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Preface

To facilitate the development of novel drug delivery systems and biotechnology-
derived drugs, the need for new excipients continues to increase. This book Excipient
Development for Pharmaceutical, Biotechnology, and Drug Delivery Systems serves as
a comprehensive source to improve understanding of excipients and forge new
avenues to promote independent regulatory review and development of novel excipi-
ents. In addition, this book presents in-depth information on various aspects of
excipient development, safety/toxicology testing, regulatory processes, quality,
manufacturability, and the utility of excipients for various drug delivery systems.
We have relied on numerous experts and thought leaders from all over the world
who have shared their expertise and time to prepare the chapters included in this
book. Each chapter also provides a wealth of useful references that should prove
to be invaluable for the reader.

This book is intended for formulation scientists, analytical scientists and
engineers, regulatory and compendia personnel, procurement personnel, preclinical
scientists, excipient manufacturers, quality control and assurance personnel, and
distributors.

What makes this book so timely? In recent years, an awareness and under-
standing of excipients has increased based upon several important factors.

First, as pharmaceutically active ingredients continue to become more “potent,”
the effective doses have become smaller. As a result, excipients now often constitute the
major portion of many pharmaceutical dosage forms and as such can have profound
impact on the reproducibility of manufacture and overall quality of the dosage forms.

Second, regulatory authorities, especially the U.S. Food and Drug Administra-
tion, have clearly set an expectation that quality should be built in drug products
from the beginning of development and manufacture rather than simply testing
quality of the finished product (quality for 21st century initiative). This stance has
forced the industry and academia to develop a thorough understanding of the
functionalities and modalities of excipients, as well as to develop and adopt testing
methodologies from other industries to refine the characterization of excipients.
Also, increased use of process analytical technologies has helped excipient manufac-
turers and users to develop improved in-process controls and better-controlled
manufacturing processes. These efforts should enhance building quality in the manu-
facture of drug products.
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iv Preface

Third, the technical complexities associated with drug development have
increased due to challenges such as poor drug solubility, complex drug actives,
and, in cases of biotech products, stabilization of the active ingredient. Often times,
the current array of excipients in approved products are not sufficient to formulate
challenging molecules, forcing pharmaceutical scientists to explore new excipients.
The development and testing of new excipients require a multidisciplinary under-
standing of technical, safety, quality, and regulatory aspects, which, prior to this
effort, has not been available in a single resource.

Finally, the drug development business has become truly global, especially in
the area of procurement of components, outsourcing of manufacture, and global
commercialization. Numerous guidances issued by the International Council on
Harmonization have led the groundwork and have had a far-reaching effect in
accomplishing globalization. As the regulatory standards on efficacy and, especially,
safety of drug products become higher and higher, the pace of drug discovery and
launch of new products has slowed considerably. As a consequence, cost conser-
vation has forced excipient users to look for less expensive alternative sources
of excipients without sacrificing quality. This broadening of sourcing base has
further necessitated improved understanding and control of excipients sourced from
multiple global sources.

Although the increased attention to excipients has followed with more
academic and industrial activity in the area of excipients, published literature on
excipients has greatly lagged behind. Although the industry has benefited hand-
somely from the seminal book Handbook of Pharmaceutical Excipients, there is little
published literature on preclinical testing, regulatory processes for novel excipients,
and a ‘best practice’ guide for the use of excipients in various dosage forms. This is
the area where this book clearly distinguishes itself.

The chapters in this book can be broadly categorized into four major themes:

Global regulatory processes (Chapters 2, 4, 5, and 7): This section provides a
regulatory perspective and reviews existing global regulatory processes . It also pro-
poses new and innovative ways for regulatory review of excipients, which, if adopted,
should promote innovation. This section also provides a status update on the global
compendial harmonization, which should eliminate non-value-added testing that
manufacturers and users of excipients currently have to perform.

Preclinical testing and development and development of new and coprocessed
excipients (Chapters 3, 6, 9, and 20): This section describes the type of preclinical
testing that is required in support of the development and registration of new
excipients and presents a case study for successful development of a novel excipient.
Lastly, Chapter 20 looks to the future and identifies excipients needed for innovative
biotechnologically derived dosage forms.

Excipient interactions and best practice guide for use of excipients and types of
interactions possible in different dosage forms (Chapters 8, 10-19): These chapters
should be extremely useful for formulators and regulatory reviewers. They suggest
types of excipients that are suitable for various dosage forms and “what to do
and more importantly what not to do” when selecting a suitable excipient for a
specific dosage form.

Quality, manufacture and distribution of excipients (Chapters 21, 22, and 23):
These chapters provide a perspective on quality assurance considerations for the
testing of excipients and describe unique characteristics for use, manufacture, and
distribution of excipients.
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We certainly hope that this book will encourage regulatory authorities to
develop new regulatory processes for independent review and use of excipients.
The availability of independent review will encourage innovation and development
of commercially viable new excipients. Ultimately, all this should help quickly
develop lifesaving drug delivery systems benefiting humans.

Ashok Katdare
Mahesh V. Chaubal
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1

Excipients: Background/Introduction

Lokesh Bhattacharyya, Stefan Schuber, Catherine Sheehan,
and Roger William

Department of Standards Development, United States Pharmacopeia,
Rockville, Maryland, U.S.A.

Almost all therapeutic products, including therapeutic products for human and
veterinary use, include excipients—indeed, the total amount of excipients frequently
used is greater than the amount of the active drug substance(s) in a dosage form. As
with drug substances, excipients are derived from natural sources or are synthesized
either chemically or by other means. They range from simple, usually highly charac-
terized, organic, or inorganic molecules to highly complex materials that are difficult
to fully characterize.

