 mL) Item Material Name Qty/5 L (g)

125.00 1 Cephradine, USE 
cephradine monohydrate 
with 10.8% excessa

131.50

8.00 2 Sodium citrate 8.00

4.00 3 Citric acid anhydrous 4.00

10.00 4 Guar gum 10.00

5.00 5 Methylcellulose, 15 cps 5.00

2.00 6 Yellow FD&C No. 6 2.00

20.00 7 Blood orange flavor 20.00

10.00 8 Orange banana flavor 10.00

3095.28 9 Castor sugar 3095.28

a For 250 mg/5 mL, adjust active ingredient and adjust with item 9.

MAnufAcTurinG DirecTions

 1. Pass item 9 through a 500 mm sieve for use in later 
steps.

 2. Place items 1 to 6 in a mixing vessel and add approx-
imately 10% of item 9 from step 1; mix for 5 minutes.

 3. Pass the powder mixture in step 2 through a Fitz 
mill.

 4. Place 10% of item 9 from step 1 in a separate mixing 
vessel and add items 7 and 8; blend for 5 minutes.

 5. Add to step 3 and blend for 5 minutes.
 6. Pass step 5 through a 500 mm sieve.
 7. Add item 9 (about 15%) and mix for 5 minutes; trans-

fer to a double-cone blender.
 8. Add 40% of item 9 and mix for 10 minutes.
 9. Add the balance of item 9 and mix for another 15 

minutes. 10. Fill weight for 100 mL = 66 g; fill 
weight for 60 mL = 39.60 g.

CEVIMELINE CAPSULES

Each capsule contains 30 mg of active ingredient. The inac-
tive ingredients are lactose monohydrate, hydroxypropyl cel-
lulose, and magnesium stearate.

CEVIMELINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

30.00 1 Cevimeline 30.00

60.00 2 Hydroxypropyl cellulose 50.00

15.00 3 Sodium carboxymethyl 
cellulose cross-linked

15.00

189.00 4 Lactose 189.00

6.00 5 Magnesium stearate 6.00

MAnufAcTurinG DirecTions

 1. Sift items 1 to 3 through an 80 mesh screen and 
blend.

 2. Pass item 5 through a 100 mesh screen and add to 
step 1 and blend for 3 minutes.

 3. Fill 300 mg into size 0 capsules.

CHLORDIAZEPOXIDE 
HYDROCHLORIDE CAPSULES*

It is available as capsules containing 5, 10, or 25 mg chlordi-
azepoxide HCl. Each capsule also contains cornstarch, lac-
tose, and talc. Gelatin capsule shells may contain methyl and 
propylparabens and potassium sorbate, with the following dye 
systems: for 5 mg capsules—FD&C Yellow No. 6 plus D&C 
Yellow No. 10, and either FD&C Blue No. 1 or FD&C Green 
No. 3; for 10 mg capsules—FD&C Yellow No. 6 plus D&C 
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Yellow No. 10, and either FD&C Blue No. 1 plus FD&C Red 
No. 3 or FD&C Green No. 3 plus FD&C Red No. 40; for 25 
mg capsules—D&C Yellow No. 10 and either FD&C Green 
No. 3 or FD&C Blue No. 1.

CHLORDIAZEPOXIDE 
HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

5.00 1 Chlordiazepoxide 
hydrochloride

5.10

114.00 2 Starch dried 114.00

26.00 3 Dicalcium phosphate 26.00

40.00 4 Talc 40.00

MAnufAcTurinG DirecTions

 1. Load all ingredients in a suitable mixer after passing 
through a 60 mesh screen and mix for 30 minutes.

 2. Fill 185 mg into size 4 capsules.

CHLOROXYLENOL AND CHLORHEXIDINE 
TOPICAL POWDER

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

10.00 1 Chloroxylenol 10.00

10.00 2 Chlorhexidine diacetate 10.00

30.00 3 Magnesium-L-lactate 30.00

10.00 4 Allantoin 10.00

100.00 5 Zinc stearate 10.00

840.00 6 Cornstarch 840.00

MAnufAcTurinG DirecTions

 1. Pass all items through a 100 mesh screen and blend.
 2. Fill; for use as a topical anti-infective formulation.

CHLORPROMAZINE SUSTAINED-
RELEASE CAPSULES*

Each capsule, with opaque orange cap and natural body, con-
tains chlorpromazine hydrochloride as follows: 30 or 75 or 
150 mg. Inactive ingredients consist of benzyl alcohol, cal-
cium sulfate, cetylpyridinium chloride, FD&C Yellow No. 
6, gelatin, glyceryl distearate, glyceryl monostearate, iron 
oxide, povidone, silicon dioxide, sodium lauryl sulfate, starch, 
sucrose, titanium dioxide, wax, and trace amounts of other 
inactive ingredients.

CIMETIDINE MICROENCAPSULATED 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

275.00 1 Cimetidine 275.00

525.00 2 Sodium alginate 525.00

QS 3 Calcium chloride 2% QS

QS 4 Poly-L-glycine 0.05% QS

MAnufAcTurinG DirecTions

 1. Dissolve item 2 in 17.5 L of distilled water at 25°C 
and add item 1 to this solution with constant mixing.

 2. Add this preparation drop-wise to a 2% calcium 
chloride solution through a small orifice that deliv-
ers droplets that are 1 mm in diameter. Collect the 
spherical beads of cimetidine-containing calcium 
alginate thus formed by filtration and wash 3 times 
with distilled water.

 3. Immerse the beads in a 0.05% aqueous solution of 
poly-L-lysine (molecular weight 14000) for 4 hours, 
then wash again 3 times with distilled water, col-
lected by filtration, and dried under vacuum for 24 
hours. Fill the beads thus produced into gelatin cap-
sules (800 mg per capsule, providing a dose of 275 
mg of cimetidine). 

 4. This dosage form for the delivery of cimetidine 
over an extended time period allows for through-
the-night protection for patients who suffer from 
excess gastric acidity without the high bedtime 
dose that conventional dosage forms require for 
this duration of protection. The high bedtime dose 
otherwise required for such protection is associ-
ated with untoward side effects, which are reduced 
through use of the dosage form described in these 
directions.

CITRATE EFFERVESCENT POWDER

Bill of Materials

Scale (mg/
tablet) Item Material Name Qty/kg (g)

0.50 1 Oil lemon terpeneless 0.50

10.00 2 Lemon flavor (natural 
microseal)

10.00

QS 3 Alcohol dehydrated 
(absolute, doubly 
rectified)

6.50

440.33 4 Sodium bicarbonate 440.33

0.35 5 Saccharin sodium 0.35

157.50 6 Anhydrous sodium citrate 157.50



331Manufacturing Formulations 

178.82 7 Anhydrous citric acid 
(powder)

178.82

222.50 8 Acid tartaric 222.50

MAnufAcTurinG DirecTions

 1. All processing should be done in controlled humid-
ity at a maximum relative humidity of 40% at 25°C.

 2. Sodium citrate and citric acid are anhydrous.
 3. Dissolve lemon oil in dehydrated alcohol with stir-

ring in a suitable container (do not follow this step if 
using powdered lemon flavor).

 4. Sift sodium bicarbonate, if necessary, through a 595 
μm screen.

 5. Load in a suitable mixer and mix for 10 minutes.
 6. Very slowly add solution from first step to the mixer while 

mixing; continue mixing for at least 10 minutes and up 
to a total of 30 minutes, depending on equipment.

 7. Screen the massed granulation mixture through a 
595 μm screen and divide approximately in half.

 8. Premix saccharin sodium into sodium citrate (and 
lemon powder, if used) and sift through a 595 μm 
screen or mill fitted with a 595 μm screen (knives 
forward, medium speed).

 9. Sift both citric acid and tartaric acid separately 
through a 595 μm screen, or mill separately using 
a comminuting mill with a 595 μm aperture (knives 
forward, medium speed).

 10. Load materials into a suitable blender, preferably 
in the following order: milled tartaric acid, milled 
citric acid, half of granulation mixture, milled sac-
charin sodium, sodium citrate, and the remaining 
granulation mixture.

 11. Blend for 20 minutes and pack into double plastic 
bags inside fiber drums.

 12. Provide silica gel protection to maintain low humid-
ity in drums.

 13. If blended material is lumpy, pass through a 1.2 mm 
screen before bagging.

CLINDAMYCIN CAPSULES*

Clindamycin hydrochloride capsules contain clindamycin hydro-
chloride equivalent to 150 mg of clindamycin. The inactive ingre-
dients are cornstarch, FD&C Blue No. 1, FD&C Yellow No. 5, 
gelatin, lactose, magnesium stearate, talc, and titanium dioxide.

CLINDAMYCIN CAPSULES (150 MG)

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

150.00 1 Clindamycin, USE 
clindamycin hydrochloride

163.00

12.00 2 Lactose 12.00

3.00 3 Magnesium stearate 3.00

24.00 4 Talc 24.00

2.00 5 Aerosil 200 2.00

65.00 6 Starch dried 65.00

MAnufAcTurinG DirecTions

 1. Pass all items through a 60 mesh screen and mix 
well for 30 minutes.

 2. Fill 270 mg in size 2 capsules.

CLOFIBRATE CAPSULES

Each capsule contains 500 mg of clofibrate for oral adminis-
tration. Capsules also contain the following inactive ingredi-
ents: D&C Red No. 28, D&C Red No. 30, D&C Yellow No. 
10, FD&C Blue No. 1, FD&C Red No. 28, FD&C Red No. 40, 
FD&C Yellow No. 6, and gelatin.

CLONIDINE SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

0.10 1 Clonidine hydrochloride 
(equivalent to 0.087 mg 
clonidine base) 100 ìm or 
finer

0.10

70.00 2 Methocel® E4Ma 70.00

129.90 3 Lactuloseb 129.90

a This formulation is intended to provide an 8 hour release pattern; for an 
extended release pattern of 12 hours, use Methocel® K100M.

b Cornstarch can be used in place of lactulose.

MAnufAcTurinG DirecTions

 1. This is a low-dose product that requires a careful 
geometric dilution of item 1 with portions of item 3.

 2. Add the triturate in step 1 in one-half of item 3 and 
mix well.

 3. Add item 2 and mix well; add balance of item 3.
 4. Fill 200 mg in an appropriate capsule size.

CLORAZEPATE DIPOTASSIUM CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

7.50 1 Clorazepate dipotassium 7.50

10.00 2 Potassium carbonate dried 10.00

0.45 3 Silicon dioxide colloidal 0.45
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168.00 4 Talc 168.00

QS 5 Sodium chloride granules 
(for cleaning)

QS

MAnufAcTurinG DirecTions

Note: Avoid exposing clorazepate to light and moisture; 
process in low humidity area (46 grains, 35% RH at 76°F).

 1. Blending
 a. Determine LOD (1 hour Brabender or equivalent 

at 105°C) of potassium carbonate dried (NMT 
0.5%), silicon dioxide (NMT 2.5%), and talc 
(NMT 0.3%).

 b. Mill while mixing the potassium carbonate and 
silicon dioxide through a 60 mesh (250 mm 
aperture) screen using a Fitz mill or a similar 
mill, impact forward, high speed.

 c. Premix screened clorazepate with the milled mixture 
of potassium carbonate and silicon dioxide in a 
suitable container. Pass the mix through a 40 mesh 
(420 mm) screen by hand. Clean the screen with a 
small portion of talc (approximately 0.63 g). Use 
rubber gloves when handling clorazepate.

 d. Load about half of the remaining talc into a 
V-blender or a similar blender. Add the preblend 
from step C and, finally, the remaining talc. 
Blend for 30 minutes. Discharge into polyethyl-
ene-lined drums, tightly tie, and seal.

 2. Filling
 a. Fill blended material into hard gelatin capsules; 

fill weight for 10 caps is 1.85 g (±0.06 g). Sort 
capsules on sort vibrator, clean with sodium 
chloride, and store in polyethylene-lined drums.

 3. Printing
 a. Print capsules using edible ink.

COATED SPHEROIDS

Uncoated spheroids (24% 
w/w vinpocetine) 3.00 kg

Hydroxypropyl methylcellulose 
2910, 4000 cps

0.075 kg

Methylene chloride 4.98 kg

Methanol anhydrous 2.96 kg

Eudragit E30D aqueous 
dispersion

1.00 kg

Calcium stearate 0.03 kg

Simethicone emulsion 0.0025 kg

Water purified 0.50 kg

MAnufAcTurinG DirecTions

 1. Blend together vinpocetine hydrochloride (10 
kg), microcrystalline cellulose (Avicel-PH-101, 
80 kg), and citric acid monohydrate (10 kg) in a 

450 L planetary mixer. Add water (100 kg) and 
run the mixer for 10 minutes until a homoge-
neous plastic mass is obtained. Extrude the mass 
under pressure through a perforated cylinder to 
give cylindrical extrudates of nominally 1 mm in 
diameter.

 2. Place the damp extrudates (in batches of 15–20 kg) 
in a spheronizer in which the rotating disc (diameter 
68 cm) is rotated at 300 to 400 rpm. Continue the 
rotation for 20 minutes and dry the resulting spher-
oids at 80°C in a fluidized bed drier. Pass the dried 
spheroids over a 1.2 mm screen and subject those 
that passed through to a 0.5 mm screen. Discard the 
over- and undersized spheroids.

 3. The finished dosage form consists of a hard gelatin 
capsule containing a powder blend of vinpocetine 
and two types of spheroids. The formulation par-
ticulars are based on 30 mg per capsule, although 
they can be designed to provide other dosage 
strengths.

 4. The vinpocetine powder blend (or first group of 
spheroids) provides the loading dose (e.g., 5 mg of 
vinpocetine).

 a. Blend the vinpocetine, lactose microcrystalline 
cellulose, starch, glutamic acid, sodium starch 
glycolate, talc triturate, and the sodium lauryl 
sulfate into the PK® blender for 20 minutes with 
intensifier bar running.

 b. Pass the step 1 blend through a Fitz mill 
using  a  No. 1B screen, medium speed, knives 
forward.

 c. Return the granulation from step 2 to the PK 
blender and add the magnesium stearate and 
blend for 2 minutes without the intensifier 
bar on.

 5. The second and third types of spheroids are catego-
rized as

 a. pH-sensitive coated spheroids to provide a sec-
ond dose (pH >6.5) (e.g., 12 mg vinpocetine). 
Place uncoated spheroids in a fluidized bed 
coater. Apply the Eudragit S solution using a 
peristaltic pump. Dry the spheroids.

 b. Coated spheroids to provide a third dose 4 to 
10 hours post ingestion (e.g., 13 mg vinpo-
cetine). Process for applying undercoat: Place 
the uncoated spheroids in a fluidized bed coater. 
Spray Methocel E4MP solution using a peristal-
tic pump. Dry the spheroids. Process for applying 
overcoat: Spray Eudragit E30D suspension con-
taining calcium stearate on the Methocel E4MP-
coated spheroids using a peristaltic pump. Dry 
the spheroids.

 6. Fill capsules with the powder blend, pH-sensitive 
coated spheroids, and coated spheroids on an encap-
sulating machine capable of dual filling powders and 
spheroids.
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CROSPOVIDONE WATER-DISPERSIBLE TABLETS

Bill of Materials

Scale (mg/
tablet) Item Material Name

Qty/1000 
Tablets (g)

1000.00 1 Crospovidone M (BASF) 1000.00

50.00 2 Aerosil 200 50.00

250.00 3 Sucrose (crystalline) 250.00

5.00 4 Saccharin sodium 5.00

2.00–3.00 5 Flavors 2.00–3.00

380.00 6 Water 380.00

5.00 7 Magnesium stearate 5.00

MAnufAcTurinG DirecTions

 1. Granulate mixture of items 1 to 5 with item 6, dry, 
and pass through a sieve.

 2. Mix the dry granules with item 7 and press with low 
compression force.

 3. The dosage may be increased to 2000 mg crospovi-
done by increasing the tablet weight to 2600 mg.

 4. Compress 1280 mg tablets using 20 mm biplanar 
punches.

CYANOCOBALAMIN TABLETS

Bill of Materials

Scale (mg/
tablet) Item Material Name

Qty/1000 
Tablets (g)

50.00 ìg 1 Cyanocobalamin; use 
gelatin-coated 
cyanocobalamin (0.1%)

50.00

150.00 2 Ludipress® 150.00

1.50 3 Magnesium stearate 1.50

2.00 4 Sicovit Quinoline Yellow 
Lake 

2.00

3.00 5 Sicovit Yellow Orange 
Lake 

3.00

MAnufAcTurinG DirecTions

 1. Prepare a premix of items 1 and 2 and add to items 3 
to 5.

 2. Pass through a 0.5 mm sieve and press with low com-
pression force.

 3. Compress into 209 mg tablets using 8 mm biplanar 
punches.

CYCLOSPORIN A CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 Cyclosporin A 100.00

300.00 2 Cremophor RH (or Tween) 300.00

MAnufAcTurinG DirecTions

 1. Mix ingredients and fill into hard gelatin capsules 
of a type that will not interact with ingredients. 
Optionally, the composition may contain ethanol 
8%, propylene glycol 8%, or polyethylene glycol 300, 
30% by weight.

DANTROLENE SODIUM CAPSULES*

It is supplied in capsules of 25, 50, and 100 mg. Each capsule 
contains the following inactive ingredients: edible black ink, 
FD&C Yellow No. 6, gelatin, lactose, magnesium stearate, 
starch, synthetic red iron oxide, synthetic yellow iron oxide, 
talc, and titanium dioxide.

DEXTROAMPHETAMINE SULFATE CAPSULES*

Each sustained-release capsule is so prepared that an initial 
dose is released promptly, and the remaining medication is 
released gradually over a prolonged period. Each capsule con-
taining 5 to 15 mg of active and inactive ingredients consist of 
cetyl alcohol, D&C Yellow No. 10, dibutyl sebacate, ethylcel-
lulose, FD&C Blue No. 1, FD&C Blue No. 1 Aluminum Lake, 
FD&C Red No. 40, FD&C Yellow No. 6, gelatin, hydroxypro-
pyl methylcellulose, propylene glycol, povidone, silicon diox-
ide, sodium lauryl sulfate, sugar spheres, and trace amounts of 
other inactive ingredients.

DICLOFENAC AND MISOPROSTOL CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 Diclofenac delayed-release 
beads (47% diclofenac)

214.00

0.20 2 Misoprostol (dilute 1: 100 
on HPMC)

20.00

150.00 3 Microcrystalline cellulose 150.00

4.00 4 Stearic acid 4.00

9.00 5 Talc 9.00
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MAnufAcTurinG DirecTions

 1. Prepare item 1 beads by spray coating a sus-
pension or solution of diclofenac sodium onto 
a nonpareil sugar core, together with a binder 
(e.g., polyvinylpyrrolidone or hydroxypropyl 
methylcellulose).

 2. Coat the beads with a delayed-release coating (e.g., 
methylmethacrylate, e.g., Eudragit). Mixtures of 
beads with various levels of coating are used to give 
the required therapeutic release pattern.

 3. In a fluidized-bed apparatus, coat uniform spherical 
inert sugar sphere cores with a first layer consisting 
of the compounds, an inert water-soluble polymer, 
such as hydroxypropyl methylcellulose or hydroxy-
propyl cellulose, and talc.

 4. The second layer consists of an inert water-soluble 
polymer, such as hydroxypropyl methylcellulose or 
hydroxypropyl cellulose, talc, and a pigment such as 
titanium dioxide.

 5. The third and enteric coating layer consists of an 
enteric coating polymer, such as copolymerized 
methacrylic acid/methacrylic acid methyl esters, a 
plasticizer, such as triethyl acetate or similar plasti-
cizers, and talc.

 6. Apply the layers by conventional fluidized bed coat-
ing techniques using aqueous solutions or disper-
sions. Pseudozero release is obtained by the use of a 
mixture of beads.

 7. The beads in item 1 contain 47% diclofenac, giving a 
dose per capsule of 75 mg.

 8. Fill the mixture of items 1 to 4 into suitable hard 
gelatin capsules.

DICLOFENAC SPHERONIZED PELLETS FOR 
SUSTAINED-RELEASE COATING (30%)

Formulation
Diclofenac sodium, 300 g; Avicel PH101 (5), 438 g; granu-

lac 230 (8), 237 g; Kollidon VA64 (1), 25 g; water, approxi-
mately 580 g.

MAnufAcTurinG DirecTions

 1. Granulate the mixture (I) in a Diosna granula-
tor with water (II) and press the humid granules 
through a sieve of 1.5 mm. Form pellets in a sphe-
ronizer during 10 minutes with the rotation speed 
of 380 to 420 rpm. Dry the pellets in a fluidized 
bed at 70°C.

 2. Fill at relative humidity that does not exceed 45% 
and a temperature of 20°C to 25°C.

 3. Calculate exact amount based on quantity of active 
ingredient in uncoated beads.

 4. Fill 192.5 mg based on 100% potency basis.

DICLOFENAC SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 Diclofenac, USE 
diclofenac sodium pellets 
(520 mg/g)

192.50

DICLOFENAC GRANULES

 1. Preparation of uncoated granules:
 a. Mix and pulverize 800 g of diclofenac sodium, 

200 g of citric acid, and 200 g of cornstarch.
 b. Process the fine powders thus prepared to pro-

duce spherical granules, using 600 g of purified 
sucrose that is obtained by shifting through 20 to 
28 mesh as a core, while spraying a solution of 
25 g of hydroxypropyl cellulose in 475 g of ethyl 
alcohol.

 c. Dry the granules for 3 hours at 55°C.
 d. Pass these dried granules through a 14 mesh 

screen, followed by passing through a 28 mesh 
screen. Take the granules that do not go through 
the 28 mesh screen as uncoated granules A. The 
formulation of uncoated granules A is as follows.

Component
% by 

weight

Diclofenac sodium 43.7

Citric acid 11.0

Cornstarch 11.0

Purified sucrose 32.9

Hydroxypropyl cellulose 1.4

Total 100.0

 e. Alternate method of preparing uncoated 
granules:

 i. Mix and pulverize 1000 g of diclofenac 
sodium, 30 g of fumaric acid, and 170 g of 
cornstarch.

 ii. Process the fine powders thus produced to 
produce spherical granules, using 600 g of 
purified sucrose that is obtained by shift-
ing through a 20 to 28 mesh screen as a 
core, while spraying a solution of 25 g of 
hydroxypropyl cellulose in 475 g of ethyl 
alcohol.

 iii. Dry the granules are then dried for 3 hours at 
55°C.

 iv. Pass these dried granules through a 14 mesh 
screen followed by passage through a 28 
mesh screen. Take the granules that do not 
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go through the 28 mesh screen as uncoated 
granules. The formulation of these uncoated 
granules B is as follows.

Component
% by 

weight

Diclofenac sodium 54.8

Fumaric acid 1.6

Cornstarch 9.3

Purified sucrose 32.9

Hydroxypropyl cellulose 1.4

Total 100.0

 2. Preparation of long-acting granules:
 a. Place 600 g of uncoated granules into a coating 

apparatus with a fluidized bed.
 b. Spray-coat the granules with 1263 g of a coat-

ing liquid having the following composition 
according to a conventional method to produce 
long-acting granules. The weight of the coat is 
approximately 8% of the weight of the uncoated 
granules.

Component
% by 

weight

Ethylcellulose 2.7

Polyvinyl pyrrolidine K30 0.9

Talc 0.2

Ethyl alcohol 96.2

Total 100.0

 3. Preparation of long-acting granules, alternate 
method:

 a. Place 600 g of uncoated granules B into a coat-
ing apparatus with a fluidized bed.

 b. Spray-coat the granules with 1667 g of a coat-
ing liquid having the following composition 
according to a conventional method to produce 
long-acting granules. The amount of the coat is 
approximately 20% based on the weight of the 
uncoated granules.

Component
% by 

weight

Methacrylic acid copolymer S 6.5

Glycerin fatty acid ester 0.5

Talc 0.2

Ethyl alcohol 92.8

Total 100.0

 4. Preparation of long-acting granules having an exte-
rior rapid-releasing layer:

 a. Mix and pulverize 50.7 g of diclofenac sodium 
and 149.3 g of cornstarch.

 b. Process the fine powders thus produced to pro-
duce spherical granules, using 500 g of the long-
acting granules (step 6) as a core, while spraying 
a solution of 4 g of hydroxypropyl cellulose in 76 
g of ethyl alcohol.

 c. Dry the granules for 2 hours at 55°C to produce 
long-acting granules. These granules have an 
exterior rapid-releasing layer.

DIDANOSINE DELAYED-RELEASE CAPSULES*

The delayed-release capsules, which contain enteric-coated 
beadlets, are available for oral administration in strengths of 
125 mg, 200 mg, 250 mg, and 400 mg of didanosine. The 
inactive ingredients in the beadlets include carboxymethylcel-
lulose sodium 12, diethyl phthalate, methacrylic acid copo-
lymer, sodium hydroxide, sodium starch glycolate, and talc. 
The capsule shells contain colloidal silicon dioxide, gelatin, 
sodium lauryl sulfate, and titanium dioxide. The capsules are 
imprinted with edible inks.

DIDANOSINE DELAYED-RELEASE CAPSULES 
ENTERIC-COATED BEADLETS*

Delayed-release capsules, containing enteric-coated beadlets, 
are available for oral administration in strengths of 125 mg, 
200 mg, 250 mg, and 400 mg of didanosine. The inactive 
ingredients in the beadlets include carboxymethylcellulose 
sodium 12, diethyl phthalate, methacrylic acid copolymer, 
sodium hydroxide, sodium starch glycolate, and talc. The 
capsule shells contain colloidal silicon dioxide, gelatin, 
sodium lauryl sulfate, and titanium dioxide. The capsules are 
imprinted with edible inks.

DIDANOSINE FOR ORAL SUSPENSION

The powder for oral solution is supplied for oral adminis-
tration in single-dose packets containing 100 mg, 167 mg, 
or 250 mg of didanosine. Packets for each product strength 
also contain a citrate-phosphate buffer (composed of diba-
sic sodium phosphate, sodium citrate, and citric acid) and 
sucrose. Pediatric powder for oral solution is supplied for oral 
administration in 4 or 8 oz glass bottles containing 2 or 4 g of 
didanosine respectively. The chemical name for didanosine is 
2c, 3c-dideoxyinosine.

DIETHYL TOLUAMIDE TOPICAL POWDER

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

552.00 1 N, N-diethyl-m-toluamide 
(DEET)

600.00
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368.00 2 2-Octyldodecanol 400.00

QS 3 Methylene chloride QS

80.00 4 Cellulose triacetate 400.00

MAnufAcTurinG DirecTions

 1. Prepare a liquefiable powder by spray evaporative 
drying. Prepare a liquid porogen from 60 parts by 
weight of N, N-diethyl-m-toluamide (DEET) and 
40 parts by weight of 2-octyldodecanol, a heavy 
secondary alcohol commonly used in cosmetic 
formulations.

 2. Dissolve cellulose triacetate (40 g) in 3000 g of 
methylene chloride by moderate stirring for 4 hours. 
To that solution add 460 g of the previously prepared 
porogen diluted with 1000 g of methylene chloride.

 3. Spray the resulting homogeneous solution at 1000 psi 
from a 0.0135 in nozzle, downward into a tower (100 
cm in diameter × 300 cm tall), through which 1250 L/
min of solvent-free air is passing from top to bottom.

 4. Collect the evaporatively formed powder on a fabric 
filter spanning the bottom of the tower and pass the 
solvent-laden air through carbon beds to collect and 
recover solvent.

 5. Transfer the product to a steel tray and expose as a 1 
cm deep layer in a ventilated hood for 25 minutes to 
remove residual solvent. Analysis will show 8% cel-
lulose triacetate, 36.8% octyldodecanol, and 55.2% 
DEET, with less than 5 ppm or residual methylene 
chloride.

 6. The resulting white powder can be readily dusted 
onto the skin and made to liquefy and vanish by gen-
tle rubbing without any perceptible grit or stickiness.

DIFLUOROMETHYLORNITHINE-
ALPHA CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/2000 Caps 
(g)

Rapid-release granules

50.00 1 Difluoromethylornithine-
alpha (DFMO)

100.00

50.00 2 Microcrystalline cellulose 
(MCC) Avicel PH101

100.00

QS 3 Water purified QS

Slow-release granules

250.00 4 Difluoromethylornithine-
alpha

500.00

250.00 5 Microcrystalline cellulose 
PH101

500.00

15–25.00 6 Eudragit RS 30D 30–50

QS 7 Triethyl citrate QS

QS 8 Water purified QS

MAnufAcTurinG DirecTions

 1. Rapid-release granules: Thoroughly mix DFMO 
(100 g) and microcrystalline cellulose (MCC, Avicel 
PH101, 100 g). Add a sufficient amount of water to 
make a wet mass to the mixture, and subsequently 
extrude and spheronize the mixture. Screen the pel-
lets (size 14–20 mesh) and dry at 40°C for 24 hours. 
Polyvinyl pyrrolidine (PVP, 2% by weight of total 
mass) can optionally be included in the formulation. 
Increasing PVP will generally lengthen the release 
profile of the formulation.

 2. Slow-release granules: Mix DFMO (500 g), MCC 
(500 g), and Eudragit (35–50 g). To this mixture add 
sufficient water to yield a 30% weight suspension. To 
the suspension add triethylcitrate (10% weight based 
on dry polymer weight of Eudragit) to yield a dis-
persion that is wet granulated and dried to remove 
as much water as possible. Grind the particles into a 
fine powder.

 3. Fill the rapid-release granules (500 g prepared 
according) and slow-release granules (750 g pre-
pared) after thoroughly mixing.

 4. Gastric-release granules: A slow gastric-release 
granule can be prepared as follows. Thoroughly 
mix DFMO (600 g), MCC (350 g), and HPC (50 g). 
To the mixture add sufficient water to make a wet 
mass. Extrude and then spheronize this mass using 
procedures well known in the art. Dry the particles 
and grind.

 5. Enteric-release granules: A latex dispersion is pre-
pared as follows. To Eudragit L 30D-55 (1000 g, 
15% weight in water) add a plasticizer (15% weight 
of dry polymer weight in the Eudragit) while mixing 
for 1 to 24 hours. Plasticizers, such as triethylcitrate, 
tributylcitrate, acetyl-tributylcitrate, or dibutylse-
bacate, can be used. To this mixture add talc (50% 
weight of dry polymer in the Eudragit) or glycer-
ylmonostearate (10% weight of dry polymer in the 
Eudragit) to form a dispersion. Coat the rapid-release 
granules in a fluidized bed with the latex dispersion 
until a 10% to 15% weight increase in granule weight 
is achieved. Adjust the fluidized bed inlet air tem-
perature to approximately 40°C to 45°C and adjust 
the outlet air temperature to approximately 30°C to 
35°C with a spray rate of about 2 g/min.

 6. Slow-release granules: Coat The granules previously 
prepared with Eudragit L 30D (10–12% weight) or 
Aquateric (CAP, 10% weight, plasticized with TEC) 
until a 25% to 30% weight increase in granule weight 
is achieved.

 7. Colorectal-release granules: A dispersion is prepared 
as follows. To Eudragit S100 (1000 g, 10% weight 
in water) add a plasticizer (10% weight of dry poly-
mer weight in the Eudragit) while mixing for 1 to 24 
hours. Plasticizers such as triethylcitrate, tributylci-
trate, acetyl-tributylcitrate, or dibutylsebacate can be 
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used. To this mixture add talc (50% weight of dry 
polymer in the Eudragit) to form a dispersion. Coat 
the rapid-release granules previously prepared in a 
fluidized bed with this dispersion until a 15% weight 
increase in granule weight is achieved.

 8. Slow-release granules: A mixture is prepared as 
follows. Plasticize Eudragit RS 30D (1000 g, 15% 
weight aqueous dispersion, Aquacoat® or Surelease®) 
with triethylcitrate (TEC, 20% weight of dry poly-
mer in the Eudragit) for 1 to 24 hours. Add talc (50% 
weight of dry polymer in the Eudragit) with mixing 
to form the mixture. Coat the rapid-release granules 
with this mixture until a 10% to 15% weight increase 
in granule weight is achieved. Caot the coated gran-
ules with a Eudragit S100 dispersion as done imme-
diately above until a 10% to 15% weight increase in 
granule weight is achieved.

 9. Sustained-release granules: This procedure employs 
a double granulation. Thus, mix DFMO (500 g), 
MCC (500 g), and Eudragit RS 30D (75–100 g). 
To this mixture add sufficient water to yield a 30% 
weight suspension. To the suspension add TEC (10% 
weight based on dry polymer weight of Eudragit) to 
yield a dispersion that is wet granulated and dried 
to remove as much water as possible. Grind the 
granules into a fine powder. To the powder add suf-
ficient water to make a wet mass that will then be 
extruded, spheronized, dried, ground, and screened 
(size 14–20 mesh).

 10. Gastric-, enteric-, and colorectal-release granules: The 
following procedure details the preparation of the 
dosage form. Thoroughly mix rapid gastric-release 
granules (450 g, prepared previously), rapid enteric-
release granules (100 g, prepared previously), and 
slow colorectal-release granules (450 g, prepared pre-
viously). Fill hard gelatin capsules with the mixture.

DILTIAZEM HYDROCHLORIDE 
EXTENDED-RELEASE CAPSULES*

The extended-release capsules contain diltiazem hydrochlo-
ride in extended-release beads in doses of 120 mg, 180 mg, 
240 mg, 300 mg, 360 mg, and 420 mg. They also contain 
microcrystalline cellulose, sucrose stearate, Eudragit, povi-
done, talc, magnesium stearate, hydroxypropyl methylcel-
lulose, titanium dioxide, polysorbate, simethicone, gelatin, 
FD&C Blue No. 1, FD&C Red No. 40, D&C Red No. 28, 
FD&C Green No, 3, black iron oxide, and other solids.

In another formulation, the 120 mg, 180 mg, 240 mg, and 
300 mg capsules also contain black iron oxide, ethylcellulose, 
FD&C Blue No. 1, fumaric acid, gelatin, sucrose, starch, talc, 
titanium dioxide, white wax, and other ingredients. The 360 
mg capsule also contains black iron oxide, diethyl phthal-
ate, FD&C Blue No. 1, gelatin, povidone K17, sodium lau-
ryl sulfate, starch, sucrose, talc, titanium dioxide, and other 
ingredients.

MAnufAcTurinG DirecTions

 1. The rapid-release pellets of diltiazem can be manu-
factured by the following procedure: Rotate 2 kg of 
microgranules composed of sucrose and starch, with 
a particle size of 0.500 to 0.710 mm, in a trough with 
a stainless steel basket that is 450 mm in diameter. 
Spray the rotating mass by means of a membrane-
type proportioning pump with 26 g of a 40% strength 
solution of shellac in ethanol and sprinkle with 80 g 
of diltiazem with a particle size of 40 to 80 mm.

 2. The sustained-release pellets can be manufactured by 
the following procedure: Put 2 kg of saccharose/starch 
pellets, having a particle size between 0.500 and 0.710 
mm, in rotation in a suitable coating pan. Spray the 
rotating mass with 27.2 g of an ethanolic solution con-
taining 9.79 g of shellac and 1.09 g of polyvinylpyr-
rolidone, and add 80 g of diltiazem HCl. Repeat this 
operation 50 times. Coat these pellets with the same 
amount of solution of ethylcellulose N100 and talc, 
respectively, 80 g of 0.5% solution of ethylcellulose 
N100, and 54 g of talc. Repeat this operation 25 times. 
The proportion of soluble versus insoluble coating 
materials can be altered to obtain the best release pro-
file. Test all the formulations for in vitro dissolution, in 
the range of pH between 1 and 7.5, using the method 
described in the USP, paddle apparatus.

Alternate methods of preparing coated beads include first 
preparing beads and then coating them. The plain beads are 
prepared by

Formula 1

Diltiazem hydrochloride 1120.00 g

Lactose 119.00 g

Microcrystalline cellulose 
(Avicel pH101)

140.00 g

Povidone K30 21.00 g

After introducing the powders into a planetary mixer and 
granulating same through the obtained plastic, extrude 
the mass through a cylinder with 1 mm diameter holes 
(Alexanderwork). The small cylinders are rounded so as to 
obtain beads by means of a spheronizer. After drying at 60°C 
for 12 hours, sift the beads and retain the fraction with size 
between 0.7 and 1.4 mm. 1179 g of beads is the approximate 
obtained yield (84%).

Formula 2

Diltiazem HCl 560.00 g

Crodesta F 160 59.50 g

Microcrystalline cellulose 
(Avicel pH101)

70.00 g

Povidone K30 10.50 g
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Introudce the ingredients into a planetary mixer and dry 
mix for approximately 15 minutes. Thereafter, add 100 mL 
purified water, and mix for 10 minutes more until a plastic 
mass is obtained. Extrude this mass through a Fuji Paudal® 
extruder equipped with a 1 mm screen to obtain “spaghetti.” 
Use a spheronizer-type caleva to transform the extruded prod-
uct into beads. After drying for 12 hours on trays in an oven 
at 60°C, sieve the beads to eliminate the ones with a size 
larger than 1.4 mm and with a size smaller than 0.7 mm. The 
amount of beads obtained with sizes between 0.7 and 1.4 mm 
is approximately 639.1 g (yield 91.3%).

Coat the beads prepared previously coated in a STREA-1 
(Aeromatic-Fielder) fluidized bed using the “top spraying” 
technique, and apply 440 g of coating suspension from the 
following composition on 500 g of beads. Thereafter, dry the 
coated beads at 50°C for 16 hours.

Coating Suspension Composition

Magnesium stearate 12.50 g

Titanium dioxide 5.00 g

Povidone K30 5.00 g

Eudragit NE30D 620.00 g

Talc 17.50 g

Water 338.00 g

Simethicone 1.00 g

Tween 80 0.80 g

DIPHENHYDRAMINE 
HYDROCHLORIDE CAPSULES*

Each capsule contains diphenhydramine hydrochloride 25 
mg. Each capsule contains lactose and magnesium stearate. 
The banded capsule shell contains D&C Red No. 28, FD&C 
Red No. 3, FD&C Red No. 40, FD&C Blue No. 1, gelatin, 
glyceryl monooleate, and titanium dioxide.

DIPYRIDAMOLE AND ASPIRIN 
EXTENDED-RELEASE CAPSULES*

This is a combination antiplatelet agent intended for oral 
administration. Each hard gelatin capsule contains 200 mg of 
dipyridamole in an extended-release form and 25 mg of aspi-
rin as an immediate-release sugar-coated tablet. In addition, 
each capsule contains the following inactive ingredients: aca-
cia, aluminum stearate, colloidal silicon dioxide, cornstarch, 
dimethicone, hydroxypropyl methylcellulose, hydroxypropyl 
methylcellulose phthalate, lactose monohydrate, methacrylic 
acid copolymer, microcrystalline cellulose, povidone, stearic 
acid, sucrose, talc, tartaric acid, titanium dioxide, and triac-
etin. Each capsule shell contains gelatin, red iron oxide and 
yellow iron oxide, titanium dioxide, and water.

DIVALPROEX SODIUM CAPSULES*

The sprinkle capsules are for oral administration and contain 
specially coated particles of divalproex sodium equivalent to 
125 mg of valproic acid in hard gelatin capsules. The inac-
tive ingredients in the 125 mg sprinkle capsules are cellulosic 
polymers, D&C Red No. 28, FD&C Blue No. 1, gelatin, iron 
oxide, magnesium stearate, silica gel, titanium dioxide, and 
triethyl citrate.

DIVALPROEX SODIUM COATED 
PARTICLE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

125.00 1 Valproic acid, USE 
divalproex sodium-coated 
particles

134.50

0.53 2 Magnesium stearate 0.53

1.00 3 Silica gel (Syloid 244) 1.00

MAnufAcTurinG DirecTions

 1. Prepare coated particles of divalproex sodium by 
coating with ethylcellulose (34.34 mg), triethyl 
citrate (5.8 mg), and magnesium citrate (35 mg), 
using a mixture of alcohol and acetone in an air 
suspension system; screen particles using 20 and 40 
mesh screens; particles larger than 20 and smaller 
than 40 must be reworked.

 2. Make the granules by wet granulation of divalproex 
sodium and silica gel, using alcohol.

 3. Collect 20 to 40 mesh granules after drying NMT 
50°Cto LOD of NMT 0.5%.

DOFETILIDE CAPSULES*

Each capsule contains the following inactive ingredients: 
microcrystalline cellulose, cornstarch, colloidal silicon diox-
ide, and magnesium stearate. It is supplied for oral adminis-
tration in three dosage strengths: 125 μg (0.125 mg) orange 
and white capsules, 250 μg (0.25 mg) peach capsules, and 500 
μg (0.5 mg) peach and white capsules.

DOXEPIN HYDROCHLORIDE CAPSULES*

Inert ingredients for the capsule formulations are hard gelatin 
capsules (which may contain Blue No. 1, Red No. 3, Red No. 
40, Yellow No. 10, and other inert ingredients), magnesium 
stearate, sodium lauryl sulfate, and starch.
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DOXYCYCLINE CAPSULES*

Available as 100 and 50 mg capsules, they contain doxycy-
cline monohydrate equivalent to 100 or 50 mg of doxycycline 
for oral administration. The inert ingredients are colloidal sil-
icon dioxide, magnesium stearate, microcrystalline cellulose, 
and sodium starch glycolate.

DOXYCYCLINE HYCLATE CAPSULES*

These capsules contain specially coated pellets of doxycy-
cline hyclate for oral administration. They also contain lac-
tose, microcrystalline cellulose, and povidone. The capsule 
shell and band contain FD&C Blue No. 1, FD&C Yellow No. 
6, D&C Yellow No. 10, gelatin, silicon dioxide, sodium lauryl 
sulfate, and titanium dioxide.

DOXYCYCLINE HYCLATE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

122.00 1 Doxycycline hyclate (22% 
excess)

122.00

26.00 2 Microcrystalline cellulose 
(Avicel PH 102)

26.00

4.00 3 Starch (cornstarch dried) 4.00

0.60 4 Sodium lauryl sulfate 0.60

0.60 5 Colloidal silicon dioxide 
(Aerosil 200)

0.60

2.00 6 Magnesium stearate 2.00

— 7 Hard gelatin capsules, Size 
3

1000.00

MAnufAcTurinG DirecTions

Note: Processing should be conducted in a controlled room 
temperature and humidity area. The limits are room tempera-
ture 20°C to 27°C, RH 40% to 45%.

 1. Mix items 1, 2, and 4 in a stainless steel drum. Pass 
the mixed material through a 500 μm sieve using a 
sifter. Collect in stainless steel drum.

 2. Mix items 3, 5, and 6 in a polyethylene bag. Pass the 
mixed material through a 250 μm sieve using a sifter. 
Pass two times. Collect in the polyethylene bag and 
transfer to step 1 in a stainless steel drum.

 3. Mix the material in a drum mixer for 3 minutes.
 4. Take a sample for assay and moisture content.
 5. Load the empty capsule shells (size 3) in the hopper; 

cap and body are ivory opaque.
 6. Run the machine and check the locking of shells. 

Run the machine. Check the fill weight (155 mg) and 

locking of the capsules. Collect the filled capsules 
from polyethylene-lined stainless steel container in 
silica bags and close tightly.

 7. Store the containers in a controlled room tempera-
ture and humidity area. The limits are RH 45% to 
50% at a temperature of 25°C to 27°C.

DOXYCYCLINE HYDROCHLORIDE 
CAPSULES AND ORAL SUSPENSION*

Inert ingredients in the capsule formulations are hard gela-
tin capsules (which may contain Blue No. 1 and other inert 
ingredients; magnesium stearate; microcrystalline cellulose; 
and sodium lauryl sulfate).

EFAVIRENZ CAPSULES*

This is available as capsules for oral administration contain-
ing either 50, 100, or 200 mg of efavirenz as well as the 
following inactive ingredients: lactose monohydrate, mag-
nesium stearate, sodium lauryl sulfate, and sodium starch 
glycolate.

The capsule shell contains the following inactive ingre-
dients and dyes: gelatin, sodium lauryl sulfate, titanium 
dioxide, and yellow iron oxide. The capsule shells may also 
contain silicon dioxide. The capsules are printed with ink 
containing carmine 40 blue, FD&C Blue No. 2, and titanium 
dioxide.

ENALAPRIL MALEATE CAPSULES

Inactive ingredients: magnesium stearate, microcrystal-
line cellulose, and sodium lauryl sulfate. Inert ingredients 
for the oral suspension formulation are carboxymethylcel-
lulose sodium, Blue No. 1, methylparaben, microcrystalline 
cellulose, propylparaben, raspberry flavor, Red No. 28, and 
simethicone.

ENALAPRIL MALEATE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

10.00 1 Enalapril maleate 10.00

235.00 2 Lactose anhydrous 235.00

1.25 3 Magnesium stearate 1.25

MAnufAcTurinG DirecTions

 1. Pass all items through a 60 mesh screen into blender; 
mix for 10 minutes.

 2. Fill 250 mg into size 00 capsules.
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EPLERENONE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

10.00 1 Eplerenone 10.00

306.80 2 Lactose hydrous NF 306.80

60.00 3 Microcrystalline cellulose 
NF

60.00

10.00 4 Talc 10.00

1.20 5 Croscarmellose sodium NF 1.20

2.00 6 Sodium lauryl sulfate NF 2.00

2.00 7 Colloidal silicon dioxide 
NF

2.00

1.20 8 Magnesium stearate NF 1.20

* adjust for higher dose fill.

MAnufAcTurinG DirecTions

 1. Total capsules fill weight is 400 mg inhard white 
opaque gelatin capsules

ERYTHROMYCIN AND BROMHEXINE 
POWDER FOR SUSPENSION

Bill of Materials

Scale 
(mg/5 mL) Item Material Name Qty/l (g)

21.00 1 Sodium 
carboxymethylcellulose

0.42

6.55 2 Dye red 0.131

4735.00 3 Sugar granular 39075 mesh 94.70

2650.00 4 Sodium citrate dihydrate 53.00

659.00 5 Sodium 
carboxymethylcellulose 
high viscosity

13.18

393.50 6 Magnesium aluminum 
silicate Veegum F

7.87

78.50 7 Saccharin sodium dihydrate 1.57

200.00 8 Erythromycin, USE 
erythromycin 
ethylsuccinatea citrate 
washed

123.58

0.80 9 Bromhexine, USE 
bromhexine hydrochloride

2.10

QS 10 Flavor 3.95

QS 11 Water purified, ca 67 mL

a Erythromycin ethylsuccinate is factored = (123.58 × 850)/potency, µg/g.

MAnufAcTurinG DirecTions

 1. Granulation
 a. Dissolve the sodium carboxymethylcellulose 

(item 1) and the dye in approximately 67 mL of 
purified water with heat while stirring. Allow to 
cool. Ensure that the sodium carboxymethylcel-
lulose is completely in solution.

 b. Pass sugar cane through a 2.38 mm aperture 
screen using an oscillating granulator.

 c. Pass the following through a 1.27 mm aper-
ture or similar screen: sodium CMC (item 5), 
Veegum F, sodium saccharin, bromhexine HCl, 
and erythromycin ethylsuccinate. Use a Fitz mill 
or a similar mill, high speed, impact forward.

 d. Load the ingredients from steps B and C into the 
mixer and blend for 30 minutes.

 e. Mass with the solution from step A. If necessary, 
add purified water to form a cohesive granule 
with even color dispersion.

 f. If necessary, pass the wet mass through a 4.76 mm 
aperture screen and spread on stainless steel trays.

 g. Load trays of granulation into the oven and dry 
at 49°C to LOD of less than 0.5% (60°C/5 mm). 
Note: Stir granulation during drying.

 h. Allow granulation to cool in low humidity area 
before passing through a 1.7 mm aperture screen.

 Note: Precooling in a low humidity area prevents 
condensation when later packed in polyethylene-
lined bags.

 i. Request samples.
 j. Load part of dry granulation and sodium citrate 

into a mixer. Slowly add flavor while mixing. 
Mix for a few minutes. Hand screen through a 
1.2 mm aperture screen.

 k. Load the screened granulation into a suitable 
blender and add flavor mixture from step j. Mix 
well (approximately 30 minutes).

 l. Take samples.
 m. Discharge blended granulation into tared poly-

ethylene-lined drums; seal and weigh. Store 
until needed for filling.

 2. Finishing
 a. At filling, weight for a 60 mL bottle should be 

22.85 g, weight for a 100 mL bottle should be 
39.08 g.

ERYTHROMYCIN AND SULFISOXAZOLE 
GRANULES FOR SUSPENSION

Bill of Materials

Scale 
(mg/5 mL) Item Material Name Qty/kg (g)

180.63 1 Sodium citrate dihydrate 66.90
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600.00 2 Sulfisoxazole, USE 
sulfisoxazole acetyl

222.30

13.50 3 Sodium 
carboxymethylcellulose 
high viscosity

5.00

10.80 4 Magnesium aluminum 
silicate Veegum F

4.00

5.40 5 Citric acid 2.00

0.54 6 Polaxamer 188 (Pluronic 
F68)

0.20

200.00 7 Erythromycin, USE 
erythromycin ethylsucci-
nate citrate washeda 
(850 μg/mg) 5% excess

75.29

1661.28 8 Sucrose 615.29

QS 9 Water purified 55 mL

7.56 10 Flavor 2.80

3.24 11 Flavor 1.20

10.80 12 Flavor 4.00

2.70 13 Ammonium glycyrrhizinate 1.00

a Factored according to potency. Adjust with sugar.

MAnufAcTurinG DirecTions

 I. Premixing
  Note: This milling step is hazardous. Caution: 

Equipment must be grounded or bonded.
 A. Mill sodium citrate, sodium carboxymethyl-

cellulose, magnesium aluminum silicate, citric 
acid, poloxamer, and erythromycin ethylsucci-
nate through a No. 2 band (1.59 mm aperture) 
using a Fitz mill or similar mill, at high speed, 
impact forward.

 B. Load milled materials from step A into a suit-
able blender. Mix for 15 minutes.

 C. Screen the sulfisoxazole acetyl through a 4.76 
mm aperture screen and add to the blender. 
Blend for 15 minutes.

 D. Discharge blender into polyethylene-lined drums.
 II. Granulation
 A. Load mass mixer with the premix blend. Add the 

sucrose to the mixer by hand screening through 
a 2.00 mm aperture screen. Dry mix for not less 
than 5 minutes.

 B. QS to mass using approximately 51 mL of puri-
fied water.

 C. Granulate the wet mass through a ⅝-in band 
(15.88 mm aperture or similar) on a rotary gran-
ulator or similar granulator. Spread on paper-
lined trays, no more than one scoopful per tray. 
Place granulation in oven set at 49°C.

 D. Dry to NMT 0.7% LOD.
 E. Sift dried granulation through a 1.19 mm aper-

ture screen and grind coarse granulation through 

a No. 2 AA band (1.98 mm aperture or similar) 
in a Fitz mill or a similar mill, medium speed, 
knives forward into polyethylene-lined drums.

 III. Blending
 A. Load approximately one-half of the granulation 

from step II-E into a suitable blender.
 B. Screen flavors and ammonium glycyrrhizinate 

through a 600 μm aperture screen into a portion 
of the granulation; mix and add to the blender.

 C. Add the remaining granulation into the blender. 
Blend for 20 minutes.

 D. Dispense mixture into polyethylene-lined drums.
 IV. Finishing
 A. Fill into suitable approved bottles at a theoreti-

cal weight of 62.5 g/100 mL, requiring approxi-
mately 50 mL of water for reconstitution.

ERYTHROMYCIN DELAYED-RELEASE CAPSULES*

Erythromycin delayed-release capsules contain enteric-
coated pellets of erythromycin base for oral administration. 
Each erythromycin delayed-release capsule contains 250 mg 
of erythromycin base. The inactive ingredients are cellulosic 
polymers, citrate ester, D&C Red No. 30, D&C Yellow No. 
10, magnesium stearate, and povidone. The capsule shell con-
tains FD&C Blue No. 1, FD&C Red No. 3, gelatin, and tita-
nium dioxide.

ERYTHROMYCIN DELAYED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Erythromycin, USE 
erythromycin 66.7% 
pellets (label claim is 667 
mg/g)

375.00a

— 2 Empty hard gelatin 
capsules, Size 0

1000.00

a Quantity of pellets for 1000 capsules will be adjusted based on the pellets’ 
assay results.

MAnufAcTurinG DirecTions

Note: Processing should be done under controlled room 
temperature and relative humidity. The limits are room tem-
perature 20°C to 25°C, RH 40% to 45%.

 1. Load the empty capsule shells (size 0) in the hopper.
 2. Fill.
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ERYTHROMYCIN ETHYLSUCCINATE 
FOR ORAL SUSPENSION

Bill of Materials

Scale 
(mg/5 mL) Item Material Name

Qty/1 kg (19 
units) (g)

125.00 1 Erythromycin 
ethylsuccinatea

55.860

2168.00 2 Sucroseb 823.840

250.25 3 Sodium citrate 95.095

2.97 4 Saccharin sodium 1.128

0.27 5 FD&C Red No. 40 0.104

1.43 6 Carmellose sodium 
(sodium CMC 7 MFD)

0.543

21.45 7 Simethicone emulsion 30% 
(simethicone M30)

8.151

12.98 8 Xanthan gum 4.932

6.27 9 Cherry dry flavor 2.382

— 10 Purified water 15.200

a Potency: 850 μg/mg, as is.

b Sucrose quantity to be adjusted accordingly. The weight of sucrose may be 
adjusted to compensate for potency variation of erythromycin ethylsucci-
nate to maintain the standard batch size (1 kg). Fill weight: 52.5 g for 100 
mL pack.

MAnufAcTurinG DirecTions

Precautions: Handle erythromycin ethylsuccinate care-
fully to avoid any cross-contamination. The processing area 
must be under controlled room temperature and humidity. 
The limits are RH: 45% to 55%, temperature: 23°C to 25°C.

 1. Preparation of solution: Dissolve item 5 in item 10 
(25–30°C). Add item 6 slowly while stirring with 
stirrer at medium speed until gel is formed. Check 
the weight; theoretical weight is 15.84 g. If required, 
adjust with item 10.

 2. Dry mixing: Pass item 2 (calculated quantity) 
through sifter using a 900 μm sieve. Crush the larger 
crystals of item 2 using a Fitz mill, impact forward, 
high speed.

 3. Load item 2 from step 2 into the mixer and start 
mixing at high speed. Add item 7 while mixing. Mix 
for 10 minutes with the mixer and chopper at high 
speed.

 4. Mix items 3, 4, 8, 1, and the mixture from step 3 in a 
clean, dry stainless steel container using a clean, dry 
stainless steel scoop.

 5. Pass the material through a Fitz mill, impact for-
ward, high speed.

 6. Add the milled material to the mixer; mix for 5 min-
utes with the mixer and chopper at high speed.

 7. Scrape down the sides and blades and again mix for 
2 minutes with the mixer and chopper at high speed.

 8. Wet granulation: Very slowly add the solution from 
step 1 to step 5 in mixer. Mix at low speed, until 
a satisfactory mass is obtained. Mix and chop for 1 
minute only. Do not overwet the mass.

 9. Drying: Dry the wet granules in the fluid-bed dryer 
at 55°C to reach an LOD of no more than 0.4%.

 10. Grinding: Pass the dried granules through a 1 mm 
sieve using a Frewitt® granulator. Collect in a stain-
less steel drum.

 11. Final mixing: Pass item 9 through 250 μm sieve 
using a sifter. Collect in a polyethylene-lined bag.

 12. Load sieved material from step 8 into the blender.
 13. Add sieved flavor (item 9) from step 11 to the blender.
 14. Blend the powders for 5 minutes.
 15. Unload the blended powder in stainless steel drums.

ERYTHROMYCIN ETHYLSUCCINATE FOR 
ORAL SUSPENSION (200 MG/5 ML)

Bill of Materials

Scale 
(mg/5 mL) Item Material Name

Qty/1 kg (18 
Units) (g)

200.00 1 Erythromycin, USE 
erythromycin 
ethylsuccinatea

89.3700

1342.00 2 Sucrose 483.1200

880.00 3 Sucroseb 316.8000

250.25 4 Sodium citrate 90.0900

2.97 5 Saccharin sodium 1.0692

0.27 6 FD&C Red No. 40 0.0990

1.43 7 Carmellose sodium 
(Sodium CMC 7 MFD)

0.5148

21.45 8 Simethicone emulsion 30% 
(simethicone M30)

7.7220

12.98 9 Xanthan gum 4.6728

6.27 10 Cherry dry flavor 2.2572

— 11 Purified water 15.8400

a Potency: 850 μg/mg, as is.

b The weight of sucrose may be adjusted to compensate for potency variation 
of erythromycin ethylsuccinate to maintain the standard batch size (1 kg). 
Fill weight: 55 g for 100 mL pack.

ERYTHROMYCIN STEARATE 
FOR ORAL SUSPENSION

Bill of Materials

Scale (mg/
mL) Item Material Name Qty/L (g)

25.00 1 Erythromycin stearate 600 
μg/mg, 5% excess

43.75

1.00 2 Methylparaben 1.00

0.20 3 Propylparaben 0.20
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10.00 4 Magnesium aluminum 
silicate

10.00

1.15 5 Sodium 
carboxymethylcellulose 
(CMC), low viscosity

1.15

4.00 6 Alcohol 190 proof 4.00

120.00 7 Sodium citrate dihydrate 120.00

0.20 8 Saccharin sodium 0.20

700.00 9 Sugar granular 700.00

0.07 10 Yellow dye 0.07

2.76 11 Chocolate flavor 2.76

0.54 12 Orange flavor 0.54

1.25 13 Sodium lauryl sulfate 1.25

QS 14 Water purified QS

MAnufAcTurinG DirecTions

 I. Mixing
 A. Place sodium CMC and 40 g of sugar in a mix-

ing drum. (If using alcohol, add it to the drum 
to wet the mixture and indicate use on the work 
order.) Roll for 2 hours to blend.

 B. Measure 350 mL of purified water into a jack-
eted mixing tank and heat the water to 95°C. 
Maintain at this temperature.

 C. Add methylparaben to the water at 95°C. Stir 
until completely dissolved.

 D. Add propylparaben to the solution at 95°C. Stir 
until completely dissolved.

 E. Cool to 60°C and maintain temperature. Stir 
the solution and slowly sprinkle in Veegum. Stir 
until Veegum is completely dispersed. Check 
by passing quantity of the batch through a 350 
μm aperture or similar screen and watch for any 
undissolved residue.

 F. While stirring, add the blended powders from 
step A slowly to the solution. Stir until com-
pletely dissolved. Screen a quantity through a 
350 μm aperture or similar screen to check for 
undissolved sodium CMC.

 G. Maintain the batch at 50°C to 55°C and gradu-
ally add the remaining sugar (item 9) with stir-
ring. Stir until completely dissolved. Check for 
any undissolved sugar by passing a quantity of 
the bulk through a 350 mm aperture or similar 
screen.

 H. Dissolve the saccharin sodium in approximately 
5 mL of purified water and add the solution to 
the batch.

 I. While stirring, add the sodium citrate to the 
batch. Stir under maximum vacuum until com-
pletely dissolved. Check by passing a quantity of 
the bulk through a 350 mm aperture or similar 
screen.

 J. Dissolve FD&C Yellow No. 6 in approximately 5 
mL of purified water and add the solution to the 

batch. Cool the batch to 30°C (chilled water may 
be used).

 K. In a separate tank, stir approximately 85 mL of 
purified water and slowly, taking care to avoid a 
vortex, add and dissolve sodium lauryl sulfate. 
When dissolved, gradually sprinkle in the eryth-
romycin stearate and mix into a smooth slurry. 
Mix for half an hour.

 L. While stirring the batch from step J, slowly add 
the slurry from step K. Take care not to aerate 
the batch. Wash thoroughly into the batch with 
approximately 10 mL of purified water.

 M. With continual stirring, add the flavors (items 11 
and 12) to the batch.

 N. Pass the whole batch through a homogenizing 
mill using a suitable setting such that crystal 
fracture is minimized. Rinse the mill with puri-
fied water and add the rinsing to the batch.

 O. Return the milled batch back into the mix-
ing tank. Gradually increase the application of 
vacuum as allowed by the level in the tank. Stir 
under a 28 in Hg vacuum for 1 hour. Adjust the 
batch volume to 1 L using purified water.

 P. Repeat step O until the volume is constant and 
specific gravity meets specifications.

ERYTHROMYCIN STEARATE 
FOR ORAL SUSPENSION

Bill of Materials

Scale (mg/
mL) Item Material Name Qty/l (g)

25.00 1 Erythromycin stearate 600 
μg/mg, 5% excess

43.75

1.00 2 Methylparaben 1.00

0.20 3 Propylparaben 0.20

2.00 4 Xanthan gum 2.00

120.00 5 Sodium citrate dihydrate 120.00

0.20 6 Saccharin sodium 0.20

100.00 7 Sorbitol solution 100.00

4.50 8 Antifoam emulsion Dow 
Corning

4.50

0.07 9 Dye yellow 0.07

2.76 10 Flavor chocolate 2.76

700.00 11 Sugar granular 700.00

0.54 12 Flavor orange 0.54

1.25 13 Sodium lauryl sulfate 1.25

QS 14 Water purified QS

MAnufAcTurinG DirecTions

 I. Mixing
 A. Heat 600 mL of purified water in a jacketed mix-

ing tank to 95°C to 100°C.
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 B. Add the methylparaben and propylparaben and 
mix to dissolve.

 C. Withdraw the following preserved purified 
water:

 1. 200 mL and dissolve the sodium citrate.
 2. 150 mL and dissolve the sodium lauryl 

sulfate.
 3. 5 mL and dissolve the sodium saccharin and 

the dye yellow.
 D. In a plastic bag, mix together the xanthan gum 

and 20 g of sucrose (item 11) for 10 minutes.
 E. Maintaining the batch at 50°C to 60°C while 

mixing, slowly add the dry mixture from step D 
until a clear gel is obtained.

 F. Add the sorbitol and mix.
 G. While mixing, slowly add the solution obtained 

from step C-1.
 H. Add the disperse 380 g of sucrose (item 11) while 

mixing. Make sure that the temperature will not 
go over 60°C. Stop heating when all dissolved.

 I. Without producing the vortex, add erythromy-
cin stearate to the solution from step C-2 and 
continue mixing until smooth slurry is formed. 
Continue mixing for 15 to 30 minutes and then 
pass slurry through a homogenizer. Add the anti-
foam C to the slurry and mix; rinse the homog-
enizer with purified water and add the rinsings to 
the slurry. Mix.

 J. While mixing, add the slurry obtained from step 
I to the batch; rinse the vessel with 5 mL of puri-
fied water and add the rinsings to the batch.

 K. Add and disperse the solution from step C-3 and 
continue mixing.

 L. Mix under vacuum for 1 hour. Release the vac-
uum and record the volume. Caution: Do not 
adjust volume at this stage.

 M. Repeat step L until no further volume change is 
noticed.

 N. Add the flavors (items 10 and 11) and bring to 
volume with purified water.

ERYTHROPOIETIN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

14000 IU 1 Erythropoietina 140000000IU

0.047 2 Dimyristoyl phosphatidyl 
choline

0.047

3.42 3 Aprotininb 3.42

3.78 4 Hydroxypropyl 
cellulose-LF

3.78

3.78 5 Polyoxy-40 stearate 
Myrj-52®

3.78

141.1 6 Polyethylene glycol 400 141.1

15.72 7 Propylene glycol 15.72

8.83 8 Phosphate buffer 8.83

31.49 9 Cholesterol 31.49

17.72 10 Tween 80 17.72

63.68 11 Egg yolk lecithin 63.68

28.15 12 Glyceryl amino oleate 28.15

19.78 13 d-Alpha Tocopherol 19.78

251.42 14 Oleic acid 251.42

a Erythropoietin: 1000 IU = 8 ìg
b Aprotinin: 7500 KIU = 1 mg

MAnufAcTurinG DirecTions

 1. The overall method is as follows: Slowly disperse 
the high HLB surfactant polyoxy-40 stearate into 
the mixture of polyethylene glycol 400 and propyl-
ene glycol. Once it dissolves, add hydroxypropyl 
cellulose as a stabilizer, and slowly disperse into the 
above mixture. Make a separate solution of the pro-
teinaceous material along with the phospholipid and 
the protease inhibitor in a portion of the above sol-
vent mixture. The solution can then be added to the 
PEG/PG mixture at room temperature. The amount 
of any water is limited to 5% of the polyol solvent. 
When using the water solution, use citrate buffer to 
maintain the pH at a point where the protein is most 
stable. For erythropoietin, the pH can be adjusted 
to 7.0 to 7.5 with a phosphate buffer. The amount 
of aqueous buffer solution would still be 5% of the 
hydrophilic phase. At a pH of 7.0 to 7.5, erythropoie-
tin has its maximum stability. It is known that in for-
mulating proteins, the pH of the formulation should 
be distant from the iso-electric point of the protein, 
which would not precipitate the protein from the 
solution. Separately, mix together the ingredients of 
the lipid solvent. Under gentle and constant stirring, 
disperse the polyol solution with the lipid solution.

 2. Slowly disperse the surfactant (polyoxy-40 stearate) 
into a mixture of polyethylene glycol and propylene 
glycol. Once it is dissolved, add small amounts of 
hydroxypropyl cellulose and disperse into the same 
mixture. Dissolve erythropoietin in the phosphate 
buffer/water/saline, along with aprotinin and dimy-
ristoyl phosphatidyl choline. The aqueous solution 
is then added to the polyethylene glycol mixture at 
room temperature. The pH of the solution should be 
adjusted at 7.5 for maximum stability.

 3. In a separate vessel, dissolve all the lipid-liking 
ingredients in oleic acid. Slowly add cholesterol to 
achieve faster dissolution. Once both the phases are 
ready, slowly add the lipid solution to polyol solu-
tion while mixing at low speed. Preferably, the ves-
sel should be ice jacketed because mixing produces 
heat. Once the mixing is achieved, a transparent 
yellowish-brown preemulsion solution is obtained.
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 4. Fill the preemulsion solution into a size 0 hard gela-
tin capsule and seal the capsule with a band of gela-
tin solution. The banding helps to coat the capsule 
uniformly.

 5. Coat the capsule with a 10% hydroxypropyl meth-
ylcellulose solution as an undercoat. The amount of 
coat required is sufficient just enough to cover the 
capsule uniformly with a thin layer of the polymer 
coat. Usually, a 3.5% to 4.5% weight gain of the cap-
sule is a good indication of the amount required as an 
undercoat.

 6. Once the capsule is coated with an undercoat, apply 
an enteric coating. For enteric coating purposes dif-
ferent polymers such as hydroxypropyl methylcellu-
lose, hydroxypropyl methylcellulose phthalate, and 
cellulose acetate phthalate are used.

 7. Anionic copolymers that are based on methacrylic 
acid and methyl methacrylate, commercially avail-
able as Eudragit, are also suitable polymers for 
enteric coating purposes. Dissolve the polymer in 
organic solvents such as ethyl alcohol, methyl alco-
hol, acetone, isopropyl alcohol. A combination of 
two solvents can also be used. The amount of enteric 
coating solution required is 5% to 6% of the weight 
gain of the capsules from the original weight of the 
capsules before applying an enteric coat.

  A typical enteric coating solution is made as fol-
lows: methacrylic acid and Methacrylate copolymer 
10% w/w, diethyl butyl phthalate (plasticizer) 2% 
w/w, acetone 22% w/w, isopropanol 66% w/w.

 8. Mix acetone and isopropanol. Add the polymer 
slowly with constant mixing. Once the polymer is 
dissolved, add the plasticizer slowly and let it dis-
solve. For a size 0 capsule, the previously mentioned 
enteric coating solution can be sprayed using fluid-
izing bed techniques. The fluid bed sprayer/dryer is 
operated with the following parameters.

ESOMEPRAZOLE MAGNESIUM CAPSULES*

Each delayed-release capsule contains 20 or 40 mg of esome-
prazole (present as 22.3 or 44.5 mg esomeprazole magnesium 
trihydrate) in the form of enteric-coated pellets with the fol-
lowing inactive ingredients: glyceryl monostearate 40 to 50, 
hydroxypropyl cellulose, hydroxypropyl methylcellulose, 
magnesium stearate, methacrylic acid copolymer type C, 
polysorbate 80, sugar spheres, talc, and triethyl citrate. The 
capsule shells have the following inactive ingredients: gela-
tin, FD&C Blue No. 1, FD&C Red No. 40, D&C Red No. 28, 
titanium dioxide, shellac, ethyl alcohol, isopropyl alcohol, 
N-butyl alcohol, propylene glycol, sodium hydroxide, polyvi-
nyl pyrrolidine, and D&C Yellow No. 10.

ESTRAMUSTINE PHOSPHATE CAPSULES*

The capsules are white and opaque, each containing estra-
mustine phosphate sodium as the disodium salt monohydrate 

that is equivalent to 140 mg estramustine phosphate for oral 
administration. Each capsule also contains magnesium stea-
rate, silicon dioxide, sodium lauryl sulfate, and talc. Gelatin 
capsule shells contain titanium dioxide.

ETHOSUXIMIDE CAPSULES*

Each capsule contains 250 mg ethosuximide and the inac-
tive ingredient polyethylene glycol. The capsule contains 
D&C Yellow No. 10; FD&C Red No. 3, gelatin, glycerin, and 
sorbitol.

ETODOLAC CAPSULES*

The inactive ingredients in the capsules are cellulose, gelatin, 
iron oxides, lactose, magnesium stearate, povidone, sodium 
lauryl sulfate, sodium starch glycolate, and titanium dioxide.

Flow rate: 1.5 mL/min
Inlet air temperature: 25°C
Outlet air temperature: 25°C
Air flap: 35 Atomizer: 2 bar

A size 0 capsule after the enteric coating will typically have 
the following composition: preemulsion solution: 0.589 g, 
undercoat polymer: 0.027 g, enteric coat polymer: 0.032 g, 
0.648 g.

FELBAMATE FOR ORAL SUSPENSION*

The inactive ingredients for felbamate suspension (600 mg/5 
mL) are sorbitol, glycerin, microcrystalline cellulose, carboxy 
methylcellulose sodium, simethicone, polysorbate 80, meth-
ylparaben, saccharin sodium, propylparaben, FD&C Yellow 
No. 6, FD&C Red No. 40, flavorings, and purified water.

FENOFIBRATE CAPSULES*

Each capsule contains 67, 134, or 200 mg of micronized 
fenofibrate. Each capsule also contains the following inactive 
ingredients: crospovidone, iron oxide, lactose, magnesium 
stearate, pregelatinized starch, sodium lauryl sulfate, and tita-
nium dioxide.

Fenofibrate Capsules

 1. According to the preparation example I in Japanese 
Examined Patent Publication No. Hei 7–14876 (here-
inafter referred to “PREPARATION I”), prepare 
granules via a co-micronizing process of fenofibrate 
and sodium lauryl sulfate.

 2. The formulation used is as follows (in a capsule; total 
amount: 250 mg): Fenofibrate 200 mg, sodium lauryl 
sulfate 7 mg, lactose 3 mg, magnesium stearate 3 mg, 
alpha, modified starch 30 mg, crospovidone 7 mg.

 3. Fill the granules thus obtained into size No. 2 
capsules.
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FENOFIBRATE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 Fenofibrate micronized 
(5 mm)

100.00

2.00 2 Sodium lauryl sulfate 2.00

100.00 3 Polyvinylpyrrolidone K 25, 
100–400 mm

100.00

QS 4 Water purified 1750.00

114.28 5 Lactose monohydrate, 
100–400 mm

114.28

Note: This formulation is expected to provide enhanced bioavailability of 
item 1, thus the dose may be reduced by 33% for all strengths.

MAnufAcTurinG DirecTions

 1. Examine item 1 using a Coulter® counter to make 
sure 90% of particles are within the 5 mm range.

 2. Add and dissolve item 2 in item 4; item 1 is then added 
to make a smooth suspension using a high-speed stir-
rer and then passing it through a high-speed mill.

 3. Add item 3 while agitating until it is dissolved and 
ensure that no agglomerates are present.

 4. Pass step 3 through a 350 μm sieve.
 5. Separately, item 5 is loaded in a fluid-bed granulator 

and brought into suspension and the temperature is 
raised to 40°C.

 6. Add step 3 into step 5 gradually at a spraying pressure of 
2.1 bar, air throughput of 70 m3/h, air inlet temperature 
of 45°C, air outlet temperature of 33°C, product tem-
perature of 34°C, and a spraying duration of 3 hours.

 7. Fill the granulate thus obtained into a suitable size 
capsule.

FEXOFENADINE HYDROCHLORIDE CAPSULES*

Each capsule contains 60 mg of fexofenadine hydrochloride 
and the following excipients: croscarmellose sodium, gelatin, 
lactose, microcrystalline cellulose, and pregelatinized starch. 
The printed capsule shell is made from gelatin, iron oxide, 
silicon dioxide, sodium lauryl sulfate, titanium dioxide, and 
other ingredients.

FEXOFENADINE HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

60.00 1 Fexofenadine 
hydrochloridea

60.00

141.00 2 Microcrystalline cellulose 141.00

141.00 3 Lactose 141.00

40.00 4 Pregelatinized starch 40.00

20.00 5 Croscarmellose sodium 20.00

14.70 6 Gelatin capsules 14.70

a Particle surface area of 2–4 m2/g.

MAnufAcTurinG DirecTions

 1. Combine fexofenadine hydrochloride (item 1), 
microcrystalline cellulose (item 2), lactose (item 3), 
and pregelatinized starch (item 4), and blend in a 
mixer for 5 minutes.

 2. To this mixture, add a solution of gelatin (item 6) in 
purified water (prepared by adding the gelatin to the 
water and heating the dispersion with mixing until 
solution of the gelatin is attained) and continue mix-
ing until a good granulation is formed.

 3. Pass the granulation through a 0.375 in screen and 
dry at 60°C until moisture content of less than 3.0% 
is achieved as determined by a Computrac moisture 
balance at 125°C.

 4. Mill the dried granulation through a 0.065 in screen.
 5. To the granulation, add croscarmellose sodium and 

mix for approximately 10 minutes.
 6. Fill the granulation into size 0 hard gelatin capsules 

to a total fill weight of 416.7 mg granulation per 
capsule.

FLUCONAZOLE FOR ORAL SUSPENSION*

The oral suspension contains 350 or 1400 mg of fluconazole 
and the following inactive ingredients: sucrose, sodium citrate 
dihydrate, citric acid anhydrous, sodium benzoate, titanium 
dioxide, colloidal silicon dioxide, xanthan gum, and natural 
orange flavor. After reconstitution with 24 mL of distilled 
water or purified water, each milliliter of reconstituted sus-
pension contains 10 or 40 mg of fluconazole.

FLUCYTOSINE CAPSULES*

Each capsule also contains cornstarch, lactose, and talc. 
Gelatin capsule shells contain parabens (butyl, methyl, propyl) 
and sodium propionate, with the following dye systems: 250 mg 
capsules contain black iron oxide, FD&C Blue No. 1, FD&C 
Yellow No. 6, D&C Yellow No. 10, and titanium dioxide; 500 
mg capsules contain black iron oxide and titanium dioxide.

FLUOXETINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

20.00 1 Fluoxetine, USE fluoxetine 
hydrochloride

22.36
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80.14 2 Starch (cornstarch) 80.14

10.00 3 Simethicone, USE 
simethicone M30

35.00

42.00 4 Starch (cornstarch dried) 42.00

0.50 5 Colloidal Silicon dioxide 
(Aerosil 200)

0.50

1.00 6 Empty hard gelatin 
capsule, shell size 3

1000.00

MAnufAcTurinG DirecTions

Note: The processing area must be under controlled room 
temperature and humidity. The limits are RH 40% to 50%, 
temperature NMT 27°C.

 1. Dry powder mixing
 A. Sift items 1 and 2 through a stainless steel sieve 

(630 μm) in a sifter.
 B. Load the powder mix in the mixer. Mix for 5 

minutes at low speed.
 2. Wet massing
 A. Add item 3 suspension into the powder mix while 

mixing at low speed for 3 minutes. Scrape sides 
and blades. Mix for another 3 minutes at low speed.

 3. Drying and grinding
 A. Spread the moist mass thinly on stainless steel 

trays. Break the big lumps if any.
 B. Dry the mass in oven at 55°C for 10 hours.
 C. Check LOD (limit between 1.5% and 2.0%). If 

required, dry further for 1 hour.
 D. Grind the dried granules through a granulator 

using a stainless steel sieve (1 mm). Collect in a 
stainless steel drum.

 4. Lubrication
 A. Sift items 4 and 5 through a stainless steel sieve 

(500 μm) using a sifter. Collect in a stainless 
steel drum. Add into the drum blender (step III-
D). Mix for 5 minutes.

 B. Unload the final blend.
 5. Take sample for analyzing fluoxetine hydrochloride 

content in the granules to fill. Note: Encapsulation is 
recommended within 7 days after lubrication.

FLUOXETINE HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

20.00 1 Fluoxetine, USE fluoxetine 
hydrochloride

22.40

160.00 2 Talc 160.00

100.00 3 Starch dried 100.00

4.00 4 Magnesium stearate 4.00

1.00 5 Aerosil 200 1.00

MAnufAcTurinG DirecTions

 1. Mix items 1 to 5 in a suitable blender after passing 
through a 60 mesh screen.

 2. Mix for 30 minutes.
 3. Fill 350 mg into size 2 capsules.

FLUOXETINE HYDROCHLORIDE 
INSTANT AND WEEKLY CAPSULES*

Each capsule contains fluoxetine hydrochloride equivalent 
to 10 mg (32.3 mmol), 20 mg (64.7 mmol), or 40 mg (129.3 
mmol) of fluoxetine. The Pulvules also contain starch, gela-
tin, silicone, titanium dioxide, iron oxide, and optionally other 
inactive ingredients. The 10 and 20 mg Pulvules also contain 
FD&C Blue No. 1 and the 40 mg Pulvule also contains FD&C 
Blue No. 1 and FD&C Yellow No. 6. The capsules intended 
for weekly administration, a delayed-release formulation, 
contain enteric-coated pellets of fluoxetine hydrochloride 
equivalent to 90 mg (291 mmol) of fluoxetine. The capsules 
also contain FD&C Yellow No. 10, FD&C Blue No. 2, gelatin, 
hydroxypropyl methylcellulose, hydroxypropyl methylcellu-
lose acetate succinate, sodium lauryl sulfate, sucrose, sugar 
spheres, talc, titanium dioxide, triethyl citrate, and optionally 
other inactive ingredients.

FLUTAMIDE CAPSULES*

Each capsule contains 125 mg of flutamide. The inactive 
ingredients include cornstarch, lactose, magnesium stearate, 
povidone, and sodium lauryl sulfate. Gelatin capsule shells 
may also contain benzyl alcohol, butylparaben, colloidal sili-
con dioxide, edetate calcium disodium, methylparaben, pro-
pylparaben, and sodium propionate, as well as the following 
dye systems: FD&C Blue No. 1, FD&C Red No. 3, FD&C 
Yellow No. 6, titanium dioxide, and black ink.

FLUTICASONE PROPIONATE AND SALMETEROL 
XINAFOATE INHALATION POWDER*

This is a combination of fluticasone propionate and salme-
terol xinafoate. These are specially designed plastic devices 
containing a double-foil blister strip of a powder formulation 
of fluticasone propionate and salmeterol xinafoate intended 
for oral inhalation only. Each blister on the double-foil strip 
within the device contains 100, 250, or 500 μg of microfine 
fluticasone propionate and 72.5 μg of microfine salmeterol 
xinafoate salt, equivalent to 50 μg of salmeterol base, in 12.5 
mg of formulation containing lactose. Each blister contains 
one complete dose of both medications. After a blister con-
taining the medication is opened by activating the device, 
the medication is dispersed into the air stream created by the 
patient inhaling through the mouthpiece. Under standard-
ized in vitro test conditions, it delivers 93, 233, and 465 μg of 
fluticasone propionate and 45 μg of salmeterol base per blis-
ter, respectively, when tested at a flow rate of 60 L/min for 2 
seconds.
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FLUVASTATIN SODIUM CAPSULES*

This is supplied in capsules containing fluvastatin sodium, 
equivalent to 20 or 40 mg of fluvastatin, for oral adminis-
tration. The inactive ingredients in the capsules are gelatin, 
magnesium stearate, microcrystalline cellulose, pregela-
tinized starch (corn), red iron oxide, sodium lauryl sulfate, 
talc, titanium dioxide, and yellow iron oxide. Capsules may 
also include benzyl alcohol, black iron oxide, butylparaben, 
carboxymethylcellulose sodium, edetate calcium disodium, 
methylparaben, propylparaben, silicon dioxide, and sodium 
propionate.

FLUVASTATIN SODIUM CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

20.00 1 Fluvastatin 20.00

62.84 2 Calcium carbonate heavy 
precipitated

62.84

2.00 3 Sodium bicarbonate 2.00

23.35 4 Microcrystalline cellulose 
Avicel PH102

23.35

20.95 5 Pregelatinized starch 
(starch 1500)

20.95

QS 6 Water purified QS

33.88 7 Microcrystalline cellulose 33.38

20.95 8 Pregelatinized starch 20.95

9.43 9 Talc 9.43

1.05 10 Magnesium stearate 1.05

MAnufAcTurinG DirecTions

 1. Mix fluvastatin (item 1), sodium bicarbonate 
(item 3), calcium carbonate (item 2), microcrys-
talline cellulose (item 4), and pregelatinized 
starch (item 5) for 5 minutes and pass the mixture 
through a 40 mesh screen and blend for another 3 
minutes.

 2. Add water to the mixture while blending for about 4 
minutes to form a wet granulation.

 3. Dry the wet granulation in a fluid bed dryer at 50°C 
inlet temperature to a loss on drying of 1.59%.

 4. Pass the dried granules through a 20 mesh screen 
and blend with the microcrystalline cellulose and 
pregelatinized starch set-asides (items 7 and 8) for 
approximately 10 minutes.

 5. Add talc and magnesium stearate (each prescreened 
on a 60 mesh bolting cloth) to the mixture while 
blending for approximately 5 minutes. The resulting 
composition has a loss on drying of 2.65%.

 6. Fill a blue opaque capsule with the composition and 
polish manually with salt.

FORMOTEROL FUMARATE 
INHALATION POWDER*

This consists of a capsule dosage form containing a dry pow-
der formulation of formoterol fumarate intended for oral 
inhalation only with the AerolizerJ® inhaler. Each clear, hard 
gelatin capsule contains a dry powder blend of 12 μg of for-
moterol fumarate and 25 mg of lactose as a carrier. The active 
component is formoterol fumarate—a racemate.

FORMOTEROL FUMARATE INHALER CAPSULES*

The inhaler consists of a capsule dosage form containing a 
dry powder formulation of formoterol fumarate intended for 
oral inhalation only with the AerolizerJ inhaler. Each clear, 
hard gelatin capsule contains a dry powder blend of 12 μg of 
formoterol fumarate and 25 mg of lactose as a carrier.

FOSFOMYCIN TROMETHAMINE SACHETS*

Fosfomycin tromethamine sachet contains fosfomycin tro-
methamine, a synthetic, broad-spectrum bactericidal antibi-
otic for oral administration. It is available as a single-dose 
sachet, which contains white granules consisting of 5.631 g 
of fosfomycin tromethamine (equivalent to 3 g of fosfomy-
cin) and the following inactive ingredients: mandarin flavor, 
orange flavor, saccharin, and sucrose.

GABAPENTIN CAPSULES*

Gabapentin capsules are supplied as imprinted hard shell cap-
sules containing 100 mg, 300 mg, and 400 mg of gabapentin. 
The inactive ingredients for the capsules are lactose, corn-
starch, and talc. The 100 mg capsule shell contains gelatin 
and titanium dioxide. The 300 mg capsule shell contains gela-
tin, titanium dioxide, and yellow iron oxide. The 400 mg cap-
sule shell contains gelatin, red iron oxide, titanium dioxide, 
and yellow iron oxide. The imprinting ink contains FD&C 
Blue No. 2 and titanium dioxide.

GABAPENTIN CAPSULES

Ingredients
Percent 
(w/w)

Gabapentin (Kemprotec) 75.00%

StarCap 1500® (Colorcon) 24.75%

Magnesium stearate NF 
(Mallinckrodt)

0.25%

Total: 100.00%

Hard gelatin capsule shell No. 
0, White/White

QS

MAnufAcTurinG DirecTions

 1. Mix all ingredients.
 2. Fill 400 mg into size 0 capsule.
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GANCICLOVIR CAPSULES*

Each capsule contains 250 or 500 mg ganciclovir, respec-
tively, and the following inactive ingredients: croscarmellose 
sodium, magnesium stearate, and povidone. Both hard gelatin 
shells consist of gelatin, titanium dioxide, yellow iron oxide, 
and FD&C Blue No. 2.

GANCICLOVIR CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Ganciclovir 250.00

3.00 2 Magnesium stearate 3.00

30.00 3 Cornstarch 30.00

116.00 4 Lactose 116.00

4.00 5 Polyvinylpyrrolidone 3.00

QS 6 Methanol QS

MAnufAcTurinG DirecTions

 1. Grnaulate items 1, 3, and 4 in a solution of item 5 in 
item 6.

 2. Dry granules, lubricate with item 2, and fill into cap-
sules or tablets.

GEMFIBROZIL CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 Gemfibrozil 100.00

248.80 2 Lactose anhydrousa 248.80

100.00 3 Cornstarch 100.00

25.00 4 Sodium starch glycolate 25.00

5.00 5 Povidone 5.00

15.00 6 Polysorbate 80 15.00

1.25 7 Colloidal silicon dioxide 1.25

5.00 8 Magnesium stearate 5.00

QS 9 Water purified QS

a The quantity of lactose can be reduced to compensate if additional quanti-
ties of glycine 12.5 mg and citric acid 2.5 mg are used.

MAnufAcTurinG DirecTions

 1. Use an aqueous wet granulation process whereby the 
respective active ingredients of lactose, cornstarch, 
sodium starch glycolate, colloidal silicon dioxide, 
and povidone are mixed and subsequently granu-
lated with polysorbate dissolved in purified water.

 2. Add additional purified water until granules form 
and no dry powder remains.

 3. Dry wet granules at 60°C until the loss on drying is 
NMT 2%.

 4. Mill the dried granules with the sodium starch gly-
colate, blend, and lubricate with screened magne-
sium stearate in a twin-shell blender.

 5. Fill 500 mg of granules into size 0 capsules.

GLYCOPROTEIN IIA/IIB CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

0.23 1 Glycoprotein IIa/IIb 0.23

53.77 2 Lactose anhydrous 53.77

2.70 3 Crospovidone 2.70

1.20 4 Povidone 1.20

1.50 5 Disodium citrate 1.50

0.60 6 Magnesium stearate 0.60

QS 7 Water purified QS

MAnufAcTurinG DirecTions

 1. Triturate item 1 with item 2 (portion) in a small mix-
ing vessel or mortar.

 2. Mix the balance of item 2 and two-thirds of the quan-
tity of item 3 in a shear granulator and add product of 
step 1 into it with fast mixing.

 3. Granulate step 2 using aqueous solution of balance 
of item 4 and item 5 (9.3% solids in item 7 and pH 
adjusted to 4 using 1 N-hydrochloric acid).

 4. Screen the granulation through an 8 mesh screen and 
dry in vacuum at 40°C to a moisture content of 0.7%.

 5. Blend the granulation with remaining amount of 
items 3 and 6.

 6. Fill 60 mg into size 3 capsules.

GUAIFENESIN SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

150.00 1 Guaifenesin 150.00

26.60 2 Carbopol 934P (B. F. 
Goodrich)

26.60

172.10 3 PVP C-15(GAF 
Corporation)

172.10

3.50 4 Talc 3.50

1.80 5 Zinc stearate 1.80

MAnufAcTurinG DirecTions

 1. Combine Carbopol 934P, PVP C-15, talc, and zinc 
stearate in a mortar and triturate well.
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 2. Add the guaifenesin to this mixture in the mortar 
and triturate well until a substantially uniform par-
ticulate mixture is achieved.

 3. Fill 354 mg of the resulting particulate mixture into 
size 1 hard gelatin capsule shells.

HERBAL AIDS TREATMENT CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

32.00 1 Combretum quadrangulare 32.00

20.00 2 Houttuynia cordata 20.00

20.00 3 Mimusops elengi 20.00

20.00 4 Randia siamensis 20.00

308.00 5 Borassus flabellifer 308.00

MAnufAcTurinG DirecTions

 1. First prepare items 1 to 5 by making a powdered 
form of herbs, extracting them in water or hydroal-
coholic solution, and drying the extract.

 2. Admix powdered extracts 1 to 5 and fill into a gelatin 
capsule. Add magnesium stearate 1%, if necessary, 
to improve flow.

HISTIDINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Histidine 240.00

QS 2 Lactose QS

MAnufAcTurinG DirecTions

 1. Mix items 1 and 2 (using desired quantity of item 2 to 
fit the capsule size chosen) by process of trituration.

 2. Fill into appropriate capsule.

HUMAN GROWTH HORMONE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

28.00 IU 1 Human growth hormonea 28000 IU

0.047 2 Dimyristoyl phosphatidic 
acid

0.047

3.38 3 Aprotininb 3.38

3.47 4 Sodium cholate 3.47

3.70 5 Polyoxy-23 lauryl ether 3.70

138.60 6 Polyethylene glycol 400 138.60

13.71 7 Propylene glycol 13.71

8.67 8 Water/pH adjuster 8.67

30.92 9 Cholesterol 30.92

17.40 10 Tween 80 17.40

62.53 11 Egg yolk lecithin 62.53

19.43 12 D-alpha-tocopherol 19.43

27.64 13 Sorbitan monooleate 27.64

246.90 14 Isostearic acid 246.90

a Human growth hormone 2.6 IU = 1 mg.

b Aprotinin: 7500 KIU = 1 mg.

MAnufAcTurinG DirecTions

 1. Disperse polyoxy-23 lauryl ether (commercially 
available as BrijTM 35 in the solvent mixture of poly-
ethylene glycol 400 and propylene glycol.

 2. Separately disperse sodium cholate in the mixture.
 3. Add a water solution containing recombinant human 

growth hormone, phospholipid, and aprotinin to the 
solvent mixture from step 1 and adjust the pH to 7.5–
7.8 with the help of a phosphate buffer.

 4. Separately make the lipid solution in another beaker.
 5. To the oil solution, add the polyol solution drop-wise 

while mixing continuously. While mixing, it is sug-
gested that the vessel be ice jacketed to prevent the 
denaturation of the protein in the formulation.

 6. A clear transparent liquid, which is called the pre-
emulsion solution, is obtained after approximately 5 
minutes of mixing at low speed. An in situ emulsion 
can be made by mixing any ratio of the preemulsion 
solution with the simulated intestinal fluid.

 7. Fill the preemulsion solution into a size 0 hard gela-
tin capsule and seal the capsule with a band of gela-
tin solution. The banding helps to coat the capsule 
uniformly.

 8. Coat the capsule with a 10% hydroxypropyl meth-
ylcellulose solution as an undercoat. The amount of 
coat required is sufficient just enough to cover the 
capsule uniformly with a thin layer of the polymer 
coat. A 3.5% to 4.5% weight gain of the capsule is 
usually a good indication of the amount required as 
an undercoat.

 9. Once the capsule is coated with an undercoat, apply 
an enteric coating. For enteric coating purposes, dif-
ferent polymers such as hydroxypropyl methylcellu-
lose, hydroxypropyl methylcellulose phthalate, and 
cellulose acetate phthalate are used.

 10. Anionic copolymers, which are based on meth-
acrylic acid and methyl methacrylate, commercially 
available as Eudragit, are also suitable polymers for 
enteric coating purposes. Dissolve the polymer in 
organic solvents such as ethyl alcohol, methyl alco-
hol, acetone, and isopropyl alcohol. A combination of 
two solvents can also be used. The amount of enteric 
coating solution required is 5% to 6% weight gain of 
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the capsules from the original weight of the capsules 
before applying enteric coat. A typical enteric coat-
ing solution is made as follows:
Methacrylic acid and methyl methacrylate copoly-

mer 10% w/w
Diethyl butyl phthalate (plasticizer) 2% w/w
Acetone 22% w/w Isopropanol 66% w/w

 11. Mix acetone and isopropanol. Add the polymer 
slowly with constant mixing. Once the polymer 
is dissolved, add the plasticizer slowly and let it 
dissolve.

 12. For a size 0 capsule, the previously mentioned enteric 
coating solution can be sprayed using fluidizing bed 
techniques.

  The fluid bed sprayer/dryer is operated with the 
following parameters:
Flow rate: 1.5 mL/min
Inlet air temperature: 25°C
Outlet air temperature: 25°C
Air flap: 35 Atomizer: 2 bar
 1. A size 0 capsule, after the enteric coat-

ing, will typically have the following 
composition:Preemulsion solution: 0.589 g

Undercoat polymer: 0.027 g
Enteric coat polymer: 0.032 g, 0.648 g

HYDROCHLOROTHIAZIDE AND 
TRIAMTERENE CAPSULES*

This is a combination capsule with an opaque red cap and 
an opaque white body. It contains hydrochlorothiazide (25 
mg) and triamterene (37.5 mg). Inactive ingredients consist 
of benzyl alcohol, cetylpyridinium chloride, D&C Red No. 
33, FD&C Yellow No. 6, gelatin, glycine, lactose, magne-
sium stearate, microcrystalline cellulose, povidone, polysor-
bate 80, sodium starch glycolate, titanium dioxide, and trace 
amounts of other inactive ingredients. These capsules meet 
Drug Release Test 3 as published in the USP monograph for 
triamterene and hydrochlorothiazide capsules.

HYDROCHLOROTHIAZIDE CAPSULES*

This is supplied in 12.5 mg capsules for oral use. Each capsule 
contains the following inactive ingredients: colloidal silicon 
dioxide, cornstarch, D&C Red No. 28, D&C Yellow No. 10, 
FD&C Blue No. 1, gelatin, lactose monohydrate, magnesium 
stearate, titanium dioxide, and other optional ingredients.

HYDROXYZINE PAMOATE CAPSULES 
AND ORAL SUSPENSION*

The inert ingredients for the capsule formulations are hard gela-
tin capsules (which may contain FD&C Yellow No. 10, FD&C 
Green No. 3, FD&C Yellow No. 6, FD&C Red No. 33, and other 
inert ingredients), magnesium stearate, sodium lauryl sulfate, 
starch, and sucrose. The inert ingredients for the oral suspension 

formulation are carboxymethylcellulose sodium, lemon flavor, 
propylene glycol, sorbic acid, sorbitol solution, and water.

HYOSCYAMINE SULFATE CAPSULES*

The sustained-release capsules contain 0.375 mg hyoscyamine 
sulfate in an extended-release formulation designed for oral 
bid dosage. Each capsule also contains the following inactive 
ingredients: FD&C Blue No. 1, D&C Red No. 28, FD&C Red 
No. 40, FD&C Yellow No. 6, gelatin, lactose monohydrate, 
sodium lauryl sulfate, magnesium stearate, silicon dioxide, 
titanium dioxide, and other optional ingredients.

IBUPROFEN MICROENCAPSULATED 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

450.00 1 Ibuprofen 450.00

450.00 2 Sodium alginate 450.00

4.50 mL 3 Zinc chloride solution 2% 451.00

QS 4 Hydrochloric acid QS

0.22 mL 5 Glycerin 225.00 mL

— 6 Water purified 22.5 L

MAnufAcTurinG DirecTions

 1. Add a mixture consisting of item 1, previously tritu-
rated in 225 mL of glycerin, with rapid stirring to an 
aqueous solution consisting of 450 g (w/v) of sodium 
alginate in 22.5 L of purified water.

 2. Add this solution to 45 L of a 2% (w/v) zinc chloride 
solution, which has previously been adjusted to pH 
3 by the addition of HCl while the rapid stirring is 
continued for 10 minutes.

 3. Allow the preparation to stand at room temperature for 
4 hours, after which collect the drug-entrapped zinc 
alginate precipitate by filtration, wash 3 times with 
distilled water, and dry under vacuum for 24 hours.

 4. After drying, granulate the residue using minimal 
amounts of glycerin/water and process into 0.5 mm 
diameter microspheres by mechanical extrusion and 
spheronization (Nica Extruder®; Aeromatic Ltd., 
Bubendorf, Switzerland), into which feed the slightly 
flexible mass represented by the above residue. This 
produces a continuous flow of cylindrical extrudate 
that is 0.5 mm in diameter.

 5. This extrudate falls onto the spinning plate of a Nica 
Spheronizer® (Aeromatic Ltd.), where it is broken 
into cylinders of approximately 1: 1 length: diameter 
ratio. Interaction between the spinning disc and the 
wall of the spheronizer then causes the cylinders to 
be worked into spheres of 0.5 mm diameter.
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 6. Fill the spheres into gelatin capsules (1 g of spheres 
per size 0 capsule, which represents a total dose of 
450 mg of ibuprofen). The capsules of spheres thus 
produced represent a sustained-release dosage form 
for analgesic-antipyretic activity with less propensity 
for gastrointestinal side effects than the conventional 
tablet form of ibuprofen. Upon ingestion, the spheres 
begin to release the incorporate drug almost imme-
diately, but begin erosion in 3 to 5 hours. Total ero-
sion time is approximately 8 hours.

IBUPROFEN AND DOMPERIDONE 
MALEATE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

200.00 1 Ibuprofen 200.00

10.00 2 Domperidone maleate 10.00

100.00 3 Lactose 100.00

20.00 4 Croscarmellose 20.00

MAnufAcTurinG DirecTions

 1. Form items 1 to 4 into a homogeneous blend and fill 
into a conventional hard gelatin capsule containing 
200 mg ibuprofen and 10 mg domperidone.

IBUPROFEN AND DOMPERIDONE 
MALEATE EFFERVESCENT GRANULES

Bill of Materials

Scale 
(mg/10 g 
sachet) Item Material Name Qty/kg (g)

20.00 1 Domperidone 2.00

400.00 2 Ibuprofen 40.00

250.00 3 Microcrystalline cellulose 25.00

5120.00 4 Pulverized sugar 512.00

2550.00 5 Malic acid 255.00

770.00 6 Sodium bicarbonate 
anhydrous

77.00

260.00 7 Sodium carbonate 26.00

10.00 8 Sodium lauryl sulfate 1.00

QS 9 Water QS

MAnufAcTurinG DirecTions

 1. Granulate the domperidone, ibuprofen, microcrys-
talline cellulose, and sugar with water and then thor-
oughly dry. Add the remaining ingredients to form a 
powder mixture.

 2. Fill 10 g into sachets each containing 400 mg ibupro-
fen and 20 mg domperidone maleate.

IBUPROFEN SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

800.00 1 Ibuprofen 800.00

8.00 2 Aerosil R972 8.00

8.00 3 Beeswax 8.00

MAnufAcTurinG DirecTions

 1. Load items 1 and 3 in a jacketed kettle and heat to 
melt; stir until uniformly melted.

 2. Add item 2, with stirring, to form a homogeneous 
suspension. Allow to cool.

 3. Pass through sieve. If needed, a lubricant may be 
added to facilitate flow (1% magnesium stearate).

 4. Fill size 00 capsules.
 5. The 50% dissolution time is approximately 15 hours.

Given below are guidelines on controlling release rates of 
ibuprofen using different compositions of excipients. In all 
instances, melt ibuprofen with the ingredient, allow to con-
geal, sized, and fill into appropriate size capsules. T50 rep-
resents time for 50% dissolution. A combination of these 
granules can be used to provide a wide range of ibuprofen 
release patterns that are particularly useful in arthritis therapy.

Amount of

Ibuprofen 
(% w/w)

Excipient 
(% w/w)

T50 (hours)

None 100 — 2.9

Arachis oil 90 10 4.1

Beeswax 90 10 >24.0

Beeswax 90a 10 9.5

Colloidal silicon 
dioxide (Aerosil 200)

99 1 4.7

97 3 6.6

95 5 10.0

Colloidal silicon 
dioxide (Aerosil R972)

99 1 5.9

95 5 20.5

Croscarmellose sodium 
(Ac-Di-Sol)

99 1 0.4

97.5 2.5 0.13

Glycerides 95 5 3.0

(Gelucire 50/13) 90 10 7.4

(Gelucire 50/13) 90a 10 2.9

Liquid paraffin 90 10 4.8

Cornstarch 99 1 3.5
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95 5 1.6

90 10 0.16

Copolymer (Pluronic 
F68)

95 5 3.0

PEG 400 90 10 3.5

PEG 4000 90 10 3.3

PEG 6000 90 10 4.2

Polyvinylpyrrolidone 
(crospovidone)

90 10 4.0

Sodium starch glycolate 
(Explotab®)

99 1 1.8

95 5 0.3

Stearic acid 99 1 4.2

95 5 7.8

90 10 >24.0

Stearyl alcohol 99 1 10.0

95 5 14.0

90 10 >24.0

a Indicates S(+)ibuprofen.

IFOSFAMIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Ifosfamide 250.00

83.50 2 Microcrystalline cellulose, 
Avicel PH105

83.50

1.50 3 Colloidal silicon dioxide 1.50

0.50 4 Magnesium stearate 0.50

MAnufAcTurinG DirecTions

 1. Pass items 1 to 3 through a 0.8 mm sieve into a 
blender.

 2. Blend for 4 minutes.
 3. Add item 4, which has been sieved through a 0.8 mm 

sieve to step 2; mix for another 1 minute.
 4. Fill 340 mg into size 1 capsules. For a 500 mg cap-

sule, fill 680 mg into size 00 capsules.
 5. To impart enteric resistance to capsules, coat using a 

coating suspension. For example, to coat 2500 size 1 
capsules containing 250 mg ifosfamide, use 3 kg of 
suspension containing 1440 g anionic polymerizate 
of methacrylic acid and methacrylic acid esters with 
a mean molecular weight of, for example, 150000, 
to which a conventional softener has been added, 18 
g of 1, 2-propandiol, 36 g of magnesium stearate, 
and 1506 g of isopropanol. The copolymerizate of 
methacrylic acid and methylmethacrylate that may, 
for example, be considered is Eudragit® L, particu-
larly in the form of a 12.5% solution in isopropanol 
(Eudragit® L/12.5%). Copolymerizates for this type 
are soluble in neutral to weak alkaline medium 
through salt formation with alkalis.

IMATINIB MESYLATE CAPSULES*

The capsules contain imatinib mesylate equivalent to 100 
mg of imatinib free base. The inactive ingredients are col-
loidal silicon dioxide, crospovidone, magnesium stearate, and 
microcrystalline cellulose. The capsule shell contains gelatin; 
iron oxide; red (E172); iron oxide, yellow (E172); and titanium 
dioxide (E171).

INDINAVIR SULFATE CAPSULES*

Capsules are formulated as a sulfate salt and are available for 
oral administration in strengths of 100, 200, 333, and 400 mg 
of indinavir (corresponding to 125, 250, 416.3, and 500 mg 
indinavir sulfate, respectively). Each capsule also contains 
the inactive ingredients anhydrous lactose and magnesium 
stearate. The capsule shell has the following inactive ingredi-
ents and dyes: gelatin, titanium dioxide, silicon dioxide, and 
sodium lauryl sulfate.

INDINAVIR SULFATE CAPSULES

Scale 
(mg/

capsule)

Item Material Name Qty/1000  
Caps (g)

400.00 1
Indinavir sulfate, USE 

indinavir sulphate 400.00

7.00 2 Sodium lauryl sulphate 7.00

1.50 3 Colloidal silicon dioxide 
(Aerosil 200)

1.50

6.50 4 Magnesium stearate 6.50

650.00 5 Lactose monohydrate 
dense

QS to 650.00

1.00 6 Empty hard gelatin 
capsule, size 00

1000.00

MAnufAcTurinG DirecTions

 1. Sift indinavir sulphate, lactose anhydrous, and 
Aerosil 200 through a specified sieve.

 2. Load the sifted powder into a blender and blend well.
 3. Sift magnesium stearate and sodium lauryl sulphate 

through a specified sifter.
 4. Mix product of step 3 with product of step 2 and 

blend well.
 5. Encapsulate the powder to get the stated amount of 

indinavir per capsule.

INDOMETHACIN CAPSULES

MAnufAcTurinG DirecTions

 1. Granules (per 100 mg), indomethacin 25 (mg), 
DL-tryptophan 35, hardened oil (hydrogenate soy-
bean oil) 38, ethyl cellulose, total 100 mg.
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 2. Load a blender with 750 g of indomethacin, 1050 g 
of DL-tryptophan, and 1140 g of the hardened oil 
(hydrogenated soybean oil) and conduct mixing for 
10 minutes.

 3. Thereafter, add 600 g of an ethanol solution of 10% 
ethyl cellulose (Ethocel 10CPS) and blend for an 
additional 10 minutes.

 4. Granulate the blend in a rotary granulator equipped with 
a net (1 mm), dry at 45°C in a tray dryer for 6 hours, 
and classify on a 12 mesh sieve to make granules.

 5. Coat 2500 g of the granules prepared in step 4 with 
15% (w/w), based on the granules, of 6% hydroxy-
propyl methyl cellulose phthalate (HP-55) dissolved 
in a 1:1 mixture of methylene chloride and ethanol.

 6. Mix 300 g of the granules prepared in step 4 and 805 
g of the enteric granules obtained in example 4 in 
a polyethylene bag and filled into No. 2 capsules in 
such a manner that each capsule contained 110.5 mg 
of the mixed granules.