In earlier days, excipients were considered inactive ingredients. Over time,
pharmaceutical scientists learned that excipients are not inactive and frequently have
substantial impact on the manufacture and quality, safety, and efficacy of the drug
substance(s) in a dosage form. Further, variability in the performance of an excip-
ient—both batch to batch within a single manufacturer as well as between batches
from different manufacturers—came to be understood as a key determinant of
dosage form performance. Excipients are now known to have defined functional
roles in pharmaceutical dosage forms. These include (i) modulating solubility and
bioavailability of the active ingredient(s); (ii) enhancing stability of the active ingre-
dient(s) in finished dosage forms; (iii) helping active ingredients maintain a preferred
polymorphic form or conformation; (iv) maintaining pH and osmolarity of liquid
formulations; (v) acting as antioxidants, emulsifying agents, aerosol propellants,
tablet binders, and tablet disintegrants; (vi) preventing aggregation or dissociation;
and (vii) modulating the immunogenic response of active ingredients (e.g., adju-
vants) and many others. United States Pharmacopeia 28—National Formulary 23 lists
40 functional categories of excipients for pharmaceuticals, and many more are
expected as new—and usually increasingly complex—drug-delivery systems emerge
and evolve. Approximately 800 excipients are currently used in the marketed phar-
maceutical products in the United States. This number is also expected to grow with
new therapeutic categories, such as gene therapy and cell therapy, and new drug-
delivery technologies.

In these various contexts, excipients and issues associated with them can be
considered in the following different areas. “Functionality”’: An excipient interacts
with the active in the formulated dosage form and/or provides a matrix that

1
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can affect critical quality attributes of the drug substance, including stability and
bioavailability. Given an excipient’s potential influence on the finished dosage form,
manufacturers will execute careful characterization studies, with due attention to
final specifications and change control, in order to ensure consistent performance of
the dosage form. Many examples have demonstrated that limited understanding
of excipient functionality can compromise process control and product quality. As
a general rule, the more complex the dosage form and/or its ingredients, the greater
is the impact of excipient functionality. “Safety and efficacy”: Excipients can them-
selves affect safety and efficacy outcomes. Excipients, or their impurities, can be
associated with adverse events, either by direct action or by formation of undesirable
adducts. By modifying absorption and, for parenteral products, distribution, excip-
ients can change exposure patterns and thus influence both safety and efficacy
outcomes. Excipients are well known to affect the safety and efficacy profiles of
locally acting products. As adjuvants, excipients required for protein and conjugate
vaccines play a crucial role in the immunogenic properties of vaccines. ““New excip-
ients”: These may require careful and, not uncommonly, extensive safety studies,
with corresponding careful attention to characterization and specification setting.
At present, new excipients in the United States do not undergo separate approval
but attain market access frequently via a regulatory process in association with
the new drug application process for a dosage form. “Processability’’: Manufacturers
increasingly rely on a good understanding of the characteristics and functional con-
tributions of excipients to aid in the day-to-day manufacture of a dosage form.
“Evolving regulatory and compendial approaches and harmonization”: Regulatory
agencies and compendia now fully realize the value of careful attention to the safety
and quality attributes of excipients and their impact on dosage form performance and
safety/efficacy outcomes. This has led to an increasing number of regulatory and com-
pendial documents, many of which are in active harmonization. “Excipients and
food additives”: The relationship between excipients and food additives, in their
manufacture, and regulatory control, is complex and evolving. They are frequently
identical in character, yet are controlled according to different regulatory requirements
and compendial standards. In the United States, food additives are the “excipients”
used in a dietary supplement. Many excipients arise in the manufacture of food-grade
material, a point that poses special challenges in terms of achieving pharmaceutical-
grade material and regulatory control.

In the rapidly evolving world of excipient manufacture, with attendant chal-
lenges of regulatory control and compendial standards-setting, the need for a timely,
comprehensive, and thoughtful publication is clear. This need is filled by the follow-
ing text, prepared with talented editorial oversight from Dr. Ashok Katdare and
Dr. Mahesh Chaubal. The author list developed by these editors is composed of
distinguished experts with a broad range of skills, experience, and geographical
representation. The topics covered are broad and challenging. The text fulfills a cri-
tical need for up-to-date and comprehensive information about a rapidly evolving
topic for which regulatory guidance is only now emerging. We encourage readers
to learn from this text and to consider themselves challenged in helping pharmaceu-
tical scientists, excipient and dosage form manufacturers, and regulatory and
compendial experts understand how to advance the field. Careful consideration of
the many issues discussed in this book will help talented experts advance to the next
stage of understanding of the importance of excipients and food additives in the
manufacture of therapeutic products. The need is clear—and the benefit to patients
and practitioners is unquestionable.
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Food and Drug Administration
Perspective on Regulation of
Pharmaceutical Excipients

Harold Davis
Division of Drug Information (HFD-240), Center for Drug Evaluation and Research
(CDER), United States Food and Drug Administration, Rockville, Maryland, U.S.A.

The Food and Drug Administration (FDA) is generally recognized as one of the, if
not the, premier therapeutic agent gatekeepers among nations. Consequently, the
pharmaceutical and medical library stacks are laden with journals and manuals
devoted to drug development and instructions on how to run the FDA gauntlet to
reach the jackpot of drug approval. However, little attention is paid to the regulation
of excipients. A number of standard texts on the subject are exhaustive in their
reviews, although they offer little on how this agency regulates excipients, an integral
and essential part of drug development in the review process for drugs. We trust the
following provides a window on our actions and thinking in this area.

The regulation of drug inactive ingredients was an outgrowth of the regulation
of food colors (1). That began with the Pure Food and Drugs Act of 1906. The adul-
teration of foods and drugs was prohibited. Seven synthetic organic colors, chosen to
give the required range of color, and because no mention of their causing unfavorable
effects on humans and animals could be found in the scientific literature, were per-
mitted for food use. A procedure was set up for voluntary certification of the identity
and purity of these seven colors, and the use of artificial coloring other than these
colors could be grounds for prosecution. This list was revised in subsequent years.