INDOMETHACIN CAPSULES*

Capsules for oral administration contain either 25 or 50 mg of 
indomethacin and the following inactive ingredients: colloidal 
silicon dioxide, FD&C Blue No. 1, FD&C Red No. 3, gelatin, 
lactose, lecithin, magnesium stearate, and titanium dioxide. 
Suspension for oral use contains 25 mg/5 mL of indomethacin, 
alcohol 1%, and sorbic acid 0.1% added as a preservative. The 
suspension also contains the following inactive ingredients: anti-
foam AF emulsion, flavors, purified water, sodium hydroxide or 
hydrochloric acid to adjust pH, sorbitol solution, and tragacanth.

INDOMETHACIN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

25.00 1 Indomethacin micronized 26.25

1.00 2 Lecithin (liquid) 1.00

— 3 Trichlorotrifluoroethane 17.00

218.25 4 Lactose monohydrate 
(dense)

218.25

1.50 5 Colloidal silicon dioxide 
(Aerosil 200)

1.50

2.00 6 Sodium lauryl sulfate 2.00

1.00 7 Magnesium stearate 1.00

1.00 8 Empty hard gelatin 
capsule, size 3

1000.00

MAnufAcTurinG DirecTions

 1. Precautions
 A. The processing area must be under controlled 

room temperature and humidity. The limits are 
RH: 40% to 50%, temperature: 21°C to 27°C.

 B. Trichlorotrifluoroethane is a volatile sub-
stance when kept in open air. Always keep in 
covered containers.

 C. Do not expose the granules for a long time to 
light, as discoloration will occur.

 D. Mix item 2 with item 3 in a clean stain-
less steel container. Firmly cover to avoid any 
vaporization.

 2. Blending
 A. Mix item 1 and 0.25 g of item 5 in a drum 

mixer.
 B. Sift the “mix” through a 1250 μm sieve using 

a sifter. Collect in a stainless steel drum and 
transfer to the mixer.

 C. Add item 2 solution from step 1 to the item 
1 powder in mixer while mixing at high speed. 
When the addition is over, mix the moist mass at 
highest speed for 5 minutes.

 D. Scrape the sides of the mixer and mix at high-
est speed for 5 minutes.

 E. Scrape the sides of the mixer again, and then 
mix at highest speed for 10 minutes.

 3. Drying
 A. Spread the moist mass thinly on stainless 

steel trays. Break up any big lumps.
 B. Dry the mass in an oven using only cold air 

(without temperature) for 6 hours.
 4. Sifting

 A. Sift 168.25 g of item 4 through 630 mm sieve 
using a sifter. Collect in a stainless steel drum. 
Keep aside.

 5. Mixing
 A. Mix 50.0 g of item 4, the indomethacin–leci-

thin mixture (dried) and 1.25 g of item 5 in a 
drum mixer, for 10 minutes.

 B. Sift the mixture twice through 630 mm stain-
less steel sieve using a sifter.

 C. Use item 4 (approximately 2–4 g) to prevent 
the clogging of the sifter sieve, if required.

 D. Load sieved item 4 from step 4 into the 
blender.

 E. Add lactose–indomethacin–Aerosil mixture 
from step 5B to the blender. Mix for 10 minutes.

 6. Lubrication
 A. Sift items 6 and 7 through a 630 mm sieve 

using a sifter.
 B. Add to the powder in blender. Mix for 2 

minutes.
 C. Unload the granules in stainless steel drums.

 7. Loading of empty shells
 A. Load the empty capsule shells (size 3) in the 

hopper.
 B. Run the machine and check the locking of 

shells.
 8. Filling of powder
 A. Calculation: A fill weight of one capsule = 250 

mg.
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INDOMETHACIN CAPSULES (25 MG)

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

25.00 1 Indomethacin 25.00

0.50 2 Lecithin Swiss 0.50

1.25 3 Colloidal silicon dioxide 1.25

1.67 4 Magnesium stearate 1.67

200.00 5 Lactose 200.00

— 6 Chloroform QS

MAnufAcTurinG DirecTions

 1. Mix indomethacin with about one-half of the quan-
tity of lactose and micronize.

 2. Dissolve lecithin in chloroform and wet this solution 
with the remaining half of the lactose.

 3. Dry the chloroform mixture in a drying oven at 
4°Cfor 4 hours.

 4. Pass the dried granulate through a Fitz mill sieve 
No. 24228 at a low speed; add the mixture of indo-
methacin and lactose from step 1; add colloidal sili-
con dioxide and magnesium stearate and mix for 15 
minutes.

 5. Fill into size 3 capsules as 200 mg ± 5%. For 50 mg 
capsules, fill into capsules as 325 mg ± 5%.

INDOMETHACIN CAPSULES (50 MG)

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

50.00 1 Indomethacin 50.00

1.00 2 Lecithin Swiss 1.00

3.00 3 Colloidal silicon dioxide 3.00

4.00 4 Magnesium stearate 4.00

325.00 5 Lactose 325.00

— 6 Chloroform QS

MAnufAcTurinG DirecTions

 1. Mix indomethacin with about one-half of the quan-
tity of lactose and micronize.

 2. Dissolve lecithin in chloroform and wet this solution 
with the remaining half of the lactose.

 3. Dry the chloroform mixture in a drying oven at 4°C 
for 4 hours.

 4. Pass the dried granulate through a Fitz mill sieve 
No. 24228 at a low speed; add the mixture of indo-
methacin and lactose from step 1; add colloidal sili-
con dioxide and magnesium stearate and mix for 15 
minutes.

 5. Fill into size 3 capsules as 200 mg ± 5%. For 50 mg 
capsules, fill into capsules as 325 mg ± 5%.

INDOMETHACIN POWDER FOR HARD 
GELATIN CAPSULES (160 MG)

Formulation
Indomethacin, 160 g; Kollidon CL, 320 g; Aerosil 200, QS.

MAnufAcTurinG DirecTions

 1. Mix the components for approximately 10 minutes 
and fill into hard gelatin capsules to obtain 160 mg 
indomethacin in each capsule.

INDOMETHACIN MICROENCAPSULATED 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

45.00 1 Indomethacin 45.00

45.00 2 Sodium alginate 45.00

4.50 mL 3 Zinc chloride solution 2% 45 L

QS 4 Hydrochloric acid QS

0.22 5 Glycerin 22.5 mL

— 6 Water purified 2.25

MAnufAcTurinG DirecTions

 1. Add a mixture consisting of item 1 previously tritu-
rated in 22.5 mL glycerin with rapid stirring to an 
aqueous solution consisting of 45.00 g (w/v) of sodi-
umalginate in 2.25 L of purified water.

 2. Add this solution to 4.5 L of a 2% (w/v) zinc chloride 
solution, which has previously been adjusted to pH 
3 by the addition of HCl, while the rapid stirring is 
continued for 10 minutes.

 3. Allow the preparation to stand at room temperature 
for 4 hours, after which collect the drug-entrapped 
zinc alginate precipitate by filtration, wash 3 times 
with distilled water and dry under vacuum for 24 
hours.

 4. After drying, granulate the residue using minimal 
amounts of glycerin/water and process into 0.5 mm 
diameter microspheres by mechanical extrusion 
and spheronization (Nica Extruder; Aeromatic Ltd., 
Bubendorf, Switzerland), into which feed the slightly 
flexible mass represented by the above residue. This 
produces a continuous flow of cylindrical extrudate 
that is 0.5 mm in diameter.

 5. This extrudate falls onto the spinning plate of a Nica 
Spheronizer (Aeromatic Ltd.), where it is broken into 
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cylinders of approximately 1:1 length:diameter ratio. 
Interaction between the spinning disc and the wall 
of the spheronizer then causes the cylinders to be 
worked into spheres of 0.5 mm in diameter.

 6. Fill the spheres into gelatin capsules (100 mg of 
spheres per size 1 capsule, which represents a total 
dose of 45.0 mg indomethacin). The capsules of the 
spheres thus produced represent a sustained-release 
dosage form for analgesic-antipyretic activity with 
less propensity for gastrointestinal side effects than 
the conventional tablet form of indomethacin. Upon 
ingestion the spheres begin to release the incorporate 
drug almost immediately, but begin to erode in 3 to 5 
hours. Total erosion time is approximately 8 hours.

INDOMETHACIN SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

75.00 1 Indomethacin 75.00

110.20 2 Sucrose 110.20

39.75 3 Cornstarch 39.75

36.20 4 Lactose 36.20

10.95 5 Polyvinylpyrrolidone 10.95

19.65 6 Talc 19.65

5.15 7 Magnesium stearate 5.15

1.10 8 Eudragit L 1.10

2.00 9 Eudragit S 2.00

— 10 Ethyl alcohol 98.55

— 11 Acetone 27.90

MAnufAcTurinG DirecTions

 1. Pellets
 A. Weigh and mix in a stainless steel mixer suit-

able quantities of sucrose and cornstarch in the 
proportion of 3: 1 w/w. Sift through a screen of 
suitable size to break up possible lumps.

 B. Transfer the mixture to a stainless steel coating 
pan and adjust rotary speed between 20 and 30 
rpm so as to obtain good tumbling action.

 C. By means of a suitable spray gun, spray over the 
powder a quantity of water equal to 15% w/w in 
very minute drops.

 D. Place the wet pellets over a thermostatic tray 
dryer and dry at 37°C to complete evaporation of 
water.

 E. Pass the dried pellets through sieves of suitable 
screens to ensure removal of dust and selection 
of cores of desirable size.

 2. Active pellets
 A. Dissolve polyvinylpyrrolidone in ethyl alcohol 

and add indomethacin previously mixed with 
lactose (No. 3) to it.

 B. Transfer 149.95 kg of neutral pellets obtained 
from step 1E to a stainless steel coating pan and 
adjust the rotary speed between 20 and 30 rpm 
so as to obtain good tumbling action.

 C. Spray over the neutral pellets the result of 
step 2A.

 D. Keep the pan rotating to allow partial evapora-
tion of the solvent.

 E. Complete evaporation of the solvent by drying 
the pellets in a thermostat at 35°C for 3 days.

 3. Film-coated pellets
 A. Dissolve Eudragit L and Eudragit S in acetone.
 B. Transfer the active pellets obtained from step 

2E to a stainless steel coating pan and adjust the 
rotary speed to obtain a good tumbling action.

 C. Spray the pellets as uniformly as possible with 
the solution obtained from step 2E.

 D. Spray the wet pellets with talc and magnesium 
stearate to prevent agglutination.

 E. Keep the pan rotating to achieve solidification of 
the film coating and partial evaporation of the 
solvent.

 F. Complete evaporation of the solvent by drying 
the pellets in a thermostat for 35°C for 3 days.

 4. Blending of pellets
 A. Transfer the film-coated pellets obtained from 

step 3F to a stainless steel pan and add a suitable 
quantity of neutral pellets obtained from step 1E 
so as to obtain the required dosage.

 B. Add 0.5% w/w of talc to eliminate electrostatic 
charges and mix for 30 to 35 minutes.

 5. Filling
 A. Fill the blended pellets obtained from step 4B 

into capsules (size 2) at the dose of 300 mg each.

INSULIN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

140.00 IU 1 Insulina 140000 IU

0.047 2 Dimyristyl phosphatidyl 
choline

0.047

3.39 3 Aprotininb 3.39

3.76 4 Hydroxypropyl 
cellulose-LF

3.76

3.76 5 Polyoxy-40 stearate 
Myrj-52

3.76

139.80 6 Polyethylene glycol 400 139.80

15.57 7 Propylene glycol 15.57

8.75 8 Water-citrate buffer for pH 
adjustment

8.75

31.20 9 Cholesterol 31.20

17.56 10 Tween 80 17.56
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63.10 11 Egg yolk lecithin 63.10

27.90 12 Glyceryl amino oleate 27.90

19.60 13 D-alpha-tocopherol 19.60

249.10 14 Oleic acid 249.10

a Insulin: 26 IU = 1 mg.

b Aprotinin: 7500 KIU = 1 mg.

Insulin is a biologically active proteinaceous material. 
Insulin is a polypeptide consisting of 65 amino acids with an 
approximate molecular weight of 6000. In its preparations, 
there can be no use of heat or alcohol that can denature it.

MAnufAcTurinG DirecTions

 1. The overall method is as follows: Slowly disperse the 
surfactant Myrj-52 into the mixture of polyethylene 
glycol 400 and propylene glycol. Once it dissolves, 
add hydroxypropyl cellulose as a stabilizerand dis-
perse slowly into the preceding mixture. Make a 
separate solution of the proteinaceous material along 
with the phospholipid and the protease inhibitor in 
a portion of the preceding solvent mixture. Add the 
solution to the PEG/PG mixture at room tempera-
ture. Limit the amount of any water to 5% of the 
polyol solvent. When using the water solution, use 
citrate buffer to maintain the pH at a point where 
the protein is most stable. In this particular exam-
ple, if insulin is used, it is suggested that the pH be 
maintained with a citrate buffer at or around 2.5. 
Separately, mix together the ingredients of the lipid 
solvent. Under gentle and constant stirring, disperse 
the polyol solution with the lipid solution.

 2. Slowly disperse the surfactant (polyoxy-40 stearate) 
into a mixture of polyethylene glycol and propylene 
glycol.

 3. Once it is dissolved, add small amounts of hydroxy-
propyl cellulose and disperse into the same mixture.

 4. Dissolve insulin in water and citric acid in water to 
maintain the pH at 2.5.

 5. Add the water solution is added to the polyethylene 
glycol mixture. In a separate vessel, dissolve all the 
ingredients of the oil phase in oleic acid.

 6. Slowly add cholesterol to achieve faster dissolution.
 7. Once both the phases are ready, slowly add the polyol 

solution to lipid phase while mixing at low speed. The 
vessel should be preferably ice jacketed because heat 
may be produced. Once the addition is achieved, a 
transparent yellowish-brown solution is obtained. 

 8. Fill the preemulsion solution into a size 0 hard gela-
tin capsule and seal the capsule with a band of gela-
tin solution. The banding helps to coat the capsule 
uniformly.

 9. Coat the capsule coated with a 10% hydroxypro-
pyl methylcellulose solution as an undercoat. The 
amount of coat required is sufficient just enough to 

cover the capsule uniformly with a thin layer of the 
polymer coat. Usually, 3.5% to 4.5% weight gain 
of the capsule is a good indication of the amount 
required as an undercoat.

 10. Once the capsule is coated with an undercoat, apply 
an enteric coating. For enteric coating purposes, dif-
ferent polymers such as hydroxypropyl methylcellu-
lose, hydroxypropyl methylcellulose phthalate, and 
cellulose acetate phthalate are used.

 11. Anionic copolymers that are based on methacrylic 
acid and methyl methacrylate, commercially avail-
able as Eudragit, are also suitable polymers for 
enteric coating purposes. Dissolve the polymer in 
organic solvents such as ethyl alcohol, methyl alco-
hol, acetone, and isopropyl alcohol. A combination 
of two solvents can also be used. The amount of 
enteric coating solution required is 5% to 6% weight 
gain of the capsules from the original weight of the 
capsules before applying the enteric coat. A typical 
enteric coating solution is made as follows:
Methacrylic acid and methyl methacrylate copoly-

mer 10% w/w
Diethyl butyl phthalate (plasticizer) 2% w/w Acetone 

22% w/w Isopropanol 66% w/w
 12. Mix acetone and isopropanol. Add the polymer 

slowly with constant mixing. Once the polymer 
is dissolved, add the plasticizer slowly and let it 
dissolve.

 13. For a size 0 capsule, the previously mentioned enteric 
coating solution can be sprayed using fluidizing bed 
techniques. The fluid bed sprayer/dryer is operated 
with the following parameters: Flow rate: 1.5 mL/
min, inlet air temperature: 25°C, outlet air tempera-
ture: 25°C, air flap: 35, atomizer: 2 bar.

 14. A size 0 capsule after the enteric coating will typi-
cally have the following composition: Preemulsion 
solution: 0.589 g, undercoat polymer: 0.027 g, enteric 
coat polymer: 0.032 g, 0.648 g.

IRON-POLYSACCHARIDE COMPLEX CAPSULES*

Each bead-filled capsule contains 150 mg elemental iron as 
polysaccharide-iron complex, as cell-contracted akaganeite. 
Each capsule also contains the following inactive ingredi-
ents: D&C Red No. 7, D&C Red No. 28, D&C Yellow No. 10, 
FD&C Blue No. 1, FD&C Red No. 40, FD&C Yellow No. 6, 
gelatin, hydrogenated castor oil, polysorbate 80 pharmaceuti-
cal glaze, povidone, sodium lauryl sulfate, starch, sucrose, and 
titanium dioxide. Each capsule may contain silicon dioxide.

ISOMETHEPTENE MUCATE, 
DICHLORALPHENAZONE, AND 
ACETAMINOPHEN CAPSULES*

Each red capsule with a pink band contains isomethep-
tene mucate (65 mg), dichloralphenazone (100 mg), and 
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acetaminophen (325 mg). Capsules contain FD&C Yellow 
No. 6 as a color additive.

ISOSORBIDE MONONITRATE CAPSULES (20 MG)

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

20.00 1 Isosorbide-5-mononitrate 20.00

60.00 2 Lactose 60.00

60.00 3 Sucrose and cornstarch 
microgranules

60.00

5.85 4 Shellac 5.85

1.20 5 Eudragit L 100 1.20

1.20 6 Eudragit RS 100 1.20

11.75 7 Talc 11.75

— 8 Alcohol QS

— 9 Acetone QD

MAnufAcTurinG DirecTions

 1. Place neutral microgranules of item 3 in a coating 
pan.

 2. Prepare a 40% solution of shellac in alcohol together 
with item 1.

 3. Maintain the temperature of microgranules at 25°C 
± 5°C. Apply step 2 and dry granules and repeat the 
process until the entire drug has been incorporated.

 4. Sieve granules using a 1 mm aperture and dry at 
20°C to 30°C for 8 hours.

 5. Prepare a 12.5% solution of equal parts of items 5 
and 6 in acetone. Spray the microgranules from step 
4 and incorporate.

 6. Sieve the microgranules using a 1 mm aperture sieve.
 7. Dry microgranules at 20°C to 30°C for 8 hours.
 8. Spray the microgranules with a balance of alcoholic 

shellac solution, adding talc simultaneously.
 9. Adjust fill weight of granules based on assay.

ISRADIPINE CAPSULES*

The inactive ingredients are colloidal silicon dioxide, D&C 
Red No. 7 Calcium Lake, FD&C Red No. 40 (5 mg capsule 
only), FD&C Yellow No. 6 Aluminum Lake, gelatin, lactose, 
starch (corn), titanium dioxide, and other optional ingredients. 
The 2.5 and 5 mg capsules may also contain benzyl alcohol, 
butylparaben, edetate calcium disodium, methylparaben, pro-
pylparaben, and sodium propionate.

ITRACONAZOLE CAPSULES*

The capsules contain 100 mg of itraconazole coated on sugar 
spheres. The inactive ingredients are gelatin, hydroxypropyl 
methylcellulose, polyethylene glycol (PEG) 20000, starch, 

sucrose, titanium dioxide, FD&C Blue No. 1, FD&C Blue No. 
2, D&C Red No. 22, and D&C Red No. 28.

ITRACONAZOLE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 Itraconazole (used as 
pellets)

100.00

— 2 Empty hard gelatin 
capsule, size 0

1000

280.00 3 Sugar spheres 280.00

32.00 4 Hydroxypropyl cellulose 32.00

2.00 5 Polyethylene glycol 6000 2.00

30.00 6 Cornstarch 30.00

6.00 7 Titanium dioxide 6.00

MAnufAcTurinG DirecTions

 1. Check the assay of pellets to calculate the exact 
amount needed. Calculate the dose per capsule to 
fill.

 2. Load items 1 and 3 to 7 in a suitable blender; mix for 
10 minutes.

 3. Set the capsule-filling machine with empty shells.
 4. Fill the pellets as per assay.
 5. Polish the capsules.

KETOPROFEN AND MISOPROSTOL CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 Ketoprofen delayed-release 
beads (40% Ketoprofen)

250.00

0.20 2 Misoprostol (dilute 1: 100 
on HPMC)

20.00

160.00 3 Lactose anhydrous 160.00

4.00 4 Hydrogenated vegetable oil 4.00

MAnufAcTurinG DirecTions

 1. Prepare item 1 beads by spray coating a suspension 
or solution of ketoprofen onto a nonpareil sugar core, 
together with a binder (e.g., polyvinyl pyrrolidine or 
hydroxypropyl methylcellulose). Coat the beads with 
a delayed release coating (e.g., methyl methacrylate, 
for instance, Eudragit). Mixtures of beads with vari-
ous levels of coating can be used to give the required 
therapeutic release pattern.

 2. In a fluidized bed apparatus, coat uniform spherical 
inert sugar cores with a first layer consisting of the 
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compounds, an inert water-soluble polymer, such as 
hydroxypropyl methylcellulose or hydroxypropyl cel-
lulose, and talc. The second layer consists of an inert 
water-soluble polymer, such as hydroxypropyl meth-
ylcellulose or hydroxypropyl cellulose, talc, and a pig-
ment such as titanium dioxide. The third and enteric 
coating layer consists of an enteric coating polymer 
such as copolymerized methacrylic acid/methacrylic 
acid methyl esters, a plasticizer such as triethylacetate 
or similar plasticizers, and talc. Apply the layers by 
conventional fluidized bed coating techniques using 
aqueous solutions or dispersions. Pseudo-zero release 
is obtained by the use of a mixture of beads.

 3. The beads in item 1 contain 40% ketoprofen, giving 
a dose per capsule of 100 mg. Fill the mix of items 1 
to 4 into suitable hard gelatin capsules.

KETOPROFEN CAPSULES*

Capsules contain 25 mg, 50 mg, or 75 mg of ketoprofen for 
oral administration. The inactive ingredients present are D&C 
Yellow No. 10, FD&C Blue No. 1, FD&C Yellow No. 6, gela-
tin, lactose, magnesium stearate, and titanium dioxide. The 
25 mg dosage strength also contains D&C Red No. 28 and 
FD&C Red No. 40. Each 100 mg, 150 mg, or 200 mg capsule 
contains ketoprofen in the form of hundreds of coated pellets. 
The dissolution of the pellets is pH-dependent, with optimum 
dissolution occurring at pH 6.5 to 7.5. There is no dissolution 
at a pH of 1. In addition to the active ingredient, each 100 
mg, 150 mg, or 200 mg capsule of Oruvail contains the fol-
lowing inactive ingredients: D&C Red No. 22, D&C Red No. 
28, FD&C Blue No. 1, ethyl cellulose, gelatin, shellac, silicon 
dioxide, sodium lauryl sulfate, starch, sucrose, talc, titanium 
dioxide, and other optional ingredients. The 100 mg and 150 
mg capsules also contain D&C Yellow No. 10 and FD&C 
Green No. 3.

LANSOPRAZOLE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

30.00 1 Lansoprazole 30.00

93.50 2 Neutral pellets 93.50

22.86 3 Magnesium carbonate 22.86

66.00 4 Sucrose 66.00

37.14 5 Cornstarch 37.14

46.34 6 Hydroxypropyl cellulose 46.34

79.68 7 Eudragit L 79.68

13.68 8 Talc 13.86

4.36 9 Titanium dioxide 4.36

4.36 10 Polyethylene glycol 6000 4.36

1.80 11 Polysorbate 80 1.80

— 12 Water purified QS

MAnufAcTurinG DirecTions

 1. Mix items 1 and 3 to 5 and half of item 6 in a suitable 
mixer and confirm homogeneity of mixture.

 2. In a separate mixer, add and dissolve balance of item 
6 and dissolve.

 3. In rotary fluid bed dryer, mix item 2 and incorporate 
product of step 2 into it.

 4. Prepare a suspension with item 9 in item 12 and 
items 8, 10, and 11, and keep agitating until dissolved 
or well dispersed.

 5. Add item 7 and mix until well suspended.
 6. Start spraying it onto the pellets from step 3 after 

passing the suspension before a fine mill.
 7. Fill 370 mg into capsules.

LANSOPRAZOLE DELAYED-RELEASE CAPSULES*

Each delayed-release capsule contains enteric-coated gran-
ules consisting of lansoprazole (30 mg), hydroxypropyl cellu-
lose, low substituted hydroxypropyl cellulose, colloidal silicon 
dioxide, magnesium carbonate, methacrylic acid copolymer, 
starch, talc, sugar sphere, sucrose, polyethylene glycol, poly-
sorbate 80, and titanium dioxide. Components of the gelatin 
capsule include gelatin, titanium dioxide, D&C Red No. 28, 
FD&C Blue No. 1, and FD&C Red No. 40.

LINCOMYCIN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

500.00 1 Lincomycin, USE 
lincomycin hydrochloride

560.00

7.00 2 Lactose 7.00

2.00 3 Aerosil 200 2.00

2.00 4 Magnesium stearate 2.00

12.00 5 Sodium starch glycolate 12.00

MAnufAcTurinG DirecTions

 1. Mix all items after passing through a 60 mesh screen 
in a low humidity room (NMT 40%).

 2. Mix for 30 minutes.
 3. Fill 590 mg into size 0 capsules.

LINEZOLID ORAL SUSPENSION

The oral suspension is supplied as an orange-flavored granule/
powder for constitution into a suspension for oral administration. 
Following constitution, each 5 mL contains 100 mg of linezolid. 
The inactive ingredients are sucrose, citric acid, sodium citrate, 
microcrystalline cellulose and carboxymethylcellulose sodium, 
aspartame, xanthan gum, mannitol, sodium benzoate, colloidal 
silicon dioxide, sodium chloride, and flavors. The sodium (Na+) 
content is 8.52 mg/5 mL (0.4 mEq/5 mL).
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LIPASE, AMYLASE, AND PROTEASE CAPSULES

The pancrelipase capsules are orally administered and 
contain enteric-coated mini-tablets of porcine pancreatic 
enzyme concentrate, predominantly pancreatic lipase, amy-
lase, and protease. Each capsule contains lipase (12000 USP 
units), amylase (39000 USP units), and protease (39000 
USP units). Other combinations are 18000/58500/58500 or 
20000/65000/65000. The capsules contain an amount of pan-
crelipase equivalent to but NMT 125% of the labeled lipase 
activity expressed in USP units. The inactive ingredients are 
hydrogenated castor oil, silicon dioxide, sodium carboxy-
methylcellulose, magnesium stearate, microcrystalline cellu-
lose, methacrylic acid copolymer (type C), talc, simethicone, 
triethyl citrate, iron oxides, and titanium oxide.

LITHIUM CARBONATE CAPSULES

Each capsule for oral administration contains lithium carbonate 
(150 mg, 300 mg, or 600 mg). The capsules contain talc, gela-
tin, FD&C Red No. 40, titanium dioxide. The imprinting ink 
contains FD&C Blue No. 2, FD&C Yellow No. 6, FD&C Red 
No. 40, synthetic black iron oxide, and pharmaceutical glaze.

LOPERAMIDE AND TRIMEBUTINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

2.00 1 Loperamide 2.00

200.00 2 Trimebutine 200.00

122.47 3 Cornstarch 122.47

30.00 4 Talc 30.00

60.00 5 Lactose monohydrate 60.00

MAnufAcTurinG DirecTions

 1. Mix and fill into No. 2 size capsule.

LOPINAVIR-RITONAVIR CAPSULES*

This is a coformulation of lopinavir and ritonavir. Capsules 
are available for oral administration in a strength of 133.3 mg 
lopinavir and 33.3 mg ritonavir with the following inactive 
ingredients: FD&C Yellow No. 6, gelatin, glycerin, oleic acid, 
polyoxyl 35 castor oil, propylene glycol, sorbitol special, tita-
nium dioxide, and water.

LORACARBEF CAPSULES AND 
ORAL SUSPENSION*

Each Pulvule contains loracarbef equivalent to 200 mg (0.57 
mmol) or 400 mg (1.14 mmol) anhydrous loracarbef activity. 
They also contain cornstarch, dimethicone, FD&C Blue No. 
2, gelatin, iron oxides, magnesium stearate, titanium dioxide, 

and other inactive optional ingredients. After reconstitution, 
each 5 mL of Lorabid for oral suspension contains loracarbef 
equivalent to 100 mg (0.286 mmol) or 200 mg (0.57 mmol) 
anhydrous loracarbef activity. The suspensions also contain 
cellulose, FD&C Red No. 40, flavors, methylparaben, propyl-
paraben, simethicone emulsion, sodium carboxymethylcellu-
lose, sucrose, and xanthan gum.

LOXAPINE SUCCINATE CAPSULES

Each capsule for oral administration contains loxapine suc-
cinate 6.8 mg, 13.6 mg, 34.0 mg, or 68.1 mg equivalent to 5 
mg, 10 mg, 25 mg, or 50 mg of loxapine base, respectively. It 
also contains the following inactive ingredients: gelatin, sili-
con dioxide, sodium lauryl sulfate, anhydrous lactose, D&C 
Yellow No. 10, FD&C Blue No. 1, polacrilin potassium, mag-
nesium stearate, talc, and titanium dioxide. Additionally, the 
5 mg capsule contains D&C Red No. 33, the 10 mg capsule 
contains D&C Red No. 28 and D&C Red No. 33, and the 25 
mg capsule contains FD&C Yellow No. 6.

MAGALDRATE INSTANT 
POWDER OR DRY SYRUP

Bill of Materials

Scale (mg/
sachet) Item Material Name

Qty/1000 
Sachets (g)

800.00 1 Magaldrate, USP 800.00

640.00 2 Kollidon CL-M 640.00

200.00 3 Sorbitol (crystalline) 200.00

40.00 4 Orange flavor 40.00

40.00 5 Kollidon 90 F 40.00

4.00 6 Coconut flavor 4.00

4.00 7 Banana flavor 4.00

0.80 8 Saccharine sodium 0.80

QS 9 Water ~280.00 mL

MAnufAcTurinG DirecTions

 1. Granulate mixture of items 1 to 4 with solution of 
items 5 to 9 and pass through a 0.8 mm sieve to 
obtain free-flowing granules.

 2. Fill 2 g into sachets or 20 g into a 100 mL flask.
 3. Instant granules in sachets: Suspend 2 g (=one 

sachet) in a glass of water (=800 mg magaldrate).

MAGALDRATE INSTANT 
POWDER OR DRY SYRUP

Bill of Materials

Scale (mg/
sachet) item Material Name

Qty/1000 
Sachets (g)

800.00 1 Magaldrate 800.00

640.00 2 Kollidon CL-M 640.00
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200.00 3 Sorbitol, crystalline 200.00

40.00 4 Orange flavor 40.00

40.00 5 Kollidon 90 F 40.00

4.00 6 Coconut flavor 4.00

4.00 7 Banana flavor 4.00

0.80 8 Saccharin sodium 0.80

QS 9 Water ~280 mL

MAnufAcTurinG DirecTions

 1. Granulate a mixture of items 1 to 4 with solution 
of items 5 to 9 and pass through a 0.8 mm sieve to 
obtain free-flowing granules.

 2. Fill 2 g into sachets or 20 g into a 100 mL flask. For 
instant granules in sachets, suspend 2 g (=1 sachet) in 
a glass of water (=800 mg magaldrate).

MAGNESIUM OXIDE CAPSULES

Each capsule contains magnesium oxide (140 mg USP 
[heavy]) or 84.5 mg of elemental magnesium (6.93 mEq).

MEFENAMIC ACID CAPSULES

Mefenamic acid is a member of the fenamate group of nonste-
roidal anti-inflammatory drugs (NSAIDs). Each blue-banded 
ivory capsule contains 250 mg of mefenamic acid for oral 
administration. Each capsule also contains lactose. The cap-
sule shell and band contain citric acid, D&C Yellow No. 10, 
FD&C Blue No. 1, FD&C Red No. 3, FD&C Yellow No. 6, 
gelatin, glycerol monooleate, silicon dioxide, sodium benzo-
ate, sodium lauryl sulfate, and titanium dioxide.

MESALAMINE CAPSULES*

Each capsule contains 250 mg of mesalamine. It also contains 
the following inactive ingredients: acetylated monoglyceride, 
castor oil, colloidal silicon dioxide, ethylcellulose, hydroxy-
propyl methylcellulose, starch, stearic acid, sugar, talc, and 
white wax. The capsule shell contains D&C Yellow No. 10, 
FD&C Blue No. 1, FD&C Green No. 3, gelatin, titanium diox-
ide, and other optional ingredients.

MESALAMINE COLONIC DELIVERY CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Mesalamine (5-ASA) 250.00

45.00 2 Lactose 45.00

5.20 3 Polyvinylpyrrolidone 5.20

10.80 4 Sodium starch glycolate 10.80

3.60 5 Magnesium stearate 3.60

36.80 6 Talc 36.80

18.40 7 Eudragit S100 18.40

43.20 8 Eudragit NE 30D 43.20

0.40 9 Antifoam emulsion SE 2 0.40

MAnufAcTurinG DirecTions

 1. Add items 1 and 2 to a blending vessel; mix well.
 2. Add item 4 and blend.
 3. Prepare an aqueous solution of item 3 and granulate 

step 2.
 4. Dry and compress; reduce size by passing through a 

0.5 to 1.2 mm sieve.
 5. Load the granules from step 4 into a fluid bed coater and 

then spray-coat with an aqueous suspension to provide 
a 20% or 25% dry weight gain based on an uncoated 
granule weight of a mixture of Eudragit S100 and 
Eudragit NE 30D (Rohm Pharma GmbH, Darmstadt, 
Germany) in the ratio of 3:7. Eudragit S100 is a copo-
lymer of methacrylic acid and methylmethacrylate in 
the ratio of 1:2 in powder form and Eudragit NE 30D 
is a 30% aqueous dispersion of a copolymer of ethyl-
acrylate and methylmethacrylate in the ratio 2:1.

 6. Pack coated granules into size 00 hard gelatin cap-
sules with 400 mg granules per capsule.

 7. Spray-coat the capsules with a coating solution of the 
following formula:
Eudragit L powder 3 g
Diethyl phthalate 0.75 mL
Silicone fluid 200 cs 0.75 mL
Acetone 100 mL

METHSUXIMIDE CAPSULES*

Each capsule contains 150 or 300 mg methsuximide, as well as 
starch. The capsule contains colloidal silicon dioxide, D&C Yellow 
No. 10, FD&C Yellow No. 6, gelatin, and sodium lauryl sulfate.

METHYLPHENIDATE CAPSULES

It contains 20 mg of methylphenidate hydrochloride for oral 
administration. The extended-release capsules comprise both 
immediate-release (IR) and extended-release (ER) beads such 
that 30% of the dose (6 mg) is provided by the IR component 
and 70% of the dose (14 mg) is provided by the ER compo-
nent. It also contains the following inert ingredients: sugar 
spheres, povidone, hydroxypropyl methylcellulose and poly-
ethylene glycol, ethylcellulose aqueous dispersion, dibutyl 
sebacate, gelatin, titanium dioxide, and FD&C Blue No. 2.

METHYLPHENIDATE CAPSULES

MAnufAcTurinG DirecTions

 1. Methylphenidate HCl (200 g) is slowly added to 
an aqueous solution (approximately 15% solids) 
of polyvinylpyrrolidone (10 g povidone K-30) 
and mixed well.
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 2. About 25 to 30 mesh screened sugar spheres (770 
g) were coated with the drug solution in a fluid bed 
granulator. The drug-containing pellets are dried and 
a seal coat of Opadry Clear® (20 g) is first applied to 
produce instant-release or IR beads.

 3. ER beads are produced by taking IR beads and coat-
ing with the dissolution rate controlling polymer. 
A plasticized ethylcellulose coating is applied to 
the methylphenidate particles (893 g) by spraying 
Aquacoat ECD-30® (233 g) and dibutyl sebacate 
(16.8 g).

 4. An outer seal coating formulation (20 g) of Opadry® 
is sprayed onto the coated active particles. The 
coated particles are cured at 60°C for 12 hours so 
that polymer particles coalesce to form a smooth 
membrane on ER beads. The IR and ER beads are 
then filled into hard gelatin capsules with dual bead-
filling hoppers.

METHYLPHENIDATE IMMEDIATE- AND 
EXTENDED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

25.00 1 Methylphenidate 25.00

1.25 2 Polyvinylpyrrolidone K-30 1.25

96.25 3 Sugar spheres 25–30 mesh 96.25

2.25 4 Opacity clear 2.25

29.12 5 Aquacoat ECD-30 29.12

2.10 6 Dibutyl sebacate 2.10

2.25 7 Opadry clear 2.25

— 8 Alcohol QS

MAnufAcTurinG DirecTions

 1. This product consists of two types of beads: IR and 
ER. The ER beads are formed by further coating of 
IR beads.

 2. IR beads are produced by preparing a 15% solution 
of item 2 in item 8 and adding item 1 to it slowly.

 3. Load item 3 in a fluid bed granulator and load drug 
solution in step 2 onto sugar pellets. Dry and apply 
seal coat of item 4. This completes the process of 
preparing IR beads.

 4. Take an appropriate quantity (893 g) of beads in step 
3 and apply a coating of item 6 in item 8.

 5. Apply item 7 seal coat (as 15% aqueous solution), 
and cure at 60°C for 12 hours for polymer particles 
to coalesce into a uniform film.

 6. Fill into gelatin capsules using a 20: 80, 30: 70, or 40: 
60 mixture of IR to ER beads. Use equipment that is 
capable of filling beads simultaneously.

METHYLTESTOSTERONE CAPSULES*

Each capsule contains 10 mg of methyltestosterone. Each 
capsule, for oral administration, contains 10 mg of methyl-
testosterone. In addition, each capsule contains the following 
inactive ingredients: cornstarch, gelatin, FD&C Blue No. 1, 
FD&C Red No. 40. Each capsule also contains the following 
inactive ingredients: cornstarch, gelatin, FD&C Blue No. 1, 
and FD&C Red No. 40.

METOCLOPRAMIDE HYDROCHLORIDE 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

20.00 1 Metoclopramide, USE 
metoclopramide 
hydrochloride

21.00

183.90 2 Sucrose and cornstarch 
microgranules, size 20

183.90

0.12 3 Disodium edetate 0.12

0.19 4 Stearic acid 0.19

1.30 5 Methacrylic acid 
copolymer Eudragit L100

1.30

0.42 6 Cornstarch 0.42

9.07 7 Shellac, bleached wax-free 9.07

15.00 8 Talc 15.00

1.00 9 Gelatin capsules, size 3 1000.00

— 10 Alcohol QS

— 11 Water purified 11.00

MAnufAcTurinG DirecTions

 1. Place the neutral microgranules (item 2) in an appro-
priate coating pan and rotate the pan.

 2. In a separate vessel, prepare an alcoholic solution of 
item 5. Spray in step 1.

 3. Prepare alcohol solution of item 4 in alcohol and 
spray into step 2.

 4. Prepare aqueous solution of item 3 and spray into 
step 3.

 5. Mix item 1 with item 6 and add to step 4 alternating 
with an alcoholic solution of Eudragit until the entire 
drug has been incorporated.

 6. Sieve the microgranules.
 7. Apply aqueous solution of item 3 followed by an 

alcohol solution of Eudragit L and microgranules 
dried.

 8. Apply alcoholic solution of shellac alternating with 
talc until all shellac solution is used.

 9. Lubricate and fill into capsules; sieve and dry 
microgranules.
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METYROSINE CAPSULES*

This is supplied as capsules for oral administration. Each cap-
sule contains 250 mg of metyrosine. The inactive ingredients 
are colloidal silicon dioxide, gelatin, hydroxypropyl cellu-
lose, magnesium stearate, and titanium dioxide. The capsules 
may also contain any combination of D&C Red No. 33, D&C 
Yellow No. 10, FD&C Blue No. 1, and FD&C Blue No. 2.

MICONAZOLE NITRATE FOOT 
AND ITCH POWDER

Spray powder for athlete’s foot contains miconazole nitrate 
2%. It also contains alcohol SD-40 (10% w/w), isobutane, 
starch/acrylates/acrylamide copolymer, stearalkonium hec-
torite, and talc. Spray powder for jock itch contains micon-
azole nitrate 2%. It also contains alcohol SD-40 (10% w/w), 
isobutane, stearalkonium hectorite, and talc. Spray deodorant 
powder contains miconazole nitrate 2%. It also contains iso-
butane, alcohol SD-40 (10% w/w), talc, starch/acrylates/acryl-
amide copolymer, stearalkonium hectorite, and fragrance. 
Powder contains miconazole nitrate 2%. It also contains ben-
zethonium chloride, cornstarch, kaolin, sodium bicarbonate, 
starch/acrylates/acrylamide copolymer, and zinc oxide.

MIDODRINE CAPSULES

 1. Prepare the midodrine controlled-release product by 
manufacturing one type of pellet, and afterward coat 
with different types of film coatings. The capsule 
ends up with three different types of pellets (non-
coated pellet, CR-coated pellet, and EC-pellet).

 2. Prepare the pellet by the use of an extrusion/sphe-
ronization technique.

 3. Microcrystalline 2135.0 g, cellulose lactose monohy-
drate 1207.5 g, carmellose sodium 70.0 g, midodrine 
hydrochloride 87.50 g, purified water qs to 2000.

 4. Mix and wet the above ingredients in a Fielder high 
shear mixer in which the water is applied by a nozzle.

 5. Extrude the wetted mass in a Nica E 140 extruder with 
a screen size of 600 micron (those pellets which is 
being used for noncoated pellets and for CR-coating) 
or 800 micron (those pellets used for EC-coating). 
The extrudate is spheronized in a laboratory unit for 
5 minutes. Dry the pellets in a laboratory scala fluid 
bed for approximately 75 minutes at 50°C.

 6. Screen the dried pellets used for noncoated pellets 
and for CR-coating through a screen of 700 micron 
and fractionate the dried pellets used for EC coat-
ing with a lower screen of 500 micron and an upper 
screen of 1000 micron.

 7. Do not coat one batch of these pellets because it is 
for use as an immediate-release unit. The pellets are 
a part of the content in the capsule.

 8. Coat one batch of these pellets with an inner coat and 
an outer coat in a fluid bed (GPCG3) with a 0.8 mm 
spray nozzle and a spray pressure of 2.5 bar.

 9. Inner coat (batch size 2000 g), hypromellose (vis-
cosity 13.1 5 cps), purified water 1094.0 g, mag-
nesium stearate 2.7 g, talc 26.2 g, polyacrylate 
dispersion 864.0 g, 30% Eudragit g, talc 40.0 g. 
In the coating process, apply the following amount 
of inner and outer coat. The amount of dry mat-
ter applied calculated in percentage of the core 
weight also appears from below. Inner coat: 1788.1 
g per 3000.0 g pellets (dry matter: 9% of the core 
weight). Outer coat: 375.0 g per 3000.0 g pellets 
(dry matter: 1% of the core weight). Throughout 
the coating process, maintain the bed temperature 
substantially in the interval from 20°C to 25°C by 
adjustment of the liquid flow rate or the inlet tem-
perature. Keep the inlet air temperature at approxi-
mately 32°C. After the application of the coatings, 
cure the coated pellets at a bed temperature of 
approximately 70°C for 30 minutes. Then screen 
the pellets through a screen 1 mm. Oversized 
material is discarded.

 10. Coat one batch of these pellets with an EC-coat in a 
fluid bed (Wurster technique) with a 0.8 mm spray 
nozzle and a spray pressure of 2.5 bar.

Ingredients

Amount 
(g/batch 

size)

Isopropyl alcohol 3852.0

Talc 100.0

Acetyltributyl citrate 99.2

Methacrylic acid/Methyl 
methacrylate

3948.8

Copolymer 1: 2

Eudragit S 12.5

In the coating process, apply the following amount of the coat. 
The amount of dry matter applied calculated in percentage 
of the core weight also appears below. 15517.2 g per 3000 g 
pellets (dry matter: 45% of the core weight). Throughout the 
coating process, maintain the bed temperature substantially 
in the interval from 30°C to 38°C by adjustment of the liquid 
flow rate or the inlet temperature. Keep the inlet air tempera-
ture at approximately 49°C. After the application of the coat-
ing, screen the pellets through a screen 1.3 mm. Discard any 
oversized material. 

 11. Fill the three different pellets (steps 1, 2, and 3) into 
capsules: Unit amount (mg) per capsule capsule 
approx. 76.3 pellets step 1 approx. 50.4 correspond-
ing to 1.25 mg midodrine hydrochloride pellets step 
2 approx. 110.6 corresponding to 2.5 mg midodrine 
hydrochloride pellets step 3 approx. 72.7 corre-
sponding to 0.25 mg midodrine hydrochloride. Total 
weight of capsule approx. 310 corresponding to 5.0 
mg midodrine hydrochloride.



364 Handbook of Pharmaceutical Manufacturing Formulations 

MINERAL POWDER FOR TOPICAL 
HERPES SIMPLEX

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

14.00 1 Calcium carbonate 14.00

14.00 2 Sodium carbonate 14.00

14.00 3 Sodium dihydrogen 
phosphate anhydrous

14.00

80.00 4 Calcium hypochlorite 80.00

818.00 5 Cornstarch 818.00

MAnufAcTurinG DirecTions

 1. Mix all ingredients after passing through an 80 mesh 
screen.

 2. Pack in bottles.

MINOCYCLINE HYDROCHLORIDE CAPSULES*

Each minocycline hydrochloride capsule for oral administra-
tion contains the equivalent of 50 mg, 75 mg, or 100 mg of 
minocycline. In addition, each capsule contains the following 
inactive ingredients: magnesium stearate and starch (corn). 
The 50 mg, 75 mg, and 100 mg capsule shells contain gelatin, 
silicon dioxide, sodium lauryl sulfate, and titanium dioxide. 
The 75 and 100 mg capsule shells also contain black iron oxide.

MIXED AMPHETAMINE SALT CAPSULES*

This is a once-daily, extended-release single-entity amphet-
amine product. It combines the neutral sulfate salts of dex-
troamphetamine and amphetamine, with the dextro isomer 
of amphetamine saccharate and d, l-amphetamine aspartate 
monohydrate. The capsule contains two types of drug-con-
taining beads designed to give a double-pulsed delivery of 
amphetamines, which prolongs the release of amphetamine 
compared to the conventional immediate-release tablet formu-
lation. Each capsule contains equal quantities of four salts of 
amphetamine to give a total of 10 mg, 20 mg, or 30 mg of con-
tent (total amphetamine base equivalence of 6.3 mg, 12.5 mg, 
and 18.8 mg): dextroamphetamine saccharate, amphetamine 
aspartate monohydrate, dextroamphetamine sulfate, amphet-
amine sulfate. The inactive ingredients in the capsules include 
gelatin capsules, hydroxypropyl methylcellulose, methacrylic 
acid copolymer, Opadry beige, sugar spheres, talc, and tri-
ethyl citrate. The gelatin capsules contain edible inks, kosher 
gelatin, and titanium dioxide. The 10 mg capsules also contain 
FD&C Blue No. 2. The 20 and 30 mg capsules also contain 
red iron oxide and yellow iron oxide.

MIXED AMPHETAMINE SALTS 
ENTERIC-RELEASE CAPSULES

Bill of Materials

Item Material Name Qty/kg (g)

Immediate-
release beads

1 Amphetamine mixed saltsa 88.00

2 Nonpareil seeds (30/35 mesh, Paulaur) 6.80

3 Hydroxypropyl methylcellulose E5 
premium

0.60

4 Water purified QS

Enteric-release 
pellets

5 Immediate-release beads (see items 1–4) 40.00

6 Eudragit L30-D-55 24.88

7 Triethyl citrate 2.52

8 Talc 2.60

9 Water purified QS

a Mixed salts include amphetamine sulfate, amphetamine aspartate, and dex-
troamphetamine sulfate.

MAnufAcTurinG DirecTions

 1. Load item 2 in a fluid-bed processor and fluidize at 
60°C.

 2. Prepare a suspension of item 3 (prepare a 1% solu-
tion) and item 1 using item 4; ensure it is free of 
agglomerates and contains no fines with a yield of at 
least 98%.

 3. Apply binder solution to step 1 and load the drug.
 4. Load item 5 in a fluid bed processor.
 5. Prepare the coating dispersion using items 6 to 8 in 

item 9 and mix for at least 30 minutes.
 6. Spray the coating solution in step 5 onto step 1 until 

a target level of 20 μm is achieved.
 7. Dry pellets at 30°C to 35°C for 5 minutes before 

stopping the processor.
 8. Fill to contain in each capsule base equivalent 10 mg, 

20 mg, and 30 mg (Adderall XR®).

MORPHINE SULFATE CAPSULES*

Each capsule for oral administration contains morphine sul-
fate 15 or 30 mg. The inactive ingredients are FD&C Blue 
No. 1, FD&C Blue No. 2, FD&C Red No. 40, FD&C Yellow 
No. 6, gelatin, hydroxypropyl methylcellulose, lactose, poly-
ethylene glycol, polysorbate 80, polyvinylpyrrolidone, starch, 
sucrose, titanium dioxide, and other optional ingredients. In 
addition, the 30 mg capsule contains black iron oxide and 
D&C Red No. 28.
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MORPHINE SULFATE CONTROLLED-
RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

40.00 1 Morphine hydrochloride 40.00

40.00 2 Lactose 40.00

20.00 3 Microcrystalline cellulose 20.00

QS 4 Water purified QS

3.50–5.30 5 Ethyl cellulose 3.50–5.30

2.20–3.40 6 Hydroxypropyl 
methylcellulose

2.20–3.40

0.60–1.0 7 Triethyl citrate 0.60–1.00

QS 8 Ethanol QS

QS 9 Methyl isobutyl ketone QS

MAnufAcTurinG DirecTions

 1. Mixing and granulating: Dry mix morphine hydro-
chloride (40% w/w), lactose (40% w/w), and micro-
crystalline cellulose (Avicel PH-101) (20% w/w) total 
1500 g in a planetary-type mixer (Kenwood Major®) 
at a low mixing speed (speed adjustment <1) for 10 
minutes. Add water (585 g) and granulate the mass 
for 5 minutes at speed adjustment 2.

 2. Extrusion: Perform extrusion in a NicaTM E-140 
Extruder (Lejus Medical AB, Sweden) through a 
perforated screen with drilled orifices of 1 mm in 
diameter. Set the speed of the agitator and the feeder 
on the lowest values.

 3. Spheronization: Conduct spheronization in a mam-
merizer (Ferro Mecano AB, Sweden). Adjust the 
speed of the MarumerizerTM plate to 450 rpm. The 
number of spheronization rounds is 5 with about 400 
g of wet extrudates on the plates at each run.

 4. Drying: Perform drying in a fluid bed dryer 
(Aeromatic AG®, West Germany) at an IN tempera-
ture of 50°C. Divide the batch into sub-batches of 
600 to 700 g wet particulate cores. Dry each sub-
batch for 5 minutes at the air velocity adjustment 20 
to obtain individual cores rather than aggregates. 
Then mix the sub-batches and dry the whole batch 
at adjustment 12 for 65 minutes. The end OUT tem-
perature is 36°C. The yield of dry cores after drying 
will be 1437 g and 96% w/w.

 5. Sieving: Perform sieving using analytical sieves with 
sieve sizes of 0.71 mm and 1.40 mm, respectively. 
The yield of dry cores after sieving is 1337 g and 
89% w/w. The yields are 96% and 89% w/w after 
drying and sieving, respectively.

 6. A sieving analysis before and after abrasion of the 
cores shows that about 93% of the cores have a 
size between 0.71 and 1.0 mm. A crushing strength 
analysis shows that the mean crushing strength of 1 

mm particles is 4.71 N. A hardness value at this level 
makes it possible to coat the particles in small as well 
as in large equipment.

 7. Coat morphine hydrochloride cores manufactured 
as above with controlled-release membranes. Use 
hydroxypropyl methylcellulose (HPMC) (E5) and 
ethyl cellulose (EC) (10 cps) as film formers together 
with triethyl citrate (TEC) as a plasticizer. The coat-
ing solution contains 99.5% ethanol and methyl iso-
butyl ketone (MIBK).

 8. Perform the coating using a spray coating equip-
ment (NicaTM FB-coater, Sweden). Use a Binks & 
Bullows spray gun with a J92R liquid nozzle and a 
J930 air nozzle. Place a net device in the top of the 
fluidized bed to avoid loss of cores to the cyclone 
output. Mount the spray gun on a height over the bot-
tom of the bed for 185 minutes. Pump an ethanol/
MIBK mixture through the system before the start of 
the coating and there is consequently liquid present 
between the pump housing and the spray gun. Load 
the morphine hydrochloride cores prepared above. 
Preheat the cores at 55°C with an air velocity of 20 to 
25 m3/h for 4 minutes. At the start of the coating, the 
bed temperature is 32°C to 36°C. Start the coating 
using the following process parameters: Atomizing 
pressure 500 kPa, air velocity 85 m3/h, and a solu-
tion flow of about 24 mL/min The registered IN tem-
perature varies between 53°C to 56°C, and the OUT 
temperature varies between 34°C and 38°C during 
the coating.

 9. Sieve the coated spheres through a 1.4 mm sieve and 
collect spheres with a size less than 1.4 mm.

 10. Fill the collected spheres into a hard gelatin capsule 
(white) with a normal weight of 0.17 g (net 108 mg). 
The mean content of active component in the capsule 
is between 36 and 44 mg.

MORPHINE SULFATE SUSTAINED-
RELEASE CAPSULES*

Each sustained-release capsule contains either 20 mg, 30 mg, 
50 mg, 60 mg, or 100 mg of morphine sulfate and the fol-
lowing inactive ingredients that are common to all strengths: 
hydroxypropyl methylcellulose, ethylcellulose, methacrylic 
acid copolymer, polyethylene glycol, diethyl phthalate, talc, 
cornstarch, and sucrose. The 20 mg capsule shell contains 
gelatin, silicon dioxide, sodium lauryl sulfate, D&C Yellow 
No. 10, titanium dioxide, and black ink (SW-9009). The 30 
mg capsule shell contains gelatin, silicon dioxide, sodium 
lauryl sulfate, FD&C Red No. 3, FD&C Blue No. 1, titanium 
dioxide, and black ink (S-1–8114 or S-1–8115).

The 50 mg capsule shell contains gelatin, silicon dioxide, 
sodium lauryl sulfate, D&C Red No. 28, FD&C Red No. 40, 
FD&C Blue No. 1, titanium dioxide, and black ink (SW-9009). 
The 60 mg capsule shell contains gelatin, silicon dioxide, 
sodium lauryl sulfate, D&C Red No. 28, FD&C Red No. 40, 
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FD&C Blue No. 1, titanium dioxide, and black ink (S-1–8114 or 
S-1–8115). The 100 mg capsule shell contains gelatin, silicon 
dioxide, sodium lauryl sulfate, D&C Yellow No. 10, FD&C 
Blue No. 1, titanium dioxide, and black ink (SW-9009).

MULTIVITAMIN EFFERVESCENT GRANULES

Bill of Materials

Scale (mg/
Sachet) Item Material Name

Qty/1000 
Tabs (g)

2.600 1 Thiamin hydrochloride 
(BASF)

0.26

3.000 2 Riboflavin (BASF) 0.30

11.000 3 Nicotinamide 1.10

2.500 4 Pyridoxine hydrochloride 
(BASF)

0.25

15.000 5 Calcium D-pantothenate 
(BASF)

1.50

200.000 6 Ascorbic acid powder 
(BASF)

20.00

500.000 7 Citric acid 50.00

1300.000 8 Sucrose 130.00

800.000 9 Fructose 80.00

200.000 10 Kollidon CL-M 20.00

250.000 11 Flavors 25.00

20.000 12 Cyclamate sodium 2.00

1.000 13 Saccharine sodium 0.10

150.000 14 Kollidon VA 64 15.00

350.000 15 Isopropanol 35.00

15.000 16 Vitamin A acetate dry 
powder 325000 IU/g 
CWD (BASF)

1.50

8.000 17 Vitamin D3 dry powder 
100000 IU/g CWD 
(BASF)

0.80

21.000 18 Vitamin E acetate dry 
powder 50%

2.10

0.066 19 Cyanocobalamin gelatin 
coated 0.1% (BASF)

0.66

400.000 20 Sodium bicarbonate 40.00

MAnufAcTurinG DirecTions

 1. Granulate mixture of items 1 to 13 with solution of 
items 14 and 15; pass through a 0.8 mm sieve, dry 
well, and mix with items 16 to 20.

 2. Fill 4 g into sachets.

MULTIVITAMIN EFFERVESCENT GRANULES

Bill of Materials

Scale (mg/
Sachet) Item Material Name

Qty/1000 
Sachet (g)

2.60 1 Thiamin hydrochloride 0.26

3.00 2 Riboflavin 0.30

11.00 3 Nicotinamide 1.10

2.50 4 Pyridoxine hydrochloride 0.25

15.00 5 Calcium D-pantothenate 1.50

200.00 6 Ascorbic acid (powder) 20.00

500.00 7 Citric acid 50.00

1300.00 8 Sucrose 130.00

800.00 9 Fructose 80.00

200.00 10 Kollidon CL-M 20.00

250.00 11 Flavors 25.00

20.00 12 Cyclamate sodium 2.00

1.00 13 Saccharine sodium 0.10

150.00 14 Kollidon VA 64 15.00

350.00 15 Isopropanol 35.00

5000 IU 16 Vitamin A acetate (dry 
powder; 325000 IU/g 
CWD)

1.50

800 IU 17 Vitamin D3 (dry powder; 
100000 IU/g CWD)

0.80

21.00 18 Vitamin E acetate (dry 
powder; 50%)

2.10

0.0660 19 Cyanocobalamin 
(gelatin-coated; 0.1%)

0.66

400.00 20 Sodium bicarbonate 40.00

MAnufAcTurinG DirecTions

 1. Granulate mixture of items 1 to 13 with a solution of 
items 14 and 15.

 2. Pass through a 0.8 mm sieve, dry well, and mix with 
items 16 to 20.

 3. Fill 4 g into sachets.

MULTIVITAMIN INSTANT GRANULES

Bill of Materials

Scale 
(mg/6 g 
Sachet) Item Material Name Qty/30 kg (g)

40.00 1 Vitamin A+D dry powder + 
50000 IU/g CWD (BASF)

200.00

5.00 2 Thiamine mononitrate 
(BASF)

26.00

6.00 3 Riboflavin (BASF) 33.00

22.00 4 Nicotinamide 110.00

4.50 5 Pyridoxine hydrochloride 
(BASF)

22.00

30.00 6 Calcium D-pantothenate 
(BASF)

150.00

0.013 7 Cyanocobalamin, USE 
cyanocobalamin 0.1% 
gelatin coated (BASF)

66.00

230.00 8 Ascorbic acid powder 
(BASF)

1150.00

42.00 9 Vitamin E acetate dry 
powder

210.00

4000.00 10 Sucrose, finely ground 20000.00
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1000.00 11 Kollidon CL-M 5000.00

200.00 12 Orange flavor 1000.00

400.00 13 Kollidon VA 64 2000.00

— 14 Ethanol or isopropanol ~7 L

MAnufAcTurinG DirecTions

 1. Pass mixture through a 0.8 mm sieve and granu-
late with solution of items 13 and 14 in the fluidized 
bed.

 2. Fill the granules into sachets. If the technology of 
a fluidized bed is not available, the dry powders of 
vitamin A, E, and B12 should be added after the gran-
ulation of the other components.

 3. Suspend 6 to 12 g (=1 sachet) in a glass of water 
corresponding to 2 to 4 RDA of vitamins. Double-
strength sachet filled at 12 g.

MULTIVITAMIN INSTANT GRANULES

Bill of Materials

Scale (mg/
sachet) Item Material Name Qty/30 kg (g)

40.00 1 Vitamin A and vitamin D 
(dry powder + 50000 IU/g 
CWD)

200.00

5.00 2 Thiamine mononitrate 26.00

6.00 3 Riboflavin 33.00

22.00 4 Nicotinamide 110.00

4.50 5 Pyridoxine hydrochloride 22.00

30.00 6 Calcium D-pantothenate 150.00

0.013 7 Cyanocobalamin; use 
cyanocobalamin 
(gelatin-coated, 0.1%)

66.00

230 8 Ascorbic acid powder 1150.00

— 9 Vitamin E acetate dry 
powder

210.00

4000 10 Sucrose (finely ground) 20000.00

1000 11 Kollidon CL-M 5000.00

200 12 Orange flavor 1000.00

400 13 Kollidon VA 64 2000.00

— 14 Ethanol or isopropanol ~7.00 L

MAnufAcTurinG DirecTions

 1. Pass mixture through a 0.8 mm sieve and 
 granulate with solution of items 13 and 14 in the flu-
idized bed.

 2. Fill 6 to 12 g of the granules into sachets.
 3. If the technology of a fluidized bed is not available, 

the dry powders of vitamins A, E, and B12 should be 
added after granulation of the other components.

 4. Suspend 6 to 12 g (=1 sachet) in a glass of water; cor-
responds to 2 to 4 RDA of vitamins.

MYCOPHENOLATE MOFETIL CAPSULES 
AND ORAL SUSPENSION*

The inactive ingredients in 250 mg capsules include croscar-
mellose sodium, magnesium stearate, povidone (K-90), and 
pregelatinized starch. The capsule shells contain black iron 
oxide, FD&C Blue No. 2, gelatin, red iron oxide, silicon diox-
ide, sodium lauryl sulfate, titanium dioxide, and yellow iron 
oxide. The inactive ingredients in Cell-Cept oral suspension 
include aspartame, citric acid anhydrous, colloidal silicon 
dioxide, methylparaben, mixed fruit flavor, sodium citrate 
dihydrate, sorbitol, soybean lecithin, and xanthan gum.

NANOPARTICLE POLYMER PARTICLE POWDERS

 1. Preparation of polymer nanoparticles of ketorolac: 
To 900 mg N-isopropyl acrylamide (NIPAAM), 
add 100 mL freshly distilled vinyl pyrrolidone (VP) 
and 50 mL freshly distilled acrylic acid (AA) in 100 
mL of water, and 300 mL methylene bis acrylamide 
(MBA; MBA = 0.049 g/mL) in order to cross-link 
the polymer chain. Remove the dissolved oxygen by 
passing nitrogen gas for 30 minutes; then add 50 mL 
of 0.5% w/v ferrous ammonium sulphate (FAS) and 
50 mL saturated ammonium persulfate (APS) solu-
tions to initiate the polymerization reaction. Do the 
polymerization at 30°C for 24 hours in a nitrogen 
atmosphere. Dialyze total aqueous solution of poly-
mer overnight using a spectrapore membrane dialy-
sis bag (12 kD cutoff). Freeze the dialyzed aqueous 
solution of polymeric micelles in liquid nitrogen and 
lyophilize immediately to obtain dry powder for 
subsequent use. The yield of micelle nanoparticles 
is more than 80%. The lyophilized powder is easily 
redispersible in aqueous buffer; 100 mg of lyophi-
lized powder of polymeric micelles is dispersed in 
10 mL of water and is stirred well to disperse the 
micelles. Dissolve the free acid form of ketorolac in 
absolute ethanol (ketorolac = 50 mg/mL) and add the 
alcoholic solution in polymeric micelles slowly with 
constant stirring. Directly load ketorolac loaded into 
the hydrophobic core of micelles. Then lyophilize 
the drug-loaded polymeric micelles to get dry pow-
der for subsequent use.

 2. Preparation of polymeric nanoparticles containing 
indomethacin: In 100 mg of the lyophilized pow-
der of the polymeric micelle nanoparticles, add an 
alcoholic solution of indomethacin (indomethacin 
= 33 mg/mL) with constant stirring to get a clear 
solution of polymeric micelles containing the drug 
of desired concentration dispersed in aqueous buf-
fer. Maximum 10% w/w of the drug can be dissolved 
in polymeric micelles at room temperature. Then 
lyophilize the drug-loaded polymeric micelles to get 
dry powder for subsequent use.

 3. Preparation of polymeric micelles containing 
nimesulide: In 100 mg of dry powder of polymeric 
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micelles, add an alcoholic solution of nimesulide 
(nimesulide = 10 mg/mL) with constant stir-
ring to get a clear solution. Maximum 8% w/w 
of nimesulide could be dissolved in polymeric 
micelles at room temperature. Then lyophilize 
the drug-loaded micelles to get dry powder for 
subsequent use.

NELFINAVIR MESYLATE ORAL POWDER*

Oral powder is available for oral administration in a 50 
mg/g strength (as nelfinavir free base) in bottles. The oral 
powder also contains the following inactive ingredients: 
microcrystalline cellulose, maltodextrin, dibasic potas-
sium phosphate, crospovidone, hydroxypropyl methyl-
cellulose, aspartame, sucrose palmitate, and natural and 
artificial flavors.

NELFINAVIR MESYLATE ORAL POWDER

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

50.00 1 Nelfinavir mesylate 50.00

50.00 2 Sodium 
carboxymethylcellulose

50.00

1.25 mL 3 Syrup 1.25 L

0.10 mL 4 Benzoic acid solution 0.10 L

QS 5 Flavor QS

QS 6 Dye QS

QS to 5 
mL

7 Purified water 5 L

MAnufAcTurinG DirecTions

 1. Pass the active ingredient through a 45 mesh sieve 
and mix with the sodium carboxymethylcellulose 
and syrup to form a smooth paste.

 2. Dilute the benzoic acid solution, flavor, and color 
with a portion of the water and added with stirring. 
Then add sufficient water to produce the required 
volume.

NILVADIPINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

14.00 1 Nilvadipine 14.00

166.00 2 Polyethylene glycol 400 166.00

20.00 3 Hydroxypropyl 
methylcellulose

10.00

MAnufAcTurinG DirecTions

 1. Add and dissolve item 1 in item 2.
 2. Add item 3 and fill 200 mg in a size 4 hard gelatin 

capsule.

NITROFURANTOIN CAPSULES*

Each capsule contains edible black ink, gelatin, lactose, 
starch, talc, titanium dioxide, and may contain FD&C Yellow 
No. 6 and D&C Yellow No. 10. Nitrofurantoin is an antibac-
terial agent specifically for urinary tract infections. Another 
formulation of nitrofurantoin capsule is a hard gelatin capsule 
shell containing the equivalent of 100 mg of nitrofurantoin 
in the form of 25 mg of nitrofurantoin macrocrystals and 75 
mg of nitrofurantoin monohydrate. Inactive ingredients: Each 
capsule contains carbomer 934P, cornstarch, compressible 
sugar, D&C Yellow No. 10, edible gray ink, FD&C Blue No. 
1, FD&C Red No. 40, gelatin, lactose, magnesium stearate, 
povidone, talc, and titanium dioxide.

NITROFURANTOIN SUSTAINED-
RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

150.00 1 Nitrofurantoin 
monohydrate (Norwich 
Eaton Pharmaceuticals, 
Inc.)

150.00

17.70 2 Carbopol 934P (B. F. 
Goodrich)

17.70

181.00 3 PVP C-15 (GAF 
Corporation)

181.00

3.50 4 Talc 3.50

1.80 5 Zinc stearate 1.80

MAnufAcTurinG DirecTions

 1. Combine Carbopol 934P, PVP C-15 (mean molecu-
lar weight of approximately 8000), talc, and zinc 
stearate in a mortar and triturate well.

 2. Add the nitrofurantoin monohydrate to this mixture 
in the mortar and triturate well until a substantially 
uniform particulate mixture is achieved.

 3. Fill the resulting particulate mixture (354 mg) into 
size 1 hard gelatin capsule shells.

NIZATIDINE CAPSULES*

Each capsule contains pregelatinized starch, dimethicone, 
starch, titanium dioxide, yellow iron oxide, 150 mg (0.45 
mmol) or 300 mg (0.91 mmol) of nizatidine, and other inac-
tive ingredients. The 150 mg capsule also contains magnesium 
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stearate and the 300 mg capsule also contains croscarmellose 
sodium, povidone, red iron oxide, and talc.

NIZATIDINE CAPSULES*

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

150.00 1 Nizatidine 150.00

33.70 2 Cornstarch 33.70

15.00 3 Pregelatinized starch 
(starch 1500)

15.00

0.70 4 Magnesium stearate 0.70

0.60 5 Simethicone 0.60

6 Empty hard gelatin shell, 
size 2 (bovine origin)

1000.00

MAnufAcTurinG DirecTions

 1. Add and blend items 1 to 3 in a suitable blender and 
mix for 20 minutes.

 2. Add item 4 and blend for 10 minutes
 3. Add item 5 and blend for 4 minutes.
 4. Fill 200 mg into hard gelatin capsules.

NYSTATIN POWDER*

Nystatin topical powder is for dermatologic use and contains 
100,000 USP nystatin units per gram dispersed in talc.

OMEPRAZOLE AND PIROXICAM CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

95.70 1 Omeprazole enteric-coated 
pellets

95.70

122.70 2 Piroxicam enteric-coated 
pellets

122.70

MAnufAcTurinG DirecTions

 1. This product requires preparation of enteric-coated 
pellets of omeprazole and piroxicam separately.

 2. Prepare the omeprazole pellets by applying drug 
solution (in HPMC) on nonpareil sugar beads, apply-
ing a separating layer consisting of HPMC alone 
and then applying an enteric coating that comprises 
methylacrylic acid copolymer 30% suspension with 
triethyl citrate, mono- and diglycerides, and polysor-
bate 80 in purified water. Finally, apply an overcoat.
Core material (omeprazole)

– Magnesium omeprazole: 5.00 kg

– Nonpareil cores: 10.00 kg
– Hydroxypropyl methylcellulose: 0.75 kg
– Water purified: 19.65 kg

Separating layer (omeprazole)
– Core material (acc. to above): 14.60 kg
– Hydroxypropyl cellulose: 1.46 kg
– Talc: 2.5 kg
– Magnesium stearate: 0.21 kg
– Water purified: 29.2 kg

Enteric coating layer (omeprazole)
– Pellets with separate layer (acc. to above): 

9.00 kg
– Methacrylic acid copolymer (30% suspen-

sion): 15.00 kg
– Triethyl citrate: 1.35 kg
– Mono- and diglycerides: 0.22 kg
– Polysorbate 80: 0.02 kg
– Water purified: 8.8 kg

Overcoating layer (omeprazole)
– Enteric coating layered pellets: 9.0 kg
– Hydroxypropyl methylcellulose: 0.18 kg
– Magnesium stearate: 0.005 kg
– Water purified: 3.6 kg

 3. Prepare the piroxicam pellets by a similar method 
except using a hydroalcoholic solution in the first 
instance, not using a separating layer, and perform-
ing enteric coating using HPMC succinate.
Core material (piroxicam)

– Piroxicam micronized: 35 g
– Sugar seeds: 100 g
– Hydroxypropyl methylcellulose: 6 cps, 25 g

Water purified: 250 g
– Ethanol 99% (w/v): 250 g enteric coating 

layer (piroxicam)
– Piroxicam pellets (acc. to above): 100 g
– Hydroxypropyl methylcellulose acetate-suc-

cinate: 14.38 parts
Triethyl citrate: 2.87 parts

– Sodium lauryl sulphate: 0.43 parts
Talc: 4.32 parts
Water purified: 183.3 parts

 4. Coat with a suspension of the preceding composition 
to give a product with a content of 163 mg/g; suspen-
sion layering is performed in fluid bed equipment. 
Spray micronized piroxicam onto inert nonpareil 
cores from a water suspension containing the dis-
solved binder.

OMEPRAZOLE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

20.00 1 Omeprazole 20.00

5.33 2 Hydroxymethylcellulose 5.33
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6.00 3 2910 hydroxypropyl 
cellulose

6.00

8.00 4 Lactose 8.00

0.64 5 Disodium phosphate 
anhydrous

0.64

0.50 6 Sodium lauryl sulfate 0.50

Enteric coating layer

21.00 7 HPMCAS 21.00

6.00 8 Triethyl citrate 6.00

0.66 9 Sodium lauryl sulfate 0.66

11.00 10 Talc 11.00

1.12 11 Sodium hydroxide 1.12

MAnufAcTurinG DirecTions

 1. First, place sugar spheres 20/25 (700–850 microns, 
161.63 mg) in a fluid bed coating chamber equipped 
with a Wurster bottom-spraying device.

 2. Prepare a suspension of the ingredients in water so 
that the concentration is approximately 20% of total 
solids in water.

 3. Spray this active coating suspension onto the sugar 
spheres. Then spray a suspension of the enteric coat-
ing onto the substrate to form the finished pellets. 
Place the pellets in capsules.

OMEPRAZOLE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

40.00 1 Omeprazole 40.00

68.00 2 Sucrose and cornstarch 
neutral microgranules, 
size 26

68.00

4.00 3 Sodium starch glycolate 
(Explotab)

4.00

6.00 4 Sodium lauryl sulfate 6.00

7.12 5 Polyvidone 7.00

5.96 6 Hydroxypropyl 
methylcellulose

5.96

36.15 7 Eudragit L30D 36.15

3.62 8 Triethyl citrate 3.62

15.40 9 Talc 15.40

— 10 Alcohol QS

OMEPRAZOLE DELAYED-RELEASE CAPSULES*

Each delayed-release capsule contains either 10 mg, 20 
mg, or 40 mg of omeprazole in the form of enteric-coated 
granules with the following inactive ingredients: cellulose, 
disodium hydrogen phosphate, hydroxypropyl cellulose, 
hydroxypropyl methylcellulose, lactose, mannitol, sodium 
lauryl sulfate, and other ingredients. The capsule shells 
have the following inactive ingredients: gelatin NF, FD&C 

Blue No. 1, FD&C Red No. 40, D&C Red No. 28, titanium 
dioxide, synthetic black iron oxide, isopropanol, butyl alco-
hol, FD&C Blue No. 2, D&C Red No. 7 Calcium Lake, and, 
in addition, the 10 and 40 mg capsule shells also contain 
D&C Yellow No. 10.

ORAL REHYDRATION SALT (45 MEQ)

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

811.90 1 Cerelose powder 811.90

66.57 2 Sodium chloride 66.57

31.82 3 Sodium citrate dihydrate 31.82

70.14 4 Potassium citrate 
monohydrate/food grade

70.14

19.57 5 Povidone (K 29–32) 19.57

— 6 Alcohol 500.00 mL

— 7 Water purified 50.00 mL

MAnufAcTurinG DirecTions

 1. Mill the dextrose through a 1.2 mm aperture screen 
or similar on a comminuting mill, medium speed, 
knives forward.

 2. Individually mill the sodium chloride, sodium 
citrate, and potassium citrate through a 1.2 mm aper-
ture screen on a comminuting mill, medium speed, 
knives forward. Note: Do not mix the milled items 
until ready to add them to the dextrose.

 3. Load the powders from steps above into a suit-
able  mass mixer and mix for 10 minutes. Screen 
the povidone through a 1.2 mm aperture screen 
and transfer to the mixer. Mix all the powders for 5 
minutes.

 4. Mix 500 mL of alcohol with 50 mL of water and 
slowly add to the mixer while mixing. Continue to 
mix for 5 to 10 minutes. Do not overwet the mass.

 5. Granulate the wet mass through a 4.76 mm aperture 
screen using an oscillating granulator and spread on 
stainless steel trays.

 6. Dry the granules at 45°C for approximately 16 hours 
or until loss on drying is less than 0.8%.

 7. Turn the granules over after 3 to 4 hours drying.
 8. Screen dry granules through an 840 μm aperture 

screen.
 9. Transfer the fine powder to a suitable blender.
 10. Pass coarse granules through an 840 μm aperture 

screen using an oscillating granulator and transfer to 
the blender. Blend for 5 to 10 minutes.

 11. Discharge into polyethylene-lined drums.
 12. Fill 3.08 g for 100 mL, 7.70 g for 250 mL, and 30.80 

g for 1000 mL of reconstituted solution; prorate 
weights for different volumes.
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ORLISTAT CAPSULES*

Orlistat is available for oral administration in dark blue hard 
gelatin capsules, with light blue imprinting. Each capsule con-
tains 120 mg of the active ingredient orlistat. The capsules 
also contain the inactive ingredients microcrystalline cellu-
lose, sodium starch glycolate, sodium lauryl sulfate, povidone, 
and talc. Each capsule shell contains gelatin, titanium dioxide, 
and FD&C Blue No. 1, with printing of pharmaceutical glaze, 
titanium dioxide, and FD&C Blue No. 1 Aluminum Lake.

ORLISTAT CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

120.00 1 Orlistat 120.00

93.60 2 Microcrystalline cellulose 93.60

7.20 3 Sodium starch glycolate 7.20

12.00 4 Polyvinylpyrrolidone 12.00

7.20 5 Sodium lauryl sulfate 7.20

MAnufAcTurinG DirecTions

 1. Dissolve polyvinylpyrrolidone and sodium lauryl 
sulfate in water.

 2. Mix orlistat, microcrystalline cellulose, and sodium 
starch glycolate for 10 minutes and granulate with 
the solution of step 1.

 3. Dry granules at or below 30°C and pass through a 20 
mesh screen.

 4. Fill granules into a size 1 hard gelatin capsule.

OSELTAMIVIR PHOSPHATE CAPSULES 
AND ORAL SUSPENSION*

Oseltamivir phosphate is available as a capsule containing 
75 mg oseltamivir for oral use, in the form of oseltamivir 
phosphate, and as a powder for oral suspension, which when 
constituted with water as directed contains 12 mg/mL osel-
tamivir. In addition to the active ingredient, each capsule 
contains pregelatinized starch, talc, povidone K 30, croscarm-
ellose sodium, and sodium stearyl fumarate. The capsule shell 
contains gelatin, titanium dioxide, yellow iron oxide, black 
iron oxide, and red iron oxide. Each capsule is printed with 
blue ink, which includes FD&C Blue No. 2 as the colorant. 
In addition to the active ingredient, the powder for oral sus-
pension contains xanthan gum, monosodium citrate, sodium 
benzoate, sorbitol, saccharin sodium, titanium dioxide, and 
tutti-frutti flavoring.

OXCARBAZEPINE ORAL SUSPENSION*

The oral suspension contains the following inactive ingredi-
ents: Ascorbic acid, dispersible cellulose, ethanol, macrogol 

stearate, methyl parahydroxybenzoate, propylene glycol, pro-
pyl parahydroxybenzoate, purified water, sodium saccharin, 
sorbic acid, sorbitol, yellow-plum-lemon aroma.

OXYCODONE HYDROCHLORIDE AND 
ACETAMINOPHEN CAPSULES

Each capsule contains oxycodone hydrochloride USP 5 mg 
and acetaminophen 500 mg. Inactive ingredients: Docusate 
sodium, gelatin, magnesium stearate, sodium benzoate, 
sodium metabisulfite, cornstarch, FD&C Blue No. 1, FD&C 
Red No. 3, FD&C Red No. 40, and titanium dioxide.

OXYTETRACYCLINE 
HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Oxytetracycline, USE 
oxytetracycline HCl BP 
80

275.00

30.00 2 Starch (cornstarch dried) 30.00

1.00 3 Colloidal silicon dioxide 
(Aerosil 200)

1.00

3.00 4 Magnesium stearate 3.00

3.00 5 Talc (fine powder) 3.00

1 6 Empty hard gelatin 
capsule, size 1

1000.00

MAnufAcTurinG DirecTions

Note: The processing area must be under controlled room 
temperature and humidity. The limits are RH 50% to 55%, 
temperature 22°C to 27°C.

 1. Pass item 1 through a 630 μm sieve using a sifter. 
Collect in a stainless steel drum.

 2. Mix items 5, 3, and 2 in a stainless steel drum. Pass 
through a 250 μm sieve using a sifter. Collect in a 
stainless steel drum.

 3. Add 66.67 g of sieved item 1 (from step 1) to the 
drum at step 2 and mix for 5 minutes in a drum 
blender.

 4. Pass the mix through a 630 μm stainless steel sieve 
using a sifter. Collect in a stainless steel drum.

 5. Pass item 4 through a 250 μm sieve using a sifter. 
Collect in a stainless steel drum.

 6. Add 8.0 g of sieved item 1 (from step 1) to the drum 
at step 4 and mix for 5 minutes by rolling.

 7. Pass the mix through a 630 μm stainless steel sieve 
using a sifter. Collect in stainless steel drum.

 8. Load the sieved powders to the blender. Mix for 5 
minutes.
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 9. Unload the powder in stainless steel drum. 10. A fill 
weight of one capsule is 312 mg.

OXYTETRACYCLINE HYDROCHLORIDE, 
SULFAMETHIZOLE, AND PHENAZOPYRIDINE 
HYDROCHLORIDE CAPSULES*

Each capsule contains tetracycline hydrochloride equiva-
lent to 250 mg oxytetracycline, sulfamethizole 250 mg, 
phenazopyridine hydrochloride 50 mg. Inert ingredients in 
the formulation are hard gelatin capsules (which may contain 
FD&C Green No. 3, FD&C Yellow No. 6, D&C Yellow No. 
10, and other inert ingredients); magnesium stearate, sodium 
lauryl sulfate, and starch.

PANCRELIPASE CAPSULES

The delayed-release microsphere capsules for delayed release 
of pancrelipase, which is of porcine pancreatic origin, contain 
lipase (5000 USP units), protease (18750 USP units), and amy-
lase 16600 (USP units) or pancrelipase (10000 USP units), 
protease (37500 USP units), and amylase (33200 USP units) or 
contain lipase (20000 USP units), protease (75000 USP units), 
and amylase (66400 USP units). Inactive ingredients include 
dibutyl phthalate, dimethicone, hydroxypropyl methylcellu-
lose phthalate, light mineral oil, and polyethylene glycol. The 
capsule shells contain gelatin, red iron oxide, titanium diox-
ide, and yellow iron oxide. The capsule shell contains FD&C 
Blue No. 2. In addition, the 10,000 unit capsule shell contains 
black iron oxide and the imprinting ink contains dimethicone, 
2-ethoxyethanol, shellac, soya lecithin, and titanium dioxide.

PANCRELIPASE CAPSULES ENTERIC-
COATED MICROSPHERES

Pancrelipase capsules are orally administered capsules con-
taining enteric-coated microspheres of porcine pancreatic 
enzyme concentrate, predominantly pancreatic lipase, amy-
lase, and protease. The inactive ingredients are povidone, talc, 
sugar, methacrylic acid copolymer (type C), triethyl citrate, 
and simethicone emulsion.

PENICILLAMINE CAPSULES*

Capsules of penicillamine for oral administration contain 
either 125 or 250 mg of penicillamine. Each capsule contains 
the following inactive ingredients: D&C Yellow No. 10, gela-
tin, lactose, magnesium stearate, and titanium dioxide. The 
125 mg capsule also contains iron oxide.

PENTOSAN POLYSULFATE SODIUM CAPSULES

This is supplied in white opaque hard gelatin capsules con-
taining 100 mg of pentosan polysulfate sodium, microcrystal-
line cellulose, and magnesium stearate. It is formulated for 
oral use.

PENTOSTATIN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

5.00 1 Pentostatin 5.00

25.00 2 Gelatin 25.00

100.00 3 Lactose 100.00

2.00 4 Red iron oxide 2.00

MAnufAcTurinG DirecTions

 1. Pass items 1 to 3 through an 80 mesh screen and 
blend.

 2. Add item 4 and mix for 10 minutes.
 3. Fill 132 mg in a size 1 capsule.

PH-SENSITIVE COATED SPHEROIDS

Uncoated spheroids (60% 
w/w propranolol 
hydrochloride) 3.00 kg

Methacrylic acid copolymer 
type B Eudragit S

0.75 kg

Triacetin 0.112 kg

Isopropyl alcohol 1.64 kg

Methylene chloride 1.99 kg

Water 0.50 kg

Coated Spheroids
Uncoated spheroids (60% w/w 
propranolol hydrochloride)

3.00 kg

Hydroxypropyl methylcellulose 
2910, 4000 cps, Methocel

0.075 kg

Methylene chloride 4.98 kg

Methanol anhydrous 2.96

Eudragit E 30D aqueous 
dispersion

1.00 kg

Calcium stearate 0.03 kg

Simethicone emulsion 0.0025 kg

Water purified 0.50 kg

MAnufAcTurinG DirecTions

 1. The finished dosage form consists of a hard gela-
tin capsule containing a powder blend of propran-
olol hydrochloride and two types of spheroids. 
The formulation particulars are based on 160 
mg of propranolol hydrochloride per capsule, 
although they can be designed to provide other 
dosage strengths.

 2. The propranolol hydrochloride powder blend (or first 
group of spheroids) provides the loading dose (e.g., 
25 mg of propranolol HCl). The second and third 
types of spheroids are categorized as follows.
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 a. Blend together propranolol hydrochloride (60 kg) 
and microcrystalline cellulose (Avicel-PH101; 
40 kg) in a 450 L planetary mixer. Add water 
(50 kg) and run the mixer for 10 minutes until a 
homogeneous plastic mass is obtained. Extrude 
the mass under pressure through a perforated 
cylinder to give cylindrical extrudates of nomi-
nally 1 mm in diameter. Place the damp extru-
dates (in batches of 15–20 kg) in a spheronizer in 
which the rotating disc (diameter 68 cm) rotates 
at 300 to 400 rpm. Continue the rotation for 10 
minutes and then dry resulting spheroids at 60°C 
in a fluidized bed dryer. Pass the dried spheroids 
over a 1.4 mm screen, and subject those which 
pass through to a 0.7 mm screen. Discard the 
over- and undersized spheroids.

 b. Use pH-sensitive coated spheroids to provide a 
second dose (pH 6.5) (e.g., 65 mg propranolol 
HCl). Place uncoated spheroids in a fluidized 
bed coater. Apply the Eudragit S solution using a 
peristaltic pump. Dry the spheroids.

 c. Use coated spheroids to provide a third dose 
(4–10 hours post ingestion; e.g., 70 mg proprano-
lol HCl). Place the uncoated spheroids in a fluid-
ized bed coater. Spray Methocel E4MP® solution 
using a peristaltic pump. Dry the spheroids.

 3. Process for applying overcoat: Spray Eudragit E 
30D suspension containing calcium stearate on the 
Methocel E4MP coated spheroids using a peristaltic 
pump.

 4. Dry the spheroids 
 5. Fill capsules with the powder blend, pH-sensitive 

coated spheroids, and coated spheroids on an encap-
sulating machine capable of dual filling powders and 
spheroids.

PHENOBARBITAL AND HYOSCYAMINE 
SULFATE CAPSULES

Each capsule contains phenobarbital (16.2 mg) and hyoscya-
mine sulfate (0.1037 mg). The inactive ingredients include 
cornstarch, edible ink, D&C Yellow No. 10 and FD&C 
Green No. 3, or FD&C Blue No. 1 and FD&C Yellow No. 6, 
FD&C Blue No. 2 Aluminum Lake, gelatin, lactose, sucrose. 
Capsules may contain FD&C Red No. 40 and Yellow No. 6 
Aluminum Lake.

PHENOXYBENZAMINE 
HYDROCHLORIDE CAPSULES

Each capsule with a red cap and a red body contains phenoxy-
benzamine hydrochloride (10 mg). Inactive ingredients con-
sist of benzyl alcohol, cetylpyridinium chloride, D&C Red 
No. 33, FD&C Red No. 3, FD&C Yellow No. 6, gelatin, lac-
tose, sodium lauryl sulfate, and trace amounts of other inac-
tive ingredients.

PHENTERMINE CAPSULES

Each capsule contains 15 or 30 mg of phentermine as the 
cationic exchange resin complex. Phentermine is alpha, 
alpha-dimethyl phenethylamine (phenyl-tertiary-butyl-
amine). The inactive ingredients are D&C Yellow No. 10, 
dibasic calcium phosphate, FD&C Yellow No. 6, gelatin, 
iron oxides (15 mg capsules only), lactose, magnesium stea-
rate, and titanium dioxide.

PHENTERMINE HYDROCHLORIDE CAPSULES

It is available as a capsule or tablet containing 37.5 mg of 
phentermine hydrochloride (equivalent to 30 mg of phenter-
mine base). The capsules contain the following inactive ingre-
dients: cornstarch, gelatin, lactose monohydrate, magnesium 
stearate, titanium dioxide, black iron oxide, FD&C Blue No. 
1, FD&C Red No. 40, and D&C Red No. 33.

PHENYTOIN SODIUM EXTENDED-
RELEASE CAPSULES*

Each extended phenytoin sodium capsule contains 30 or 100 
mg phenytoin sodium. The capsule also contains lactose, 
confectioner’s sugar, talc, and magnesium stearate. The cap-
sule shell and band contain colloidal silicon dioxide, FD&C 
Red No. 3, gelatin, glyceryl monooleate, and sodium lauryl 
sulfate. The 30 mg capsule shell and band also contain citric 
acid, FD&C Blue No. 1, sodium benzoate, and titanium diox-
ide. The 100 mg capsule shell and band also contain FD&C 
Yellow No. 6, purified water, and polyethylene glycol 200. 
Product in vivo performance is characterized by a slow and 
extended rate of absorption with peak blood concentrations 
expected in 4 to 12 hours as contrasted with prompt phenyt-
oin sodium capsules with a rapid rate of absorption with peak 
blood concentration expected in 1½ to 3 hours.

PIROXICAM AND BETA-CYCLODEXTRIN 
TOPICAL POWDER

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

100.00 1 Piroxicam 100.00

900.00 2 Beta-cyclodextrin 900.00

MAnufAcTurinG DirecTions

 1. Screen items 1 and 2 through a 60 mesh screen and 
feed into the grinding chamber of a high-energy 
vibration mill together.

 2. While maintaining the mill at its minimum vibra-
tional frequency, expose the powders for 15 minutes 
to a flow of steam by opening a connection valve 
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between the chamber and a steam reservoir (mixing 
and activation stage).

 3. After this operation, continue the true co-grinding 
stage for 4 hours.

 4. On termination, discharge the product, screen through 
a 60 mesh screen, and homogenize by mixing.

PIROXICAM CAPSULES

Each maroon and blue capsule contains 10 mg of piroxicam; 
each maroon capsule contains 20 mg of piroxicam for oral 
administration. The inactive ingredients in Feldene capsules 
include FD&C Blue No. 1, FD&C Red No. 3, lactose, magne-
sium stearate, sodium lauryl sulfate, and starch.

PIROXICAM CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

20.00 1 Piroxicam 20.00

233.23 2 Lactose 233.23

48.75 3 Cornstarch 48.75

1.36 4 Magnesium stearate 1.36

0.15 5 Sodium lauryl sulfate 0.15

Note: For 5 and 10 mg strength, adjust with item 2.

MAnufAcTurinG DirecTions

 1. Mix items 1 to 3 in a suitable blender in a low humid-
ity area.

 2. Compress to make slugs; reduce slugs by passing 
through a No. 20 sieve.

 3. Add and blend items 4 and 5 and blend for 10 to 15 
minutes.

 4. Fill 305 mg into hard gelatin capsules.

PIROXICAM CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

50.00 1 Piroxicam 50.00

124.40 2 Lactose anhydrous 124.40

50.00 3 Cornstarch 50.00

12.50 4 Sodium starch glycolate 12.50

2.50 5 Povidone 2.50

7.50 6 Polysorbate 80 7.50

0.625 7 Colloidal silicon dioxide 0.625

6.25 8 Glycine 6.25

1.25 9 Citric acid 1.25

QS 10 Water purified QS

MAnufAcTurinG DirecTions

 1. An aqueous wet granulation process is whereby item 
1, lactose, cornstarch, sodium starch glycolate, col-
loidal silicon dioxide, and povidone are mixed and 
subsequently granulated with polysorbate dissolved 
in purified water.

 2. Add additional purified water until granules form 
and no dry powder remains.

 3. Dissolve glycine and citric acid in the additional 
purified water.

 4. Dry the wet granules at 60°C until loss on drying is 
NMT 2%.

 5. Mill the dried granules with the sodium starch gly-
colate, blend and lubricate with screened magnesium 
stearate in a twin-shell blender.

 6. Fill 250 mg into size 2 capsules.

POLYETHYLENE GLYCOL 3350 
POWDER FOR RECONSTITUTION

Each dose consists of 17 g of polyethylene glycol 3350.

POLYTHIAZIDE CAPSULES

Inert ingredients in the formulations are hard gelatin capsules 
(which may contain FD&C Blue No. 1, FD&C Green No. 3, 
FD&C Red No. 3, and other inert ingredients), magnesium 
stearate, sodium lauryl sulfate, starch, and sucrose.

POTASSIUM CHLORIDE EXTENDED-
RELEASE CAPSULES

The extended-release capsules contain microencapsulated 
potassium chloride 600 and 750 mg, respectively, of potas-
sium chloride USP equivalent to 8 and 10 mEq of potassium. 
Dispersibility of potassium chloride (KCl) is accomplished 
by microencapsulation and a dispersing agent. The resultant 
flow characteristics of the KCl microcapsules and the con-
trolled release of K+ ions by the microcapsular membrane 
are intended to avoid the possibility that excessive amounts 
of KCl can be localized at any point on the mucosa of the 
gastrointestinal tract. Each crystal of KCl is microencapsu-
lated by a patented process with an insoluble polymeric coat-
ing which functions as a semipermeable membrane; it allows 
for the controlled release of potassium and chloride ions over 
an 8 to 10 hour period. Fluids pass through the membrane and 
gradually dissolve the potassium chloride within the micro-
capsules. The resulting potassium chloride solution slowly 
diffuses outward through the membrane. The inactive ingre-
dients present are edible ink, ethylcellulose, FD&C Blue No. 
2 Aluminum Lake, FD&C Yellow No. 6, gelatin, magnesium 
stearate, sodium lauryl sulfate, and titanium dioxide. The 
capsules may contain FD&C Red No. 40 and Yellow No. 6 
Aluminum Lake.
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POTASSIUM CHLORIDE FOR ORAL SOLUTION

Natural fruit-flavored potassium chloride for oral solution, 
USP is an oral potassium supplement offered in individual 
packets as a powder for reconstitution. Each packet of powder 
contains potassium 20 mEq and chloride 20 mEq provided 
by potassium chloride 1.5 g. It is an electrolyte replenisher. 
Inactive ingredients: FD&C Yellow No. 6, maltodextrin (con-
tains corn derivative), malic acid, saccharin, silica gel, and 
natural flavoring.

POTASSIUM CHLORIDE MICROENCAPSULATED 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

600.00 1 Potassium chloride 600.00

900.00 2 Gelatin 900.00

QS 3 Water purified 1.5 L

QS 4 Corn oil QS

QS 5 Petroleum ether QS

QS 6 Isopropyl alcohol QS

QS 7 Glutaraldehyde 1% QS

MAnufAcTurinG DirecTions

 1. Add item 2 to 1.5 L of item 3 and allow the mixture 
to stand at 25°C for 1 hour while the gelatin hydrates 
and swells.

 2. To this mixture add item 1 and heat the preparation 
to 60°C while stirring at 300 rpm for 30 minutes to 
effect dissolution of the gelatin and to ensure even 
suspension of the calcium carbonate. Then add addi-
tional distilled water previously heated to 60°C to 
bring the total volume to 100°C while the stirring is 
continued.

 3. Slowly pour this preparation into 12 L of a mixture 
consisting of 20% by volume of corn oil in petroleum 
ether, which has previously been heated to 60°C 
while the petroleum ether solution is stirred at 500 
rpm. Then cool this preparation to 5°C with contin-
ued stirring and continue stirring at 500 rpm for 1 
hour after the lower temperature is reached.

 4. Add isopropanol (6 L) while continuing to stir the 
preparation at 5°C. Then collect the solid micro-
spheres by filtration and wash 3 times with isopro-
pyl alcohol. Immerse the capsules in 1.5 L of a 1% 
solution of glutaraldehyde in isopropyl alcohol for 8 
hours at 5°C, then wash again 3 times with isopropyl 
alcohol, filter, and vacuum dry for 24 hours.

 5. Fill the microspheres, which average between 200 
and 300 μm in diameter, into gelatin capsules for 
administration as a long-acting antacid product (1.5 
g of the microsphere mix, which contains 600 mg 

of potassium chloride, are filled into each size 00 
capsule). This final dosage form delivers a total 
dose of 600 mg of KCl, but over a sustained time 
period of 1 to 4 hours and in such a way that the 
potassium chloride is in the solution state, rather 
than the more injurious solid state, when it contacts 
the gastrointestinal mucosa. Total dissolution of 
the microspheres occurs from 1 to 5 hours after the 
drug content is depleted.

POTASSIUM CHLORIDE POWDER (20 MEQ)

Bill of Materials

Scale (g/3 
g pack) Item Material Name Qty/kg (g)

1.50 1 Potassium chloride powder 500.00

0.40 2 Calcium cyclamate 
granules

130.00

4.00 mg 3 Dye yellow 1.33

0.16 4 Malic acid 51.67

0.50 5 Hydrolyzed cereal solids 165.00

— 6 Alcohol anhydrous 90.00

— 7 Water purified 10.00

15.00 8 Silicon dioxide colloidal 15.00

0.25 9 Flavor 81.66

0.20 10 Flavor 65.33

MAnufAcTurinG DirecTions

 1. Pass items 1 to 4 and, if necessary, item 5 through a 
686 mm mesh using a comminuting mill with impact 
forward.

 2. Load the materials from step 1 and item 5 in a suit-
able mixer and mix for 20 minutes.

 3. Mix items 6 and 7 separately and add to step 2; mix 
for 5 minutes or until satisfactory mass is obtained.

 4. Spread wet granules on paper-lined trays and dry at 
40°C to 60°C to NMT 1.5% loss on drying.

 5. Sift granules through an 840 μm aperture and grind 
through a 1.27 mm aperture.

 6. Screen the flavors and, if necessary, item 8 through a 
20 mesh screen.

 7. Load half the granulation in a blender and add step 6 
followed by remainder granules and blend for 20 to 
30 minutes.

 8. Fill into suitable sachet 3 g.

PRAZOSIN AND POLYTHIAZIDE CAPSULES*

Each 1 mg capsule contains drug equivalent to 1 mg free base. 
Inert ingredients in the formulations are hard gelatin capsules 
(which may contain FD&C Blue No. 1, FD&C Red No. 3, 
FD&C Red No. 28, FD&C Red No. 40, and other inert ingre-
dients), magnesium stearate, sodium lauryl sulfate, starch, 
and sucrose.
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PREDNISOLONE TARGETED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

10.00 1 Prednisolone 10.00

100.00 2 Succinic acid 100.00

30.00 3 Eudragit E100 (5%) 30.00

100.00 4 Hydroxypropyl methylcel-
lulose acetate succinate

100.00

QS 5 Ethanol QS

QS 6 Purified water QS

QS 7 Talc QS

MAnufAcTurinG DirecTions

 1. Add items 1 and 2 to a suitable mixer and blend well. 
Fill into a size 2 capsule the core capsule.

 2. Spray-coat the core capsule with a 5% by weight 
solution of Eudragit E100 dissolved in ethanol, in a 
coating amount of 30 mg/capsule (48% by weight, 
based on the weight of the used empty hard capsule) 
as Eudragit E100 to obtain a capsule coated with a 
low pH-soluble polymer film.

 3. Further spray-coat the coated capsule with a coating solu-
tion prepared by dissolving item 4 in a mixture of etha-
nol and water [5: 3 (w/w)] to obtain a 5% by weight item 
4 solution and adding thereto talc in an amount of 2.5% 
by weight, based on the total weight of the 5% item 4 
solution, in a coating amount of 100 mg/capsule (159% 
by weight, based on the weight of the used empty hard 
capsule) as item 4 by means of an appropriate coater.

 4. The formulation described above releases in the 
lower part of the digestive tract.

PROCARBAZINE HYDROCHLORIDE CAPSULES*

Procarbazine hydrochloride, a hydrazine derivative antineo-
plastic agent, is available as capsules containing the equiv-
alent of 50 mg of procarbazine as the hydrochloride. Each 
capsule also contains cornstarch, mannitol, and talc. Gelatin 
capsule shells contain parabens (methyl and propyl), potas-
sium sorbate, titanium dioxide, FD&C Yellow No. 6, and 
D&C Yellow No. 10.

PROCHLORPERAZINE SUSTAINED-
RELEASE CAPSULES

Spansule sustained-release capsules—each Compazine 
Spansule is so prepared that an initial dose is released 
promptly and the remaining medication is released gradu-
ally over a prolonged period. Inactive ingredients consist 
of ammonio methacrylate copolymer, D&C Green No. 5, 
D&C Yellow No. 10, FD&C Blue No. 1, FD&C Blue No. 1 
Aluminum Lake, FD&C Red No. 40, FD&C Yellow No. 6, 

gelatin, hydroxypropyl methylcellulose, propylene glycol, sili-
con dioxide, simethicone emulsion, sodium lauryl sulfate, sor-
bic acid, sugar spheres, talc, triethyl citrate, and trace amounts 
of other inactive ingredients.

PROPOXYPHENE HYDROCHLORIDE, 
CAFFEINE, AND ASPIRIN CAPSULES*

Each capsule contains 65 mg (172.9 mmol) of propoxyphene 
hydrochloride, 389 mg (2159 mmol) of aspirin, and 32.4 mg (166.8 
mmol) of caffeine. It also contains FD&C Red No. 3, FD&C 
Yellow No. 6, gelatin, glutamic acid hydrochloride, iron oxide, 
kaolin, silicone, titanium dioxide, and other inactive ingredients.

PROPOXYPHENE HYDROCHLORIDE CAPSULES

Each Pulvule contains 65 mg (172.9 mmol) (No. 365) of pro-
poxyphene hydrochloride. It also contains D&C Red No. 33, 
FD&C Yellow No. 6, gelatin, magnesium stearate, silicone, 
starch, titanium dioxide, and other inactive ingredients.

PROPRANOLOL HYDROCHLORIDE AND 
HYDROCHLOROTHIAZIDE CAPSULES

Each capsule contains propranolol (80 mg) and hydrochloro-
thiazide (50 mg); alternately, the capsule may contain 120/50 
or 160/50 mg, respectively. It contains the following inactive 
ingredients: calcium carbonate, ethylcellulose, gelatin cap-
sules, hydroxypropyl methylcellulose, lactose, magnesium 
stearate, microcrystalline cellulose, sodium lauryl sulfate, 
sodium starch glycolate, titanium dioxide, and D&C Yellow 
No. 10. In addition, 80/50 mg and 120/50 mg capsules con-
tain D&C Red No. 33; 120/50 and 160/50 mg capsules contain 
FD&C Blue No. 1 and FD&C Red No. 40.

PROPRANOLOL HYDROCHLORIDE 
LONG-ACTING CAPSULES*

This is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 
The capsules contain the following inactive ingredients: cellu-
lose, ethylcellulose, gelatin capsules, hydroxypropyl methylcel-
lulose, and titanium dioxide. In addition, Inderal LA® 60 mg, 80 
mg, and 120 mg capsules contain D&C Red No. 28 and FD&C 
Blue No. 1; Inderal LA 160 mg capsules contain FD&C Blue 
No. 1. These capsules comply with USP Drug Release Test 1.

PROPRANOLOL HYDROCHLORIDE 
MULTIPLE BEAD CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

160.00 1 Propranolol hydrochloride [total] 160.00

Powder Blend
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30.00 2 Propranolol hydrochloride powder 30.00

54.00 3 Lactose 54.00

15.00 4 Microcrystalline cellulose 15.00

1.00 5 Magnesium stearate 1.00

PROPRANOLOL HYDROCHLORIDE 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

160.00 1 Propranolol hydrochloride 160.00

128.92 2 Sucrose 128.92

42.97 3 Cornstarch 42.97

22.86 4 Shellac 22.86

35.25 5 Talc 35.25

— 6 Ethyl alcohol 91.44

— 7 Water purified QS

MAnufAcTurinG DirecTions

 1. Neutral pellets
 A. Weigh and mix in a stainless steel mixer suit-

able quantities of sucrose and cornstarch in the 
proportion of 3: 1 w/w. Sift through a screen of 
suitable size to break up possible lumps.

 B. Transfer the mixture to a stainless steel coating 
pan and adjust rotary speed between 20 and 30 
rpm to obtain a good tumbling action.

 C. By means of a suitable spray gun, spray over the 
powder a quantity of water equal to 15% w/w in 
very minute drops.

 D. Place the wet pellets over a thermostatic tray 
dryer and dry at 37°C for complete evaporation 
of water.

 E. Pass the dried pellets through sieves of suitable 
screens to ensure removal of dust and selection 
of cores of desired size.

 2. Active pellets
 A. Dissolve shellac in ethyl alcohol. To 65% of 

this solution, add propranolol hydrochloride. 
(Reserve the remaining 35% of the solution for 
the film coating.)

 B. Transfer 171.89 kg of neutral pellets obtained 
from step I-E to a stainless steel coating pan and 
adjust the rotation speed between 20 and 30 rpm 
so as to obtain good tumbling action.

 C. Spray over the neutral pellets the result of step 
II-A.

 D. Keep the pan rotating to allow partial evapora-
tion of the solvent.

 E. Complete evaporation of the solvent by drying 
the pellets in a thermostat at 35°C for 3 days.

 3. Film-coated pellets

 A. Transfer the active pellets obtained from step 
II-E to a stainless steel coating pan and adjust 
the rotatory speed so as to obtain a good tum-
bling action.

 B. Spray the pellets as uniformly as possible with 
the alcoholic solution of shellac reserved from 
step II-A.

 C. Spread the wet pellets with talc to prevent 
agglutination.

 D. Keep the pan rotating to achieve solidification of 
the film coating and partial evaporation of the 
solvent.

 E. Complete evaporation of the solvent by drying 
the pellets in a thermostat at 35°C for 3 days.

 4. Blending of pellets
 A. Transfer the film-coated pellets obtained from 

step III-E to a stainless steel pan and add a suit-
able quantity of neutral pellets obtained from 
step III-E to obtain the required dosage.