The Elixir of Sulfanilamide disaster, in which 107 people died as a result of the
use of a toxic inactive ingredient, dramatized the need to establish drug safety before
marketing and provided the impetus to pass the pending Federal Food, Drug, and
Cosmetic Act of 1938. Certification of colors became mandatory, with all coal-tar
colors used in foods, drugs, and cosmetics required to be from a certified batch.
The law also created, out of less than 20 colors, three categories of certified colors:
food, drugs, and cosmetic (FD&C) colors acceptable for food, drug, and cosmetic
use, drugs and cosmetics (D&C) colors allowed in drugs and cosmetics only, and
external D&C colors intended for external use only (2). The 1938 Act required that
the presence of an uncertified coal tar be shown to prove that a food, drug, or cos-
metic was adulterated, whereas under the 1906 Act, a color was considered to be in
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compliance until it was shown that its addition to a food rendered that food
“injurious to health” (3). Most importantly from our standpoint, the 1938 Act required
the submission of a New Drug Application (NDA) for drugs wherein the drug product
was considered in its entirety, active and inactive ingredients together. This remains in
effect for all drugs subject to an NDA or an abbreviated NDA (ANDA). Inactive
ingredients in nonprescription drugs subject to a monograph as described in Title
21 Code of Federal Regulations Part 330.1 and 330.10 (2ICFR 330.1 and 330.10)
are considered separately from active ingredients and need to be suitable and “‘safe
in the amounts administered and do not interfere with the effectiveness of the prepara-
tion or with suitable tests or assays to determine if the product meets its professed
standards of identity, strength, quality, and purity. Color additives may be used only
in accordance with Section 721 of the Act and subchapter A of this chapter” (4).

Chronic toxicity studies showed that most color additives were toxic when fed
at high levels. The position of the FDA was that it lacked authority under the 1938
Act to permit the certification of a coal-tar color that was not harmless when fed to
animals in any amount or to impose tolerances or limitations on the use of such
colors; this position was confirmed by the U.S. Supreme Court. It appeared that
in the future, few, if any, coal-tar colors would be permitted to be certified. The pas-
sage of the Color Additive Amendments of 1960 solved the problem of permitting
the safe use of colors in foods, drugs, and cosmetics. All color additives had to be
listed, regardless of their nature, by regulation (only after a complete showing of
safety was made) and also required defining in the regulation the necessary condi-
tions of safe use of the color additive. These amendments placed the burden of proof
upon the party interested in obtaining the listing of the color additive (5). Colors
derived primarily from plant, animal, and mineral (other than coal and petroleum)
sources are exempt from FDA certification.

An inactive ingredient is defined by the FDA as “any component of a drug
product other than an active ingredient” [Title 21 Code of Federal Regulations
[21CFR Part 218.3C(b)(8)]. While the agency regulations are consistent in using this
perhaps obsolescent term, an FDA guidance document (6) defines “new excipients”
as “any ingredients that are intentionally added to therapeutic and diagnostic
products, but which, we believe, (i) are not intended to exert any therapeutic effects
at the intended dosage (although they may act to improve product delivery, e.g.,
enhancing absorption or controlling release of the drug substance) and (ii) are not
fully qualified by existing safety data with respect to the currently proposed level
of exposure, duration of exposure, or route of administration. Examples of current
ingredients include fillers, extenders, diluents, wetting agents, solvents, emulsifiers,
preservatives, flavoring agents, absorption enhancers, sustained-release matrices,
and coloring agents.” This definition is very much in line with those offered by
numerous researchers in the field.

Compendia that describe excipients used for various formulations such as parent-
erals, vaginal formulations, and antibiotics are offered in a number of publications
(7-9). The FDA publishes on its internet site, www.fda.gov, the downloadable “Inactive
Ingredient Database.” The components of proprietary inactive ingredients are not
always included. All inactive ingredients that are present in currently approved final
dosage form in drug products are listed. Whenever included, one may need to search
for such data under individual component entries.

Synonyms of many ingredients do not appear in the database. Inactive
ingredients are listed as specifically intended by the manufacturer. Some of these ingredi-
ents could also be considered as active ingredients under different circumstances.
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Radiopharmaceutical kit reactants, and inactive ingredients, which chemically or
physically combine with active ingredients to facilitate drug transport, are considered
as inactive ingredients for the purposes of the database.

The inactive ingredients are updated quarterly, by the fifth working day of
April, July, October, and January. To search for the excipient, one can enter any
portion of the name of an excipient, of at least three characters. Search results are
displayed alphabetically, sorted first by ingredient, then by the route of administra-
tion and dosage form. Routes of administration and dosage forms are derived from
current approved labeling. Refer to the IIG query search results’ column headers for
data field definitions.

Industry can use this information to assist in developing drug products. Once
an inactive ingredient has appeared in an approved drug product for a particular
route of administration, the inactive ingredient is no longer considered new and
may require a less extensive review the next time it is included in a new drug product.
If, for example, a particular inactive ingredient has been approved in a certain
dosage form at a given potency, a sponsor could consider it safe for use in a similar
manner for a similar type of product.

Another source of very useful excipient data is the United States Pharmacopeia-
National Formulary (USP-NF). Despite certain limitations, it appears that this
compendium may become more useful in the years to come.

There are over 400 excipient monographs listed in the current USP 28-NF23. It is
of interest to note that 32 new monographs were admitted this year (2005), 10 new mono-
graphs approved to USP 28-NF23 (Supplement 1 to USP 28), and four new monographs
proposed to USP 28-NF23 (Supplement 2). These contrast sharply with, in chronologi-
cal descending order, the 12, 4, and 3 new monographs admitted in earlier years.

Informational guidelines, Chapter 1024 in the USP, provides a scientifically
based protocol for the safety assessment of new excipients intended for use in any
dosage form. The USP has moved beyond addressing identity and purity concerns
(9). The issues of physical characteristics are being examined by excipient commit-
tees. Methods have been and are being developed to incorporate (quality standards)
basic physical characteristics such as particle size, density, and surface area into
monographs. Such characterization can aid in identifying differences in materials
manufactured in different locations by different suppliers. The point is that by focus-
ing on physical characterization, further assurance is given that functionality will be
maintained for a specific intended application. For example, this label claim approach
now assures that different physical properties deliver different functionalities, such
as liquid retention or ease of compressibility, which may be because of a change in
particle shape. These could be appropriately defined. Methodology can be standard-
ized so that the manufacturer and supplier are following the same rules. However,
Moreton (10) cautions that variability is an inherent part of any production process.
One concern is the extent to which improvement of an excipient’s quality can be made
without pricing it out of the market. Pharmacopeial monographs should include tests
that establish excipient safety. Tests that are needed to differentiate between available
pharmaceutical grades should be included, and placed in a labeling section allowing
the flexibility to include all the various grades in the monograph.

“... Requests for Revision of the USP-NF, Chapter 3" at the USP Web site
www.usp.org offers guidance on various tests useful for new monograph excipients.
Details as to what should be included in the submission package are given. Assuming
all the required data are present, the package is sent to the expert committees on
excipients for review. If, after a thorough evaluation, the submission package is
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accepted, it will be incorporated in the Pharmacopeial Forum (PF), published every
two months. This allows for public review and comment.

After the comments are received and considered, the complete package is sent
back to the committee. If no comments are received, the committee may allow the
monograph proposal to become an official monograph 60 to 90 days after its PF
publication. If comments are made, the committee may reject them or revise the
monograph. A revised monograph must be published in the PF. It then can be voted
upon to become official 60 days after publication. If a monograph requires only one
publication in the PF, it can become official in about six to eight months. The pro-
cess can take 15 months or longer, should a second publication cycle be needed.

Excipient manufacturers have a number of reasons for wanting their novel
excipients to be included in the USP/NF. The NF publishes the highest quality stan-
dard publicly available for the product. Drug manufacturers then have confidence in
product quality, with corresponding higher excipient sales. The USP has a document
disclosure policy, subject to negotiation, which serves to protect confidential, pro-
prietary information and intellectual property rights. The company that submits a
new monograph has a dominant role in developing the various tests, procedures,
and acceptance criteria that should be performed when evaluating substance quality.
Drug manufacturers who purchase compendial grade materials for inclusion in their
products are assured that the appropriate tests and procedures have been used with
appropriate quality standards.

Compendial grade materials also give FDA inspectors a high degree of confidence,
and they do not generally question the tests and acceptance criteria used. Indeed, FDA
chemistry reviewers ordinarily do not review the manufacturing of compendial excipi-
ents. A new or inadequately qualified inactive ingredient proposed for use in any
product pursuant to an NDA, Biological License Application, or ANDA should be sup-
ported by adequate data, which may be placed in the application directly or in a Drug
Master File (DMF) (11). For compendial excipients that have an unusual use (e.g., lac-
tose for inhalation products), FDA expects to see complete Chemistry, Manufacturing,
and Controls (CMC) information (12), which is usually submitted in a DMF.

There are a few concerns about inclusion of an excipient monograph, however.
The excipient can only be considered if it has been used in at least one FDA-
approved product, or is on the generally recognized as safe (GRAS) list. Under
21CFR211, excipients, as with active drug substances, are required to be manufac-
tured under current good manufacturing practices. Often, the excipient may be used
primarily in other applications such as food or non-FDA-regulated products not
requiring the same level of manufacturing standards. Significant additional costs
may be incurred to meet Good Manufacturing Practice (GMP) requirements. The
FDA does not review excipients separately from formulations. They are only
approved as part of an NDA or Investigational New Drug Applications (IND).
For novel excipients, the manufacturer must essentially develop the same amount
of safety data required for a new active ingredient. A strong need for a certain char-
acteristic may make such an investment worthwhile.

FDA guidances® serve as a flexible approach to assist compliance with FDA’s
requirements. Safety testing of novel and potential excipients is addressed in the

#The Center for Drug Evaluation and Research List of Guidnces, which includes ICH
Guidances for Industry, can be accessed at http://www.fda.gov/cder/guidance/index.htm.
All the documents can be downloaded.
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FDA’s 2002 draft Guidance for Industry “Nonclinical Studies for Development of
Pharmaceutical Excipients.”” This guidance lists safety-related issues that should be
addressed under an IND or NDA in support of proposals to use excipients in new
drug products. The safety-related topics that must be considered under different
exposure conditions are given. All pivotal toxicological studies should be performed
in accordance with state-of-the-art protocols and good laboratory practice regu-
lations. These excipients should be appropriately evaluated for pharmacological
activity using a battery of standard tests. Osterberg and See (13) have reviewed this
guidance and discussed in some detail specific development strategies to support
marketing of new excipients in drug products.

Some safety issues for excipients with a history of use may be addressed by cita-
tions of the clinical and nonclinical database, marketing history, or regulatory status
of the compound, e.g., “GRAS” status as a direct food additive may support oral
administration of that product up to the levels allowed in foods.

For antibacterial liquid dosage forms, preservative stability and effectiveness
require thought. The sterilization method and its effects on the active pharmaceutical
ingredient (API) and excipients of ophthalmic liquid dosage forms take on signifi-
cance. Assurance of sterility for parenterals is paramount, and the effect of the
method of sterilization on excipients, API, and preservative (when applicable) stability
need investigation. Antimicrobial properties of the preservative require investigation
to assure preservative effectiveness. Compendial tests (antimicrobial preservative
effectiveness test, microbial limits test, and sterility test, and biological assay tests
for antibiotics) appropriate to a specific dosage form should be tested to evaluate
the microbiological component during preformulation studies (14). Control of
composition and impurities in excipients are briefly discussed (15).

Genotoxicity or carcinogenicity potential may need to be addressed. The FDA’s
Center for Drug Evaluation and Research (CDER) uses a “‘cause for concern”
approach when determining the scope of the database needed to support a given
use of an excipient. The International Conference on Harmonisation (ICH-S1A)
(1996) document should be consulted for an analogous approach.

Mitigating circumstances may affect the decision. Duration of exposure, levels
of local and systemic exposure, patient population (pediatric, geriatric, debilitated,
and healthy), route of administration, knowledge of excipient congeners, and earlier
studies that point to areas needing further study are examples. All are part of
the risk—benefit assessment. If one can show that an excipient provides benefits to the
product, such as promoting absorption of the active ingredient or affecting its release
rate, or if it can be shown that the excipient provides some unique and critical property,
that therapeutic enhancement (benefit) will be weighed against any risk to the patient.
Each proposed use of an excipient must be considered on a case-by-case basis consis-
tent with a positive risk—benefit ratio. Similar to new drug substances, the potential
pharmacological activity of the new excipient must be delineated. The ICH guidance
S-7A (2001) should be followed with the focus on testing for effects on the central ner-
vous, cardiovascular, and respiratory systems. The ICH M-3 (1997) document identifies
these as vital functions. Any activity found could involve performance of detailed inves-
tigations to more precisely determine excipient effects on the affected system(s) and the
no-observed-effect levels and to calculate acceptable daily intakes.