 B. Add 0.5% w/w talc to eliminate electrostatic 
charges and mix for 30 to 35 minutes.

 5. Assembly
 A. Fill the blended pellets obtained from step IV-B 

into capsules of size 1 at the weight of 390 mg.

PROPRANOLOL TIMED- AND 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

80.00 1 Propranolol 80.00

4.14 2 Polyvinylpyrrolidone K-30 4.14

55.85 3 Nonpareil sugar beads 
25–30 mesh

55.85

2.80 4 Opadry clear 2.80

2.33 5 Ethyl cellulose 2.33

0.23 6 Diethyl phthalate 0.23

— 7 Water purified QS

— 8 Acetone QS

9.75 9 Ethyl cellulose 9.75

8.57 10 Hydroxypropyl 
methylcellulose phthalate

8.57

3.10 11 Diethyl phthalate 3.10

MAnufAcTurinG DirecTions

 1. Prepare a solution of item 2 in item 7 and add item 1 
slowly; mix well. This is the drug solution.

 2. In a Glatt fluid bed dryer, load item 3 and coat with 
step 1 slowly and then dry to less than 2% moisture.

 3. Apply item 4 coating to dried granules from step 2 to 
obtain 2% weight gain.
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 4. In a separate vessel, prepare a solution of items 5 and 
6 in 98 parts of item 8 and 2 parts of item 7. Spray 
this inner coating onto step 3.

 5. Prepare an acetone: water solution of items 9 to 11 
and coat on step 4.

 6. Dry and fill into capsules to yield 80, 120, and 160 mg of 
item 1. This product provides drug loading of 56% w/w 
based on core composition corresponding to 45.7% 
drug based on final time and sustained-release beads.

PROTON PUMP INHIBITOR POWDER FOR 
RECONSTITUTION FOR ORAL USE

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

20.00 1 Omeprazole (or another 
PPI)

20.00

20.00 2 Calcium acetate 175.00

3 Calcium glycerophosphate 175.00

4 Sodium bicarbonate 500.00

5 Calcium hydroxide 50.00

6 Glycerin 200.00

Note: This formula can be used for most proton pump inhibitor drugs.

MAnufAcTurinG DirecTions

Granulate active drug with items 2 to 6.
Dry sieve.
Pack in moisture-resistant container.

PROTON PUMP INHIBITOR POWDER FOR 
RECONSTITUTION FOR ORAL USE

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

10.00 1 Lansoprazole or other PPI 
equipotent

10.00

200.00 2 Calcium lactate 200.00

200.00 3 Calcium glycerophosphate 200.00

400.00 4 Sodium bicarbonate 400.00

12.00 5 Croscarmellose sodium 12.00

3.00 6 Pregelatinized starch 3.00

Note: This formula can be used for most proton pump inhibitor drugs.

MAnufAcTurinG DirecTions

 1. Granulate active drug with items 2 to 6.
 2. Dry sieve.
 3. Pack in moisture-resistant container.

PSEUDOEPHEDRINE 
HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

24.00 1 Pseudoephedrine 
hydrochloride

24.00

15.00 2 Hydroxyethylcellulose, NF 15.00

60.00 3 Anhydrous lactose 60.00

1.00 4 Magnesium stearate 1.00

MAnufAcTurinG DirecTions

 1. Blend all the ingredients in a twin-shell blender for 
10 minutes.

 2. Fill No. 0 capsules with fill weight of 500 mg using a 
tamping force of 200 N.

PSEUDOEPHEDRINE 
HYDROCHLORIDE CAPSULES

 1. Composition by weight: Pseudoephedrine HCl, USP 
60 mg, yellow beeswax 10 to 20 mg, partially hydro-
genated vegetable oil 15 to 25 mg, lecithin, NF 2 to 8 
mg, colloidal silicon dioxide 2 to 8 mg, soybean oil, 
USP 150 to 250 mg.

 2. Fill.

PSEUDOEPHEDRINE AND 
GUAIFENESIN CAPSULES

Each capsule contains pseudoephedrine hydrochloride 120 
mg in a specially prepared base to provide prolonged action 
and guaifenesin 250 mg designed for immediate release to 
provide rapid action. Alternate dosing is 60 mg and 300 mg, 
respectively. The capsules also contain the following inactive 
ingredients: calcium stearate, FD&C Blue No. 1 (for higher 
strength identification), gelatin, pharmaceutical glaze, starch, 
sucrose, talc, and titanium dioxide.

PSEUDOEPHEDRINE 
HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

24.00 1 Pseudoephedrine 
hydrochloride

24.00

15.00 2 Hydroxyethylcellulose NF 15.00

60.00 3 Lactose anhydrous 60.00

1.00 4 Magnesium stearate 1.00
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MAnufAcTurinG DirecTions

 1. Blend all the ingredients in a twin-shell blender for 
10 minutes.

 2. Fill size 0 capsules with fill weight of 500 mg using 
tamping force of 200 N.

PSYLLIUM AND DIOCTYL SODIUM 
SULFOSUCCINATE POWDER

MAnufAcTurinG DirecTions

 1. Psyllium husk 5.1 g, dioctyl sodium sulfosuccinate 
240 mg.

 2. Mill the psyllium husk to a small particle size, no 
more than 4% on a 100 mesh screen and between 
25% and 50% through a 200 mesh screen.

 3. Then agglomerate these psyllium particles with 
maltodextrin and spray on citric acid.

 4. Dioctyl calcium sulfosuccinate, dioctyl potassium 
sulfosuccinate, can be substituted for dioctyl sodium 
sulfosuccinate, or two or three of these can be 
combined.

 5. Methylcellulose, polycarbophil, calcium polycarbo-
phil, bran, malt soup extract, karaya, guar gum, or 
mixtures of these can be substituted for the psyllium.

 6. The amounts of psyllium and/or dioctyl sulfosucci-
nate can be varied within the ranges specified herein.

PSYLLIUM AND DOCUSATE SODIUM WAFER

Formulation
Ascorbic acid 0.15%, natural and artificial flavors 1.54%, 

corn oil 14.80%, cornstarch 1.97%, fructose crystalline 
6.82%, lecithin oil 0.99%, molasses granular light 0.39%, oat 
hull fiber 6.42%, psyllium husk 13.32%, sodium bicarbonate 
0.20%, sucrose white granulated 17.40%, table oats 8.89%, 
water purified USP QS, wheat flour 19.21%, docusate sodium 
0.63%, sorbitan tristearin 0.20%.

MAnufAcTurinG DirecTions

 1. In an appropriate mixer, add corn oil and lecithin 
and mix for 1 minute using low speed. Note: Preheat 
(microwave) lecithin, if necessary.

 2. Add psyllium, docusate (which has been coated with 
the sorbitan tristearin) and mix for 1 minute using 
low speed.

 3. Into a separate bowl, add part of the sucrose, fruc-
tose, molasses, and half of the water.

 4. Mix for 1 minute using low speed.
 5. Add psyllium/oil/lecithin premix and oat fiber.
 6. Mix for 1 minute. Add the rest of the water, soda, 

flavors, ascorbic acid, and starch.
 7. Mix for 1 minute at low speed.

 8. Add flour to the mixer and mix for 1 minute at low 
speed.

 9. Roll dough into sheets approximately 0.1 in thick.
 10. Cut dough into rectangles (approximately 2.5 in 

length × 1.6 in width).
 11. Place bars on baking trays and bake at 375°C for 10 

to 12 minutes.
 12. Ethylcellulose, polycarbophil, calcium polycarbo-

phil, bran, malt soup extract, karaya, guar gum, or 
mixtures of these can be substituted for the psyllium. 
The amounts of psyllium and/or dioctyl sulfosucci-
nate can be varied within the ranges specified herein. 
Dioctyl calcium sulfosuccinate, dioctyl potassium 
sulfosuccinate, can be substituted for dioctyl sodium 
sulfosuccinate, or two or three of these can be 
combined.

PSYLLIUM HUSK GRANULES

 1. Stir raw, unmilled psyllium seed husk (2 g) with 0.2 
N sodium hydroxide (400 mL) containing sodium 
borohydride (400 mg) in a nitrogen atmosphere at 
ambient temperature for 90 minutes.

 2. The pH of the solution is from 10 to 11.
 3. Pass the solution through a pasteurizer at a tempera-

ture of 100°C for a period of 50 seconds.
 4. Once pasteurized, centrifuge the mixture for 20 

minutes at 23500 × g.
 5. Decant the supernatant from an insoluble fraction 

that settles out in the centrifuge bottle.
 6. Mix the insoluble fraction is mixed with fresh 

sodium hydroxide/sodium borohydride solution (100 
mL) and re-centrifuge for 15 minutes to increase the 
yield of the soluble fraction.

 7. Adjust the pH of the supernatant to 5.5 by the addi-
tion of acetic acid at ambient temperature with stir-
ring to form a gel.

 8. Dessicate the gel with isopropanol added with high 
shear mixing.

 9. Decant the isopropanol solution from the gel.
 10. The solids content of the gel is 30%.
 11. Pass the gel material through an extruder and extrude 

into individual particles with an average particle size 
of 500 microns.

 12. Place the extruded particles in a fluidized bed dryer 
fitted with a cyclonic airflow screen, such as a 
Conidur screen.

 13. Maintain the air temperature at 80°C.
 14. The gel temperature remains below 70°C throughout 

the drying process.
 15. Dry the particles to a powder with 90% of the water 

being removed.
 16. The yield of the gel-forming polysaccharide is 85%.
 17. The final compositions comprise the following com-

ponents by weight: gel-forming 50.0%, polysac-
charide sorbitol neosorb p20 48.16%, magnesium 
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stearate 0.5%, flavorant 0.4%, colorant 0.14%, citric 
acid 0.8%.

 18. The granules can be coated using the coating for-
mulation: Isopropanol 94.5% Eudragit RD100 5%, 
polyethylene glycol 0.5%.

 19. The coated gel-forming polysaccharide particles are 
dried and combined with the excipients as described 
above.

RANITIDINE EFFERVESCENT GRANULES*

Granules for oral administration are effervescent formula-
tions of ranitidine; these must be dissolved in water before 
use. Each packet contains 168 mg of ranitidine HCl equivalent 
to 150 mg of ranitidine and the following inactive ingredients: 
aspartame, monosodium citrate anhydrous, povidone, and 
sodium bicarbonate.

RIBAVIRIN CAPSULES

Capsules consist of a white powder in a white opaque gelatin 
capsule. Each capsule contains 200 mg of ribavirin and the 
following inactive ingredients: microcrystalline cellulose, 
lactose monohydrate, croscarmellose sodium, and mag-
nesium stearate. The capsule shell consists of gelatin and 
titanium dioxide. The capsule is printed with edible blue 
pharmaceutical ink, which is made of shellac, anhydrous 
ethyl alcohol, isopropyl alcohol, N-butyl alcohol, propyl-
ene glycol, ammonium hydroxide, and FD&C Blue No. 2 
Aluminum Lake.

RIFABUTIN CAPSULES

The antimycobacterial agent rifabutin is a semisynthetic 
ansamycin antibiotic derived from rifamycin S. The capsules 
contain 150 mg of rifabutin, USP, per capsule, along with the 
following inactive ingredients: microcrystalline cellulose, 
magnesium stearate, red iron oxide, silica gel, sodium lauryl 
sulfate, titanium dioxide, and edible white ink.

RIFAMPICIN CAPSULES

Rifampicin (rifampin) capsules contain 150 or 300 mg of 
rifampin per capsule. The 150 and 300 mg capsules also 
contain as inactive ingredients cornstarch, D&C Red No. 28, 
FD&C Blue No. 1, FD&C Red No. 40, gelatin, magnesium 
stearate, and titanium dioxide.

RIFAMPIN AND ISONIAZID CAPSULES

This is a combination capsule containing 300 mg of rifampin 
and 150 mg of isoniazid. The capsules also contain as inac-
tive ingredients colloidal silicon dioxide, FD&C Blue No. 
1, FD&C Red No. 40, gelatin, magnesium stearate, sodium 
starch glycolate, and titanium dioxide.

RIVASTIGMINE TARTRATE CAPSULES*

This is supplied as capsules containing rivastigmine tartrate, 
equivalent to 1.5 mg, 3 mg, 4.5, and 6 mg of rivastigmine 
base for oral administration. Inactive ingredients are hydroxy-
propyl methylcellulose, magnesium stearate, microcrystal-
line cellulose, and silicon dioxide. Each hard gelatin capsule 
contains gelatin, titanium dioxide, and red and/or yellow iron 
oxides.

SALMETEROL XINAFOATE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

2.00 1 Salmeterol xinafoate 2.00

97.00 2 Starch 1500 DC 97.00

1.00 3 Magnesium stearate 1.00

MAnufAcTurinG DirecTions

 1. Blend and fill 100 mg into each capsule.

SALMETEROL XINAFOATE 
INHALATION POWDER*

It is a specially designed plastic device containing a double-
foil blister strip of a powder formulation of salmeterol xin-
afoate intended for oral inhalation only. Each blister on the 
double-foil strip within the device contains 50 μg of salme-
terol administered as the salmeterol xinafoate salt in 12.5 mg 
of formulation containing lactose. When a blister containing 
medication is opened by activating the device, the medica-
tion is dispersed into the air stream created when the patient 
inhales through the mouthpiece.

SALMETEROL XINAFOATE INHALATION POWDER

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

0.05 1 Salmeterol xinafoate 
micronized

0.05

12.50 2 Lactose anhydrous 12.50

SAQUINAVIR MESYLATE CAPSULES*

It is available as light brown and green opaque hard gelatin 
capsules for oral administration in a 200 mg strength (as 
saquinavir free base). Each capsule also contains the inac-
tive ingredients: lactose, microcrystalline cellulose, povi-
done K30, sodium starch glycolate, talc, and magnesium 
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stearate. Each capsule shell contains gelatin and water with 
the following dye systems: red iron oxide, yellow iron oxide, 
black iron oxide, FD&C Blue No. 2, and titanium dioxide. 
Another formulation contains inactives. Each capsule also 
contains the inactive ingredients: medium chain mono- and 
diglycerides, povidone, and DL-alpha-tocopherol. Each 
capsule shell contains gelatin and glycerol 85% with the 
following colorants: red iron oxide, yellow iron oxide, and 
titanium dioxide.

SELEGILINE HYDROCHLORIDE

Each aqua blue capsule contains 5 mg of selegiline hydrochlo-
ride. The inactive ingredients are citric acid, lactose, magne-
sium stearate, and microcrystalline cellulose.

SEVELAMER HYDROCHLORIDE CAPSULES*

Each hard gelatin capsule of Renagel® contains 403 mg of 
sevelamer hydrochloride on an anhydrous basis. The inactive 
ingredients are colloidal silicon dioxide and stearic acid. The 
capsule and imprint contain titanium dioxide and indigo car-
mine ink.

SIBUTRAMINE HYDROCHLORIDE CAPSULES*

Each capsule contains 5, 10, or 15 mg of sibutramine hydro-
chloride monohydrate. It also contains as inactive ingredients 
lactose monohydrate, NF; microcrystalline cellulose, NF; col-
loidal silicon dioxide, NF; and magnesium stearate, NF in a 
hard-gelatin capsule [which contains titanium dioxide, USP; 
gelatin; FD&C Blue No. 2 (5 and 10 mg capsules only); D&C 
Yellow No. 10 (5 and 15 mg capsules only), and other inactive 
ingredients].

SIBUTRAMINE HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

5.00 1 Sibutramine hydrochloride 5.00

78.50 2 Lactose anhydrous 78.50

5.00 3 Polyvinylpyrrolidone 5.00

15.00 4 Cornstarch 15.00

1.50 5 Magnesium stearate 1.50

QS 6 Alcohol QS

MAnufAcTurinG DirecTions

 1. Mix items 1, 2, and 4 and granulate with alcoholic 
solution of item 3.

 2. Dry, size, and blend with item 5.
 3. Fill 105 mg; adjust for higher dose with item 2.

SIMETHICONE INSTANT GRANULES 
(60 MG AND 120 MG)

Formulation
Simethicone (Abil® 200, Goldschmidt), 10.0 g; cremophor 

RH 40 [1], 5.0 g; Kollidon VA 64, 3.0 g; ethanol, 40.0 g; sor-
bitol, crystalline 50.0 g; fructose, 50.0 g; Kollidon CL-M [1], 
50.0 g; orange flavor (Dragoco), 0.5 g.

MAnufAcTurinG DirecTions

 1. Fill 1 or 2 g into sachets after granulation.

STAVUDINE CAPSULES*

The stavudine capsules are supplied for oral administration 
in strengths of 15 mg, 20 mg, 30 mg, and 40 mg of stavu-
dine. Each capsule also contains inactive ingredients micro-
crystalline cellulose, sodium starch glycolate, lactose, and 
magnesium stearate. The hard gelatin shell consists of gelatin, 
silicon dioxide, sodium lauryl sulfate, titanium dioxide, and 
iron oxides.

SUCCIMER CAPSULES*

Each opaque white capsule for oral administration contains 
beads coated with 100 mg of succimer and is imprinted in 
black with CHEMET 100®. The inactive ingredients in medi-
cated beads are povidone, sodium starch glycolate, starch, and 
sucrose. The inactive ingredients in the capsule are gelatin, 
iron oxide, titanium dioxide, and other ingredients.

SUCRALAFATE GRANULES

Bill of Materials

Scale (mg/
sachet) (2 
g) Item Material Name Qty/2 kg (g)

1000.00 1 Sucralafate 1000.00

100.00 2 Cornstarch 100.00

240.00 3 Povidone 240.00

QS 4 Lactose, QS to 2000 QS

— 5 Alcohol QS

MAnufAcTurinG DirecTions

 1. Load items 1 and 2 in a fluid bed granulator (e.g., 
Glatt) and mix for 5 minutes at inlet temperature of 
30°C.

 2. Dissolve item 3 in a separate container in item 5 and 
spray into step 1 to granulate.

 3. Dry granules at 50°C until the temperature reaches 
30°C.
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 4. Sieve through No. 18.
 5. Fill 1.9 to 2.1 g per sachet.

SULFAMETHOXAZOLE + TRIMETHOPRIM 
DRY SYRUP (400 MG + 80 G/10 ML)

Formulation
Sulfamethoxazole, 4 g; trimethoprim, 0.8 g; sorbitol, crys-

talline [10], 30 g; sodium citrate, 5 g; sodium gluconate, 5 g; 
Kollidon CL-M [1], 10 g; vanillin, 0.1 g; saccharin sodium, 
0.1 g; chocolate flavor, 0.1 g; sodium benzoate, 0.1 g.

MAnufAcTurinG DirecTions

 1. Mix all components and sieve for administration. 
Fill 55 g of the mixture into a 100 mL flask.

TACRINE HYDROCHLORIDE CAPSULES

Each capsule contains tacrine as the hydrochloride. Inactive 
ingredients are hydrous lactose, magnesium stearate, and 
microcrystalline cellulose. The hard gelatin capsules contain 
gelatin, silicon dioxide, sodium lauryl sulfate, and the follow-
ing dyes: 10 mg: D&C Yellow No. 10, FD&C Green No. 3, 
titanium dioxide; 20 mg; D&C Yellow No. 10, FD&C Blue 
No. 1, titanium dioxide; 30 mg; D&C Yellow No. 10, FD&C 
Blue No. 1, FD&C Red No. 40, titanium dioxide; 40 mg; D&C 
Yellow No. 10, FD&C Blue No. 1, FD&C Red No. 40, D&C 
Red No. 28, and titanium dioxide. Each 10 mg, 20 mg, 30 mg, 
and 40 mg capsule for oral administration contains 12.75 mg, 
25.50 mg, 38.25 mg, and 51.00 mg of tacrine hydrochloride 
respectively.

TACROLIMUS CAPSULES*

Tacrolimus is available for oral administration as capsules 
(tacrolimus capsules) containing the equivalent of 0.5, 1, or 5 
of anhydrous tacrolimus. Inactive ingredients include lactose, 
hydroxypropyl methylcellulose, croscarmellose sodium, and 
magnesium stearate. The 0.5 mg capsule shell contains gela-
tin, titanium dioxide, and ferric oxide; the 1 mg capsule shell 
contains gelatin and titanium dioxide; and the 5 mg capsule 
shell contains gelatin, titanium dioxide, and ferric oxide.

TACROLIMUS CAPSULES*

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

1.00 1 Tacrolimus 1.00

1.00 2 Hydroxypropyl 
methylcellulose 2910

1.00

QS 3 Ethanol QS

58.00 4 Lactose 58.00

MAnufAcTurinG DirecTions

 1. Mix item 1 with items 2 and 3. Knead the mixture and 
granulate to pass through sieves to collect particle size 
180 to 250 mm; regranulate the other particle size.

 2. Dry granulation in step 1 at room temperature.
 3. In a suitable blending vessel, add item 4 and gradu-

ally add the step 2 granulation. Mix for 10 minutes 
and fill into size 0 capsules.

TALC, CROSPOVIDONE, AND 
STARCH TOPICAL POWDER

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

100.00 1 Croscarmellose sodium 
(crospovidone)

100.00

800.00 2 Cornstarch 800.00

100.00 3 Talc 100.00

MAnufAcTurinG DirecTions

 1. Mix and fill into bottles.

TAMSULOSIN HYDROCHLORIDE CAPSULES*

Each capsule for oral administration contains tamsulosin HCl 
0.4 mg and the following inactive ingredients: methacrylic 
acid copolymer; microcrystalline cellulose; triacetin; polysor-
bate 80; sodium lauryl sulfate; calcium stearate; talc; FD&C 
Blue No. 2; titanium dioxide; ferric oxide; gelatin; and trace 
amounts of shellac, industrial methylated spirit 74 OP, w-butyl 
alcohol, isopropyl alcohol, propylene glycol, dimethylpolysi-
loxane, and black iron oxide (E172).

TAMSULOSIN HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

0.40 1 Tamsulosin hydrochloride 0.40

35.60 2 Crystalline cellulose 35.60

13.32 3 Eudragit L30D-55 13.32

4.00 4 Magnesium stearate 4.00

MAnufAcTurinG DirecTions

 1. After sufficiently mixing item 1, crystalline cel-
lulose, and magnesium stearate, add a mixture 
of Eudragit L30D-55 and 40 mL of water to the 
aforementioned mixture, and knead the resultant 
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mixture and granulate by a centrifugal fluidized bed 
granulator.

 2. The granules obtained are spheres having particle 
sizes of 0.1 to 1.5 mm, mainly 0.2 to 1.0 mm.

TEMAZEPAM CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

7.50 1 Temazepam micronized 7.50

7.50 2 Lactose anhydrous 7.50

232.50 3 Lactose anhydrous 232.50

2.50 4 Magnesium stearate 2.50

MAnufAcTurinG DirecTions

 1. Process item 1 is processed as follows: Feed white 
crystalline temazepam having a purity of not less 
than 98% into an Alpine 160 UPZ mill with a stain-
less steel pin at a rate of about 40 kg/h using a mill 
speed of about 11000 rpm to obtain temazepam par-
ticles having a specific surface area of 0.65 to 1.1 
m2/g area and 95% of the particles having a particle 
size diameter of less than 65 mm. Make the surface 
area measurement with the Quantector Gas Flow 
System and Quantasorb Surface Area Analyser at the 
temperature of liquid nitrogen (–196°C) using kryp-
ton as the absorbent and helium as the carrier gas. 
Determine the particle diameter with the Malverne 
Particle Sizer at an obscuration value of 0.2 to 0.25 
using a 0.1% Tween 80 solution in water saturated 
with temazepam in which 1 to 2 g of temazepam 
sample to be tested has been dispersed. After the 
feed rate and mill speed of the Alpine mill have been 
set, monitor them at regular intervals to maintain the 
required particle size and surface area.

 2. To prepare hard gelatin capsules containing 7.5 mg 
of the temazepam processed as in step 1, mix items 1 
and 2 in a mill and pass through an 18 mesh screen.

 3. Pass item 3 through 18 mesh screen and add to step 2.
 4. Pass item 4 through 18 mesh screen and add to step 3 

in a PK Mixer® without an intensity bar.
 5. Mix for 30 minutes using tumbling action only.
 6. Encapsulate the capsule mix in No. 3 Lock hard gel-

atin capsules. Each capsule should contain 250 mg of 
capsule mix and 7.5 mg of temazepam.

TEMOZOLOMIDE CAPSULES*

Each capsule contains 5, 20, 100, or 250 mg of temozolomide. 
The inactive ingredients for Temodar® capsules are lactose 
anhydrous, colloidal silicon dioxide, sodium starch glyco-
late, tartaric acid, and stearic acid. The gelatin capsule shells 

contain titanium dioxide. The capsules are imprinted with 
pharmaceutical ink.

TERAZOSIN CAPSULES (1–10 MG) HYTRIN*

Hytrin capsules are supplied in four dosage strengths, con-
taining terazosin hydrochloride equivalent to 1 mg, 2 mg, 5 
mg, or 10 mg of terazosin. Hytrin inactive ingredients: 1 mg 
capsules: gelatin, glycerin, iron oxide, methylparaben, min-
eral oil, polyethylene glycol, povidone, propylparaben, tita-
nium dioxide, and vanillin; 2 mg capsules: D&C Yellow No. 
10, gelatin, glycerin, methylparaben, mineral oil, polyethylene 
glycol, povidone, propylparaben, titanium dioxide, and vanil-
lin; 5 mg capsules: D&C Red No. 28, FD&C Red No. 40, 
gelatin, glycerin, methylparaben, mineral oil, polyethylene 
glycol, povidone, propylparaben, titanium dioxide, and van-
illin; 10 mg capsules: FD&C Blue No. 1, gelatin, glycerin, 
methylparaben, mineral oil, polyethylene glycol, povidone, 
propylparaben, titanium dioxide, and vanillin.

TERAZOSIN CAPSULES

MAnufAcTurinG DirecTions

 1. Prepare capsules containing 5 mg of terazosin by 
blending the following ingredients in No. 3 gelatin 
capsules: Terazosin HCL anhydrous 5.471; lactose 
monohydrate, NF 174.529; microcrystalline cellulose, 
NF 28.000; crospovidone, NF 14.000; magnesium 
stearate, NF 3.000; total capsule fill weight 225.000.

TERAZOSIN HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

5.000 1 Terazosin hydrochloride 
anhydrous

5.471

174.529 2 Lactose monohydrate 174.529

28.000 3 Microcrystalline cellulose 28.000

14.000 4 Crospovidone 14.000

3.000 5 Magnesium stearate 3.000

MAnufAcTurinG DirecTions

 1. Add and blend all items 1 to 5 in a suitable blender.
 2. Fill using size 3 capsules; fill weight: 225.00 mg.

TERFENADINE ORAL GRANULES 

MAnufAcTurinG DirecTions

 1. Slowly mix micronized terfenadine (30 g) and 15 
g of the block copolymer wetting agent (Pluronic 
polyol F-68) in a “V-blender” for about 5 minutes.
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 2. Add sorbitol instant (300 g) to the mixture and blend 
for another 5 minutes to form a blend of all three 
components.

 3. Add microcrystalline cellulose (30 g; Avicel 
CL-611), PVP (50 g, KOLLIDON K-90), malto-
dextrin (200 g, MALTRIN QD M500), and 375 g 
of fine granular fructose to the above blend and 
continue blending for another 10 minutes to form a 
homogeneous, dry terfenadine composition that is a 
free-flowing powder.

 4. Package the blended dry composition into 2 g sachets 
as unit doses to provide 60 mg of terfenadine.

TETRACYCLINE HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

250.00 1 Tetracycline, USE 
tetracycline

275.00

46.00 2 Lactose monohydrate 
(dense)

46.00

2.00 3 Colloidal silicon dioxide 
(Aerosil 200)

2.00

2.00 4 Magnesium stearate 2.00

1.00 5 Empty hard gelatin 
capsule, size 1

1000.00

MAnufAcTurinG DirecTions

 1. Check the temperature and relative humidity of the 
room before start of processing. Limits: RH 50% to 
55%, temperature: 22°C to 27°C.

 2. Pass the items 1, 2, and 3 through a 630 mm sieve 
using a sifter. Collect in stainless steel drum.

 3. Pass item 4 through a 250 mm sieve using a sifter. 
Collect in polythene bag. Load the sieved powder to 
the drum (step 1) and mix for 5 minutes using drum 
mixer.

 4. Load the empty capsule shells (size 1) in the 
hopper.

 5. Run the machine and check the locking of shells.
 6. Fill weight of one capsule = 325 mg + average weight 

of one empty shell.

THALIDOMIDE CAPSULES

Thalidomide capsules are available in 50 mg capsules for 
oral administration. Active ingredient: thalidomide. Inactive 
ingredients: anhydrous lactose, microcrystalline cellulose, 
polyvinylpyrrolidone, stearic acid, colloidal anhydrous silica, 
and gelatin.

THEOPHYLLINE SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

150.00 1 Theophylline anhydrous 
(B. F. Goodrich)

150.00

26.60 2 Carbopol 934P (GAF 
Corporation)

26.60

172.10 3 PVP C-15 172.10

3.50 4 Talc 3.50

1.80 5 Zinc stearate 1.80

MAnufAcTurinG DirecTions

 1. Combine Carbopol 934P, PVP C-15 (mean molecu-
lar weight of about 8000) talc, and zinc stearate in a 
mixer and mix.

 2. Add theophylline anhydrous to this mixture and mix 
well to achieve a uniform mixture.

 3. Fill the resulting particulate mixture, 354 mg, into 
size 1 hard gelatin capsule shells.

THIOTHIXENE CAPSULES*

Each capsule contains 1 mg, 2 mg, 5 mg, or 10 mg of thiothix-
ene and the following inactive ingredients: colloidal silicon 
dioxide, croscarmellose sodium (type A), gelatin, magnesium 
stearate, microcrystalline cellulose, powdered cellulose, pre-
gelatinized starch, sodium lauryl sulfate, titanium dioxide, 
and other inactive ingredients. The following coloring agents 
are employed: 1 mg—FD&C Blue No. 1, D&C Red No. 28, 
FD&C Red No. 40, FD&C Yellow No. 6; 2 mg—FD&C Blue 
No. 1, FD&C Red No. 40, FD&C Yellow No. 6, D&C Yellow 
No. 10; 5 mg—FD&C Blue No. 1, FD&C Red No. 40, FD&C 
Yellow No. 6; 10 mg—FD&C Blue No. 1, FD&C Red No. 40, 
FD&C Yellow No. 6.

TIBOLONE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

0.30 1 Tibolone (Org GD 14) 0.30

1.95 2 Hydroxypropyl cellulose 1.95

32.50 3 Cornstarch 32.50

0.32 4 Magnesium stearate 0.32

QS 5 Lactose QS to 130.00

QS 6 Water purified QS
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MAnufAcTurinG DirecTions

 1. Load in a mixer items 3 and 5 and mix well.
 2. Prepare a suspension of items 1 and 2 in item 6 and 

mix thoroughly; add to step 1 and granulate in a 
granulator by mixing for 2 to 3 minutes.

 3. Dry the sieved wet material for 4 hours in a vacuum 
dryer at 40°C.

 4. Screen the dried granules through a 710 mm sieve in 
the drum.

 5. Load the empty capsule shells (size 1) in the hopper.
 6. Run the machine and check the locking of shells.
 7. Fill 130 mg into suitable capsules.

TIOTROPIUM INHALATION POWDER

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

21.70 1 Tiotropium bromide 
micronized

21.70

270.00 2 Endothelin antagonist 2 270.00

4708.30 3 Lactose 4708.30

MAnufAcTurinG DirecTions

 1. First prepare item 1 in an inhalable powder form by 
the following method:

 a. Place 150 kg of tiotropium bromide in 25.7 kg of 
water in a suitable reaction vessel.

 b. Heat the mixture to 80°C–90°C and stir at con-
stant temperature until a clear solution is formed.

 c. Suspend activated charcoal (0.8 kg) moistened 
with water in 4.4 kg of water. Add this mixture 
to the solution containing the tiotropium bro-
mide and risne the resulting mixture with 4.3 kg 
of water.

 d. Stir the mixture thus obtained for at least 15 min-
utes at 80°C-90°C. Then filter through a heated 
filter into an apparatus preheated to an external 
temperature of 70°C.

 e. Rinse the filter with 8.6 kg of water. Cool the 
contents of the apparatus at 3°C–5°C for every 
20 minutes to a temperature of 20°C–25°C.

 f. Further cool the apparatus to 10°C-15°C using 
cold water and complete crystallization by stir-
ring for at least another hour.

 g. Isolate the crystals using a suction filter dryer. 
Wash the crystals with cold water (10–15°C) and 
cold acetone (10–15°C).

 h. Dry the crystals obtained at 25°C in nitrogen 
current over a period of 2 hours. Yield: 13.4 Hg 

of tiotropium bromide monohydrate (86% of 
theory).

 2. Add and mix all items and mix well.
 3. Fill 5 g per unit dose.

TOLMETIN SODIUM CAPSULES*

Capsules for oral administration contain tolmetin sodium as 
the dihydrate in an amount equivalent to 400 mg of tolmetin. 
Each capsule contains 36 mg (1.568 mEq) of sodium and the 
following inactive ingredients: gelatin, magnesium stearate, 
cornstarch, talc, FD&C Red No. 3, FD&C Yellow No. 6, and 
titanium dioxide.

TOLTERODINE CAPSULES*

Capsules contain 2 or 4 mg of tolterodine tartrate. The inac-
tive ingredients are sucrose, starch, hydroxypropylmethylcel-
lulose, ethylcellulose, medium-chain triglycerides, oleic acid, 
gelatin, and FD&C Blue No. 2. The 2 mg capsules also con-
tain yellow iron oxide. Both capsule strengths are imprinted 
with a pharmaceutical grade printing ink that contains shel-
lac, titanium dioxide, propylene glycol, and simethicone.

TOLTERODINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

2.00 1 Tolterodine 2.00

186.00 2 Lactose anhydrous 186.00

20.00 3 Cornstarch 20.00

15.00 4 Talc 15.00

2.00 5 Magnesium stearate 2.00

Note: For 1 mg strength, adjust with item 2.

MAnufAcTurinG DirecTions

 1. Accordingly mix item 1 with items 2 and 3 and then 
mill.

 2. Mix the resulting mixture with items 4 and 5 and 
then fill into capsules of appropriate size.

TOPIRAMATE CAPSULES*

Topiramate capsules, sprinkle capsules, are available as 15 and 
25 mg sprinkle capsules for oral administration as whole cap-
sules or opened and sprinkled onto soft food. Sprinkle capsules 
contain topiramate-coated beads in a hard gelatin capsule. The 
inactive ingredients are sugar spheres (sucrose and starch), 
povidone, cellulose acetate, gelatin, silicon dioxide, sodium 
lauryl sulfate, titanium dioxide, and black pharmaceutical ink.
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TRETINOIN CAPSULES

This is available in a 10 mg soft gelatin capsule for oral 
administration. Each capsule also contains beeswax, butyl-
ated hydroxyanisole, edetate disodium, hydrogenated soy-
bean oil flakes, hydrogenated vegetable oils, and soybean 
oil. The gelatin capsule shell contains glycerin, yellow iron 
oxide, red iron oxide, titanium dioxide, methylparaben, and 
propylparaben.

TRIAMTERENE AND 
HYDROCHLOROTHIAZIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

23.01 1 Triamterene 23.01

15.34 2 Hydrochlorothiazide 15.34

2.50 3 Glycine 2.50

7.50 4 Polysorbate 80 7.50

QS 5 Water purified QS

QS 6 Isopropyl alcohol QS

52.15 7 Lactic acid 52.15

MAnufAcTurinG DirecTions

 1. Add and dissolve item 3 in a suitable quantity of item 
5.

 2. Add items 1 and 2 and prepare a good wet mass.
 3. Separately dissolve item 4 in item 6 and add to step 2 

until granules are formed.
 4. Dry granules in vacuum and mill.
 5. Fill into size 4 capsules.

TRIAMTERENE CAPSULES*

Each capsule for oral use, with an opaque red cap and 
body, contains triamterene, 50 or 100 mg. The inactive 
ingredients consist of benzyl alcohol, cetylpyridinium 
chloride, D&C Red No. 33, FD&C Yellow No. 6, gelatin, 
lactose, magnesium stearate, povidone, sodium lauryl sul-
fate, titanium dioxide, and trace amounts of other inactive 
ingredients.

TRICLOSAN AND ZINC FOOT 
DEODORANT POWDER

Bill of Materials

Scale 
(mg/g) Item Material Name

Qty/1000 
Tablets (g)

3.00 1 Triclosan (Irgasan® DP300) 3.00

2.00 2 Zinc undecylenate, USP 2.00

0.20 3 Menthol (crystals), USP 0.20

926.80 4 Talc (powder), USP 926.80

30.00 5 Magnesium stearate 30.00

30.00 6 Cornstarch, NF 30.00

8.00 7 Perfume 8.00

MAnufAcTurinG DirecTions

 1. Pass the following ingredients through a 250 μm 
screen or similar: Irgasan DP300, zinc undecy-
lenate, magnesium stearate, cornstarch, menthol, 
and approximately 10% of the total amount of 
talc.

 2. Load materials from first step into a suitable mixer.
 3. Mix until uniform.
 4. Discharge powder from second step into another 

suitable mixer.
 5. Add and disperse perfume.
 6. Mix until uniform.
 7. Pass mixture from step above through a 250 μm 

screen or similar.
 8. Load mixture from step 7 into a V-mixer or similar 

and add balance of talc powder.
 9. Mix for 30 minutes or until homogeneous.

TRICLOSAN AND ZINC 
UNDECYLENATE POWDER

Bill of Materials

Scale 
(mg/g) Item Material Name

Qty/1000 
Tabs (g)

3.0 1 Triclosan-Irgasan DP300 3.0

2.0 2 Zinc undecylenate 2.0

0.2 3 Menthol 0.2

926.8 4 Talc 926.8

30.0 5 Magnesium stearate 30.0

30.0 6 Cornstarch 30.0

8.0 7 Perfume 8.0

MAnufAcTurinG DirecTions

 1. Pass the following ingredients through a 250 mm 
aperture screen or similar screen: Triclosan-Irgasan 
DP300, zinc undecylenate, magnesium stearate, 
cornstarch, menthol, and approximately 10% of the 
total amount of talc.

 2. Load materials from step 1 into a suitable mixer. 
Mix until uniform.

 3. Discharge powder from step 2 into another suitable 
mixer. Add and disperse perfume. Mix until uniform. 
Pass mixture from step 2 through a 250 mm aperture 
screen or similar screen. Load mixture from step 2 
into a V-mixer or a similar mixer and add balance of 
talc powder.

 4. Mix for 30 minutes or until homogeneous.
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TRIENTINE HYDROCHLORIDE CAPSULES*

This is available as 250 mg capsules for oral administration. It 
contains gelatin, iron oxides, stearic acid, and titanium diox-
ide as inactive ingredients.

TRIMEBUTINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000 
Capsules (g)

25% 1 Trimebutine 25%

50% 2 Calcium 50%

7.5% 3 Polycarbophil 
microcrystalline cellulose 
(Avicel 102)

7.5%

25% 4 Talc 25%

MAnufAcTurinG DirecTions

 1. Mix and fill into No. 2 hard gelating capsule.

TRIMETHOPRIM AND SULFAMETHOXAZOLE 
ORAL SUSPENSION*

Trimethoprim–sulfamethoxazole is a combination product 
available in double strength (DS) pediatric suspension for 
oral administration. Each teaspoonful (5 mL) of the pedi-
atric suspension contains 40 mg trimethoprim and 200 mg 
sulfamethoxazole in a vehicle containing 0.3% alcohol, ede-
tate disodium, glycerin, microcrystalline cellulose, para-
bens (methyl and propyl), polysorbate 80, saccharin sodium, 
simethicone, sorbitol, sucrose, FD&C Yellow No. 6, FD&C 
Red No. 40, flavors, and water.

TRIMIPRAMINE MALEATE CAPSULES*

Each capsule contains trimipramine maleate equivalent to 25 
mg, 50 mg, or 100 mg of trimipramine as the base. The inac-
tive ingredients present are FD&C Blue 1, gelatin, lactose, 
magnesium stearate, and titanium dioxide. The 25 mg dosage 
strength also contains D&C Yellow No. 10 and FD&C Yellow 
No. 6; the 50 mg dosage strength also contains D&C Red No. 
28, FD&C Red No. 40, and FD&C Yellow No. 6.

TROLEANDOMYCIN CAPSULES

Inert ingredients in the formulation are hard gelatin capsules 
(which may contain inert ingredients), lactose, magnesium 
stearate, sodium lauryl sulfate, and starch.

TYPHOID VACCINE LIVE ORAL CAPSULES

The vaccine strain is grown in fermenters under controlled 
conditions in a medium containing a digest of yeast extract, an 

acid digest of casein, dextrose, and galactose. The bacteria are 
collected by centrifugation, mixed with a stabilizer contain-
ing sucrose, ascorbic and amino acids, and lyophilized. The 
lyophilized bacteria are mixed with lactose and magnesium 
stearate and filled into gelatin capsules, which are coated with 
an organic solution to render them resistant to dissolution in 
stomach acid. The enteric-coated, salmon/white capsules are 
then packaged in four-capsule blisters for distribution. The 
contents of each enteric-coated capsule are

Viable Staphylococcus typhi 
Ty21a

2–6 H 109 
colony-
forming 
unitsa

Nonviable S. typhi Ty21a 5–50 H 109 
bacterial 
cells

Sucrose 26–130 mg

Ascorbic acid 1–5 mg

Amino acid mixture 1.4–7.0 mg

Lactose 100–180 mg

Magnesium stearate 3.6–4.4 mg

a Vaccine potency (viable cell counts per cap-
sule) is determined by inoculation of agar 
plates with appropriate dilutions of the vaccine 
suspended in physiological saline.

VALSARTAN AND 
HYDROCHLOROTHIAZIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

80.00 1 Valsartan 80.00

12.50 2 Hydrochlorothiazide 12.50

1.50 3 Colloidal anhydrous silica 
Aerosil

1.50

31.50 4 Microcrystalline cellulose 
Avicel

31.50

20.00 5 Polyvinylpyrrolidone 
crospovidone

20.00

4.50 6 Magnesium stearate 4.50

MAnufAcTurinG DirecTions

 1. Blend the components, except for a portion of the 
magnesium stearate, in a container mixer.

 2. Sieve the blended material and preblend for an addi-
tional time period in a container mixer. Compact the 
blended material using a roller compactor by apply-
ing a compaction force of 25 to 65 kN and a roller 
speed of 1.3 to 7.5 rpm.
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 3. Again sieve the compacted material and add the 
remaining portion of the magnesium stearate and 
finally blend in a container mixer.

 4. Then fill 150 mg of the homogeneous mixture into cap-
sules or compress for tablets and subsequent coating.

VALSARTAN CAPSULES*

It is available as capsules for oral administration, containing 
either 80 or 160 mg of valsartan. The inactive ingredients con-
tained in the capsules are cellulose compounds, crospovidone, 
gelatin, iron oxides, magnesium stearate, povidone, sodium 
lauryl sulfate, and titanium dioxide.

VALSARTAN CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

80.00 1 Valsartan 80.00

1.50 2 Colloidal anhydrous silica 
Aerosil

1.50

31.50 3 Microcrystalline cellulose 
Avicel

31.50

20.00 4 Polyvinylpyrrolidone 
crospovidone

20.00

4.50 5 Magnesium stearate 4.50

MAnufAcTurinG DirecTions

 1. Blend the components, except for a portion of the 
magnesium stearate, in a container mixer.

 2. Sieve the blended material and preblend for an addi-
tional period of time in a container mixer. Compact 
the blended material using a roller compactor by 
applying a compaction force of 25 to 65 kN and a 
roller speed of 1.3 to 7.5 rpm.

 3. Again sieve the compacted material and add the 
remaining portion of the magnesium stearate and 
finally blend in a container mixer.

 4. Then fill 138.50 mg of the homogeneous mixture 
into capsules or compressed for tablets and subse-
quent coating.

VANCOMYCIN HYDROCHLORIDE CAPSULES*

Each capsule contains vancomycin hydrochloride equivalent 
to 125 mg (0.08 mmol) or 250 mg (0.17 mmol) vancomycin. 
The Pulvules also contain FD&C Blue No. 2, gelatin, iron 
oxide, polyethylene glycol, titanium dioxide, and other inac-
tive ingredients.

VENLAFAXINE CAPSULES

37.5 mg venlafaxine capsule comprises nonpareil seeds 

17.26%, venlafaxine HCl 44.24%, sodium alginate 17.91%, 
talc 5.6%, Kollicaot SR30 D (copolymer of polyvinyl acetate), 
12.03%, and purified water in required quantity.

Ingredients mg/cap

Nonpareil seeds 16.546 Drug 
coating

Venlafaxine HCl 42.400

Sodium alginate 11.660

Talc 1.930

Titanium dioxide 1.250

Purified water QS

* Subtotal 73.786 Seal 
coating

Sodium alginate 5.510

Talc 0.892

Titanium dioxide 0.392

Purified water QS

* Subtotal 80.580 
Functional 
coating

Kollicoat SR30D 11.535

Propylene glycol 1.154

Talc 2.551

Purified water QS

*Total 95.82

Does not remain in formulation.

 1. Load the drug on NPS using solution containing 
Venlafaxine HCl, sodium alginate, talc and titanium 
dioxide by fluid bed coating technique.

 2. Seal coat the drug-coated pellets using solution con-
taining sodium alginate, talc, and titanium dioxide 
by fluid bed coating technique

 3. Functional coat the seal-coated pellets using solution 
containing Kollicoat SR 30D, propylene glycol, and 
talc by fluid bed coating technique.

VERAPAMIL HYDROCHLORIDE CAPSULES*

It is available for oral administration as a 360 mg hard gelatin 
capsule (lavender cap/yellow body), a 240 mg hard gelatin cap-
sule (dark blue cap/yellow body), a 180 mg hard gelatin capsule 
(light gray cap/yellow body), and a 120 mg hard gelatin capsule 
(yellow cap/yellow body). These pellet-filled capsules provide 
a sustained release of the drug in the gastrointestinal tract. In 
addition to verapamil HCl, the capsule contains the following 
inactive ingredients: fumaric acid, talc, sugar spheres, povi-
done, shellac, gelatin, FD&C Red No. 40, yellow iron oxide, 
titanium dioxide, methylparaben, propylparaben, silicon diox-
ide, and sodium lauryl sulfate. In addition, the 240 mg and 360 
mg capsules contain FD&C Blue No. 1 and D&C Red No. 28; 
and the 180 mg capsule contains black iron oxide.
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VERAPAMIL HYDROCHLORIDE CAPSULES

MAnufAcTurinG DirecTions

 1. Blend verapamil hydrochloride (30 kg), malic acid 
(10 kg), and talc (2.4 kg) and pass through a 100 
mesh screen using a conventional milling machine.

 2. Prepare a polymer suspension containing 5% 
hydroxypropyl methylcellulose in methanol/methy-
lene chloride 60/40.

 3. Place sugar/starch seeds (0.4–0.5 mm, 9 kg) are placed 
in a standard coating pan and commence rotation.

 4. Wet the seeds are wetted with sufficient polymer 
suspension to dampen them thoroughly and then an 
amount of the powder blend is dusted on until no 
more is adhered. This step is repeated until the entire 
powder blend has been applied.

 5. Allow the coated seeds to dry after each application 
of polymer suspension.

 6. When all of the powder has been applied, dry the 
coated seeds at 40°C–60°C until all of the solvent 
has been driven off.

 7. Prepare a membrane suspension from the following 
components: two parts by volume 5% hydroxypropyl 
methylcellulose in methanol/methylene chloride 60/40, 
eight parts by volume 5% ethylcellulose in methanol/
methylene chloride 60/40, and five parts by weight talc.

 8. Place the coated seeds, which are prepared previ-
ously and which define the active core of the pellets 
being prepared, in a coating pan and commence rota-
tion. Apply the membrane suspension to the coated 
seeds in separate coats, each coat corresponding to 
10 mL of the membrane suspension per kg of coated 
seeds. After each coat has been applied, air dry the 
pellets in the coating pan.

 9. After the final coat has been applied, dry the pel-
lets at 40°C–60°C to evaporate all traces of solvent. 
Prepare rapid-release pellets as used in the controlled 
absorption pharmaceutical formulation of the inven-
tion by forming active cores without the subsequent 
application of a membrane thereto.

VERAPAMIL HYDROCHLORIDE 
SUSTAINED-RELEASE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

120.00 1 Verapamil hydrochloride 120.00

20.00 2 Sucrose and cornstarch 
neutral microgranules

20.00

11.30 3 Shellac, bleached, wax-free 11.30

0.75 4 Eudragit L100 0.75

3.60 5 Eudragit L30D 3.60

1.23 6 Eudrafit NE30D 1.23

0.37 7 Diethyl phthalate 0.37

1.60 8 Talc 1.60

— 9 Alcohol QS

— 10 Acetone QS

— 11 Water purified QS

Note: For 240 mg strength, scale to twice the formula.

MAnufAcTurinG DirecTions

 1. Place the neutral microgranules (item 2) in a coating 
pan and start the pan.

 2. Prepare a 20% solution of item 3 in a mixture of 
acetone and alcohol.

 3. Set temperature of step 1 to 25°C ± 5°C. Apply shel-
lac solution alternating with item 1 powder until the 
entire active ingredient is incorporated.

 4. Sieve micro granules through a 0.85 mm aperture. 
Drymicrogranules at 30°C–40°C for 8 hours.

 5. Sieve dried microgranules and dry again at 
30°C–40°C for 8 hours.

 6. Prepare a 15% alcoholic solution of Eudragit L100 
and apply with talc; dry and apply until all solution 
is incorporated.

 7. Sieve microgranules using a 1.18 mm aperture sieve.
 8. Prepare an aqueous dispersion of item 5 (L30D) and 

item 7. Apply part of suspension to microgranules 
together with part of item 8. Allow to dry. Repeat 
operation until desired dissolution rate is obtained.

 9. Sieve microgranules using 1.18 mm sieve and then 
dry at 30°C–40°C for 12 hours.

 10. Prepare aqueous solution of NE30D and item 7, 
apply in parts with remaining talc, and then dry. 
Repeat until desired dissolution rate is obtained.

 11. Sieve using a 1.18 mm sieve. Dry at 30°C–40°C for 
12 hours.

 12. Fill appropriate quantity based on assay. Use approx-
imately 158.85 mg for 120 mg strength and 317.70 
mg for 240 mg strength.

VINCAMINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

30.00 1 Vincamine 30.00

17.50 2 Lactose 17.50

166.80 3 Sucrose and cornstarch 
microgranules, size 20

166.80

3.30 4 Polyvinyl pyrrolidone 3.30

1.30 5 Shellac 1.30

3.60 6 Eudragit L 3.60

7.50 7 Talc 7.50

— 8 Alcohol QS
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MAnufAcTurinG DirecTions

 1. Place item 3 in a coating pan and run the pan.
 2. Prepare solution of item 4 in item 8.
 3. Add and mix items 1 and 2 in a separate container.
 4. Heat step 1 to 25°C ± 5°C; apply solution in Step 2 

and alternate with powder mixture in step 3 until all 
of step 3 is incorporated.

 5. Sieve granules through a 1.18 mm sieve in step 4 and 
dry at 30°C–40°C for 8 hours.

 6. Prepare an alcoholic solution of item 5 in item 8 and 
apply to step 5 until all incorporated.

 7. Sieve microgranules through a 1.18 mm sieve and 
dry at 30°C–40°C for 8 hours.

 8. Prepare a solution of item 6 in item 8 and apply in 
steps until all solution is incorporated.

 9. Sieve microgranules through a 1.18 mm sieve and 
dry at 30°C to 40°C for 8 hours.

 10. Fill appropriate quantity into capsules, approxi-
mately 230 mg.

VINPOCETINE MULTIPLE BEAD CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

160.00 1 Vinpocetine 160.00

Powder 
Blend

5.00 1 Vinpocetine 5.00

0.10 2 Sodium lauryl sulfate 0.10

3.0 3 Sodium starch glycolate 3.00

6.00 4 Glutamic acid 6.00

7.00 5 Cornstarch 7.00

62.00 6 Lactose 62.00

13.00 7 Microcrystalline cellulose 13.00

1.00 8 Magnesium stearate 1.00

VITAMIN B COMPLEX, AMINO ACIDS, 
AND MAGNESIUM EFFERVESCENT 
GRANULES (SUGAR-FREE)

Bill of Materials

Scale (mg/
Tab) Item Material Name

Qty/1000 
Tabs (g)

2.00 1 Thiamin hydrochloride 2.00

2.00 2 Pyridoxine hydrochloride 2.00

5.00 3 Cyanocobalamin dry 
powder 0.1%

5.00

20.00 4 L-Glutamine 20.00

10.00 5 Inositol 10.00

10.00 6 Potassium L-aspartate 10.00

500.00 7 DL-carnitine hydrochloride 500.00

350.00 8 Magnesium L-aspartate 350.00

600.00 9 Citric acid, anhydrous 600.00

500.00 10 Sodium bicarbonate 500.00

QS 11 Flavors QS

50.00 12 Kollidon VA 64 50.00

— 13 Isopropanol 80.00

MAnufAcTurinG DirecTions

 1. Mix items 1 to 6, add the mixture of items 7 to 12, gran-
ulate mixture of these two combinations with item 13, 
pass through a 0.8 mm sieve, dry well, and mix.