Silverberg and See also point out that often proper planning will allow assess-
ment of an excipient’s toxicity in a relatively efficient manner. A less expensive
“study within a study” can be conducted by developing new excipients concurrently
with the development of new drugs. Satellite groups of animals receiving an excipient
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may be added to studies that would have been conducted anyway to develop a drug
substance.

Other examples are given. Suitable safety data may be present in DMFs and
NDAs. It may be necessary, however, to document a right to reference such data
by submitting written permission, from the owners of the data, to the agency, thereby
allowing the agency to review the information.

The September 2000 draft guidance considers excipient databases associated
with drug products with three different therapeutic durations. For a drug product
intended for a 14-day therapy or less, and for infrequent use, the excipient should
be tested in acute toxicity studies and in one-month, repeat-dose toxicity studies in
two mammalian species (one being a nonrodent), using the intended route of thera-
peutic administration.

Pharmacokinetic profiling (ICH-S3B 1995) may prove useful. Review of the
battery of genetic toxicity tests ICH-S2B (1997) and the ICH reproduction toxicity
guidances (S5A) (1994) and S5B (1996, 2000) are valuable.

All of the above studies should be performed if the intended therapeutic
duration is less than or equal to 90 days. In addition, two 90-day, repeat-dose
studies, with the procedure as previously mentioned, need to be conducted. An
intended use of more than 90 days requires all of the above studies plus chronic
toxicological studies in both a rodent species (usually six-month duration) and an
appropriate nonrodent species (usually nine-month duration). The agency will request,
under certain circumstances, chronic toxicology studies of different duration [ICH S4A
(1999)]. Excipients intended for use in chronically administered drug products should
have a carcinogenicity evaluation. The sponsor has the option of conducting a two-year
bioassay in rats and an alternative assay as per the ICH documents S1A (1996) and S1B
(1997) or two 2-year bioassays in rodents. The need for such data can be waived (see
ICH-S1A), if the sponsor can adequately document that carcinogenicity data are
unnecessary. As usual, these decisions will be reviewed on a case-by-case basis. The
appropriate division-level staff will make the evaluation together with the center’s
Pharmacology and Toxicology Coordinating Committee’s (PTCC) Executive Carcino-
genicity Assessment Committee. The sponsor’s decisions will be reviewed from the
following aspects:

e Any previous demonstration of carcinogenic potential in the relevant
excipient class
Structure—activity relationships suggesting a carcinogenic risk
Evidence of preneoplastic lesions in repeated-dose toxicity studies
Long-term tissue retention of the excipient or a metabolite of the excipient,
resulting in local tissue reaction or other pathophysiological responses that
are suggestive

e Genetic toxicity data

Sponsors may need data generated from all of the above tests for excipients
used in drugs administered by topical or inhalation routes. Data on sensitization
potential by either route would be needed. Data obtained from a parenteral or oral
(if supported by toxicokinetic data) study may be needed to evaluate the excipient’s
potential for producing systemic toxicity if systemic exposure is identified in the
pharmacokinetic studies. Safety evaluation of the excipient should also include its
ability to absorb ultraviolet and visible light. If such a capacity is obtained, the
phototoxicity potential could be evaluated using the FDA Guidance for Photosafety
Testing (16). Other guidelines provide information on, for example, Liposome Drug
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Products, as do Kumi and Booth (17). De George et al. offer guidance on excipients
used in inhalation drug products (18).

Toxicological test results may cause the agency to request further studies to
examine the toxicity in question to understand the level of risk that the compound
may pose. Thus, special studies may be requested to clarify some adverse effect or
finding. On the other hand, during the course of product development, some studies
could conceivably be eliminated. A decision from the appropriate FDA division can
be rendered upon consultation. The division responsible for a given drug product
can answer information requests regarding use in the product. Questions are
typically posed in pre-IND meetings or in an IND or NDA submission, depending
on the product’s regulatory status. Guidance on general excipient issues that do not
pertain to a specific drug product or questions that pertain to potential excipients not
yet associated with a drug product should be directed to the Inactive Ingredient
Subcommittee of the PTCC of CDER.

To sum up, the issues and recommendations discussed in the guidance for
industry relating to the nonclinical development of excipients, as with other agency
guidances, are flexible and open to discussion and modification, as long as any
change can be validated. The issues and recommendations should be viewed as a
series of topics that should be addressed in an acceptable manner. Again, information
or guidance specific to a particular excipient or drug product concerning the devel-
opment of a safety database is usually available from CDER.

Pharmaceutical manufacturers may wish to change an excipient in a marketed
drug. The reasons are several. For example, there may be a change in compendial
standards. The USP does revise excipient monographs. Those changes can force a
firm to reevaluate and change the excipient used in a formulation to meet the com-
pendial requirements, especially when it comes to grades of excipients. An excipient
on occasion may become unavailable due to a loss of source—for example, natural
disasters (fire, war, etc.). Some excipients are available only in limited geographic
areas, much like many other natural resources. Firms may make formulation modifi-
cations tailored to a specific patient population—pediatrics for example. Some
changes are driven by the specialty excipient manufacturer—often excipients are also
foodstuffs and food additives. Certainly, economics plays a role. Specialized excipients
tailored to pharmaceutical market are a small portion of the total excipient market.
The demand for excipients in vitamins and food supplements can cause pharmaceu-
tical manufacturers to reduce or reevaluate their use of those excipients (19).

It is requested, but not required, that drugs listed according to 21CFR207.20
qualitatively list the inactive ingredients in the format given in Form 2656 (Drug
Product Listing). An external color change of a drug product requires the submission
of a new National Drug Code [21CFR35 (4)(1)]. Neither the Act nor the regulations
mention that the wholesaler or retailer be notified if an excipient change is made.
This is often done in practice, however.