 2. Fill 2.1 g of the granules into sachets.

VITAMIN B COMPLEX + AMINO 
ACID + MAGNESIUM EFFERVESCENT 
GRANULES (SUGAR-FREE)

(1 RDA of vitamins + 500 mg carnitine + 20 mg glutamine)

Formulation
Thiamin hydrochloride, 2 g; pyridoxine hydrochloride, 2 

g; cyanocobalamin dry powder 0.1%, 5 g; L-glutamine, 20 
g; inositol, 10 g; potassium L-aspartate, 10 g; DL-carnitine 
hydrochloride, 500 g; magnesium L-aspartate, 350 g; citric 
acid, anhydrous, 600 g; sodium bicarbonate, 500 g; flavors, 
QS; Kollidon VA 64 50 g; isopropanol, 80 g.

MAnufAcTurinG DirecTions

 1. Fill 2.1 g of the granules into sachets.

VITAMIN B COMPLEX AND VITAMIN 
C INSTANT GRANULES

Bill of Materials

Scale 
(mg/g) Item Material Name Qty/kg (g)

3.60 1 Thiamine hydrochloride 3.60

5.70 2 Riboflavin phosphate 
sodium

5.70

45.00 3 Nicotinamide 45.00

4.50 4 Pyridoxine hydrochloride 4.50

15.0 5 Cyanocobalamin 
(gelatin-coated, 0.1%)

15.00

150.0 6 Ascorbic acid (powder) 150.00

723.00 7 Sucrose 723.00

51.00 8 Kollidon 30 51.00

QS 9 Ethanol 180.00 mL

MAnufAcTurinG DirecTions

 1. Mix items 1 to 7, granulate with solution of items 8 
and 9, dry, and pass through a 0.8 mm sieve.
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 2. Fill 1 g of the granules into sachets (or 10 g in 100 
mL flakes as dry syrup) to produce yellow homoge-
neous granules dispersible in cold water.

 3. Approximately 1 g of the granules (=1 sachet) cor-
responds to two daily vitamin B and vitamin C 
requirements of adults.

 4. Because of the high loss of riboflavin phosphate 
sodium, it should be substituted by riboflavin.

VITAMIN C AND CALCIUM CARBONATE 
EFFERVESCENT POWDER

Bill of Materials

Scale (mg/
tablet) Item Material Name

Qty/1000 
Tabs (g)

300.00 1 Calcium, USE calcium 
carbonate

315.00

450.00 2 Sodium tartaric acid, 
powder bicarbonate

450.00

600.00 3 Kollidon 30 600.00

35.00 4 Kollidon 30 35.00

200.00 5 Isopropanol 200.00

400.00 6 Sucrose crystalline 400.00

500.00 7 Ascorbic acid, crystalline, 
with excess

550.00

120.00 8 Kollidon CL 120.00

60.00 9 Polyethylene glycol 6000, 
powder

60.00

MAnufAcTurinG DirecTions

 1. Granulate mixture of items 1 to 3 with solution of 
items 4 and 5, mix with item 6, and dry.

 2. Add items 7 to 9 and press with a high compres-
sion force at maximum 30% of relative atmospheric 
humidity.

 3. Package 2500 mg in aluminum-lined sachet.

ZANAMIVIR POWDER*

It is for administration to the respiratory tract by oral inhala-
tion only. Each disc contains four regularly spaced double-foil 
blisters with each blister containing a powder mixture of 5 
mg of zanamivir and 20 mg of lactose. The contents of each 
blister are inhaled using a specially designed breath-activated 
plastic device for inhaling powder called the Diskhaler®. The 
drug is also administered as aqueous solution (10%) with 
0.04% benzalkonium chloride and 0.40% phenylethyl alco-
hol. In an aqueous cosolvent system, it contains 10% active 
drug, 0.04% benzalkonium chloride, 10% PEG 400, and 30% 
propylene glycol (balance purified water). In an aerosol for-
mulation, there is 7.5% active drug, 25.6% propellant 11, and 
66.5% propellant 12.

ZANAMIVIR POWDER

Bill of Materials

Scale (mg/
disk) Item Material Name

Qty/1000 Disks 
(g)

5.00 1 Zanamivir 5.00

20.00 2 Lactose anhydrous 20.00

ZIDOVUDINE CAPSULES

Each capsule contains 100 mg of zidovudine and the inactive 
ingredients cornstarch, magnesium stearate, microcrystalline 
cellulose, and sodium starch glycolate. The 100 mg empty 
hard gelatin capsule, printed with edible black ink, consists of 
black iron oxide, dimethylpolysiloxane, gelatin, pharmaceuti-
cal shellac, soya lecithin, and titanium dioxide. The blue band 
around the capsule consists of gelatin and FD&C Blue No. 2.

ZIDOVUDINE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 Zidovudine 
(3’-azido-3’-
deoxythymidine)

100.00

200.00 2 Lactose 200.00

50.00 3 Cornstarch 50.00

5.00 4 Polyvinylpyrrolidone 5.00

4.00 5 Magnesium stearate 4.00

MAnufAcTurinG DirecTions

 1. Sieve items 1 to 4 through an 80 mesh sieve and blend.
 2. Pass item 5 through a 100 mesh sieve and add to step 

1 and blend for 2 minutes.
 3. Fill 359 mg into capsules.

ZINC OXIDE AND CORNSTARCH POWDER

Cornstarch baby powder combines zinc oxide (10%) with top-
ical starch (cornstarch) for topical application. Also contains 
fragrance and tribasic calcium phosphate.

ZIPRASIDONE HYDROCHLORIDE CAPSULES*

Capsules are supplied for oral administration in 20 mg, 40 
mg, 60 mg, and 80 mg doses. Capsules contain ziprasidone 
hydrochloride monohydrate, lactose, pregelatinized starch, 
and magnesium stearate.
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ZIPRASIDONE HYDROCHLORIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

20.00 1 Ziprasidone, USE 
ziprasidone hydrochloride

22.65

66.10 2 Lactose monohydrate 66.10

10.00 3 Pregelatinized cornstarch 10.00

0.75 4 Magnesium stearate 0.75

MAnufAcTurinG DirecTions

 1. Pass items 1 to 3 through an 80 mesh screen and 
blend.

 2. Pass item 4 through a 100 mesh screen and add and 
blend for 2 minutes.

 3. Fill into size 4 capsules (100 mg). For higher 
strengths, scale up the quantity and size of capsule. 
The lactose monohydrate weight is adjusted accord-
ing to small potency changes in the ziprasidone 
hydrochloride monohydrate to maintain a constant 
capsule weight.

ZONISAMIDE CAPSULES*

Each capsule contains the labeled amount of zonisamide plus 
the following inactive ingredients: microcrystalline cellulose, 
hydrogenated vegetable oil, sodium lauryl sulfate, gelatin, and 
colorants.

ZONISAMIDE CAPSULES

Bill of Materials

Scale (mg/
capsule) Item Material Name

Qty/1000  
Caps (g)

100.00 1 Zonisamide 100.00

35.00 2 Lactose anhydrous 35.00

17.00 3 Cornstarch 17.00

40.00 4 Crystalline cellulose 40.00

6.00 5 Hydroxypropyl cellulose 6.00

1.00 6 Light anhydrous silicic acid 1.00

1.00 7 Magnesium stearate 1.00

QS 8 Water purified QS

MAnufAcTurinG DirecTions

 1. Blend zonisamide, lactose, cornstarch, and crystal-
line cellulose and to this add hydroxypropyl cellu-
lose dissolved in water. Knead, dry, and granulate 
the mixture.

 2. To these granules add magnesium stearate and light 
anhydrous silicic acid and fill the mixture (200 mg) 
into each capsule.

 3. A 20% powder formulation contains zonisamide, 
200 g; lactose, 719 g; hydroxypropyl cellulose, 20 g; 
light anhydrous silicic acid, 1 g. Total, 940 g.

 4. Using a high-shear granulator, blend all the pre-
ceding components for powder formulation, spray 
with an ethanolic solution (200 g) containing eth-
ylcellulose (40 g) and hydroxypropyl cellulose (20 
g) for granulation, and then make into granules. 
Dry these granules and regulate in size to give 
20% powders.
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• 14 L-Crystalline amino acid formula—700 mg/
cap-L-lysine HCL, L-isoleucine, L-glutamine, 
L-tyrosine, L-threonine, L-alanine, L-leucine, 
L-histidine, L-arginine HCL, L-aspartic acid, 
L-valine, L-methionine, L-cystine, L-glutamic 
acid, glycine, L-phenylalanine, N-acetyl-L-tyrosine, 
L-serine, L-proline plus ornithine alpha-ketoglu-
tarate, and dipeptides; L-alanyl-L-glutamine and 
L-glycyl-L-glutamine. 20 L-Crystalline amino acid 
formula helps reverse negative nitrogen balance. 
677 mg. L-Crystalline amino acids including neu-
rotransmitter precursors, sulfur, and branched chain 
amino acids plus alpha-lipoic acid: L-lysine HCL, 
L-isoleucine, L-glutamine, L-tyrosine, L-threonine, 
L-alanine, L-leucine, L-histidine, L-arginine HCL, 
L-aspartic Acid, L-valine, ornithine alpha-ketoglu-
tarate, L-methionine, L-cystine, L-glutamic acid, 
glycine, L-phenylalanine, N-acetyl-L-tyrosine, 
L-serine, L-proline, alpha-lipoic acid

• Adipex-P capsules contain the inactive ingredients 
cornstarch, gelatin, lactose monohydrate, magne-
sium stearate, titanium dioxide, black iron oxide, 
FD&C blue No. 1, FD&C red No. 40, and D&C red 
No. 33

• Aggrenox® (aspirin/extended-release dipyridamole) 
is a combination antiplatelet agent intended for oral 
administration. Each hard gelatin capsule contains 
200 mg dipyridamole in an extended-release form 
and 25 mg aspirin as an immediate-release sugar-
coated tablet. In addition, each capsule contains 
the following inactive ingredients: acacia, alumi-
num stearate, colloidal silicon dioxide, cornstarch, 
dimethicone, hypromellose, hypromellose phthalate, 
lactose monohydrate, methacrylic acid copolymer, 
microcrystalline cellulose, povidone, stearic acid, 
sucrose, talc, tartaric acid, titanium dioxide, and tri-
acetin. Each capsule shell contains gelatin, red iron 
oxide and yellow iron oxide, titanium dioxide, and 
water

• Amitiza™ (lubiprostone) is available for oral admin-
istration in an imprinted, oval, orange soft gelatin 
capsule containing 24 μg lubiprostone and the fol-
lowing inactive ingredients: medium-chain triglyc-
erides, gelatin, sorbitol, FD&C red No. 40, D&C 
yellow No. 10, and purified water

• Amnesteem contains isotretinoin, a retinoid, and is 
available in 10-mg, 20-mg, and 40-mg soft gelatin 
capsules for oral administration. Each capsule con-
tains yellow wax, butylated hydroxyanisole, edetate 
disodium, hydrogenated vegetable oil, and soybean 
oil. Gelatin capsules contain glycerin with the fol-
lowing dye systems: 10 mg—red iron oxide paste 

and black ink; 20 mg—red iron oxide paste, yellow 
iron oxide paste, titanium dioxide, and black ink; 40 
mg—red iron oxide paste, yellow iron oxide paste, 
titanium dioxide, and black ink

• Benefiber® is a 100% natural fiber that can be mixed 
with almost anything. Ingredients: partially hydro-
lyzed guar gum (a 100% natural fiber). Guar gum is 
derived from the seed of the cluster bean

• Biaxin for suspension, clarithromycin suspension 
(clarithromycin for oral suspension, USP), con-
tains 125 or 250 mg of clarithromycin. Each bottle 
of Biaxin granules contains 1250 mg (50-mL size), 
2500 mg (50- and 100-mL sizes), or 5000 mg (100-
mL size) of clarithromycin and the following inac-
tive ingredients: carbomer, castor oil, citric acid, 
hypromellose phthalate, maltodextrin, potassium 
sorbate, povidone, silicon dioxide, sucrose, xanthan 
gum, titanium dioxide, and fruit punch flavor

• Brevibloc (esmolol hydrochloride) premixed injec-
tion is a clear, colorless to light yellow, sterile, 
nonpyrogenic isoosmotic solution of esmolol hydro-
chloride in sodium chloride. 2500-mg, 250-mL sin-
gle use premixed bag—Each milliliter contains 10 
mg esmolol hydrochloride, 5.9 mg sodium chloride, 
USP, and water for injection, USP, buffered with 
2.8 mg sodium acetate trihydrate, USP, and 0.546 
mg glacial acetic acid, USP. Sodium hydroxide and/
or hydrochloric acid added, as necessary, to adjust 
pH to 5.0 (4.5–5.5). The calculated osmolarity is 312 
mOsmol/L. The 250-mL bag is a nonlatex, non-PVC 
IntraVia bag with dual PVC ports. The IntraVia bag 
is manufactured from a specially designed multi-
layer plastic (PL 2408). Solutions in contact with the 
plastic container leach out certain chemical com-
pounds from the plastic in very small amounts; how-
ever, biological testing was supportive of the safety 
of the plastic container materials. 2000-mg, 100-mL 
single use premixed bag double strength—Each mil-
liliter contains 20 mg esmolol hydrochloride, 4.1 
mg sodium chloride, USP, and water for injection, 
USP, buffered with 2.8 mg sodium acetate trihy-
drate, USP, and 0.546 mg glacial acetic acid, USP. 
Sodium hydroxide and/or hydrochloric acid added, 
as necessary, to adjust pH to 5.0 (4.5–5.5). The cal-
culated osmolarity is 312 mOsmol/L. The 100-mL 
bag is a nonlatex, non-PVC IntraVia bag with dual 
PVC ports. The IntraVia bag is manufactured from 
a specially designed multilayer plastic (PL 2408). 
Brevibloc injection is a clear, colorless to light yel-
low, sterile, nonpyrogenic isoosmotic solution of 
esmolol hydrochloride in sodium chloride. 100-mg, 
10-mL single dose vial—Each milliliter contains 10 
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mg esmolol hydrochloride, 5.9 mg sodium chloride, 
USP, and water for injection, USP, buffered with 
2.8 mg sodium acetate trihydrate, USP, and 0.546 
mg glacial acetic acid, USP. Sodium hydroxide and/
or hydrochloric acid added, as necessary to adjust 
pH to 5.0 (4.5–5.5). 100-mg, 5-mL double-strength 
single-dose vial—Each milliliter contains 20 mg 
esmolol hydrochloride, 4.1 mg sodium chloride, 
USP, and water for injection, USP, buffered with 2.8 
mg sodium acetate trihydrate, USP, and 0.546 mg 
glacial acetic acid, USP. Sodium hydroxide and/or 
hydrochloric acid added, as necessary to adjust pH to 
5.0 (4.5–5.5). Brevibloc Concentrate is a clear, color-
less to light yellow, sterile nonpyrogenic concentrate. 
2500-mg, 10-mL Ampul—Each milliliter contains 
250 mg esmolol hydrochloride in 25% propylene gly-
col, USP, 25% alcohol, USP, and water for injection, 
USP, buffered with 17.0 mg sodium acetate trihy-
drate, USP, and 0.00715 mL glacial acetic acid, USP. 
Sodium hydroxide and/or hydrochloric acid added, 
as necessary, to adjust pH to 3.5 to 5.5

• Buphenyl® (sodium phenylbutyrate) powder for 
oral, nasogastric, or gastrostomy tube administra-
tion contains sodium phenylbutyrate. Each gram of 
Buphenyl powder contains 0.94 g of sodium phenyl-
butyrate and the inactive ingredients calcium stea-
rate and colloidal silicon dioxide

• Ceftin for oral suspension when reconstituted with 
water provides the equivalent of 125 or 250 mg of 
cefuroxime (as cefuroxime axetil) per 5 mL of sus-
pension. Ceftin for oral suspension contains the inac-
tive ingredients acesulfame potassium, aspartame, 
povidone K30, stearic acid, sucrose, tutti-frutti fla-
voring, and xanthan gum

• Cevimeline (30 mg) The pH of a 1% solution ranges 
from 4.6 to 5.6. Inactive ingredients include lactose 
monohydrate, hydroxypropyl cellulose, and magne-
sium stearate

• Chemet (succimer) opaque white capsule for oral 
administration contains beads coated with 100 mg 
of succimer and is imprinted black with CHEMET 
100. Inactive ingredients in medicated beads are 
povidone, sodium starch glycolate, starch, and 
sucrose. Inactive ingredients in capsule are gelatin, 
iron oxide, titanium dioxide, and other ingredients

• Colace® (docusate sodium) active ingredient: 
Colace capsules 100 mg contains 100 mg of docu-
sate sodium. Inactive ingredients: D&C red No. 33, 
FD&C red No. 40, FD&C yellow No. 6, gelatin, 
glycerin, methylparaben, polyethylene glycol 400, 
propylene glycol, propylparaben, sorbitol, titanium 
dioxide. Colace capsules 50 mg contains 50 mg of 
docusate sodium

• Colyte® with flavor packs is a colon lavage prepa-
ration provided as water-soluble components for 
solution. In solution this preparation with one fla-
vor pack added delivers the following in grams per 

liter. Polyethylene glycol 3350 60.00, sodium chlo-
ride 1.46, potassium chloride 0.745, sodium bicar-
bonate 1.68, sodium sulfate 5.68, flavor ingredients 
0.805. When dissolved in sufficient water to make 
4 L, the final solution contains 125 mEq/L sodium, 
10 mEq/L potassium, 20 mEq/L bicarbonate, 80 
mEq/L sulfate, 35 mEq/L chloride, and 18 mEq/L 
polyethylene glycol 3350. The reconstituted solu-
tion is isoosmotic and has a mild salty taste. This 
preparation can be used without the flavor packs and 
is administered orally or via nasogastric tube. Each 
orange flavor pack (3.22 g) contains hypromellose, 
natural and artificial orange powder, saccharin 
sodium, colloidal silicon dioxide. Each citrus berry 
flavor pack (3.22 g) contains hypromellose, artificial 
citrus berry powder, saccharin sodium, colloidal 
silicon dioxide. Each lemon lime flavor pack (3.22 g) 
contains hypromellose, natural and artificial lemon 
lime powder, Prosweet® powder natural, saccharin 
sodium, colloidal silicon dioxide. Each cherry flavor 
pack (3.22 g) contains hypromellose, artificial cherry 
powder, saccharin sodium, colloidal silicon dioxide. 
Each pineapple flavor pack (3.22 g) contains hypro-
mellose, artificial pineapple flavor powder, Magna 
SweetTM, saccharin sodium, colloidal silicon dioxide

• Creon® 20 capsules are orally administered and con-
tain 497 mg of delayed-release Minimicrospheres® 
of pancrelipase, which is of porcine pancreatic 
origin. Each Creon 20 capsule contains lipase 
20,000 USP units, protease 75,000 USP units, and 
amylase 66,400 USP units. Inactive ingredients 
include dibutyl phthalate, dimethicone, hydroxy-
propylmethylcellulose phthalate, light mineral oil, 
and polyethylene glycol. The capsule shells contain 
gelatin, red iron oxide, titanium dioxide, and yel-
low iron oxide. The capsule imprinting ink con-
tains dimethicone, 2-ethoxyethanol, shellac, soya 
lecithin, and titanium dioxide. Creon® 10 capsules 
are orally administered and contain 249 mg of 
delayed-release Minimicrospheres of pancrelipase, 
which is of porcine pancreatic origin. Each Creon 
10 capsule contains lipase 10,000 USP units, pro-
tease 37,500 USP units, and amylase 33,200 USP 
units. Inactive ingredients include dibutyl phthal-
ate, dimethicone, hydroxypropylmethylcellulose 
phthalate, light mineral oil, and polyethylene gly-
col. The capsule shells contain black iron oxide, 
gelatin, red iron oxide, titanium dioxide, and yel-
low iron oxide. The capsule imprinting ink con-
tains dimethicone, 2-ethoxyethanol, shellac, soya 
lecithin, and titanium dioxide. Creon® 5 capsules 
are orally administered and contain 124 mg of 
delayed-release Minimicrospheres of pancreli-
pase, which is of porcine pancreatic origin. Each 
Creon 5 capsule contains lipase 5,000 USP units, 
protease 18,750 USP units, and amylase 16,600 
USP units. Inactive ingredients include dibutyl 
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phthalate, dimethicone, hydroxypropylmethylcel-
lulose phthalate, light mineral oil, and polyethyl-
ene glycol. The capsule shells contain gelatin, red 
iron oxide, titanium dioxide, yellow iron oxide, and 
FD & C blue No. 2. The capsule imprinting ink 
contains dimethicone, 2-ethoxyethanol, shellac, 
soya lecithin, and titanium dioxide

• Crixivan* (indinavir sulfate) capsules are formulated 
as a sulfate salt and are available for oral administra-
tion in strengths of 100 mg, 200 mg, 333 mg, and 400 
mg of indinavir (corresponding to 125 mg, 250 mg, 
416.3 mg, and 500 mg indinavir sulfate, respectively). 
Each capsule also contains the inactive ingredients 
anhydrous lactose and magnesium stearate. The cap-
sule shell has the following inactive ingredients and 
dyes: gelatin, titanium dioxide, silicon dioxide, and 
sodium lauryl sulfate

• Cuprimine, penicillamine, for oral administration 
contain either 125 or 250 mg of penicillamine. Each 
capsule contains the following inactive ingredients: 
D&C yellow No. 10, gelatin, lactose, magnesium 
stearate, and titanium dioxide. The 125-mg capsule 
also contains iron oxide

• Cymbalta® (duloxetine hydrochloride) capsule con-
tains enteric-coated pellets of 22.4 mg, 33.7 mg, or 
67.3 mg of duloxetine hydrochloride equivalent to 
20 mg, 30 mg, or 60 mg of duloxetine, respectively. 
These enteric-coated pellets are designed to prevent 
degradation of the drug in the acidic environment 
of the stomach. Inactive ingredients include FD&C 
blue No. 2, gelatin, hypromellose, hydroxypropyl-
methylcellulose acetate succinate, sodium lauryl sul-
fate, sucrose, sugar spheres, talc, titanium dioxide, 
and triethyl citrate. The 20- and 60-mg capsules also 
contain iron oxide yellow

• Dalmane is available as capsules containing 15- or 
30-mg flurazepam hydrochloride. Each 15-mg cap-
sule also contains cornstarch, lactose, magnesium 
stearate, and talc; gelatin capsule shells contain the 
following dye systems: D&C red No. 28, FD&C red 
No. 40, FD&C yellow No. 6, and D&C yellow No. 
10. Each 30-mg capsule also contains cornstarch, 
lactose, and magnesium stearate; gelatin capsule 
shells contain the following dye systems: FD&C 
blue No. 1, FD&C yellow No. 6, D&C yellow No. 
10, and either FD&C red No. 3 or FD&C red No. 40. 
Flurazepam hydrochloride is chemically 7-chl oro-1 
-[2-( dieth ylami no)et hyl]- 5-(ofl uoro pheny l)-1, 3-dih 
ydro- 2 H-1,4-benzodiazepin-2-one dihydrochloride

• Dantrium (dantrolene sodium) is supplied in cap-
sules of 25 mg, 50 mg, and 100 mg. Inactive ingredi-
ents: Each capsule contains edible black ink, FD&C 
yellow No. 6, gelatin, lactose, magnesium stearate, 
starch, synthetic iron oxide red, synthetic iron oxide 
yellow, talc, and titanium dioxide

• DDS®-Acidophilus is the source of a special strain 
of Lactobacillus acidophilus free of dairy products, 

corn, soy, and preservatives. Each capsule or tablet 
contains 1 billion viable DDS-1 L. acidophilus at the 
time of manufacturing. 1 g of powder contains two 
billion viable DDS-1 L. acidophilus

• Demser* (Metyrosine) capsule contains 250 mg 
metyrosine. Inactive ingredients are colloidal silicon 
dioxide, gelatin, hydroxypropyl cellulose, magne-
sium stearate, titanium dioxide, and FD&C blue 2

• Depakene (valproic acid) is a carboxylic acid desig-
nated as 2-propylpentanoic acid. Depakene capsules 
and syrup are antiepileptics for oral administration. 
Each soft elastic capsule contains 250 mg valproic 
acid. The syrup contains the equivalent of 250 mg 
valproic acid per 5 mL as the sodium salt. Inactive 
ingredients 250-mg capsules: corn oil, FD&C yellow 
No. 6, gelatin, glycerin, iron oxide, methylparaben, 
propylparaben, and titanium dioxide

• Detrol LA capsules contain tolterodine tartrate. 
Detrol LA for oral administration contains 2 or 
4 mg of tolterodine tartrate. Inactive ingredients 
are sucrose, starch, hypromellose, ethylcellulose, 
medium-chain triglycerides, oleic acid, gelatin, and 
FD&C blue No. 2. The 2-mg capsules also con-
tain yellow iron oxide. Both capsule strengths are 
imprinted with a pharmaceutical grade printing ink 
that contains shellac glaze, titanium dioxide, propyl-
ene glycol, and simethicone

• Dexedrine (dextroamphetamine sulfate) Spansule 
sustained-release capsule is so prepared that an initial 
dose is released promptly and the remaining medica-
tion is released gradually over a prolonged period. 
Each capsule, with brown cap and clear body, con-
tains dextroamphetamine sulfate. The 5-mg capsule 
is imprinted 5 mg and 3512 on the brown cap and is 
imprinted 5 mg and SB on the clear body. The 10-mg 
capsule is imprinted 10 mg and 3513 on the brown 
cap and is imprinted 10 mg and SB on the clear body. 
The 15-mg capsule is imprinted 15 mg and 3514 on 
the brown cap and is imprinted 15 mg and SB on the 
clear body. A narrow bar appears above and below 
15 mg and 3514. Product reformulation in 1996 has 
caused a minor change in the color of the time-
released pellets within each capsule. Inactive ingre-
dients now consist of cetyl alcohol, D&C yellow No. 
10, dibutyl sebacate, ethylcellulose, FD&C blue No. 
1, FD&C blue No. 1 aluminum lake, FD&C red No. 
40, FD&C yellow No. 6, gelatin, hypromellose, pro-
pylene glycol, povidone, silicon dioxide, sodium lau-
ryl sulfate, sugar spheres, and trace amounts of other 
inactive ingredients

• Divalproex sodium is a stable coordination com-
pound comprised of sodium valproate and valproic 
acid in a 1: 1 molar relationship and formed dur-
ing the partial neutralization of valproic acid with 
0.5 equivalent of sodium hydroxide. Divalproex 
sodium occurs as a white powder with a character-
istic odor. Depakote Sprinkle Capsules are for oral 
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administration. Depakote Sprinkle Capsules con-
tain specially coated particles of divalproex sodium 
equivalent to 125 mg of valproic acid in a hard gela-
tin capsule. Inactive ingredients 125-mg Depakote 
Sprinkle Capsules: cellulosic polymers, D&C red 
No. 28, FD&C blue No. 1, gelatin, iron oxide, mag-
nesium stearate, silica gel, titanium dioxide, and tri-
ethyl citrate

• Dyazide capsule for oral use, with opaque red cap 
and opaque white body, contains hydrochlorothia-
zide 25 mg and triamterene 37.5 mg. Inactive ingre-
dients consist of benzyl alcohol, cetylpyridinium 
chloride, D&C red No. 33, FD&C yellow No. 6, gela-
tin, glycine, lactose, magnesium stearate, microcrys-
talline cellulose, povidone, polysorbate 80, sodium 
starch glycolate, titanium dioxide, and trace amounts 
of other inactive ingredients. Dyazide capsules meet 
Drug Release Test 3 as published in the USP 23 
monograph for triamterene and hydrochlorothiazide 
capsules

• Edecrin, ethacrynic acid, is supplied as 25-mg 
tablets for oral use. The tablets contain the fol-
lowing Inactive ingredients: colloidal silicon diox-
ide, lactose, magnesium stearate, starch and talc. 
Intravenous sodium Edecrin (ethacrynate sodium) 
is a sterile freeze-dried powder and is supplied in 
a vial containing ethacrynate sodium equivalent to 
ethacrynic acid 50 mg. Inactive ingredient: Mannitol 
62.5 mg

• EES (erythromycin ethylsuccinate) granules are 
intended for reconstitution with water. Each 5-mL 
teaspoonful of reconstituted cherry-flavored suspen-
sion contains erythromycin ethylsuccinate equiva-
lent to 200 mg of erythromycin. The pleasant-tasting, 
fruit-flavored liquids are supplied ready for oral 
administration. Inactive: EES granules: citric acid, 
FD&C red No. 3, magnesium aluminum silicate, 
sodium carboxymethylcellulose, sodium citrate, 
sucrose, and artificial flavor

• Effexor XR is an extended-release capsule for oral 
administration. Effexor XR is formulated as an 
extended-release capsule for once-a-day oral admin-
istration. Drug release is controlled by diffusion 
through the coating membrane on the spheroids and 
is not pH dependent. Capsules contain venlafaxine 
hydrochloride equivalent to 37.5-mg, 75-mg, or 150-
mg venlafaxine. Inactive ingredients consist of cel-
lulose, ethylcellulose, gelatin, hypromellose, iron 
oxide, and titanium dioxide

• Eldepryl (selegiline hydrochloride) contains 5 mg 
selegiline hydrochloride. Inactive ingredients are 
anhydrous citric acid, lactose, magnesium stearate, 
and microcrystalline cellulose

• EMCYT (estramustine phosphate sodium) capsules 
are white and opaque, each containing estramustine 
phosphate sodium as the disodium salt monohydrate 
equivalent to 140 mg estramustine phosphate for oral 

administration. Each capsule also contains magne-
sium stearate, silicon dioxide, sodium lauryl sulfate, 
and talc. Gelatin capsule shells contain the pigment 
titanium dioxide

• EMEND* (aprepitant) capsule contains either 80 
or 125 mg of aprepitant and the following inactive 
ingredients: sucrose, microcrystalline cellulose, 
hydroxypropyl cellulose, and sodium lauryl sulfate. 
The capsule shell excipients are gelatin, titanium 
dioxide, and may contain sodium lauryl sulfate and 
silicon dioxide. The 125-mg capsule also contains 
red ferric oxide and yellow ferric oxide

• EncoraTM is a prescription vitamin and mineral 
nutritional supplement with essential fatty acids 
consisting of two capsules and two tablets on each 
blister card designated for AM and PM oral admin-
istration as follows. The AM tablet is an oval-
shaped, light pink film-coated tablet containing the 
following ingredients: calcium (calcium carbonate) 
400 mg, vitamin D3 (cholecalciferol) 200 IU, vita-
min C (as Ester-C®) 25 mg, folic acid USP 2 mg, 
vitamin B6 (pyridoxine hydrochloride, USP 25 mg. 
The PM tablet is an oval-shaped, purple film-coated 
tablet containing the following ingredients: calcium 
(calcium carbonate) 600 mg, vitamin D3 (cholecal-
ciferol) 600 IU, vitamin C (as Ester-C) 25 mg, folic 
acid USP 0.5 mg, vitamin B6 (pyridoxine hydro-
chloride, USP) 12.5 mg. The AM and PM capsules 
are a pink soft gelatin capsule containing the fol-
lowing ingredients: essential fatty acids (omega-3) 
650 mg, DHA and EPA 550 mg, alpha-linolenic acid 
(ALA) 100 mg, linoleic acid (LA) 10 mg, vitamin 
E (DL-alpha-tocopheryl acetate) 50 IU. Ester-C is 
a patented pharmaceutical grade material consist-
ing of calcium ascorbate and calcium threonate. 
Eicosapentaenoic acid (EPA) to docosahexaenoic 
acid (DHA) ratio is approximately 2.7: 1. Inactive 
ingredients: Tablets: acacia, butylated hydroxy-
anisole, butylated hydroxytoluene, colloidal silicon 
dioxide, cornstarch, croscarmellose sodium, D&C 
red No. 27 aluminum lake, hydrolyzed gelatin, leci-
thin, magnesium stearate, microcrystalline cellu-
lose, polyethylene glycol, polyvinyl alcohol, sodium 
lauryl sulfate, stearic acid, sucrose, talc, titanium 
dioxide, and vegetable oil. The AM tablet also con-
tains FD&C blue No. 2 aluminum lake. The PM tab-
let also contains FD&C blue No. 1 aluminum lake. 
Capsules: D&C red No. 33, ethyl vanillin, FD&C 
red No. 40, gelatin, glycerine, soybean oil, and tita-
nium dioxide

• Entocort® EC capsules contains 3 mg of micronized 
budesonide with the following inactive ingredients: 
ethylcellulose, acetyltributyl citrate, methacrylic 
acid copolymer type C, triethyl citrate, antifoam M, 
polysorbate 80, talc, and sugar spheres. The capsule 
shells have the following inactive ingredients: gela-
tin, iron oxide, and titanium dioxide
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• EryPed 200 and EryPed Drops (erythromycin eth-
ylsuccinate for oral suspension) when reconstituted 
with water forms a suspension containing erythro-
mycin ethylsuccinate equivalent to 200 mg eryth-
romycin per 5 mL (teaspoonful) or 100 mg/2.5 mL 
(dropperful) with an appealing fruit flavor. EryPed 
400 when reconstituted with water forms a sus-
pension containing erythromycin ethylsuccinate 
equivalent to 400 mg of erythromycin per 5 mL (tea-
spoonful) with an appealing banana flavor. Inactives: 
EryPed 200, EryPed 400, and EryPed. Drops: 
Caramel, polysorbate, sodium citrate, sucrose, xan-
than gum, and artificial flavors

• Erythromycin delayed-release capsules contain 
enteric-coated pellets of erythromycin base for oral 
administration. Each erythromycin delayed-release 
capsule contains 250 mg of erythromycin base. 
Inactive ingredients: cellulosic polymers, citrate 
ester, D&C red No. 30, D&C yellow No. 10, magne-
sium stearate, and povidone. The capsule shell con-
tains FD&C blue No. 1, FD&C red No. 3, gelatin, 
and titanium dioxide

• Eskalith contains lithium carbonate, a white, light 
alkaline powder. Eskalith capsules with opaque gray 
cap and opaque yellow body are imprinted with the 
product name ESKALITH and SB and contain lith-
ium carbonate 300 mg. Inactive ingredients consist 
of benzyl alcohol, cetylpyridinium chloride, D&C 
yellow No. 10, FD&C green No. 3, FD&C red No. 
40, FD&C yellow No. 6, gelatin, lactose, magne-
sium stearate, povidone, sodium lauryl sulfate, tita-
nium dioxide, and trace amounts of other inactive 
ingredients

• Eulexin capsules contain flutamide and cornstarch, 
lactose, magnesium stearate, povidone, and sodium 
lauryl sulfate. Gelatin capsule shells may also con-
tain benzyl alcohol, butylparaben, colloidal silicon 
dioxide, edetate calcium disodium, methylparaben, 
propylparaben, and sodium propionate, and the fol-
lowing dye systems: FD&C blue No. 1, FD&C red 
No. 3, FD&C yellow No. 6, titanium dioxide, black 
ink, and other inactive ingredients

• Exelon® (rivastigmine tartrate) capsules contain riv-
astigmine tartrate, equivalent to 1.5 mg, 3 mg, 4.5 
mg, and 6 mg of rivastigmine base for oral admin-
istration. Inactive ingredients are hydroxypropyl 
methylcellulose, magnesium stearate, microcrystal-
line cellulose, and silicon dioxide. Each hard gelatin 
capsule contains gelatin, titanium dioxide, and red 
and/or yellow iron oxides

• Exubera® consists of blisters containing human 
insulin inhalation powder, which are administered 
using the Exubera inhaler. Each unit dose blister 
of Exubera contains a 1- or 3-mg dose of insulin 
in a homogeneous powder formulation containing 
sodium citrate (dihydrate), mannitol, glycine, and 
sodium hydroxide

• Ferrochel® soft gelatin capsule for oral administra-
tion contains iron (as Ferrochel ferrous bis-glycinate 
chelate elemental iron) 70 mg; vitamin C as Ester-C 
patented pharmaceutical grade material consisting 
of calcium ascorbate and calcium threonate; ascorbic 
acid (as calcium ascorbate) 150 mg; threonic acid (as 
calcium threonate) 2 mg; vitamin B12 (cyanocobala-
min) 10 μg; desiccated stomach substance 100 mg. 
Inactive ingredients: soybean oil, gelatin, glycerine, 
yellow beeswax, lecithin (unbleached), titanium 
dioxide, methyl-/propylparaben blend, ethyl vanillin, 
FD&C red No. 40, FD&C yellow No. 6, FD&C blue 
No. 1

• Focalin™ XR (dexmethylphenidate hydrochloride) 
extended-release capsules are an extended-release 
formulation of dexmethylphenidate with a bimodal 
release profile. Focalin XR uses the proprietary 
SODAS® (spheroidal oral drug absorption system) 
technology. Each bead-filled Focalin XR capsule 
contains half the dose as immediate-release beads 
and half as enteric-coated, delayed-release beads, 
thus providing an immediate release of dexmethyl-
phenidate and a second delayed release of dexmeth-
ylphenidate. Focalin XR 5-mg, 10-mg, and 20-mg 
capsules provide in a single dose the same amount of 
dexmethylphenidate as dosages of 2.5 mg, 5 mg, or 
10 mg of FocalinTM tablets given bid. Inactive ingre-
dients: ammonio methacrylate copolymer, FD&C 
blue No. 2 (5-mg strength), FDA/E172 yellow iron 
oxide (10-mg strength), gelatin, ink tan SW-8010, 
methacrylic acid copolymer, polyethylene glycol, 
sugar spheres, talc, titanium dioxide, and triethyl 
citrate

• Foradil® Aerolizer® consists of a capsule dosage 
form containing a dry powder formulation of Foradil 
(formoterol fumarate) intended for oral inhalation 
only with the Aerolizer inhaler. Each clear, hard 
gelatin capsule contains a dry powder blend of 12 
μg of formoterol fumarate and 25 mg of lactose as 
a carrier

• Geodon® is available as Geodon capsules (zipra-
sidone hydrochloride) for oral administration and 
as Geodon for injection (ziprasidone mesylate) for 
intramuscular injection

• Geodon capsules contain a monohydrochloride, 
monohydrate salt of ziprasidone. Geodon capsules 
are supplied for oral administration in 20 mg (blue/
white), 40 mg (blue/blue), 60 mg (white/white), and 
80 mg (blue/white) capsules. Geodon capsules con-
tain ziprasidone hydrochloride monohydrate, lac-
tose, pregelatinized starch, and magnesium stearate

• Hep-Forte capsule contains vitamin A (palmitate) 
1, 200 IU, vitamin E (d-alpha tocopherol) 10 IU, 
vitamin C (ascorbic acid) 10 mg, folic acid 0.06 mg, 
vitamin B1 (thiamine mononitrate) 1 mg, vitamin B2 
(riboflavin) 1 mg, niacinamide 10 mg, vitamin B6 
(pyridoxine HCl) 0.5 mg, vitamin B12 (cobalamin) 
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1 μg, biotin 3.3 μg, pantothenic acid 2 mg, choline 
bitartrate 21 mg, zinc (zinc sulfate) 2 mg, desic-
cated liver 194.4 mg, liver concentrate 64.8 mg, 
liver fraction number 2 64.8 mg, yeast (dried) 64.8 
mg, DL-methionine 10 mg, inositol 10 mg. Other 
ingredients: microcrystalline cellulose, stearic acid, 
croscarmellose sodium, silicon dioxide, magnesium 
stearate, titanium dioxide coating

• Hexalen (altretamine) capsules contain 50 mg of 
altretamine for oral administration. Inert ingredi-
ents include lactose, anhydrous and calcium stearate. 
Altretamine is a white crystalline powder melting at 
172°C ± 1°C

• Hytrin (terazosin hydrochloride) is supplied in four 
dosage strengths containing terazosin hydrochloride 
equivalent to 1 mg, 2 mg, 5 mg, or 10 mg of tera-
zosin. Inactive ingredients: 1-mg capsules: gelatin, 
glycerin, iron oxide, methylparaben, mineral oil, 
polyethylene glycol, povidone, propylparaben, tita-
nium dioxide, and vanillin. 2-mg capsules: D&C 
yellow No. 10, gelatin, glycerin, methylparaben, 
mineral oil, polyethylene glycol, povidone, propyl-
paraben, titanium dioxide, and vanillin. 5-mg cap-
sules: D&C red No. 28, FD&C red No. 40, gelatin, 
glycerin, methylparaben, mineral oil, polyethylene 
glycol, povidone, propylparaben, titanium dioxide, 
and vanillin. 10-mg capsules: FD&C blue No. 1, 
gelatin, glycerin, methylparaben, mineral oil, poly-
ethylene glycol, povidone, propylparaben, titanium 
dioxide, and vanillin

• Imodium® (loperamide hydrochloride) is available in 
2-mg capsules. The inactive ingredients are lactose, 
cornstarch, talc, and magnesium stearate. Imodium 
capsules contain FD&C yellow No. 6

• Indocin for oral administration contain either 25 or 
50 mg of indomethacin and the following inactive 
ingredients: colloidal silicon dioxide, FD&C blue 1, 
FD&C red 3, gelatin, lactose, lecithin, magnesium 
stearate, and titanium dioxide

• Inspra for oral administration contains 25 or 50 mg 
of eplerenone and the following inactive ingredients: 
lactose, microcrystalline cellulose, croscarmellose 
sodium, hypromellose, sodium lauryl sulfate, talc, 
magnesium stearate, titanium dioxide, polyethylene 
glycol, polysorbate 80, and iron oxide yellow, and 
iron oxide red

• Kadian® capsules 20 mg, 30 mg, 50 mg, 60 mg and 
100 mg contain identical polymer-coated sustained-
release pellets of morphine sulfate for oral admin-
istration. Each Kadian sustained-release capsule 
contains either 20 mg, 30 mg, 50 mg, 60 mg, or 100 
mg of morphine sulfate USP and the following inac-
tive ingredients common to all strengths: hyprom-
ellose, ethylcellulose, methacrylic acid copolymer, 
polyethylene glycol, diethyl phthalate, talc, corn-
starch, and sucrose. The 20-mg capsule shell con-
tains gelatin, silicon dioxide, sodium lauryl sulfate, 

D&C yellow No. 10, titanium dioxide, and black ink 
SW-9009. The 30-mg capsule shell contains gelatin, 
silicon dioxide, sodium lauryl sulfate, FD&C red No. 
3, FD&C blue No. 1, titanium dioxide and black ink 
S-1–8114 or S-1–8115. The 50-mg capsule shell con-
tains gelatin, silicon dioxide, sodium lauryl sulfate, 
D&C red No. 28, FD&C red No. 40, FD&C blue No. 
1, titanium dioxide, and black ink SW-9009. The 
60-mg capsule shell contains gelatin, silicon diox-
ide, sodium lauryl sulfate, D&C red No. 28, FD&C 
red No. 40, FD&C blue No. 1, titanium dioxide, and 
black ink S-1–8114 or S-1–8115. The 100-mg capsule 
shell contains gelatin, silicon dioxide, sodium lauryl 
sulfate, D&C yellow No. 10, FD&C blue No. 1, tita-
nium dioxide, and black ink SW-9009

• K-LOR (potassium chloride for oral solution, USP) 
packet of 20 mEq powder contains potassium 20 
mEq and chloride 20 mEq provided by potassium 
chloride 1.5 g. Inactive ingredients: FD&C yellow 
No. 6, maltodextrin (contains corn derivative), malic 
acid, saccharin, silica gel, and natural flavoring

• Kristalose™ (lactulose) is a synthetic disaccharide 
in the form of crystals for reconstitution prior to use 
for oral administration. Each 10 g of lactulose con-
tains less than 0.3 g galactose and lactose as a total 
sum. The pH range is 3 to 7. Lactulose is a colonic 
acidifier, which promotes laxation

• Lanoxicaps (digoxin) is a stable solution of digoxin 
enclosed within a soft gelatin capsule for oral use. 
Each capsule contains the labeled amount of digoxin 
USP dissolved in a solvent comprised of polyethylene 
glycol 400 USP, 8 percent ethyl alcohol, propylene 
glycol USP, and purified water USP. Inactive ingre-
dients in the capsule shell include D&C yellow No. 
10 (0.1-mg and 0.2-mg capsules), FD&C blue No. 1 
(0.2-mg capsule), gelatin, glycerin, methylparaben 
and propylparaben (added as preservatives), purified 
water, and sorbitol. Capsules are printed with edible 
ink

• Lescol® (fluvastatin sodium) is supplied as extended-
release tablets containing fluvastatin sodium, equiv-
alent to 80 mg of fluvastatin, for oral administration. 
Active ingredient: fluvastatin sodium. Inactive 
ingredients in capsules: gelatin, magnesium stearate, 
microcrystalline cellulose, pregelatinized starch 
(corn), red iron oxide, sodium lauryl sulfate, talc, 
titanium dioxide, yellow iron oxide, and other ingre-
dients. Capsules may also include benzyl alcohol, 
black iron oxide, butylparaben, carboxymethylcel-
lulose sodium, edetate calcium disodium, methyl-
paraben, propylparaben, silicon dioxide, and sodium 
propionate. Inactive ingredients in extended-release 
tablets: microcrystalline cellulose, hydroxypropyl 
cellulose, hydroxypropylmethylcellulose, potassium 
bicarbonate, povidone, magnesium stearate, iron 
oxide yellow, titanium dioxide, and polyethylene 
glycol 8000
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• Lotrel is a combination of amlodipine besylate and 
benazepril hydrochloride. The capsules are formu-
lated in four different strengths for oral adminis-
tration with a combination of amlodipine besylate 
equivalent to 2.5 mg, 5 mg, or 10 mg of amlodipine, 
with 10 or 20 mg of benazepril hydrochloride provid-
ing for the following available combinations: 2.5/10 
mg, 5/10 mg, 5/20 mg, and 10/20 mg. The inactive 
ingredients of the capsules are calcium phosphate, 
cellulose compounds, colloidal silicon dioxide, cro-
spovidone, gelatin, hydrogenated castor oil, iron 
oxides, lactose, magnesium stearate, polysorbate 80, 
silicon dioxide, sodium lauryl sulfate, sodium starch 
(potato) glycolate, starch (corn), talc, and titanium 
dioxide

• Lyrica (pregabalin) capsules are supplied as 
imprinted hard shell capsules containing 25 mg, 50 
mg, 75 mg, 100 mg, 150 mg, 200 mg, 225 mg, and 
300 mg of pregabalin, along with lactose monohy-
drate, cornstarch, and talc as inactive ingredients. 
The capsule shells contain gelatin and titanium diox-
ide. In addition, the orange capsule shells contain 
red iron oxide and the white capsule shells contain 
sodium lauryl sulfate and colloidal silicon dioxide. 
Colloidal silicon dioxide is a manufacturing aid that 
may or may not be present in the capsule shells. The 
imprinting ink contains shellac, black iron oxide, 
propylene glycol, and potassium hydroxide

• Marinol® capsule, dronabinol, is supplied as round, 
soft gelatin capsules containing either 2.5 mg, 5 mg, 
or 10 mg dronabinol. Each Marinol capsule is formu-
lated with the following inactive ingredients: FD&C 
blue No. 1 (5 mg), FD&C red No. 40 (5 mg), FD&C 
yellow No. 6 (5 mg and 10 mg), gelatin, glycerin, 
methylparaben, propylparaben, sesame oil, and tita-
nium dioxide

• Matulane (procarbazine hydrochloride) is available 
as capsules containing the equivalent of 50 mg pro-
carbazine as the hydrochloride. Each capsule also 
contains cornstarch, mannitol, and talc. Gelatin 
capsule shells contain parabens (methyl and propyl), 
potassium sorbate, titanium dioxide, FD&C yellow 
No. 6, and D&C yellow No. 10

• Maxair Autohaler (pirbuterol acetate) is a pressur-
ized metered-dose aerosol unit for oral inhalation. 
It provides a fine-particle suspension of pirbuterol 
acetate in the propellant mixture of trichloromono-
fluoromethane and dichlorodifluoromethane with 
sorbitan trioleate. Each actuation delivers 253 μg of 
pirbuterol (as pirbuterol acetate) from the valve and 
200 μg of pirbuterol (as pirbuterol acetate) from the 
mouthpiece. The unit is breath-actuated such that the 
medication is delivered automatically during inspi-
ration without the need for the patient to coordinate 
actuation with inspiration. Each 14.0 g canister pro-
vides 400 inhalations and each 2.8 g canister pro-
vides 80 inhalations

• Meridia® (sibutramine hydrochloride monohydrate) 
capsule contains 5 mg, 10 mg, and 15 mg of sibutra-
mine hydrochloride monohydrate. It also contains 
as inactive ingredients: lactose monohydrate, NF; 
microcrystalline cellulose, NF; colloidal silicon 
dioxide, NF; and magnesium stearate, NF in a hard-
gelatin capsule [which contains titanium dioxide, 
USP; gelatin; FD&C blue No. 2 (5- and 10-mg cap-
sules only); D&C yellow No. 10 (5- and 15-mg cap-
sules only), and other inactive ingredients]

• Metadate CD is a central nervous system (CNS) 
stimulant. The extended-release capsules comprise 
both immediate-release (IR) and extended-release 
(ER) beads such that 30% of the dose is provided 
by the IR component and 70% of the dose is pro-
vided by the ER component. Metadate CD is avail-
able in three capsule strengths containing 10 mg 
(3 mg IR; 7 mg ER), 20 mg (6 mg IR; 14 mg ER), 
or 30 mg (9 mg IR; 21 mg ER) of methylphenidate 
hydrochloride for oral administration. Metadate CD 
also contains the following inert ingredients: sugar 
spheres, povidone, hydroxypropylmethylcellulose 
and polyethylene glycol, ethylcellulose aqueous dis-
persion, dibutyl sebacate, gelatin, titanium dioxide, 
FD&C blue No. 2, FDA/E172 yellow iron oxide 
(10-mg capsules), FDA/E172 red iron oxide (30-mg 
capsules)

• Metamucil contains psyllium husk (from the plant 
Plantago ovata). Each dose of Metamucil powder 
and Metamucil fiber wafers contains approximately 
3.4 g of psyllium husk (or 2.4 g of soluble fiber). A list-
ing of ingredients and nutrition information is avail-
able in the listing of Metamucil fiber laxative in the 
Nonprescription Drug section. Metamucil smooth 
texture sugar-free regular flavor and Metamucil cap-
sules contain no sugar and no artificial sweeteners. 
Metamucil smooth texture sugar-free orange flavor 
contains aspartame (phenylalanine content of 25 
mg per dose). Metamucil powdered products are 
gluten-free

• Nalfon® (fenoprofen calcium capsules, USP) contain 
fenoprofen calcium as the dihydrate in an amount 
equivalent to 200 mg (0.826 mmol) or 300 mg (1.24 
mmol) of fenoprofen. The capsules also contain cel-
lulose, gelatin, iron oxides, silicone, titanium diox-
ide, and other inactive ingredients. The 300-mg 
capsules also contain D&C yellow No. 10 and FD&C 
yellow No. 6

• Neurontin® (gabapentin) capsules are supplied as 
imprinted hard shell capsules containing 100 mg, 
300 mg, and 400 mg of gabapentin. The inactive 
ingredients for the capsules are lactose, cornstarch, 
and talc. The 100-mg capsule shell contains gela-
tin and titanium dioxide. The 300-mg capsule shell 
contains gelatin, titanium dioxide, and yellow iron 
oxide. The 400-mg capsule shell contains gelatin, 
red iron oxide, titanium dioxide, and yellow iron 
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oxide. The imprinting ink contains FD&C blue No. 
2 and titanium dioxide

• Nexium® (esomeprazole magnesium) delayed-
release capsules contain 20 or 40 mg of esome-
prazole (present as 22.3 or 44.5 mg esomeprazole 
magnesium trihydrate) in the form of enteric-coated 
pellets with the following inactive ingredients: glyc-
eryl monostearate 40–50, hydroxypropyl cellulose, 
hypromellose, magnesium stearate, methacrylic acid 
copolymer type C, polysorbate 80, sugar spheres, 
talc, and triethyl citrate. The capsule shells have the 
following inactive ingredients: gelatin, FD&C blue 
No. 1, FD&C red No. 40, D&C red No. 28, titanium 
dioxide, shellac, ethyl alcohol, isopropyl alcohol, 
N-butyl alcohol, propylene glycol, sodium hydrox-
ide, polyvinyl pyrrolidone, and D&C yellow No. 10

• Nimotop® (nimodipine) capsules are formulated as 
soft gelatin capsules for oral administration. Each 
liquid-filled capsule contains 30 mg of nimodipine in 
a vehicle of glycerin, peppermint oil, purified water, 
and polyethylene glycol 400. The soft gelatin capsule 
shell contains gelatin, glycerin, purified water, and 
titanium dioxide

• Norvasc® is the besylate salt of amlodipine. Norvasc 
(amlodipine besylate) tablets are formulated as white 
tablets equivalent to 2.5 mg, 5 mg, and 10 mg of 
amlodipine for oral administration. In addition to the 
active ingredient, amlodipine besylate, each tablet 
contains the following inactive ingredients: micro-
crystalline cellulose, dibasic calcium phosphate 
anhydrous, sodium starch glycolate, and magnesium 
stearate

• Norvir (ritonavir) soft gelatin capsules are available 
for oral administration in a strength of 100 mg ritona-
vir with the following inactive ingredients: butylated 
hydroxytoluene, ethanol, gelatin, iron oxide, oleic 
acid, polyoxyl 35 castor oil, and titanium dioxide

• Omnicef® (cefdinir) capsules contain 300 mg cef-
dinir and the following inactive ingredients: carboxy-
methylcellulose calcium, NF; polyoxyl 40 stearate, 
NF; and magnesium stearate, NF. The capsule shells 
contain FD&C blue No. 1; FD&C red No. 40; D&C 
red No. 28; titanium dioxide, NF; gelatin, NF; silicon 
dioxide, NF; and sodium lauryl sulfate, NF

• OxyIR® oxycodone is 14-hydroxydihydrocodei-
none, a white odorless crystalline powder which is 
derived from the opium alkaloid thebaine. OxyIR 
oral capsules: Each 5 mg of OxyIR capsules con-
tains oxycodone hydrochloride. 5 mg: Inactive 
ingredients: FD&C blue No. 2, FD&C yellow No. 
6, gelatin, hypromellose, maize starch, polyethylene 
glycol, polysorbate 80, red iron oxide, silicon diox-
ide, sodium laurel sulfate, sucrose, titanium dioxide, 
and yellow iron oxide

• Pentasa (mesalamine) for oral administration 
is a controlled-release formulation of mesala-
mine. Each 250-mg capsule contains 250 mg of 

mesalamine and acetylated monoglyceride, cas-
tor oil, colloidal silicon dioxide, ethylcellulose, 
hydroxypropyl methylcellulose, starch, stearic 
acid, sugar, talc, and white wax. The capsule shell 
contains D&C yellow No. 10, FD&C blue No. 1, 
FD&C green No. 3, gelatin, titanium dioxide, and 
other ingredients. Each 500-mg capsule contains 
500 mg of mesalamine. It also contains the follow-
ing inactive ingredients: acetylated monoglyceride, 
castor oil, colloidal silicon dioxide, ethylcellulose, 
hydroxypropyl methylcellulose, starch, stearic 
acid, sugar, talc, and white wax. The capsule shell 
contains FD&C blue No. 1, gelatin, titanium diox-
ide, and other ingredients

• Phenytek® (phenytoin sodium) capsule (extended 
phenytoin sodium capsule, USP) for oral administra-
tion contains 200 or 300 mg of phenytoin sodium. 
Each capsule also contains the following inactive 
ingredients: black iron oxide, colloidal silicon diox-
ide, D&C yellow no. 10 aluminum lake, FD&C blue 
No. 1, FD&C blue no. 1 aluminum lake, FD&C blue 
no. 2 aluminum lake, FD&C red no. 40 aluminum 
lake, gelatin, hydroxyethyl cellulose, magnesium 
oxide, magnesium stearate, microcrystalline cel-
lulose, pharmaceutical glaze, povidone, propylene 
glycol, silicon dioxide, sodium lauryl sulfate and 
titanium dioxide. Phenytek capsules, 200 mg and 
300 mg, meet USP Dissolution Test 3

• PhosLo Gelcaps (calcium acetate) contains 667 mg 
calcium acetate, USP [anhydrous; Ca (CH 3 COO) 2; 
MW = 158.17 g] equal to 169 mg (8.45 mEq) calcium, 
and 10 mg of the inert binder, polyethylene glycol 
8000 NF. The gelatin cap and body have the follow-
ing inactive ingredients: FD&C blue No. 1, D&C red 
No. 28, titanium dioxide, USP, and gelatin, USP

• Precare. Each powder-filled capsule for oral admin-
istration contains Ferrochel (elemental iron) 80 mg, 
polysaccharide iron (elemental iron) 70 mg, vitamin 
C as Ester-C, ascorbic acid (as calcium ascorbate) 
60 mg, threonic acid (as calcium threonate) 0.8 mg, 
folic acid, USP 1 mg, vitamin B12 (cyanocobalamin) 
25 μg. Ferrochel (ferrous bisglycinate chelate) is a 
registered trademark of Albion International, Inc., 
Clearfield, Utah, and is protected under U. S. Patent 
Nos. 4, 599, 152 and 4, 830, 716. Ester-C is a pat-
ented pharmaceutical grade material consisting of 
calcium ascorbate and calcium threonate. Ester-C 
is a licensed trademark of Zila Nutraceuticals, Inc. 
Inactive ingredients: Magnesium stearate, silicon 
dioxide, gelatin, titanium dioxide, FD&C red No. 
40, D&C red No. 28, FD&C blue No. 1, pharma-
ceutical glaze

• Prelief powder: Each one-fourth teaspoon usage of 
powder is comparable to two tablets. The powder 
dissolves rapidly in food or nonalcoholic beverages. 
Tablets are recommended for taking with alcoholic 
beverages
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• Prevacid® (lansoprazole) delayed-release capsules 
contain the active ingredient, lansoprazole, in the form 
of enteric-coated granules and are available in two 
dosage strengths: 15 mg and 30 mg of lansoprazole 
per capsule. Each delayed-release capsule contains 
enteric-coated granules consisting of lansoprazole, 
hydroxypropyl cellulose, low substituted hydroxy-
propylcellulose, colloidal silicon dioxide, magnesium 
carbonate, methacrylic acid copolymer, starch, talc, 
sugar sphere, sucrose, polyethylene glycol, polysor-
bate 80, and titanium dioxide. Components of the gel-
atin capsule include gelatin, titanium dioxide, D&C 
red No. 28, FD&C blue No. 1, FD&C green No. 3, 
and FD&C red No. 40

• Prevacid NapraPACTM 375 is a combination package 
containing Naprosyn 375-mg tablets and Prevacid 
15-mg capsules. Prevacid NapraPACTM 500 is a 
combination package containing Naprosyn 500-mg 
tablets and Prevacid 15-mg capsules. Naprosyn tab-
lets contain 250 mg, 375 mg, or 500 mg of naproxen 
(active ingredient) and croscarmellose sodium, 
iron oxides, povidone, and magnesium stearate 
(inactive ingredients). Prevacid capsules contain 
enteric-coated granules consisting of active ingredi-
ent, lansoprazole (15 mg), and inactive ingredients, 
hydroxypropyl cellulose, low substituted hydroxy-
propyl cellulose, colloidal silicon dioxide, magne-
sium carbonate, methacrylic acid copolymer, starch, 
talc, sugar sphere, sucrose, polyethylene glycol, poly-
sorbate 80, and titanium dioxide. Components of the 
gelatin capsule include gelatin, titanium dioxide, 
D&C red No. 28, FD&C blue No. 1, FD&C green 
No. 3, and FD&C red No. 40 (inactive ingredients)

• Prevpac consists of a daily administration pack 
containing two Prevacid 30-mg capsules, four 
amoxicillin 500-mg capsules, USP, and two clarithro-
mycin 500-mg tablets, USP, for oral administration. 
Prevacid (lansoprazole) delayed-release capsules. 
Each delayed-release capsule contains enteric-
coated granules consisting of lansoprazole (30 mg), 
hydroxypropyl cellulose, low substituted hydroxy-
propyl cellulose, colloidal silicon dioxide, magne-
sium carbonate, methacrylic acid copolymer, starch, 
talc, sugar sphere, sucrose, polyethylene glycol, poly-
sorbate 80, and titanium dioxide. Components of the 
gelatin capsule include gelatin, titanium dioxide, 
D&C red No. 28, FD&C blue No. 1, and FD&C red 
No. 40. The yellow opaque capsules contain amoxi-
cillin trihydrate equivalent to 500 mg of amoxicillin. 
Inactive ingredients: Capsule shells—yellow ferric 
oxide, titanium dioxide, gelatin, black ferric oxide. 
Capsule contents—cellulose microcrystalline and 
magnesium stearate

• PrimaCare® is a prescription prenatal/postnatal mul-
tivitamin/mineral capsule and tablet combination 
with essential fatty acids that consists of two dos-
age forms on each blister card designated as AM 

and PM, as follows: The AM dose is a dye-free, 
white soft gelatin capsule containing the following 
ingredients: essential fatty acids (as OmegaNateTM): 
omega-3 fatty acids 300 mg, linoleic acid 30 mg, lin-
olenic acid 30 mg, vitamin D3 (cholecalciferol), 170 
IU vitamin E (DL-alpha-tocopheryl acetate) 30 IU, 
calcium (calcium carbonate) 150 mg. The PM dose 
is a dye-free, oval shaped pink film-coated tablet 
containing the following ingredients: biotin 35 μg; 
folic acid, USP I mg; vitamin B1 (thiamine mononi-
trate, USP) 3 mg; vitamin B2 (riboflavin, USP) 3.4 
mg; vitamin B3 (niacinamide) 20 mg; vitamin B6 
(pyridoxine HCl, USP) 50 mg; vitamin B12 (cyano-
cobalamin) 12 μg; vitamin C (as Ester-C) 100 mg; 
vitamin D3 (cholecalciferol) 230 IU; vitamin K 90 
μg; pantothenic acid 7 mg; calcium (as CalciPureTM 
calcium carbonate) 250 mg; chromium 45 μg; copper 
(cupric oxide) 1.3 mg; iron (as MicroMask® ferrous 
fumarate) 30 mg; molybdenum 50 μg; selenium 75 
μg; zinc (zinc oxide, USP) II mg. Ester-C is a pat-
ented pharmaceutical grade material consisting of 
calcium ascorbate and calcium threonate. Ester-C 
is a licensed trademark of Zila Nutraceuticals, Inc. 
Inactive ingredients: Capsule: Natural wax, natu-
ral oils, and other ingredients. Dye free. Tablet: 
Cellulose polymers, flow agents, natural wax, natu-
ral oils, flavor, and other ingredients. Dye free

• PrimaCare ONE is a prescription prenatal/post-
natal multivitamin/mineral capsule with essential 
fatty acids. Each purple soft gelatin capsule contains 
omega-3 fatty acids 300 mg, linoleic acid 30 mg, lin-
olenic acid 30 mg. Folic acid, USP 1 mg; vitamin B6 
(as pyridoxine HCl) 25 mg; vitamin C (as Ester-C) 
25 mg; vitamin D3 (from cholecalciferol) 170 IU; 
vitamin E (from DL-alpha-tocopheryl acetate) 30 
IU; calcium 150 mg; iron (as carbonyl iron) 27 mg. 
Inactive ingredients: Gelatin, vegetable shortening, 
glycerin, soybean oil, yellow beeswax, lecithin, tita-
nium dioxide, methylparaben, ethylvanillin, D&C 
red No. 33, propylparaben, FD&C blue No. 1

• Prograf capsules (tacrolimus capsules) contain the 
equivalent of 0.5 mg, 1 mg, or 5 mg of anhydrous 
tacrolimus. Inactive ingredients include lactose, 
hydroxypropyl methylcellulose, croscarmellose 
sodium, and magnesium stearate. The 0.5-mg cap-
sule shell contains gelatin, titanium dioxide, and fer-
ric oxide; the 1-mg capsule shell contains gelatin and 
titanium dioxide; and the 5-mg capsule shell con-
tains gelatin, titanium dioxide, and ferric oxide

• Prometrium® (progesterone, USP) capsules con-
tain micronized progesterone for oral administra-
tion. Prometrium capsules are available in multiple 
strengths to afford dosage flexibility for optimum 
management. Prometrium capsules contain 100 
or 200 mg micronized progesterone. The inactive 
ingredients for Prometrium capsules 100 mg include 
peanut oil NF, gelatin NF, glycerin USP, lecithin 
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NF, titanium dioxide USP, D&C yellow No. 10, 
and FD&C red No. 40. The inactive ingredients for 
Prometrium capsules 200 mg include peanut oil NF, 
gelatin NF, glycerin USP, lecithin NF, titanium diox-
ide USP, D&C yellow No. 10, and FD&C yellow No. 
6

• Prozac® (fluoxetine hydrochloride) Weekly™ cap-
sules, a delayed-release formulation, contain enteric-
coated pellets of fluoxetine hydrochloride equivalent 
to 90 mg (291 μmol) of fluoxetine. The capsules also 
contain D&C yellow No. 10, FD&C blue No. 2, gela-
tin, hypromellose, hydroxypropyl methylcellulose 
acetate succinate, sodium lauryl sulfate, sucrose, 
sugar spheres, talc, titanium dioxide, triethyl citrate, 
and other inactive ingredients

• Rebetol contains ribavirin. Each capsule consists 
of a white powder in a white, opaque gelatin cap-
sule. Each capsule contains 200 mg ribavirin and 
the inactive ingredients microcrystalline cellulose, 
lactose monohydrate, croscarmellose sodium, and 
magnesium stearate. The capsule shell consists of 
gelatin, sodium lauryl sulfate, silicon dioxide, and 
titanium dioxide. The capsule is printed with edible 
blue pharmaceutical ink which is made of shellac, 
anhydrous ethyl alcohol, isopropyl alcohol, N-butyl 
alcohol, propylene glycol, ammonium hydroxide, 
and FD&C blue No. 2 aluminum lake

• ReishiMax® GLp is a proprietary, standardized 
extract of Reishi (Ganoderma lucidum) mushroom. 
ReishiMax supports healthy immune system func-
tion by stimulating cellmediated immunity. Each 
capsule contains 495 mg of standardized Reishi 
mushroom extract and 5 mg of Reishi cracked 
spores standardized to 6% triterpenes and 13.5% 
polysaccharides

• Relenza is zanamivir. Rotadisk® contains four regu-
larly spaced double-foil blisters with each blister con-
taining a powder mixture of 5 mg of zanamivir and 
20 mg of lactose (which contains milk proteins). The 
contents of each blister are inhaled using a specially 
designed breath-activated plastic device for inhal-
ing powder called the Diskhaler. After a Relenza 
Rotadisk is loaded into the Diskhaler, a blister that 
contains medication is pierced and the zanamivir is 
dispersed into the air stream created when the patient 
inhales through the mouthpiece. The amount of drug 
delivered to the respiratory tract will depend on 
patient factors such as inspiratory flow. Under stan-
dardized in vitro testing, Relenza Rotadisk delivers 
4 mg of zanamivir from the Diskhaler device when 
tested at a pressure drop of 3 kPa (corresponding 
to a flow rate of about 62–65 L/minutes) for three 
seconds

• Retrovir (zidovudine) capsules are for oral adminis-
tration. Each capsule contains 100 mg of zidovudine 
and the inactive ingredients cornstarch, magnesium 
stearate, microcrystalline cellulose, and sodium 

starch glycolate. The 100-mg empty hard gela-
tin capsule, printed with edible black ink, consists 
of black iron oxide, dimethylpolysiloxane, gelatin, 
pharmaceutical shellac, soya lecithin, and titanium 
dioxide. The blue band around the capsule consists 
of gelatin and FD&C blue No. 2

• Ritalin LA® (methylphenidate hydrochloride) 
extended-release capsules are an extended-release 
formulation of methylphenidate with a bimodal 
release profile. Ritalin LA uses the proprietary 
SODASTM (Spheroidal Oral Drug Absorption 
System) technology. Each bead-filled Ritalin LA 
capsule contains half the dose as immediate-release 
beads and half as enteric-coated, delayed-release 
beads, thus providing an immediate release of meth-
ylphenidate and a second delayed release of meth-
ylphenidate. Ritalin LA 10-mg, 20-mg, 30-mg, and 
40-mg capsules provide in a single dose the same 
amount of methylphenidate as dosages of 5 mg, 10 
mg, 15 mg, or 20 mg of Ritalin® tablets given bid. 
Inactive ingredients: ammonio methacrylate copoly-
mer, black iron oxide (10- and 40-mg capsules only), 
gelatin, methacrylic acid copolymer, polyethylene 
glycol, red iron oxide (10- and 40-mg capsules only), 
sugar spheres, talc, titanium dioxide, triethyl citrate, 
and yellow iron oxide (10-mg, 30-mg, and 40-mg 
capsules only)

• Robitussin capsule. Active ingredients (in each cap-
sule): guaifenesin, USP 200 mg, pseudoephedrine HCl 
USP 30 mg. Inactive ingredients: FD&C green no. 
3, gelatin, glycerin, mannitol, pharmaceutical glaze, 
polyethylene glycol, povidone, propylene glycol, sor-
bitan, sorbitol, titanium dioxide, water. Active ingre-
dients (in each capsule): acetaminophen, USP 250 mg; 
dextromethorphan HBr, USP 10 mg; guaifenesin, USP 
100 mg; pseudoephedrine HCl, USP 30 mg. Inactive 
ingredients: D&C yellow no. 10, FD&C red no. 40, 
fractionated coconut oil, gelatin, glycerin, mannitol, 
pharmaceutical ink, polyethylene glycol, povidone, 
propylene glycol, purified water, sorbitol, sorbitol 
anhydrides. Active ingredients (in each capsule): dex-
tromethorphan HBr, USP 10 mg; guaifenesin, USP 
200 mg; pseudoephedrine HCl, USP 30 mg. Inactive 
ingredients (Capsules): FD&C blue no. 1, FD&C red 
no. 40, gelatin, glycerin, mannitol, pharmaceutical 
glaze, polyethylene glycol, povidone, propylene glycol, 
sorbitan, sorbitol, titanium dioxide, water

• SenokotTM brand wheat bran, made with 100% natu-
ral bran, provides 4.6 g of wheat bran per serving. 
Ingredients: Orange flavor: fructose, wheat bran, 
sucrose, gum arabic, citric acid, locust bean gum, 
natural orange flavor, beta-carotene, xanthan gum. 
Calories 70, sodium 5 mg, total carbohydrates 16 g, 
dietary fiber 3 g, soluble fiber 1 g, insoluble fiber 2 g, 
sugars 12 g, iron 0.6 mg

• Serevent Diskus (salmeterol xinafoate inhalation 
powder) is a specially designed plastic inhalation 
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delivery system containing a double-foil blister strip 
of a powder formulation of salmeterol xinafoate 
intended for oral inhalation only. The Diskus®, which 
is the delivery component, is an integral part of the 
drug product. Each blister on the double-foil strip 
within the unit contains 50 μg of salmeterol admin-
istered as the salmeterol xinafoate salt in 12.5 mg of 
formulation containing lactose (which contains milk 
proteins). After a blister-containing medication is 
opened by activating the Diskus, the medication is 
dispersed into the air stream created by the patient 
inhaling through the mouthpiece. Under standard-
ized in vitro test conditions, Serevent Diskus deliv-
ers 47 μg when tested at a flow rate of 60 L/min for 
two seconds. In adult patients with obstructive lung 
disease and severely compromised lung function 
[mean forced expiratory volume in 1 second (FEV 
1) 20–30% of predicted], mean peak inspiratory flow 
(PIF) through a Diskus was 82.4 L/min (range 46.1–
115.3 L/min). The actual amount of drug delivered 
to the lung will depend on patient factors, such as 
inspiratory flow profile

• Seromycin® (cycloserine capsules, USP) capsule con-
tains cycloserine, 250 mg (2.45 mmol); D&C yellow 
No. 10; FD&C blue No. 1; FD&C red No. 3; FD&C 
yellow No. 6; gelatin; iron oxide; talc; titanium diox-
ide; and other inactive ingredients

• Soriatane (acitretin), a retinoid, is available in 10-mg 
and 25-mg gelatin capsules for oral administra-
tion. Each capsule contains acitretin, microcrys-
talline cellulose, sodium ascorbate, gelatin, black 
monogramming ink, and maltodextrin (a mixture 
of polysaccharides). Gelatin capsule shells contain 
gelatin, iron oxide (yellow, black, and red), and tita-
nium dioxide. They may also contain benzyl alcohol, 
carboxymethylcellulose sodium, edetate calcium 
disodium

• Sutent® (atomoxetine HCl) capsule contains atomox-
etine HCl equivalent to 10 mg, 18 mg, 25 mg, 40 mg, 
or 60 mg of atomoxetine. The capsules also contain 
pregelatinized starch and dimethicone. The capsule 
shells contain gelatin, sodium lauryl sulfate, and 
other inactive ingredients. The capsule shells also 
contain one or more of the following: FD&C blue 
No. 2, synthetic yellow iron oxide, titanium dioxide. 
The capsules are imprinted with edible black ink.

• Suprax (cefixime) for oral suspension is a semisyn-
thetic cephalosporin antibiotic for oral administra-
tion. After reconstitution each teaspoonful (5 mL) 
of suspension contains 100 mg of cefixime as the 
trihydrate. In addition, the suspension contains the 
following inactive ingredients: strawberry flavor, 
sodium benzoate, sucrose, colloidal silicon dioxide, 
and xanthan gum.

• Surmontil (trimipramine maleate) capsules contain 
trimipramine maleate equivalent to 25 mg, 50 mg, 
or 100 mg of trimipramine as the base. The inactive 

ingredients present are black ink, FD&C blue 1, 
gelatin, lactose, magnesium stearate, and titanium 
dioxide. The 25-mg dosage strength also contains 
benzyl alcohol, D&C yellow 10, edetate calcium 
disodium, FD&C yellow 6, parabens (butyl, pro-
pyl, and methyl), sodium lauryl sulfate, and sodium 
propionate; the 50-mg dosage strength also con-
tains benzyl alcohol, D&C red 28, edetate calcium 
disodium, FD&C red 40, FD&C yellow 6, parabens 
(butyl, propyl, and methyl), sodium lauryl sulfate, 
and sodium propionate

• Sutent® (sunitinib malate) capsules are supplied 
as printed hard shell capsules containing sunitinib 
malate equivalent to 12.5 mg, 25 mg, or 50 mg of 
sunitinib together with mannitol, croscarmellose 
sodium, povidone (K-25), and magnesium stearate 
as inactive ingredients. The orange gelatin capsule 
shells contain titanium dioxide and red iron oxide. 
The caramel gelatin capsule shells also contain yel-
low iron oxide and black iron oxide. The printing ink 
contains shellac, propylene glycol, sodium hydrox-
ide, povidone, and titanium dioxide

• Symbyax® (olanzapine and fluoxetine HCl capsules) 
combines two psychotropic agents, olanzapine (the 
active ingredient in Zyprexa® and Zyprexa Zydis®) 
and fluoxetine hydrochloride (the active ingredient in 
Prozac, Prozac WeeklyTM, and Sarafem®). Symbyax 
capsules are available for oral administration in the 
following strength combinations: 6 mg/25 mg, 6 
mg/50 mg, 12 mg/25 mg, 12 mg/50 mg. Each capsule 
also contains pregelatinized starch, gelatin, dimethi-
cone, titanium dioxide, sodium lauryl sulfate, edible 
black ink, red iron oxide, yellow iron oxide, and/or 
black iron oxide

• Targretin® (bexarotene) capsule also contains the 
following inactive ingredients: polyethylene glycol 
400, NF; polysorbate 20, NF; povidone, USP; and 
butylated hydroxyanisole, NF. The capsule shell 
contains gelatin, NF; sorbitol special-glycerin blend; 
and titanium dioxide, USP

• Tegreen® is a standardized decaffeinated polyphenol 
extract of the fresh green tea leaves with proven free 
radical scavenging and antioxidant properties. Each 
250-mg capsule contains a 20: 1 extract of green tea 
leaves (Camellia sinensis) standardized to a mini-
mum 97% pure polyphenols including 162 mg cat-
echins, of which 95 mg is EGCg, 37 mg is ECG, and 
15 mg is EGC

• Tessalon Perle contains benzonatate, USP 100 
mg. Each Tessalon capsule contains benzonatate, 
USP 200 mg. Tessalon capsules also contain D&C 
yellow 10, gelatin, glycerin, methylparaben, and 
propylparaben

• Thalomid® (thalidomide) is available in 50-mg, 100-
mg, and 200-mg capsules for oral administration. 
Active ingredient: thalidomide. Inactive ingredients: 
pregelatinized starch and magnesium stearate. The 
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50-mg capsule shell contains gelatin, titanium diox-
ide, and black ink. The 100-mg capsule shell con-
tains black iron oxide, yellow iron oxide, titanium 
dioxide, gelatin, and black ink. The 200-mg capsule 
shell contains FD&C blue No. 2, titanium dioxide, 
gelatin, and white ink

• Thiothixene capsule contains 1 mg, 2 mg, 5 mg, 
or 10 mg of thiothixene and the following inactive 
ingredients: colloidal silicon dioxide, croscarmellose 
sodium (type A), gelatin, magnesium stearate, micro-
crystalline cellulose, powdered cellulose, pregelati-
nized starch, sodium lauryl sulfate, titanium dioxide, 
and other inactive ingredients. The following color-
ing agents are employed: 1 mg—FD&C blue No. 1, 
D&C red No. 28, FD&C red No. 40, FD&C yellow 
No. 6; 2 mg—FD&C blue No. 1, FD&C red No. 40, 
FD&C yellow No. 6, D&C yellow No. 10; 5 mg—
FD&C blue No. 1, FD&C red No. 40, FD&C yellow 
No. 6; 10 mg—FD&C blue No. 1, FD&C red No. 40, 
FD&C yellow No. 6

• Tiazac® (diltiazem hydrochloride) capsules con-
tain diltiazem hydrochloride in extended-release 
beads at doses of 120 mg, 180 mg, 240 mg, 300 
mg, 360 mg, and 420 mg. Tiazac also contains 
microcrystalline cellulose NF, sucrose stearate, 
Eudragit, povidone USP, talc USP, magnesium 
stearate NF, hypromellose USP, titanium dioxide 
USP, polysorbate NF, simethicone USP, gelatin 
NF, FD&C blue No. 1, FD&C red No. 40, D&C 
red No. 28, FD&C green No. 3, black iron oxide 
USP, and other solids

• Toprol-XL, metoprolol succinate tablets, comprises 
a multiple unit system containing metoprolol suc-
cinate in a multitude of controlled-release pellets. 
Each pellet acts as a separate drug delivery unit and 
is designed to deliver metoprolol continuously over 
the dosage interval. The tablets contain 23.75 mg, 
47.5 mg, 95 mg, and 190 mg of metoprolol succinate 
equivalent to 25 mg, 50 mg, 100 mg, and 200 mg of 
metoprolol tartrate, USP, respectively

• TriLyteTM is a white powder for reconstitution con-
taining 420 g polyethylene glycol 3350, 5.72 g 
sodium bicarbonate, 11.2 g sodium chloride, 1.48 g 
potassium chloride. Flavor packs, each containing 
3.22 g of flavoring ingredients, are attached to the 
4-L bottle. When dissolved in water to a volume of 
4 L, TriLyte™ with flavor packs (PEG-3350, sodium 
chloride, sodium bicarbonate, and potassium chlo-
ride for oral solution) is an isosmotic solution, for 
oral administration, having a pleasant mineral water 
taste. One flavor pack can be added before recon-
stitution to flavor the solution. TriLyte™ with flavor 
packs is administered orally or via nasogastric tube 
as a gastrointestinal lavage

• Verelan® PM (verapamil hydrochloride) is available 
for oral administration as a 100-mg hard gelatin 

capsule (white opaque cap/amethyst body), a 200-mg 
hard gelatin capsule (amethyst opaque cap/amethyst 
body), and as a 300-mg hard gelatin capsule (lavender 
opaque cap/amethyst body). Verapamil is adminis-
tered as a racemic mixture of the R and S enantio-
mers. In addition to verapamil HCl, the Verelan PM 
capsule contains the following inactive ingredients: 
D&C red No. 28, FD&C blue No. 1, FD&C red No. 
40, fumaric acid, gelatin, povidone, shellac, silicon 
dioxide, sodium lauryl sulfate, starch, sugar spheres, 
talc, and titanium dioxide

• VFEND for oral suspension is a white to off-white 
powder providing a white to off-white orange-
flavored suspension when reconstituted. Bottles 
containing 45 g powder for oral suspension are 
intended for reconstitution with water to produce a 
suspension containing 40 mg/mL voriconazole. The 
inactive ingredients include colloidal silicon diox-
ide, titanium dioxide, xanthan gum, sodium citrate 
dihydrate, sodium benzoate, anhydrous citric acid, 
natural orange flavor, and sucrose

• Viracept oral powder is available for oral adminis-
tration in a 50 mg/g strength (as nelfinavir free base) 
in bottles. The oral powder also contains the follow-
ing inactive ingredients: microcrystalline cellulose, 
maltodextrin, dibasic potassium phosphate, crospo-
vidone, hypromellose, aspartame, sucrose palmitate, 
and natural and artificial flavor

• Zavesca® (miglustat capsules, 100 mg) is supplied in 
hard gelatin capsules each containing 100 mg miglu-
stat for oral administration. Each Zavesca 100-mg 
capsule also contains sodium starch glycolate, povi-
done (K30), and magnesium stearate. Ingredients in 
the capsule shell include gelatin and titanium diox-
ide, and the shells are printed with edible ink con-
sisting of black iron oxide, shellac, soya lecithin, and 
antifoam

• Zemplar (Paricalcitol, USP) is available as soft gela-
tin capsules for oral administration containing 1 μg, 2 
μg, or 4 μg of paricalcitol. Each capsule also contains 
medium-chain triglycerides, alcohol, and butylated 
hydroxytoluene. The medium-chain triglycerides are 
fractionated from coconut oil or palm kernel oil. The 
capsule shell is composed of gelatin, glycerin, tita-
nium dioxide, iron oxide red (2 μg capsules only), 
iron oxide yellow (2 μg and 4 μg capsules), iron oxide 
black (1 μg capsules only), and water

• Zithromax® (azithromycin capsules, azithromycin 
tablets and azithromycin for oral suspension) con-
tain the active ingredient azithromycin. Zithromax 
capsules contain azithromycin dihydrate equivalent 
to 250 mg of azithromycin. The capsules are sup-
plied in red opaque hard-gelatin capsules (containing 
FD&C red No. 40). They also contain the following 
inactive ingredients: anhydrous lactose, cornstarch, 
magnesium stearate, and sodium lauryl sulfate



407Commercial Pharmaceutical Formulations 

• Zithromax for oral suspension is supplied in a sin-
gle dose packet containing azithromycin dihydrate 
equivalent to 1 g azithromycin. It also contains the 
following inactive ingredients: colloidal silicon diox-
ide, sodium phosphate tribasic, anhydrous; spray-
dried artificial banana flavor, spray-dried artificial 
cherry flavor, and sucrose

• Zonegran® (zonisamide) capsules containing 25 mg, 
50 mg, or 100 mg zonisamide. Each capsule contains 
the labeled amount of zonisamide plus the follow-
ing inactive ingredients: microcrystalline cellulose, 
hydrogenated vegetable oil, sodium lauryl sulfate, 
gelatin, and colorants
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Acacia, 255
syrup, 255

Acebutolol hydrochloride capsules, 309
Aceclofenac instant granules, 309
Acetaminophen, 303

butalbital/caffeine/codeine phosphate, 282
caffeine/dihydrocodeine bitartrate, 282
capsules, 309
and diphenhydramine hydrochloride hot 

therapy sachets, 309
doxylamine, and caffeine effervescent, 

309–310
instant granules, 310
pseudoephedrine hydrochloride

chlorpheniramine hot therapy sachet, 
310–311

hot therapy sachet, 311
swallow capsules, 311

Acetazolamide, 291
sustained-release capsules, 311

Acetic acid, 255
Acetophenone, 255
Acetylcysteine sachets, 311–312
Acetyltributyl citrate, 255
Acitretin, 282, 405

capsules, 312
Acrivastine

pseudoephedrine hydrochloride, 282
pseudoephedrine hydrochloride capsules, 312

Activated charcoal, 255
Active ingredients, 102

and dosage forms
with documented bioequivalence 

problems, 102
with potential bioequivalence 

problems, 102
Acyclovir, 282, 303

capsules, 312, 312–313
Adenosine monophosphate topical powder, 313
Adipex-P capsules, 395
Aerosolization, solutions/powders for, 101
Aerosol nebulizer drug delivery systems, 102
Agents, brokers, traders, distributors, repackers, 

and relabellers, 162–163
Aggrenox® (aspirin/extended-release 

dipyridamole), 395
Albuterol metered-dose inhalers, 111–112
Alectinib HCl, 282
Alginic acid, 255
Aliskiren hemifumarate, 295
Alpha-tocopherol, 255
Alpha-tocopherol, dl-, 255
Alpha-tocopherol acetate, 255
Altretamine, 282, 400
Aluminum acetate powder, 313
Aluminum hydroxide and magnesium carbonate 

dry syrup, 313
Aluminum monoacetate, 255
Aluminum stearate, 255
Alvimopan, 282
Amantadine HCl, 282
Amaranth, 255
Amberlite, 255
Aminobenzoate sodium, 255
Aminosalicylic, 298

Aminosalicylic acid granules, 313
Amitiza™ (lubiprostone), 395
Amlodipine besylate/benazepril 

hydrochloride, 282
capsules, 313, 313–314

Amlodipine besylate capsules, 314
Amlodipine free base capsules, 314
Amlodipine maleate capsules, 314–315
Ammonia solution, 255
Ammonio methacrylate copolymer, 255

Type A, 255
Type B, 255

Amnesteem, 395
Amorphous forms, 206
Amoxicillin, 282, 303

and bromhexine hydrochloride capsules, 315
clarithromycin/lansoprazole, 296
clarithromycin/omeprazole, 296
clavulanate potassium, 303

for suspension, 315–316
and clavulanic acid powder for suspension, 315
powder, for suspension, 316

Amoxicillin trihydrate capsules, 316
Amphetamine, 305
Amphetamine aspartate/amphetamine sulfate/

dextroamphetamine saccharate/
dextroamphetamine sulfate, 291

Amphetamine ER, 282
Amphotericin B, 299
Ampicillin

ampicillin trihydrate, 303
dry syrup, 316
powder, for suspension, 316–317

Ampicillin trihydrate
capsules, 317

for suspension, 317
powder, for suspension, 317–318

Amprenavir, 282
Anagrelide HCl, 282
Analytical data and operations, 140–142
Analytical methodology, 95
Anhedral habit, 198
Anhydrous citric acid, 255
Anhydrous dibasic calcium phosphate, 255, 256
Anhydrous lactose, 256
Anhydrous trisodium citrate, 256
Anidrisorb 85/70, 256
Animal drug, BE testing, 122
Antibacterial and bacterial culture capsules, 318
Antifoam, 256
Antifungal foot powder, 318
Antioxidant eye nutrition supplement 

capsules, 319
APIs for use in clinical trials, 164–165
Aprepitant, 282, 303, 398
Aquacoat, 256
Aquacoat ECD, 256
Aquacoat ECD-30, 256
Aripiprazole, 303
Ascorbic acid, 256
Ascorbyl palmitate, 256
Aspartame, 256

granules, in sachets, 319
powder, in sachets, 319

Aspirin, 282, 291

butalbital/caffeine, 282
butalbital/caffeine/codeine phosphate, 282
and chlorpheniramine powder, 319
-coated crystals, 319–320
dipyridamole, 282
extended-release dipyridamole, 395
microencapsulated sustained-release 

capsules, 320
and phenylpropanolamine powder, 320
salicylamide, and caffeine powder, 320

Atazanavir sulfate, 282
Atomoxetine HCl, 282, 405
Atovaquone, 301
Auranofin, 282
Azacitidine, 299
Azithromycin, 282, 301, 305

capsules, 320, 321
for oral suspension, 321–322, 322
sachets, for oral suspension, 322
suspension, 320

Balsalazide disodium, 282
capsules, 322

BE, see Bioequivalence
Benazepril hydrochloride and amlodipine 

besylate capsules, 322–323
Benefiber®, 395
Bentonite, 256
Benzonatate, 282
Benzyl alcohol, 256
Betamethasone acetate/betamethasone sodium 

phosphate, 299
Betanaphthol, 256
Betrixaban, 282
Bexarotene, 283, 405
BFDH model, see Bravais, Friedel, Donny, and 

Harker model
Biaxin, 395
Biobatch, 113
Bioequivalence (BE)

clarification on requirements, 104–107
defined, 97
equivalence documentation for marketing 

authorization, 98–100
inspection report

clinical data and operations, 137–138
electronic records and signatures, 

136–137
facilities and procedures (clinical/

analytical), 135–136
postapproval changes, 107

BA and BE studies, 108
risk-based BE, 108–109
waivers of in vivo BE studies, 108

products meeting necessary requirements, 101
record maintenance, 103–104
regulatory aspects for, 98
topical products with issues of, 101

Bisacodyl colonic delivery capsules, 323
Bismuth subcitrate potassium/metronidazole/

tetracycline HCl, 283
Black ink, 256
Blending, 155
Bloom gelometer, 189
Boceprevir, 283
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Bragg’s equation, 213
Bravais, Friedel, Donny, and Harker (BFDH) 

model, 200
Bravais lattice system, 199
Brevibloc (esmolol hydrochloride), 395–396
Brimonidine tartrate/brinzolamide, 300
Brinzolamide, 300
Brompheniramine and pseudoephedrine 

capsules, 323
Brucker SHellXTL software system, 198
Budesonide, 283

capsules, 324
inhalation powder, 324

Buildings and facilities, 148–149, 172
Buphenyl® (sodium phenylbutyrate) powder, 396
Buprenorphine, 297
Buprenorphine HCl, 296, 298

naloxone HCl, 297
Butalbital and acetaminophen capsules, 324
Butylated hydroxyanisole, 256
Butylparaben, 256

Cabozantinib S-malate, 283
Calcifediol, 291
Calcitonin (salmon) capsules, 324–325
Calcitriol, 283

capsules, 325
Calcium acetate, 283, 402
Calcium carbonate, 256

microencapsulated sustained-release 
capsules, 325

Calcium chloride, 256
Calcium hydroxide, 256
Calcium silicate, 256
Calcium stearate, 256
Calcium sulfate, unspecified form, 256
Calcium sulfate anhydrous, 256
Calcium sulfate dihydrate, 256
Calcium sulfate hemihydrate, 256
Camptothecin capsules, 325–326
Canola oil, 256
Caprylic/capric triglyceride/lecithin/alcohol, 256
Caprylocaproyl polyoxylglycerides, 256
Carbamazepine, 291, 303

extended-release capsules, 326
Carbidopa/levodopa, 292, 304
Carbinoxamine maleate, 305
Carbomer homopolymer

Type A, 257
Type B, 257

Carboxymethylcellulose, 257
Carboxymethylcellulose calcium, 257
Carboxymethylcellulose sodium, unspecified 

form, 257
Carboxymethyl starch, 257
Cariprazine HCl, 283
Carnauba wax, 257
Carrageenan, 257
Carvedilol phosphate, 292
Castor oil, 257
Cefaclor, 283

capsules, 326
Cefadroxil, 283, 303
Cefdinir, 283, 303, 402

capsules and oral suspension, 326
Cefixime, 283, 303, 405

for oral suspension, 326
Cefpodoxime proxetil, 303

for oral suspension, 327
Cefprozil, 303

capsules, 327

for oral suspension, 327
Cefprozil monohydrate, 303
Ceftibuten dihydrate, 303
Ceftibuten for oral suspension, 327
Ceftin, 396
Cefuroxime for oral suspension, 327
Celecoxib, 283

capsules, 327–328
tablets, 328

Cellaburate, 257
Cell bank maintenance and record keeping, 163
Cell culture/fermentation, 164
Cellulose acetate, 257
Cellulose microcrystalline/carboxymethylcellulose  

sodium, 257
Cellulose triacetate liquefiable topical 

powder, 328
Cephalexin, 283, 303

capsules, 328
powder, for oral suspension, 328–329

Cephradine
capsules, 329
for suspension, 329

Ceritinib, 283
Cetirizine, 295
Cetostearyl alcohol, 257
Cetyl alcohol, 257
Cetylpyridinium chloride, 257
Cevimeline, 396

capsules, 329
Cevimeline HCL, 283
cGMP, see Current Good Manufacturing 

Practices
Change control, 160
Chemet (succimer) opaque, 396
Chemical crystallography, 198
Chlordiazepoxide hydrochloride

capsules, 329–330
clidinium bromide, 283

Chloroxylenol and chlorhexidine  
topical powder, 330

Chlorpheniramine polistirex
codeine polistirex, 305
hydrocodone polistirex, 292, 305

Chlorpromazine sustained-release capsules, 330
Cholic acid, 283
Choline fenofibrate, 290
Ciclopirox, 305
Cimetidine microencapsulated sustained-release 

capsules, 330
Ciprofloxacin, 300, 301

dexamethasone, 302
Ciprofloxacin HCl/hydrocortisone, 302
Citalopram hydrobromide, 284
Citrate effervescent powder, 330–331
Citric acid monohydrate, 257
Clarithromycin, 303
Clindamycin capsules, 331
Clindamycin HCl, 284
Clinical overview, 41

benefits and risks conclusions, 44
biopharmaceuticals, 42
clinical pharmacology, 42
efficacy, 42–43
literature references, 44
product development rationale, 42
safety, 43–44

Clinical study reports, 68, 69
case report forms and individual patient 

listings, 71
reports of biopharmaceutical studies, 69

reports of efficacy and safety studies, 70–71
reports of human pharmacodynamic (PD) 

studies, 70
reports of human PK studies, 69–70
reports of postmarketing experience, 71
reports of studies pertinent to 

pharmacokinetics, 69
Clinical summary, 49

biopharmaceutical studies and associated 
analytical methods, 49–50

clinical efficacy, 52–54
clinical pharmacology studies, 50–52
clinical safety, 54–59
literature references, 59
synopses of individual studies, 59

Clinical test supplies, 189
Clobazam, 301
Clofibrate capsules, 331
Clomipramine HCl, 284
Clonidine, 305
Clonidine sustained-release capsules, 331
Clorazepate dipotassium capsules, 331–332
Closures, control of, 11–12
Clotrimazole, 300
Clozapine, 303
Coacervation, 232
Coated spheroids, 332
Colace® (docusate sodium) active ingredient, 396
Colchicine, 284
Collagen, hydrolyzed, 257
Colyte®, 396
Common Technical Document (CTD)

definition of, 34–35
granularity of, 34
organization of, 33–34
pagination/segregation, 37
registration for human use, 34–38
section numbering, 37
Table of Contents formatting, 38–39

Complaints and recalls, 161
Complex BE

albuterol metered-dose inhalers, 111–112
digoxin, 109–110
levothyroxine, 110–111
warfarin sodium, 111

Components
charge-in of, 13
control of, 11

Compressible sugar, 257
Containers, control of, 11–12
Contract manufacturers, 161–162
Copovidone K25-31, 257
Corn glycerides, 257
Corn oil, 258
Corn oil PEG-6 esters, 258
Creon® 20 capsules, 396–397
Crixivan (indinavir sulfate) capsules, 397
Crizotinib, 284
Croscarmellose sodium, 258
Crospovidone, 258
Crospovidone water-dispersible tablets, 333
Crossover study, washout time for, 118
Crystalline species, 197
Crystal morphology, 197–201
Crystal screening, high-throughput, 204–205
CTD, see Common Technical Document
Cuprimine, 397
Current Good Manufacturing Practices (cGMP)

FDA reappraisal of, 4
for finished Pharmaceuticals, 7–23
general provision, 5
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guidelines, 3–5
in manufacturing, processing, packaging, or 

holding of drugs, 5–7
overview checklist, 25–29
system inspections, 164

Current Good Manufacturing Practices (cGMPs)
guidelines for cGMP Compliance, 235

Cyanocobalamin tablets, 333
Cyclobenzaprine, 292
Cycloserine, 284

capsules, 405
Cyclosporin A capsules, 333
Cyclosporine, 284, 295
Cymbalta® (duloxetine hydrochloride) 

capsule, 397
Cysteamine bitartrate, 284, 290

Dabigatran etexilate mesylate, 284
Dabrafenib mesylate, 284
Dalmane, 397
Danazol, 284
Dantrium (dantrolene sodium), 397
Dantrolene sodium, 284, 303, 397

capsules, 333
Dapsone, 298
Darunavir ethanolate, 301
Data handling

BE demonstration measures, 112
CI values, 112
data deletion due to vomiting, 112
PK information recommended for 

submission, 112
sample collection and sampling times, 112
statistical information for, 113
study conduct, 112
subjects with predose plasma 

concentrations, 112
D&C green, 258
D&C red, 258
D&C yellow, 258, 259
DDS®-Acidophilus, 397
Deferasirox, 298
Delayed-release dosage, 102
Delayed-release oral dosage, 102
Demeclocycline HCl, 284
Demser (Metyrosine) capsule, 397
Depakene (valproic acid), 397
Detrol LA capsules, 397
Dexamethasone, 298

neomycin sulfate/ polymyxin B sulfate, 300
tobramycin, 300

Dexedrine (dextroamphetamine sulfate), 397
Dexlansoprazole, 290
Dexmethylphenidate hydrochloride, 292, 399
Dextroamphetamine sulfate, 292, 397

capsules, 333
Dextromethorphan hydrobromide/quinidine 

sulfate, 284
Dextromethorphan polistirex, 305
Dextrose, 259
DFS, see Division of Field Science
Diacetylated monoglycerides, 259
Diatomaceous earth, 259
Diazepam, 298
Dibasic calcium phosphate dihydrate, 259
Dibasic potassium phosphate, 259
Dibutyl sebacate, 259
Diclofenac, 284

and misoprostol capsules, 333–334
Diclofenac epolamine, 305
Diclofenac granules, 334–335

Diclofenac potassium, 284, 302
Diclofenac spheronized pellets for sustained-

release coating (30%), 334
Diclofenac sustained-release capsules, 334
Dicloxacillin sodium, 284
Didanosine, 290

delayed-release capsules, 335
delayed-release capsules enteric-coated 

beadlets, 335
for oral suspension, 335

Diethyl phthalate, 259
Diethyl toluamide topical powder, 335–336
Differential scanning calorimetry (DSC), 206, 

210–211
Diffuse reflectance (DR) technique, 212
Diffuse reflectance Fourier transform (DRIFT) 

technique, 212
Difluoromethylornithine-alpha capsules, 

336–337
Digoxin, 109–110, 400
Diltiazem hydrochloride, 292

extended-release capsules, 337–338
Dimethicone, 259
Dimethylaminoethyl methacrylate—butyl 

methacrylate—methyl methacrylate 
copolymer, 259

Dimethyl fumarate, 290
Dimethylsulfoxide (DMSO), 215
Dinoprostone, 306
Diphenhydramine hydrochloride

capsules, 338
ibuprofen, 284

Dipyridamole and aspirin extended-release 
capsules, 338

DIS, see Dissolution data
Disopyramide phosphate, 284, 292
Dissolution data (DIS), 125, 126
Dissolution testing, 216–217
Dissolution testing methods

acetaminophen, 303
acetaminophen/butalbital/caffeine/codeine 

phosphate, 282
acetaminophen/caffeine/dihydrocodeine 

bitartrate, 282
acetazolamide, 291
acitretin, 282
acrivastine/pseudoephedrine HCl, 282
acyclovir, 282, 303
alectinib HCl, 282
aliskiren hemifumarate, 295
altretamine, 282
alvimopan, 282
amantadine HCl, 282
aminosalicylic, 298
amlodipine besylate/benazepril HCl, 282
amoxicillin, 282, 303
amoxicillin/clarithromycin/lansoprazole, 296
amoxicillin/clarithromycin/omeprazole, 296
amoxicillin/clavulanate potassium, 303
amphetamine, 305
amphetamine aspartate/amphetamine 

sulfate/dextroamphetamine 
saccharate/dextroamphetamine 
sulfate, 291

amphetamine ER, 282
amphotericin B, 299
ampicillin/ampicillin trihydrate, 303
amprenavir, 282
anagrelide HCl, 282
aprepitant, 282, 303
aripiprazole, 303

aspirin, 282, 291
aspirin/butalbital/caffeine, 282
aspirin/butalbital/caffeine/codeine 

phosphate, 282
aspirin/dipyridamole, 282
atazanavir sulfate, 282
atomoxetine HCl, 282
atovaquone, 301
auranofin, 282
azacitidine, 299
azithromycin, 282, 301, 305
balsalazide disodium, 282
benzonatate, 282
betamethasone acetate/betamethasone 

sodium phosphate, 299
betrixaban, 282
bexarotene, 283
bismuth subcitrate potassium/metronidazole/

tetracycline HCl, 283
boceprevir, 283
brimonidine tartrate/brinzolamide, 300
brinzolamide, 300
budesonide, 283
buprenorphine, 297
buprenorphine HCl, 296, 298
buprenorphine HCl/naloxone HCl, 297
cabozantinib S-malate, 283
calcifediol, 291
calcitriol, 283
calcium acetate, 283
carbamazepine, 291, 303
carbidopa/levodopa, 292, 304
carbinoxamine maleate, 305
cariprazine HCl, 283
carvedilol phosphate, 292
cefaclor, 283
cefadroxil, 283, 303
cefdinir, 283, 303
cefixime, 283, 303
cefpodoxime proxetil, 303
cefprozil, 303
cefprozil monohydrate, 303
ceftibuten dihydrate, 303
celecoxib, 283
cephalexin, 283, 303
ceritinib, 283
cetirizine, 295
cevimeline HCL, 283
chlordiazepoxide HCl/clidinium bromide, 283
chlorpheniramine polistirex/codeine 

polistirex, 305
chlorpheniramine polistirex/hydrocodone 

polistirex, 292, 305
cholic acid, 283
choline fenofibrate, 290
ciclopirox, 305
ciprofloxacin, 300, 301
ciprofloxacin/dexamethasone, 302
ciprofloxacin HCl/hydrocortisone, 302
citalopram hydrobromide, 284
clarithromycin, 303
clindamycin HCl, 284
clobazam, 301
clomipramine HCl, 284
clonidine, 305
clotrimazole, 300
clozapine, 303
colchicine, 284
crizotinib, 284
cyclobenzaprine, 292
cycloserine, 284
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cyclosporine, 284, 295
cysteamine bitartrate, 284, 290
dabigatran etexilate mesylate, 284
dabrafenib mesylate, 284
danazol, 284
dantrolene sodium, 284, 303
dapsone, 298
darunavir ethanolate, 301
deferasirox, 298
demeclocycline HCl, 284
dexamethasone, 298
dexamethasone/neomycin sulfate/ polymyxin 