If the product is the subject of an NDA or an ANDA, a supplemental NDA must
be filed [21CFR314.70(b)(2)]. It must be shown that the change does not affect the
bioavailability of the active ingredient(s). CMC information for drug substances used
in over-the-counter (OTC) products covered by an OTC monograph (e.g., calcium car-
bonate) are not reviewed. Therefore, a DMF need not be filed. The fact that there are
existing DMFs for calcium carbonate does not mean that they are reviewed. CMC
information for OTC products not covered by an OTC monograph (e.g., famotidine)
does need to be reviewed. A DMF is an appropriate mechanism to submit
such information.
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Section 502(e) of the Act requires that the drug label bear the ‘“‘established
name of each inactive ingredient (and also be) listed on the outside container of
the retail package.” This includes any quantity of alcohol. Based on this section,
21CFR201.10(c)(4) does not allow “the featuring ... of ... inactive ingredients in
a manner that creates an impression of value greater than their true functional
role in the formulation.” If for other than oral use, the names of all inactive ingre-
dients must be listed [21CFR201.100 (a) (5)]. The members of the Pharmaceutical
Manufacturers Association (now the Pharmaceutical Research and Manufacturers
of America) voluntarily agreed to list inactive ingredients in Rx drugs for oral use
(20). Generic manufacturers followed suit. As a result, a regulation to this effect
was never issued.

Whenever data demonstrating a relationship between inactive ingredients in
drugs and possible adverse reactions come to the FDA’s attention, appropriate steps
are taken by the agency. These changes include requiring labeling to contain infor-
mation about the relationship or prohibiting the use of the ingredient. Thus, the
labeling for Rx drugs containing aspartame and sulfites, except epinephrine, for
injection, when intended for use in allergic or other emergency situations, requires
specific warning statements (21CFR201.21 and 22, respectively).

Section 706(b) (3) of the Act provides that regulations for the listing of a color
additive shall “prescribe the conditions under which such additive may be safely
employed for such use or uses (including but not limited to... and directions or
other labeling or packaging requirements for such additive).” The FDA’s position
then is that the name of a color additive will not routinely be required on the labels
of all foods and drugs unless its declaration is necessary for safety reasons. The
presence of FD&C Yellow #5 and/or FD&C Yellow #6, potential sensitizing agents
for many individuals, must be declared on the label of foods and certain drugs
(21CFR201.20).

In 1984, the FDA welcomed a voluntary program, adopted by the Proprietary
Association, now the Consumer Health Products Association, to identify on the
product label the inactive ingredients used in OTC drug products (21). The listing
of these ingredients was on an alphabetical basis instead of in the descending
order of predominance.

The voluntary program was mooted by the 1997 FDA Modernization Act
[see FDC Act Section 502(e) (1) (A) (iii)].

Nonprescription drug labels are required by law to identify all active ingredi-
ents and to identify and list quantities of certain ingredients, such as alcohol, whether
active or not. Sodium content per dosage unit of oral OTCs is required
(21CFR201.64). Terms that may be used, such as low sodium, very low sodium,
and sodium-free, are defined. Inactive ingredient-labeling requirements are discussed
in 21CFR201.66, both for drugs and for drugs that may also be considered as
cosmetics. A number of Guidances for Industry that describe OTC labeling are
available (22-24).

Interest in facets of excipient development is growing and in some cases is
forced upon us. The agency has published an Interim Final Rule and proposals
regarding the use of materials derived from cattle in human food and cosmetics
(25). This addresses the potential risk of bovine spongiform encephalopathy in
human food, including dietary supplements and cosmetics. Registration of all manu-
facturing sites and prior notification of all food ingredient imports will be required.
It is a certainty that comparable systems for drug excipients will follow. Of course,
many pharmaceutical excipients are used in food products. Thus, excipients may be
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required to be registered if used in food products. The excipient supplier then is
under the gun and may face charges. Such a regulation would affect animal-derived
excipients, including tallow, gelatin, stearyl alcohol, lactose, and glycerin. It appears
then that the status of the generally cheaper offshore sourcing of pharmaceutical
excipients may change or they may adapt themselves to the regulations (26).

There are a number of review refinements in the works that should streamline
the review of some excipients. These were discussed at the October 2004 Generic
Pharmaceutical Association meeting. Among these is a ‘“fast-track™ system for
handling changes-being-effected (CBE) supplements. If either a CBE-0 or a CBE-
30 supplement arrives at the office and is reviewed, and a determination is made that
the proposed change is acceptable and no additional review is needed, the project
manager will draft and send a letter notifying the company immediately. This action
obviates the need for the supplement to be placed in a queue for review by the chem-
ists, as had been the case earlier. The agency will undoubtedly seek other methods to
speed review time. New DMFs are almost always found deficient on review. More
information contained in the file can mean a quicker acceptance, but it can also mean
more fodder for questions from the FDA.

Dr. John Kogan (27), speaking at a January 2005 International Pharmaceutical
Excipients Council (IPEC) conference, said he believed that, because of downward
price pressure, a lack of innovation, and rising costs of new product development,
the excipient industry will diversify into two groups: one, focusing on high-tech exci-
pients with greater functionality and high prices—developed in partnership with
drug companies and in a manner akin to an API—and the other, a commodity sec-
tor. Helping in driving this split is the development of pharmaceuticals without the
need for excipients, with the exception of diluents to provide bulk. Work on identify-
ing the best physical or crystalline form of an API is already doing away with the need
for wet/dry binders and making APIs more compressible. Next in line could be lubri-
cants, dissolution agents, and disintegrants. A second problem facing the industry is
that, on the whole, the 1200 plus marketed excipients fulfill the needs of most of the fin-
ished drug products, at least for immediate-release dosage forms. The big exception is
for modified-release dosage forms.

A different view is taken by Apte and Ugwu (28), who focus on predicting
trends and classifying delivery systems for parenterals, especially biotechnology prod-
ucts. The need to deliver drugs to specified therapeutic targets is a major driver for
investigating the use of new excipients. They contend that in the near future,
kilogram quantities of fusion proteins, polylysine, fibronectin, or alpha hemolysin
could become available as “off-the-shelf” excipients or as designer excipient kits.

Apte and Katdare (29) aver that new mechanisms in the form of guidelines and
procedures are needed to regulate the functionality of new and emerging excipients.
In the examples below, the pharmacological effectiveness of a drug can be influenced
by the excipient. These new excipients may be antigens, viral vectors, microbial prod-
ucts, or other complex proteins. Their pharmacological activities are not completely
independent of their excipient functionality and straddle the line between excipients
and APIs. For example, paclitaxel bound to albumin (30) (Abraxane) improves
breast cancer therapy.

Solvents are no longer needed and the albumin passes into the body. More
pertinent examples include the pegylated interferons (31). Polyethylene glycol (PEG)
is attached in a random fashion and at variable numbers of sites on each molecule.
A single dose of the combination in each cycle of chemotherapy is as effective as the
original version, which required daily injections for up to two weeks. The PEG

© 2006 by Taylor & Francis Group, LLC



12 Davis

moiety is essential for the increased effectiveness, yet at the same time is inactive by
itself. The U.K. company Biocompatibles reports (32) that it has developed a system
of bioinert etched microspheres that not only block blood vessels supplying tumors,
but also deliver a payload of chemotherapeutic drugs. A device then serves as an active
weapon against a disease at the same time that it serves as a drug.

Apte and Katdare question whether a molecule classified as both an excipient
and an API can be regulated as both. Excipients are only reviewed as part of an
NDA. Including a new excipient is a gamble on a new drug approval that includes
a heavy financial investment. Vital issues that must be addressed include expanding
the definition of excipients—but they must still wend their way as part of an NDA.
Perhaps there should be an independent excipient review—possibly by outside
experts. How can excipient innovation and creativity be promoted by government
policies? Of course, one problem is that regulatory guidance always trails innovation.

Osterberg (33) comments that our draft excipient guideline be consulted
together with the procedures outlined by Steinberg and Silverstein (34). The FDA
stands ready to consult with innovators. He also suggests that an expert panel could
be developed to pass on the safety of excipients.

As discussed in Chapter 20 by Apte and Ugwu, the future for new, unusual
excipients that have exotic properties is hot and sunny. A quick scan of pharmaceu-
tical science and pharmacology journals demonstrates very active research that could
bear fruit unimaginable at this time.
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Pharmaceutical Excipient Development—
A Preclinical Challenge

Paul Baldrick
Scientific and Regulatory Consulting, Covance Laboratories Ltd., Harrogate,
North Yorkshire, U.K.

INTRODUCTION

The development of excipient materials for use in drug formulations represents a grow-
ing area of interest (and of invested time and cost) for pharmaceutical companies.
Such development has been fuelled by the increasing need for more sophisticated
excipients and/or new uses for established ones. However, a key consideration is how
safe the material is. Answering such a question is vital, especially because pharmaceu-
tical excipients can no longer be regarded as totally inert/inactive substances within
the formulation of pharmacologically active drugs. New drug development itself
involves a range of preclinical studies to show efficacy (pharmacology investigations)
and safety (kinetic and toxicology studies) to support clinical trial work and eventual
product licensing. Safety studies can include adsorption, distribution, metabolism,
and excretion (ADME)/pharmacokinetic (PK), general toxicity, reproduction toxi-
city, genotoxicity, and carcinogenicity investigations. Additionally other specific
studies, for example, local tolerance investigations for drugs administered by the topi-
cal or inhalation route, or immunological evaluation for biological drugs may be
needed. Safety pharmacology studies (which examine for unexpected high-dose phar-
macological effects) can also be considered as part of the safety package. Obviously,
pharmacological evaluation per se is not the norm for excipient materials. However,
evaluation for potential toxicity is vital, and this chapter examines the safety evalua-
tion process for excipients (new, “‘essentially’’ new, and established) from a preclinical
perspective and shows that the role of the toxicologist is indeed a challenging one.

PRECLINICAL TESTING RECOMMENDED
BY REGULATORY SITUATION

Until recently, there has been a paucity of regulatory agency guidance relating to the
safety evaluation (and indeed development in general) of excipients, both established

and new. Furthermore, even knowing which excipients are readily “acceptable” to
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16 Baldrick

the regulators is not necessarily clear. As a rule of thumb, a regulatory situation of
acceptance can be assumed for an excipient when regulatory approval is obtained
for a new product license, of which the excipient is a component of the formulation
(1,2). Such a system, however, does not address stand-alone excipient development.
Examination of drug approvals (especially perusal of the associated product label
or summary basis of product characteristics information) by the U.S. Food and Drug
Administration (FDA), Center for Drug Evaluation and Research, and the European
Agency for the Evaluation of Medicinal Products (EMEA) can reveal information on
the constituents in the formulation (3,4). Although now becoming outdated, the FDA
has also published a listing of inactive ingredients in drug approvals; a FDA online
information service on ingredients (updated quarterly) is also available (5). Infor-
mation on “approved” excipients in Japan has been published (6). Various recent
textbooks also contain information on the regulatory status of some excipients (7).

A general lack of knowledge of excipients has proved an effective barrier to the
development of novel materials, and companies have tended to opt for the less com-
plicated and less expensive solution of using well-known (but not necessarily the
most effective) excipients. Thus, excipients in use about 100 years ago are still in
common use today (8). The lack of specific regulatory guidance to assist any devel-
opment of new excipients led the International Pharmaceutical Excipients Council
(IPEC), an industry association, which champions excipients, to publish safety eva-
luation guidance (9,10). This guidance covers a whole range of preclinical testing
considerations. In 1999, a paper relating to considerations for safety evaluation of
new excipients in Japan was published and includes studies on acute, subacute, and
chronic toxicity, mutagenicity, and effects on reproduction and carcinogenicity (11).
In Europe, although it is a requirement that new excipients need to undergo a full
safety evaluation, no detail is given on what is needed (12). Some clarity on expecta-
tions has recently occurred in that “the toxicology and pharmacokinetics as of an
excipient used for the first time in the pharmaceutical field shall be investigated”
and the same pivotal studies as for a new active drug substance are expected (13).