B sulfate, 300
dexamethasone/tobramycin, 300
dexlansoprazole, 290
dexmethylphenidate HCl, 292
dextroamphetamine sulfate, 292
dextromethorphan hydrobromide/quinidine 

sulfate, 284
dextromethorphan polistirex, 305
diazepam, 298
diclofenac, 284
diclofenac epolamine, 305
diclofenac potassium, 284, 302
dicloxacillin sodium, 284
didanosine, 290
diltiazem HCl (AB2), 292
diltiazem HCl (AB3), 292
diltiazem HCl (AB4), 292
dimethyl fumarate, 290
dinoprostone, 306
diphenhydramine HCl/Ibuprofen, 284
disopyramide phosphate, 284, 292
divalproex sodium, 290
dofetilide, 284
donepezil HCl/memantine HCl, 292
doxepin HCl, 284
doxercalciferol, 284
doxorubicin HCl, 299
doxycycline, 291, 304
doxycycline hyclate, 284
dronabinol, 284
droxidopa, 284
duloxetine HCl, 291
dutasteride, 295
dutasteride/tamsulosin HCl, 285
efavirenz, 285
eliglustat tartrate, 285
eltrombopag olamine, 304
emtricitabine, 285
enzalutamide, 285
ergocalciferol, 285
erythromycin ethylsuccinate, 301, 304
erythromycin ethylsuccinate/sulfisoxazole 

acetyl, 298
escitalopram oxalate, 285
esomeprazole magnesium, 290, 304
estradiol, 297, 306
estramustine phosphate sodium, 285
ethinyl estradiol

etonogestrel, 306
norelgestromin, 297
norethindrone acetate, 285

ethosuximide, 285
etoposide, 285
famotidine, 304
felbamate, 304
fenofibrate, 285, 295
fenoprofen calcium, 285
fentanyl, 306
fentanyl citrate, 296, 300

fexofenadine HCl, 285, 304
finafloxacin, 302
fingolimod, 285
fluconazole, 304
flucytosine, 285
fluoxetine, 296
fluoxetine HCl, 285
fluoxetine/olanzapine, 285
flutamide, 285
fluvastatin sodium, 285
fluvoxamine maleate, 293
fosamprenavir calcium, 301
fosfomycin tromethamine, 298
gabapentin, 285
galantamine HBr, 293
ganciclovir, 285
goserelin Acetate, 298
granisetron, 297, 298
griseofulvin, 301
hydrochlorothiazide, 286
hydrochlorothizide/triamterene, 286
hydrocodone bitartrate, 293
hydroxyurea, 286
hydroxyzine pamoate, 286, 304
ibrutinib, 286
ibuprofen, 296, 304, 305
ibuprofen/diphenhydramine, 286
ibuprofen potassium, 296
ibuprofen/pseudoephedrine HCl, 286, 304
ibuprofen sodium, 286
icosapent ethyl, 286
imipramine pamoate, 286
indinavir sulfate, 286
indomethacin, 286, 293
isavuconazonium sulfate, 286
isosorbide dinitrate, 293
isotretinoin, 286
isradipine, 286
itraconazole, 286
ixazomib citrate, 286
ketoprofen, 286
lansoprazole, 291
lanthanum carbonate, 296
lenalidomide, 286
lenvatinib mesylate, 286
leuprolide acetate, 299
levomilnacipran HCl, 293
levonorgestrel, 300
lidocaine, 305
linaclotide, 286
linezolid, 304
lisdexamfetamine dimesylate, 286
lithium carbonate, 286
lomitapide mesylate, 287
lomustine, 287
loperamide HCl, 287, 301
lopinavir/ritonavir, 295
loratadine, 296
loteprednol etabonate, 300
loteprednol etabonate/tobramycin, 300
lubiprostone, 296
medroxyprogesterone acetate, 299
mefenamic acid, 287
megestrol acetate, 301
meloxicam, 287, 304
memantine HCl, 293
menthol/methyl salicylate, 305
mercaptopurine, 301
mesalamine, 291, 293, 303
mesalamine enema, 302
methoxsalen, 287

methylphenidate, 293, 306
methylphenidate HCl, 293, 302
methylprednisolone acetate, 299
methyltestosterone, 287
metronidazole, 287
metyrosine, 287
miconazole nitrate, 303
midostaurin, 287
miglustat, 287
miltefosine, 287
minocycline HCl, 287, 293
montelukast, 298
morphine sulfate, 294
morphine sulfate/naltrexone HCl, 294
mycophenolate mofetil, 287, 304
nabilone, 287
naltrexone, 299
naltrexone HCl/oxycodone HCl, 294
naproxen, 304
naproxen sodium, 287
nelfinavir mesylate, 302
nepafenac, 300
netupitant/palonosetron HCl, 287
nevirapine, 304
nicardipine HCl, 287, 294
nicotine polacrilex, 300
nifedipine, 287
nilotinib hydrochloride monohydrate, 287
nimodipine, 287
nintedanib esylate, 287
niraparib, 287
nitazoxanide, 301
nitisinone, 287, 304
nitrofurantoin, 287, 304
nitroglycerin, 298
nizatidine, 288
nortriptyline HCl, 288
nystatin, 301
octreotide injection, 299
olanzapine pamoate, 303
olaparib, 288
olsalazine sodium, 288
omega-3-acid ethyl esters, 288
omeprazole, 291, 301
omeprazole magnesium, 302
omeprazole sodium bicarbonate, 288, 302
ondansetron, 296
orlistat, 288
oseltamivir phosphate, 288, 301
oxcarbazepine, 304
oxybutynin, 305
oxycodone, 294
oxycodone HCl, 288
palbociclib, 288
paliperidone palmitate, 300
palonosetron HCl, 288
pancrelipase, 291
panobinostat lactate, 288
paricalcitol, 288
paromomycin sulfate, 288
paroxetine HCl, 304
paroxetine mesylate, 288
penicillamine, 288
pentosan polysulfate sodium, 288
perampanel, 304
phendimetrazine tartrate, 288, 294
phenoxybenzamine HCl, 288
phentermine HCl, 288
phentermine HCl/topiramate, 294
phenytoin, 304
phenytoin sodium, 288
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pirfenidone, 288
piroxicam, 288
pomalidomide, 288
posaconazole, 301
potassium chloride, 294
prednisolone acetate, 301
pregabalin, 288
procarbazine HCl, 296
prochlorperazine, 302
progesterone, 288, 306
promethazine HCl, 302
propafenone HCl, 294
propranolol HCl, 294
quinine sulfate, 288
rabeprazole sodium, 291
ramipril, 288
ranitidine HCl, 288
ribavirin, 288
rifabutin, 288
rifampin, 288
rimexolone, 301
risperidone, 298
ritonavir, 288, 302
rivastigmine, 297
rivastigmine tartrate, 288
rotigotine, 306
rufinamide, 304
sapropterin dihydrochloride, 302
saquinavir mesylate, 289
scopolamine, 306
secnidazole, 298
selegiline, 306
selegiline HCl, 289
sevelamer HCl, 289
sibutramine HCl, 289
sildenafil citrate, 304
silodosin, 289
simeprevir sodium, 289
simvastatin, 304
sodium iodide I-123, 289
sodium phenylbutyrate, 302
sonidegib phosphate, 289
stavudine, 289
succimer, 289
sucralfate, 304
sulfamethoxazole/trimethoprim, 304
sulfisoxazole acetyl, 301
sunitinib malate, 289
tacrolimus, 289
tamsulosin HCl, 289
tasimelteon, 289
temazepam, 289
temozolomide, 289
tenofovir disoproxil fumarate, 302
terazosin HCl, 289
terconazole, 303
testosterone, 298, 302
tetracycline HCl, 289
thalidomide, 289
theophylline, 294
tipranavir, 289
tizanidine HCl, 289
tolterodine tartrate, 295
topiramate, 295, 296
topotecan HCl, 289
tramadol, 295
tretinoin, 289
triamcinolone acetonide, 299, 300
triamterene, 289
trientine HCl, 289
trimipramine maleate, 289

triptorelin pamoate, 300, 302
trospium chloride, 295
ursodiol, 296
valbenazine, 290
valproic acid, 290
valsartan, 290
vancomycin hydrochloride, 290
venlafaxine HCl, 295
verapamil HCl, 295
verteporfin, 298
vismodegib, 290
voriconazole, 304
vorinostat, 290
zaleplon, 290
zidovudine, 290
zinc acetate, 290
ziprasidone HCl, 290
zonisamide, 290

Dissolution waiver (DIW), 126
Divalproex sodium, 290, 397–398

capsules, 338
coated particle capsules, 338

Division of Field Science (DFS), 126
DIW, see Dissolution waiver
DMF, see Drug Master File
DMSO, see Dimethylsulfoxide
Document, defined, 34–35
Documentation, 95

and records, 151–153
standards, 185–188

Docusate sodium, 259, 396
sodium benzoate, 259

Dofetilide, 284
capsules, 338

Donepezil HCl/memantine HCl, 292
Dose selection, 113
Dosing, by labeled concentration, 113
Doxepin hydrochloride, 284

capsules, 338
Doxercalciferol, 284
Doxorubicin HCl, 299
Doxycycline, 291, 304

capsules, 339
Doxycycline hyclate, 284

capsules, 339
Doxycycline hydrochloride capsules and oral 

suspension, 339
DRIFT technique, see Diffuse reflectance 

Fourier transform technique
Dronabinol, 284, 401
Droxidopa, 284
DR technique, see Diffuse reflectance technique
Drug Master File (DMF)

defined, 29
types of, 170

Drug product, 171
with complex mixtures as the active 

ingredients, 121
container closure system, 40, 66
control of components and containers, 11–12
control of drug product, 39, 65
control of excipients, 39, 65
description and composition of, 39, 63
to determine therapeutic equivalence, 102
food effects on, 118
manufacture, 39, 64–65
parent drug vs. metabolites, 120–121
pharmaceutical development, 39, 63–64
reference standards or materials, 39, 65
salvage, 22–23
stability, 40, 66

Drug substance, 171
characterization of, 38–39, 62
container closure system of, 39, 63
control of drug substance of, 39, 62–63
general information of, 38, 60
manufacture of, 38, 60–62
reference standards or materials of, 39, 63
stability of, 39, 63

DSC, see Differential scanning calorimetry
Duloxetine hydrochloride, 291, 397
Dutasteride, 295
Dutasteride/tamsulosin HCl, 285
DVS, see Dynamic vapor sorption
Dyazide capsule, 398
Dye blue lake blend LB-332, 259
Dye chroma-tone, 259
Dye FDC blue no. 40 HT lake, 259
Dye green lake blend LB-333, 259
Dye yellow, 259
Dynamic vapor sorption (DVS), 215–216

Edecrin, 398
Edetate calcium disodium, 259
Edetate disodium, 259
Edetate sodium, 259
EES granules, see Erythromycin ethylsuccinate
Efavirenz, 285

capsules, 339
Effexor XR, 398
Efficacy, 85
Eldepryl (selegiline hydrochloride), 398
Electronic records, 182–184
Electronic signatures, 184–185
Eliglustat tartrate, 285
Eltrombopag olamine, 304
EMCYT (estramustine phosphate sodium) 

capsules, 398
EMEND (aprepitant) capsule, 398
Emtricitabine, 285
Enalapril maleate capsules, 339
Encora™, 398
End-point studies

clinical, 115–116
pharmacological, 115

Enemas, 102
Entocort® EC capsules, 398
Enzalutamide, 285
Eplerenone capsules, 340
Equipment

mixing, 195–196
process, 149–150

Ergocalciferol, 285
EryPed 200 and EryPed Drops, 399
Erythromycin and bromhexine powder for 

suspension, 340
Erythromycin and sulfisoxazole granules for 

suspension, 340–341
Erythromycin delayed-release capsules, 341, 399
Erythromycin ethylsuccinate (EES), 301, 304, 398

for oral suspension, 342
sulfisoxazole acetyl, 298

Erythromycin stearate for oral suspension, 
342–343, 343–344

Erythropoietin capsules, 344–345
Erythrosine sodium anhydrous, 260
Escitalopram oxalate, 285
Eskalith, 399
Esmolol hydrochloride, 395–396
Esomeprazole magnesium, 290, 304, 402

capsules, 345
Estradiol, 297, 306
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Estramustine phosphate capsules, 345
Estramustine phosphate sodium, 285, 398
Ethacrynic acid, 398
ethinyl estradiol

etonogestrel, 306
norelgestromin, 297
norethindrone acetate, 285

Ethosuximide, 285
capsules, 345

Ethyl acetate, 260
and methyl methacrylate copolymer, 260

Ethylcellulose, 260
Ethylene glycol monoethyl ether, 260
Ethylparaben sodium, 260
Ethyl vanillin, 260
Etodolac capsules, 345
Etoposide, 285
Eudragit L 30 D, 260
Euhedral habit, 198
Eulexin capsules, 399
Excipients

acacia, 255
acacia syrup, 255
acetic acid, 255
acetophenone, 255
acetyltributyl citrate, 255
activated charcoal, 255
alginic acid, 255
alpha-tocopherol, 255
alpha-tocopherol, dl-, 255
alpha-tocopherol acetate, 255
aluminum monoacetate, 255
aluminum stearate, 255
amaranth, 255
amberlite, 255
aminobenzoate sodium, 255
ammonia solution, 255
ammonio methacrylate copolymer, 255

Type A, 255
Type B, 255

anhydrous citric acid, 255
anhydrous dibasic calcium phosphate, 255, 256
anhydrous lactose, 256
anhydrous trisodium citrate, 256
anidrisorb 85/70, 256
antifoam, 256
aquacoat, 256
aquacoat ECD, 256
aquacoat ECD-30, 256
ascorbic acid, 256
ascorbyl palmitate, 256
aspartame, 256
bentonite, 256
benzyl alcohol, 256
betanaphthol, 256
black ink, 256
butylated hydroxyanisole, 256
butylparaben, 256
calcium carbonate, 256
calcium chloride, 256
calcium hydroxide, 256
calcium silicate, 256
calcium stearate, 256
calcium sulfate, 256
calcium sulfate anhydrous, 256
calcium sulfate dihydrate, 256
calcium sulfate hemihydrate, 256
canola oil, 256
caprylic/capric triglyceride/lecithin/

alcohol, 256
caprylocaproyl polyoxylglycerides, 256

carbomer homopolymer
Type A, 257
Type B, 257

carboxymethylcellulose, 257
carboxymethylcellulose calcium, 257
carboxymethylcellulose sodium, 257
carboxymethyl starch, 257
carnauba wax, 257
carrageenan, 257
castor oil, 257
cellaburate, 257
cellulose acetate, 257
cellulose microcrystalline/

carboxymethylcellulose sodium, 257
cetostearyl alcohol, 257
cetyl alcohol, 257
cetylpyridinium chloride, 257
citric acid monohydrate, 257
collagen, hydrolyzed, 257
compressible sugar, 257
copovidone K25-31, 257
corn glycerides, 257
corn oil, 258
corn oil PEG-6 esters, 258
croscarmellose sodium, 258
crospovidone, 258
D&C green, 258
D&C red, 258
D&C yellow, 258, 259
Dextrose, 259
diacetylated monoglycerides, 259
diatomaceous earth, 259
dibasic calcium phosphate dihydrate, 259
dibasic potassium phosphate, 259
dibutyl sebacate, 259
diethyl phthalate, 259
dimethicone, 259
dimethylaminoethyl methacrylate—butyl 

methacrylate—methyl methacrylate 
copolymer, 259

docusate sodium, 259
docusate sodium/sodium benzoate, 259
dye blue lake blend LB-332, 259
dye chroma-tone, 259
dye FDC blue no. 40 HT lake, 259
dye green lake blend LB-333, 259
dye yellow, 259
edetate calcium disodium, 259
edetate disodium, 259
edetate sodium, 259
erythrosine sodium anhydrous, 260
ethyl acetate, 260
ethyl acrylate and methyl methacrylate 

copolymer, 260
ethylcellulose, 260
ethylene glycol monoethyl ether, 260
ethylparaben sodium, 260
ethyl vanillin, 260
eudragit L 30 D, 260
fat, hard, 260
fatty acid esters, saturated, 260
fatty acid glycerides, 260
FD&C blue, 260, 261
FD&C green, 261
FD&C red, 261
FD&C yellow, 261, 262
ferric oxide brown, 262
ferric oxide red, 262
ferric oxide yellow, 262
ferrosoferric oxide, 262
flavor coconut 41, 262

flavor strawberry, 262
fluorescein, 262
fumaric acid, 262
galactose monohydrate, 262
gelatin, 262, 263
gelatin hard, 262
gelatin hydrolysate, 262
gelatin Type A porcine, 262
gelatin Type B bovine, 262
gelucire 33/01, 263
glutamic acid hydrochloride, 263
glycerin, 263
glyceryl caprylocaprate, 263
glyceryl dibehenate, 263
glyceryl mono and dipalmitostearate, 263
glyceryl monocaprylate, 263
glyceryl monocaprylocaprate, 263, 264
glyceryl monostearate, 264
glyceryl 1-stearate, 263
glyceryl tristearate, 264
glycine, 264
guar gum, 264
high density polyethylene, 264
hydrochloric acid, 264
hydrogenated castor oil, 264
hydrogenated cottonseed oil, 264
hydrogenated soybean oil, 264
hydroxyethyl cellulose, 264
hydroxymethyl cellulose, 264
hydroxypropyl cellulose, 264
hypromellose, 264, 265, 266
hypromellose acetate succinate, 265
hypromellose phthalate, 265
indigotindisulfonate sodium, 266
ink black GG-606, 266
ink black SW-9008, 266
ink blue tekprint SB-6018, 266
ink edible black, 266
ink edible blue, 266
ink edible white, 266
ink red and aqua imprinting GG-827, 266
ink red and caramel imprinting GG-825, 266
ink red imprinting GG-826, 266
ink white A-8154, 266
isopropyl alcohol, 266
kaolin, 266
karion 83, 266
lactic acid, 266
lactic acid, l-, 266
lactitol monohydrate, 266
lactose, 266
lauroyl polyoxylglycerides, 266
lauryl sulfate, 266
lecithin, 266, 267

soybean, 267
lemon oil, 267
leucine, 267
light green CF yellowish, 267
light mineral oil, 267
linoleoyl macrogolglycerides, 267
low-substituted hydroxypropyl cellulose, 267
lubritab, 267
magnesium acetate, 267
magnesium aluminum silicate, 267
magnesium carbonate, 267
magnesium citrate, 267
magnesium oxide, 267
magnesium palmitostearate, 267
magnesium silicate, 267
magnesium stearate, 267
magnesium sulfate anhydrous, 268
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maleic acid, 268
maltitol, 268
maltodextrin, 268
mannitol, 268
medium-chain triglycerides, 268
meglumine, 268
menthol, 268
methacrylic acid, 268

copolymer, 269
ethyl acrylate copolymer (1:1) Type A, 268
methyl methacrylate copolymer (1:1), 

268, 269
methyl methacrylate copolymer (1:2), 269

methylated spirits, 269
methylcellulose, 269
methylparaben, 269
methylparaben sodium, 269
methyl salicylate, 269
microcrystalline cellulose, 269, 270
microcrystalline wax, 270
mineral oil, 270
modified corn starch (1-octenyl succinic 

anhydride), 270
mono and diglyceride, 270
myristic acid, 270
neutral oil, 270
non-pareil seeds, 270
non-pareil seeds blue, 270
non-pareil seeds orange, 270
non-pareil seeds white, 270
oleic acid, 270
opacode, 270
opadry, 270, 271
opalux, 271
opaque, 271
opatint, 271
palm oil – soybean oil, hydrogenated, 271
parabens, 271
paraffin, 271
pd base-1000, 271
peanut oil, 271
pectin, 271
pegapamodutide, 271
PEG-8 caprylic/capric glycerides, 271
PEG-32 hydrogenated palm glycerides, 271
peppermint oil, 271
petrolatum, 271
1-(phenylazo)-2-naphthylamine, 255
polacrilin potassium, 271
poloxamer, 271
polyethylene glycol, 271, 272
polyglyceryl-3 oleate, 272
polyglyceryl-10 oleate, 272
poly(methyl acrylate-co-methyl 

methacrylate-co-methacrylic acid 
7:3:1; 280000 mw), 271

polyoxyl 35 castor oil, 272
polyoxyl 40 hydrogenated castor oil, 272
polyoxyl 40 stearate, 272
polysorb 85/70/00, 272
polysorbate, 272
polystyrene sulfonic acid, 272
polyvinylacetal, 273
polyvinyl acetate phthalate, 273
ponceau 3R, 273
ponceau xylidine, 273
potassium bicarbonate, 273
potassium carbonate, 273
potassium chloride, 273
potassium hydroxide, 273
potassium phosphate, monobasic, 273

povidone, 273
powdered cellulose, 273
propylene glycol, 273, 274
propyl gallate, 273
propylparaben, 274
propylparaben sodium, 274
prosolv 50, 274
prosolv HD 90, 274
saccharin sodium, 274
sesame oil, 274
shellac, 274
shellac p.v.p. solution no. 4, 274
silica dimethyl silylate, 274
silicon dioxide, 274
silicone, 274
silicone emulsion, 274
simethicone, 274
simethicone emulsion, 274
sodium alginate, 275
sodium ascorbate, 275
sodium benzoate, 275
sodium bicarbonate, 275
sodium bisulfite, 275
sodium carbonate, 275
sodium cellulose, 275
sodium chloride, 275
sodium citrate, 275
sodium hydroxide, 275
sodium laureth-3 sulfate, 275
sodium lauryl sulfate, 275
sodium metabisulfite, 275
sodium phosphate, 275
sodium propionate, 275
sodium starch glycolate Type A corn, 275
sodium starch glycolate Type A potato, 

275, 276
sodium stearyl fumarate, 276
sodium thiosulfate, 276
sorbic acid, 276
1,4-sorbitan, 255
sorbitan monolaurate, 276
sorbitol, 276
sorbitol-glycerin blend, 276
sorbitol solution, 276
sorbitol special polyol solution, 276
soybean oil, 276
starch, 276

corn, 276
modified, 277
pregelatinized, 277
tapioca, 277
wheat, 277

stearic acid, 277
stear-O-wet M, 277
stearoyl polyoxylglycerides, 277
stearyl alcohol, 277
succinic acid, 277
sucrose, 277
sucrose laurate, 277
sucrose stearate, 277
sucrose tetraisostearate, 277
sugar spheres, 277
surelease E-7-7050, 277
surelease E-719010 clear, 277
talc, 277, 278
talc 127, 278
talc triturate, 278
tartaric acid, 278
timing solution clear N-7, 278
titanium dioxide, 278
tocophersolan, 278

toluene, 278
triacetin, 278
tribasic calcium phosphate, 278
triethyl citrate, 278
triglyceride, synthetic, 278
tromethamine, 278
ursodiol, 278
vanillin, 278
vegetable oil, 278, 279
vegetable shortening, 279
white wax, 279
xanthan gum, 279
yellow wax, 279
zinc stearate, 279

Exelon® (rivastigmine tartrate) capsules, 399
Extended-release dosage forms, 101
Exubera®, 399

Famotidine, 304
Fasted State, fed vs., 115
FAST® HT technology, 204
Fasting study (STF), 125
Fat, hard, 260
Fatty acid esters, saturated, 260
Fatty acid glycerides, 260
FDA, 23

audit plans, 133
background, 133
implementation, 133–134
inspectional, 134–135
regulatory/administrative strategy, 135

cGMP compliance and, 27
classification

of capsule types, 190
of powders, 191

regulatory compliance, 101–103
FD&C blue, 260, 261
FD&C green, 261
FD&C red, 261
FD&C yellow, 261, 262
Fed BE Studies, 118
Felbamate, 304

for oral suspension, 345
Fenofibrate, 285, 295

capsules, 345, 346
Fenoprofen calcium, 285

capsules, 401
Fentanyl, 306
Fentanyl citrate, 296, 300
Ferric oxide brown, 262
Ferric oxide red, 262
Ferric oxide yellow, 262
Ferrochel® soft gelatin capsule, 399
Ferrosoferric oxide, 262
Fexofenadine hydrochloride, 285, 304

capsules, 346
Filmcoat formulations, 229–231
Filmcoat parameters, 228–229
Finafloxacin, 302
Fingolimod, 285
First-point Cmax, 121
Flavor, formulation of, 227

coacervation, 232
fluid bed coating, 227, 231–232

filmcoat formulations, 229–231
filmcoat parameters, 228–229

inclusion complexes, 232
ion resin technology, 232–233
spray drying/spray congealing, 232
taste-concealing goals, 227
taste conceal performance specifications, 233
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Flavor coconut 41, 262
Flavor strawberry, 262
Fluconazole, 304

for oral suspension, 346
Flucytosine, 285

capsules, 346
Fluid bed coating, 227, 231–232

filmcoat formulations, 229–231
filmcoat parameters, 228–229

Fluorescein, 262
Fluoxetine, 296

capsules, 346–347
olanzapine, 285

Fluoxetine hydrochloride, 285, 404
capsules, 347
instant and weekly capsules, 347

Flutamide, 285
capsules, 347

Fluticasone propionate and salmeterol xinafoate 
inhalation powder, 347

Fluvastatin sodium, 285, 400
capsules, 348

Fluvoxamine maleate, 293
Focalin™ XR (dexmethylphenidate 

hydrochloride) extended-release 
capsules, 399

Foradil® Aerolizer®, 399
Formoterol fumarate

inhalation powder, 348
inhaler capsules, 348

Fosamprenavir calcium, 301
Fosfomycin tromethamine, 298

sachets, 348
Fourier transform, 212
FT-infrared (FT-IR) system, 212
Fumaric acid, 262

Gabapentin, 285, 401–402
capsules, 348

Galactose monohydrate, 262
Galantamine HBr, 293
Ganciclovir, 285

capsules, 349
Gelatin, 262, 263
Gelatin Bloom strength, 189
Gelatin hard, 262
Gelatin hydrolysate, 262
Gelatin Type A porcine, 262
Gelatin Type B bovine, 262
Gelucire 33/01, 263
Gemfibrozil capsules, 349
Generic drug, 97
Geodon®, 399

capsules, 399
GI drugs, locally acting, 122
Glutamic acid hydrochloride, 263
Glycerin, 263
Glyceryl caprylocaprate, 263
Glyceryl dibehenate, 263
Glyceryl mono and dipalmitostearate, 263
Glyceryl monocaprylate, 263
Glyceryl monocaprylocaprate, 263, 264
Glyceryl monostearate, 264
Glyceryl 1-stearate, 263
Glyceryl tristearate, 264
Glycine, 264
Glycoprotein IIa/IIb capsules, 349
GMP, see Good manufacturing practice
GMP audit template, 235–251
Good laboratory practices, 127
Good manufacturing practice (GMP)

audit template, 235–251
Goserelin Acetate, 298
Granisetron, 297, 298
Griseofulvin, 301
Guaifenesin sustained-release capsules, 349–350
Guar gum, 264

Hard-gelatin capsule filling, 190–191
Hard gelatin shells, manufacture of, 189–190
Harvesting, isolation, and purification, 164
Hep-Forte capsule, 399–400
Herbal AIDS treatment capsules, 350
Hexalen (altretamine) capsules, 400
High density polyethylene, 264
High-performance liquid chromatography, 217
Histidine capsules, 350
HIV protease inhibitors, see Human 

immunodeficiency virus protease 
inhibitors

Hot-stag microscopy, 211
Human growth hormone capsules, 350–351
Human immunodeficiency virus (HIV) protease 

inhibitors, 202
Hydrates, 205–206
Hydrochloric acid, 264
Hydrochlorothiazide, 286

capsules, 351
and triamterene capsules, 351

Hydrochlorothizide/triamterene, 286
Hydrocodone bitartrate, 293
Hydrogenated castor oil, 264
Hydrogenated cottonseed oil, 264
Hydrogenated soybean oil, 264
Hydroxyethyl cellulose, 264
Hydroxymethyl cellulose, 264
Hydroxypropyl cellulose, 264
Hydroxyurea, 286
Hydroxyzine pamoate, 286, 304

capsules and oral suspension, 351
Hygroscopicity, 206–207
Hyoscyamine sulfate capsules, 351
Hypromellose, 264, 265, 266
Hypromellose acetate succinate, 265
Hypromellose phthalate, 265
Hytrin capsules, 383
Hytrin (terazosin hydrochloride), 400

Ibrutinib, 286
Ibuprofen, 296, 304, 305

diphenhydramine, 286
and domperidone maleate capsules, 352
and domperidone maleate effervescent 

granules, 352
microencapsulated sustained-release 

capsules, 351–352
pseudoephedrine HCl, 286, 304
sustained-release capsules, 352–353

Ibuprofen potassium, 296
Ibuprofen sodium, 286
Icosapent ethyl, 286
Ifosfamide capsules, 353
IGA® series, 215
Imatinib mesylate capsules, 353
Imipramine pamoate, 286
Immediate-release drugs, BE, 118
Imodium® (loperamide hydrochloride), 400
Impurities, 75
Inclusion complexes, 232
Indigotindisulfonate sodium, 266
Indinavir sulfate, 202, 286, 397

capsules, 353

Indocin, 400
Indomethacin, 286, 293

capsules, 353–354, 354, 355
microencapsulated sustained-release 

capsules, 355–356
powder, for hard gelatin capsules, 355
sustained-release capsules, 356

Infrared spectroscopy (IRS), 212–213
Injectable aqueous solutions, 101
Injectable oil solutions, 101
Ink black GG-606, 266
Ink black SW-9008, 266
Ink blue tekprint SB-6018, 266
Ink edible black, 266
Ink edible blue, 266
Ink edible white, 266
Ink red and aqua imprinting GG-827, 266
Ink red and caramel imprinting GG-825, 266
Ink red imprinting GG-826, 266
Ink white A-8154, 266
Inspra, 400
Insulin capsules, 356–357
Integrated quality systems orientation, 4
Integrated summary of safety and effectiveness 

(ISS/ISE), 85–87
International cooperation, 4
International Inspection, 173–177
Investigational formulations, new location of 

quality information for, 75
Invirase, 202
In Vivo BE studies, 108
Ion resin technology, 232–233
Iron-polysaccharide complex capsules, 357
IRS, see Infrared spectroscopy
Isavuconazonium sulfate, 286
Isohumes™, 215
Isometheptene mucate, dichloralphenazone, and 

acetaminophen capsules, 357–358
Isopropyl alcohol, 266
Isosorbide dinitrate, 293
Isosorbide mononitrate capsules, 358
Isothermal microcalorimetry, 212
Isotretinoin, 286
Isradipine, 286

capsules, 358
ISS/ISE, see Integrated summary of safety and 

effectiveness
Itraconazole, 286

capsules, 358
Ixazomib citrate, 286

Kadian® capsules, 400
Kaolin, 266
Karion 83, 266
Karl Fischer titration, 211
Ketoprofen, 286

capsules, 359
and misoprostol capsules, 358–359

K-LOR, 400
Kristalose™ (lactulose), 400

Laboratory controls, 156–158
Lactic acid, 266
Lactic acid, l-, 266
Lactitol monohydrate, 266
Lactose, 266
Lanoxicaps (digoxin), 400
Lansoprazole, 291, 403

capsules, 359
delayed-release capsules, 359

Lanthanum carbonate, 296
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Lattice, 197–198
Lauroyl polyoxylglycerides, 266
Lauryl sulfate, 266
Lecithin, 266, 267

soybean, 267
Lemon oil, 267
LEMS, see Liquid encapsulation microspray 

sealing
Lenalidomide, 286
Lenvatinib mesylate, 286
Lescol® (fluvastatin sodium), 400
Leucine, 267
Leuprolide acetate, 299
Levomilnacipran HCl, 293
Levonorgestrel, 300
Levothyroxine, 110–111
Lidocaine, 305
Light green CF yellowish, 267
Light mineral oil, 267
Linaclotide, 286
Lincomycin capsules, 359
Linezolid, 304

oral suspension, 359
Linoleoyl macrogolglycerides, 267
Lipase, amylase, and protease capsules, 360
Liquid encapsulation microspray sealing 

(LEMS), 190
Lisdexamfetamine dimesylate, 286
Lithium carbonate, 286

capsules, 360
Lomitapide mesylate, 287
Lomustine, 287
Long half-life drugs, 121
Loperamide and trimebutine capsules, 360
Loperamide hydrochloride, 287, 301, 400
Lopinavir/ritonavir, 295

capsules, 360
Loracarbef capsules and oral suspension, 360
Loratadine, 296
Loteprednol etabonate, 300

tobramycin, 300
Lotrel, 401
Low-substituted hydroxypropyl cellulose, 267
Loxapine succinate capsules, 360
Lubiprostone, 296, 395
Lubritab, 267
Lyrica (pregabalin) capsules, 401

Magaldrate instant powder or dry syrup, 360, 
360–361

Magnesium acetate, 267
Magnesium aluminum silicate, 267
Magnesium carbonate, 267
Magnesium citrate, 267
Magnesium oxide, 267

capsules, 361
Magnesium palmitostearate, 267
Magnesium silicate, 267
Magnesium stearate, 267
Magnesium sulfate anhydrous, 268
Maleic acid, 268
Maltitol, 268
Maltodextrin, 268
Mannitol, 268
Marinol® capsule, 401
Materials management, 153–154
Matulane (procarbazine hydrochloride), 401
Maxair Autohaler (pirbuterol acetate), 401
Measurement indices, 113
Medium-chain triglycerides, 268
Medroxyprogesterone acetate, 299

Mefenamic acid, 287
capsules, 361

Megestrol acetate, 301
Meglumine, 268
Meloxicam, 287, 304
Memantine HCl, 293
Menthol, 268
Menthol/methyl salicylate, 305
Mercaptopurine, 301
Meridia® (sibutramine hydrochloride 

monohydrate) capsule, 401
Mesalamine, 291, 293, 303, 402

capsules, 361
colonic delivery capsules, 361

Mesalamine enema, 302
Metadate CD, 401
Metamucil, 401
Methacrylic acid, 268

copolymer, 269
Methacrylic acid - ethyl acrylate copolymer (1:1) 

Type A, 268
Methacrylic acid - methyl methacrylate 

copolymer (1:1), 268, 269
Methacrylic acid - methyl methacrylate 

copolymer (1:2), 269
Methods validation for ANDA, 126
Methoxsalen, 287
Methsuximide capsules, 361
Methylated spirits, 269
Methylcellulose, 269
Methylparaben, 269
Methylparaben sodium, 269
Methylphenidate, 293, 306

capsules, 361, 361–362
Methylphenidate hydrochloride, 293, 302, 404
Methylphenidate immediate- and extended-

release capsules, 362
Methylprednisolone acetate, 299
Methyl salicylate, 269
Methyltestosterone, 287

capsules, 362
Metoclopramide hydrochloride sustained-release 

capsules, 362
Metronidazole, 287
Metyrosine, 287, 397

capsules, 363
Miconazole nitrate, 303

foot and itch powder, 363
Microcrystalline cellulose, 269, 270
Microcrystalline wax, 270
Midodrine capsules, 363
Midostaurin, 287
Miglustat, 287
Miglustat capsules, 406
Milling, 196
Miltefosine, 287
Mineral oil, 270
Mineral powder for topical herpes simplex, 364
Minocycline hydrochloride, 287, 293

capsules, 364
Mixed amphetamine salt

capsules, 364
enteric-release capsules, 364

Mixing equipment, 195–196
Mixing mechanisms, 195
Modified corn starch (1-octenyl succinic 

anhydride), 270
Modified-release products

administration, 120
data analysis and labeling, 120
dosage strength, 119

general design, 119
sample collection, 120
study design, 119
subject selection, 119
test meal, 120

Mono and diglyceride, 270
Montelukast, 298
Morphine sulfate, 294

capsules, 364
controlled-release capsules, 365
naltrexone HCl, 294
sustained-release capsules, 365–366

Multiple-dose study
guidelines for, 114
vs. single dose, 113–114

Multivitamin effervescent granules, 366, 
366–367

Multivitamin instant granules, 366, 367
Mycophenolate mofetil, 287, 304

capsules and oral suspension, 367
Myristic acid, 270

Nabilone, 287
Nalfon® (fenoprofen calcium capsules, USP), 401
Naltrexone, 299
Naltrexone HCl/oxycodone HCl, 294
Nanoparticle polymer particle powders, 367–368
Naproxen, 304
Naproxen sodium, 287
Nasal powders, 191–193
Nelfinavir mesylate, 302

oral powder, 368
Nepafenac, 300
Netupitant/palonosetron HCl, 287
Neurontin® (gabapentin) capsules, 401–402
Neutral oil, 270
Nevirapine, 304
Nexium® (esomeprazole magnesium), 402
Nicardipine HCl, 287, 294
Nicotine polacrilex, 300
Nifedipine, 287
Nilotinib hydrochloride monohydrate, 287
Nilvadipine capsules, 368
Nimodipine, 287, 402
Nimotop® (nimodipine) capsules, 402
Nintedanib esylate, 287
Niraparib, 287
Nitazoxanide, 301
Nitisinone, 287, 304
Nitrofurantoin, 287, 304

capsules, 368
sustained-release capsules, 368

Nitroglycerin, 298
Nizatidine, 288

capsules, 368–369, 369
Nonclinical overview, 40

content and structural format, 40–41
general aspects, 40

Nonclinical study reports, 67
Nonclinical written and tabulated summaries, 

content of, 45
Nonclinical written summaries, 44–45
Non-pareil seeds, 270
Non-pareil seeds blue, 270
Non-pareil seeds orange, 270
Non-pareil seeds white, 270
Nonviral adventitious agents, information 

related to, 75
Nortriptyline HCl, 288
Norvasc®, 402
Norvir (ritonavir) soft gelatin capsules, 402
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Nystatin, 301
Nystatin powder, 369

Octreotide injection, 299
Olanzapine and fluoxetine HCl capsules, 405
Olanzapine pamoate, 303
Olaparib, 288
Oleic acid, 270
Olsalazine sodium, 288
Omega-3-acid ethyl esters, 288
Omeprazole, 291, 301

and piroxicam capsules, 369
capsules, 369–370, 370
delayed-release capsules, 370

Omeprazole magnesium, 302
Omeprazole sodium bicarbonate, 288, 302
Omnicef® (cefdinir) capsules, 402
Ondansetron, 296
Opacode, 270
Opadry, 270, 271
Opalux, 271
Opaque, 271
Opatint, 271
Orally administered drugs, 121–122
Oral powders, 191
Oral rehydration salt, 370
Orlistat, 288

capsules, 371
Oseltamivir phosphate, 288, 301

capsules and oral suspension, 371
Ostwald ripening effect, 201
Oxcarbazepine, 304

oral suspension, 371
Oxybutynin, 305
Oxycodone, 294
Oxycodone hydrochloride, 288

and acetaminophen capsules, 371
OxyIR® oxycodone, 402
Oxytetracycline hydrochloride

capsules, 371–372
sulfamethizole, and phenazopyridine 

hydrochloride capsules, 372

Packaging and identification labeling of APIs 
and intermediates, 155–156

PAI, see Preapproval inspection
Palbociclib, 288
Paliperidone palmitate, 300
Palm oil - soybean oil, hydrogenated, 271
Palonosetron HCl, 288
Pancrelipase, 291

capsules, 372
enteric-coated microspheres, 372

Panobinostat lactate, 288
Parabens, 271
Paraffin, 271
Parallel design considerations, 117
Parent drug vs. metabolites, 120–121
Paricalcitol, 288
Paromomycin sulfate, 288
Paroxetine HCl, 304
Paroxetine mesylate, 288
Particle size, 75

distribution, 194
Pd base-1000, 271
Peanut oil, 271
Pectin, 271
Pegapamodutide, 271
PEG-8 caprylic/capric glycerides, 271
PEG-32 hydrogenated palm glycerides, 271
Penicillamine, 288, 397

capsules, 372
Pentasa (mesalamine), 402
Pentosan polysulfate sodium, 288

capsules, 372
Pentostatin capsules, 372
Peppermint oil, 271
Perampanel, 304
Performance qualification batches, 94–95
Personnel, 147–148
Petrolatum, 271
Pharmacokinetics written summary, 46–47
Phase solubility analysis, 215
Phendimetrazine tartrate, 288, 294
Phenobarbital and hyoscyamine sulfate 

capsules, 373
Phenoxybenzamine hydrochloride, 288

capsules, 373
Phentermine capsules, 373
Phentermine hydrochloride, 288

capsules, 373
topiramate, 294

1-(Phenylazo)-2-naphthylamine, 255
Phenytek® (phenytoin sodium) capsule, 402
Phenytoin, 304
Phenytoin sodium, 288, 402

extended-release capsules, 373
PhosLo Gelcaps (calcium acetate), 402
pH-sensitive coated spheroids, 372–373
Pilot Batch, 113
Pirbuterol acetate, 401
Pirfenidone, 288
Piroxicam, 288

and beta-cyclodextrin topical powder, 373–374
capsules, 374

Placebos, 189
Polacrilin potassium, 271
Poloxamer, 271
Polyethylene glycol, 271, 272
Polyethylene glycol 3350 powder for 

reconstitution, 374
Polyglyceryl-3 oleate, 272
Polyglyceryl-10 oleate, 272
Poly(methyl acrylate-co-methyl methacrylate-

co-methacrylic acid 7:3:1; 280000 
mw), 271

Polymorphism, 75, 201–203
Polyoxyl 35 castor oil, 272
Polyoxyl 40 hydrogenated castor oil, 272
Polyoxyl 40 stearate, 272
Polysorb 85/70/00, 272
Polysorbate, 272
Polystyrene sulfonic acid, 272
Polytetrafluoroethylene (PTFE) filters, 215
Polythiazide capsules, 374
Polyvinylacetal, 273
Polyvinyl acetate phthalate, 273
Pomalidomide, 288
Ponceau 3R, 273
Ponceau xylidine, 273
Posaconazole, 301
Potassium bicarbonate, 273
Potassium carbonate, 273
Potassium chloride, 273, 294

extended-release capsules, 374
microencapsulated sustained-release 

capsules, 375
for oral solution, 375
powder, 375

Potassium hydroxide, 273
Potassium phosphate, monobasic, 273
Povidone, 273

Powder
aerosolization, 101
flow properties, 194
handling, 196
milling, 196
mixing of, 195
oral, 191

Powdered cellulose, 273
Prazosin and polythiazide capsules, 375
Preapproval inspection (PAI), 3, 126, 169–188
Precare, 402
Prednisolone acetate, 301
Prednisolone targeted-release capsules, 376
Pregabalin, 288, 401
Prelief powder, 402
Prevacid® (lansoprazole) delayed-release 

capsules, 403
Prevacid NapraPAC™ 375, 403
Prevpac, 403
PrimaCare®, 403
PrimaCare ONE, 403
Procarbazine hydrochloride, 296, 401

capsules, 376
Process

design, 91–92
equipment, 149–150
qualification, 92–94
verification, 94

Process validation
defined, 89, 179
general considerations for, 91
specific stages and activities for product life 

cycle, 91–94
statutory and regulatory requirements for, 90

Prochlorperazine, 302
sustained-release capsules, 376

Production
and in-process controls, 154–155
and process controls, 13–14

Productivity documentation, 125–126
Products

in aerosol nebulizer drug delivery 
systems, 102

in conventional dosage, 101
drug standard deficiencies, 102
meeting necessary bioequivalence 

requirements, 101
stability data of, 177–179

Progesterone, 288, 306, 403–404
Prograf capsules (tacrolimus capsules), 403
Promethazine HCl, 302
Prometrium® (progesterone, USP) capsules, 

403–404
Propafenone HCl, 294
Propoxyphene hydrochloride

caffeine, and aspirin capsules, 376
capsules, 376

Propranolol hydrochloride, 294
and hydrochlorothiazide capsules, 376
long-acting capsules, 376
multiple bead capsules, 376–377
sustained-release capsules, 377

Propranolol timed- and sustained-release 
capsules, 377–378

Propylene glycol, 273, 274
Propyl gallate, 273
Propylparaben, 274
Propylparaben sodium, 274
Prosolv 50, 274
Prosolv HD 90, 274
Protein binding, 117
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Proton pump inhibitor powder for reconstitution 
for oral use, 378

Prozac® (fluoxetine hydrochloride) Weekly™ 
capsules, 404

Pseudoephedrine and guaifenesin capsules, 378
Pseudoephedrine hydrochloride capsules, 378, 

378–379
Pseudopolymorphs, 205
Psudopolymorphs, 201
Psyllium

and dioctyl sodium sulfosuccinate 
powder, 379

and docusate sodium wafer, 379
Psyllium husk granules, 379–380
PTFE filters, see Polytetrafluoroethylene filters

QC samples, 117
QOS, see Quality overall summary
Quality management, 146–147
Quality overall summary (QOS), 34, 35, 37, 38, 39
Quinine sulfate, 288

Rabeprazole sodium, 291
Ramipril, 288
Ranitidine effervescent granules, 380
Ranitidine HCl, 288
Real, tapped, and bulk density, 194–195
Rebetol, 404
Record

maintenance, 103–104
and reports, 19–22

Registration of pharmaceuticals for human use
general principle, 33
organization of CTD

definition of a document, 34–37
document pagination and segregation, 37
granularity of document, 34
section numbering within documents, 37
Table of Contents formatting, 38–39

scope of guideline, 33
Regulatory/administrative strategy

change control, 181
general, 172
international inspection, 173–177
process validation, 172–173
product stability data, 177–179
strategies for, 173
validation of processes, 179–181

ReishiMax® GLp, 404
Rejection and reuse of materials, 160–161
Relative humidity, 193
Relenza, 404
Retrovir (zidovudine) capsules, 404
Ribavirin, 288

capsules, 380
Rifabutin, 288

capsules, 380
Rifampicin capsules, 380
Rifampin, 288

and isoniazid capsules, 380
Rimexolone, 301
Risk-based BE, 108–109
Risk-based orientation, 4
Risperidone, 298
Ritalin LA® (methylphenidate hydrochloride) 

extended-release capsules, 404
Ritonavir, 288, 302, 402
Ritonavir (Norvir), 202
Rivastigmine, 297
Rivastigmine tartrate, 288, 399

capsules, 380

Robitussin capsule, 404
Rotigotine, 306
Rufinamide, 304

Saccharin sodium, 274
Safety, 84–85
Salmeterol xinafoate

capsules, 380
inhalation powder, 380, 404–405

Sampling time considerations, 117
Sapropterin dihydrochloride, 302
Saquinavir mesylate, 289

capsules, 380–381
Science-based policies and standards, 4
Scopolamine, 306
Secnidazole, 298
Segregation mechanisms, 195
Selegiline, 306
Selegiline hydrochloride, 289, 381, 398
Senokot™ brand wheat bran, 404
Serevent Diskus (salmeterol xinafoate inhalation 

powder), 404–405
Seromycin® (cycloserine capsules, USP) capsule, 

405
Sesame oil, 274
Sevelamer hydrochloride, 289

capsules, 381
SGA-100 Symmetrical Gravimetric Analyzer, 215
Shellac, 274
Shellac p.v.p. solution no. 4, 274
Sibutramine hydrochloride, 289

capsules, 381
Sibutramine hydrochloride monohydrate, 401
Sieve analysis, 193
Sildenafil citrate, 304
Silica dimethyl silylate, 274
Silicon dioxide, 274
Silicone, 274
Silicone emulsion, 274
Silodosin, 289
Simeprevir sodium, 289
Simethicone, 274
Simethicone emulsion, 274
Simethicone instant granules, 381
Simvastatin, 304
Single dose

guidelines on design of, 114
vs. multiple dose studies, 113–114

Sodium alginate, 275
Sodium ascorbate, 275
Sodium benzoate, 275
Sodium bicarbonate, 275
Sodium bisulfite, 275
Sodium carbonate, 275
Sodium cellulose, 275
Sodium chloride, 275
Sodium citrate, 275
Sodium hydroxide, 275
Sodium iodide I-123, 289
Sodium laureth-3 sulfate, 275
Sodium lauryl sulfate, 275
Sodium metabisulfite, 275
Sodium phenylbutyrate, 302

powder, 396
Sodium phosphate, 275
Sodium propionate, 275
Sodium starch glycolate Type A

corn, 275
potato, 275, 276

Sodium stearyl fumarate, 276
Sodium thiosulfate, 276

Solid oral dosage forms, 113
Solid-state properties, 197

amorphous forms, 206
crystal morphology, 197–201
dissolution testing, 216–217
dynamic vapor sorption (DVS), 215–216
high-performance liquid chromatography, 217
high-throughput crystal screening, 204–205
hygroscopicity, 206–207
infrared spectroscopy (IRS), 212–213
isothermal microcalorimetry, 212
phase solubility analysis, 215
polymorphism, 201–203
solubility, 207

dissolution, 209–210
melting point, 209
salt form, 207–209

solvates, 205–206
study methods, 210

differential scanning calorimetry, 
210–211

hot-stag microscopy, 211
solution calorimetry, 211–212
thermal analysis, 210
thermogravimetric analysis, 211

X-ray powder diffraction, 213–215
Solubility, 207

dissolution, 209–210
melting point, 209
salt form, 207–209

Solution calorimetry, 211–212
Solvates, 205

hydrates, 205–206
Sonidegib phosphate, 289
Sorbic acid, 276
1,4-Sorbitan, 255
Sorbitan monolaurate, 276
Sorbitol, 276
Sorbitol-glycerin blend, 276
Sorbitol solution, 276
Sorbitol special polyol solution, 276
Soriatane (acitretin), 405
Soybean oil, 276
Special vehicles, 122
Spray drying/spray congealing, 232
Sprinkles, 122
STA, see Study Amendment
Starch, 276

corn, 276
modified, 277
pregelatinized, 277
tapioca, 277
wheat, 277

Stavudine, 289
capsules, 381

Stearic acid, 277
Stear-O-wet M, 277
Stearoyl polyoxylglycerides, 277
Stearyl alcohol, 277
Storage and distribution, 156
Strong public health protection, 4
Study Amendment (STA), 126
Succimer, 289, 396

capsules, 381
Succinic acid, 277
Sucralafate granules, 381–382
Sucralfate, 304
Sucrose, 277
Sucrose laurate, 277
Sucrose stearate, 277
Sucrose tetraisostearate, 277



420 Index

Sugar spheres, 277
Sulfamethoxazole + trimethoprim, 304

dry syrup, 382
Sulfisoxazole acetyl, 301
Sunitinib malate, 289, 405
Suppositories or enemas that deliver drugs for 

systemic absorption, 102
Suprax (cefixime), 405
Surelease E-7-7050, 277
Surelease E-719010 clear, 277
Surface area, 193
Surmontil (trimipramine maleate) capsules, 405
Sutent® (atomoxetine HCl) capsule, 405
Sutent® (sunitinib malate) capsules, 405
Symbyax® (olanzapine and fluoxetine HCl 

capsules), 405

Tacrine hydrochloride capsules, 382
Tacrolimus, 289

capsules, 382, 403
Talc, 277, 278
Talc 127, 278
Talc, crospovidone, and starch topical 

powder, 382
Talc triturate, 278
Tamsulosin hydrochloride, 289

capsules, 382, 382–383
Targretin® (bexarotene) capsule, 405
Tartaric acid, 278
Tasimelteon, 289
Taste-concealing goals, 227
Taste conceal performance specifications, 233
Tegreen®, 405
Temazepam, 289

capsules, 383
Temozolomide, 289

capsules, 383
Tenofovir disoproxil fumarate, 302
Terazosin capsules, 383
Terazosin hydrochloride, 289, 400

capsules, 383
Terconazole, 303
Terfenadine oral granules, 383–384
Tessalon Perle, 405
Testosterone, 298, 302
Tetracycline hydrochloride, 289

capsules, 384
TGA, see Thermogravimetric analysis
Thalidomide, 289, 405–406

capsules, 384
Thalomid® (thalidomide), 405–406
Theophylline, 294

sustained-release capsules, 384
Thermal analysis, 210
Thermogravimetric analysis (TGA), 206, 211

Thiothixene, 406
capsules, 384

Tiazac® (diltiazem hydrochloride) capsules, 406
Tibolone capsules, 384–385
Timing solution clear N-7, 278
Tiotropium inhalation powder, 385
Tipranavir, 289
Titanium dioxide, 278
Tizanidine HCl, 289
Tocophersolan, 278
Tolmetin sodium capsules, 385
Tolterodine capsules, 385
Tolterodine tartrate, 295
Toluene, 278
Topical products, defined, 101

with bioequivalence issues, 102
defined, 101

Topiramate, 295, 296
capsules, 385

Topotecan HCl, 289
Toprol-XL, 406
Toxicology tabulated summary, 48–49
Toxicology written summary, 47–48
Tramadol, 295
Tretinoin, 289

capsules, 386
Triacetin, 278
Triamcinolone acetonide, 299, 300
Triamterene, 289

capsules, 386
and hydrochlorothiazide capsules, 386

Tribasic calcium phosphate, 278
Triclosan

and zinc foot deodorant powder, 386
and zinc undecylenate powder, 386

Trientine hydrochloride, 289
capsules, 387

Triethyl citrate, 278
Triglyceride, synthetic, 278
TriLyte™, 406
Trimebutine capsules, 387
Trimethoprim and sulfamethoxazole oral 

suspension, 387
Trimipramine maleate, 289, 405

capsules, 387
Triptorelin pamoate, 300, 302
Troleandomycin capsules, 387
Tromethamine, 278
Trospium chloride, 295
Typhoid vaccine live oral capsules, 387

Ursodiol, 278, 296

Valbenazine, 290
Validation, 158–160

Valproic acid, 290, 397
Valsartan, 290

and hydrochlorothiazide capsules, 387–388
capsules, 388

Vancomycin hydrochloride, 290
capsules, 388

Vanillin, 278
Vegetable oil, 278, 279
Vegetable shortening, 279
Venlafaxine capsules, 388
Venlafaxine HCl, 295
Verapamil hydrochloride, 295, 406

capsules, 388, 389
sustained-release capsules, 389

Verelan® PM (verapamil hydrochloride), 406
Verteporfin, 298
VFEND, 406
Vincamine capsules, 389–390
Vinpocetine multiple bead capsules, 390
Viracept oral powder, 406
Viral removal/inactivation steps, 164
Vismodegib, 290
Vitamin B complex, amino acids, and 

magnesium effervescent 
granules (sugar-free), 390

Vitamin B complex and vitamin C instant 
granules, 390–391

Vitamin C and calcium carbonate 
effervescent powder, 391

Voriconazole, 304
Vorinostat, 290

Warfarin sodium, 111
White wax, 279

Xanthan gum, 279
X-ray powder diffraction, 213–215

Yellow wax, 279

Zaleplon, 290
Zanamivir powder, 391
Zavesca® (miglustat capsules), 406
Zemplar (Paricalcitol, USP), 406
Zidovudine, 290, 404

capsules, 391
Zinc acetate, 290
Zinc oxide and cornstarch powder, 391
Zinc stearate, 279
Ziprasidone hydrochloride, 290

capsules, 391, 392
Zithromax®, 406, 407
Zonegran® (zonisamide) capsules, 407
Zonisamide, 290, 407

capsules, 392
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