Possibly as a response to all this uncertainty, the FDA has released a guidance
document entitled “Nonclinical Studies for Development of Pharmaceutical Excipi-
ents,” which was finalized in May 2005 (a draft version of this document first
appeared in September 2002) (14). Among other things, the guidance is intended
to foster and expedite the development of new excipients and to communicate agency
expectations to industry. A key message is that excipients are potential toxicants and
need to be evaluated accordingly, and so the document proposes a range of preclini-
cal studies, in a manner similar to those of IPEC.

PRECLINICAL TESTING FOR A NEW EXCIPIENT

Essentially, a new (novel) excipient is a material that has not been previously used in
a pharmaceutical formulation. New proposed excipients cover a range of functions
from conventional use to active roles of enhanced drug uptake and specific drug
delivery. Indeed, the “activating” of older drug formulations by inclusion of new
excipients for a range of pharmaceutical classes is an ongoing process (15). Most
of the emerging excipients have been categorized as natural products (e.g., polymers
and derivatives), synthetic polymers, small molecules, natural products modified
with synthetic polymers (or vice versa), natural products modified by small molecules
(or vice versa), and synthetic polymers modified with small molecules (or vice versa) (16).
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The preclinical safety evaluation of a new excipient generally commences after initial
in vitro pharmacy work to demonstrate the material’s proposed role. Additionally,
some in vivo investigations (often a short exposure study in the rodent) may occur,
for example, comparing the new proposed material in a drug formulation versus
a marketed drug formulation. Enhanced drug exposure and/or a reduced toxicity
profile (through the use of lower-dose levels or excipient protection) may be a study
end point.

Further development of a new excipient may then take the form of a “stand
alone” material for potential inclusion in a range of drug formulations or solely
as part of a specific drug formulation. In the latter case, the testing package may
be reduced, but any inherent toxicity that the excipient may possess needs to be
established. It would be foolhardy to develop a new medicinal product without first
checking that any toxicity findings (which could slow down or even terminate its
development) are not, in fact, related to the active drug substance. A possible
approach in toxicity studies is to add groups of animals that receive the excipient
alone as well as the drug-treated groups, as mentioned in the FDA guidance
(14,17). However, this approach can make the size of the study enormous, especially
if more that one excipient-only group is included. Another concern would be excipi-
ent-related toxicity (especially using materials with ‘“‘activity’’), which compromises
findings seen in all drug-treated groups. Thus, a case-by-case approach is needed
for the safety evaluation of new excipients.

As mentioned earlier, the testing strategies proposed by IPEC and the FDA
offer a useful starting point for preclinical excipient testing. The essentials of these
strategies are summarized in Table 1. IPEC has proposed guidance from both a
European and a U.S. perspective, reflecting single or limited human exposure (<two
two weeks), limited or repeated human exposure (two to six weeks for IPEC-US and
<four weeks for IPEC-Europe), and long-term human exposure (>six weeks for
IPEC-US and >four weeks for IPEC-Europe) for a new excipient (9,10). Proposed
study types are given for a range of dose routes, including oral, topical, parenteral,
and inhalational. The FDA has divided testing requirements into those needed to
support maximum clinical duration of up to 14 consecutive days (short-term use),
more than two weeks but three months or less (intermediate use), and more than
three months of use (long-term use) (14,17).

Although some differences occur among the proposed testing strategies, a great
deal of commonality is apparent. Thus, recommended toxicity studies for initial
human use of the new material include single-dose toxicity, repeat-dose toxicity,
and genotoxicity studies; the toxicity studies need to reflect the proposed clinical
dose route, with repeated dosing for one month in a rodent (usually the rat) and non-
rodent (usually the dog) species. The latter studies are routinely performed for new
drug substances and have end points of clinical observations, body weights, food
consumption, clinical pathology, and organ weights plus macroscopic and histologi-
cal examination. Dose levels are usually related to multiples of the proposed human
drug use. As such a situation is not directly relevant to a new excipient per se, study
dose level selection is vital. It is likely that for totally nontoxic excipients, a high-dose
level of 2000 mg/kg/day is appropriate. Such a level will give large safety margins
over the levels used by the industry for the majority of excipients. The final FDA
guidance now also suggests a high limit dose of 2000 mg/kg/day (or 2% in the diet),
which is more sensible than the draft FDA document, which suggested consideration
of a heroic high-dose level of 5000 mg/kg/day (or 5% in the diet) (14). The latter
level of testing is unnecessary because very high doses of materials by oral gavage
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Table 1 Summary of Available Literature Guidance Relating to Preclinical Testing Strategies

Guidance Initial

Recommended preclinical study

Short-term clinical use

Midterm clinical use

Longer-term clinical use

IPEC-US (intended -
clinical route)®

IPEC-Europe ADME
(intended clinical

route)®

FDA (intended
clinical route)®

Standard safety
pharmacology
battery

© 2006 by Taylor & Francis Group, LLC

Acute oral and dermal toxicity,
skin and eye irritation, and
skin sensitization. Bacterial
gene mutation and
chromosome damage.
ADME (intended route).
28-day toxicity (2 species by
intended clinical route)

Acute toxicity (intended route)
and skin sensitization. Ames,
chromosome damage and
micronucleus. Four weeks
toxicity (2 species by
intended route)

Acute toxicity (rodent and
nonrodent by intended
route, although option of not

Short-term use studies. 90-day

toxicity (most appropriate
species). Teratology (rat
and/or rabbit). Genotoxicity
assays. Additional assays
(conditional)®

Short-term use studies. Three-

month toxicity (most
appropriate species).
Teratology (rat and rabbit).
Genotoxicity assays

Short-term use studies

(although option of not
performing 1-month studies).

Short-/midterm studies. One-
generation reproduction.
Chronic toxicity (rodent and
nonrodent) and
carcinogenicity (conditional)

Short-/midterm studies.
Segment I reproduction. Six
to nine months toxicity
(rodent and nonrodent),
segment III reproduction,
and carcinogenicity
(conditional)

Short-/midterm studies
(although option of not
performing 1 and 3 mos



performing these studies if
sufficient dose levels are used
in repeat-dose studies).
ADME (intended route).
Standard genotoxicity
battery. One-month toxicity
(rodent and nonrodent by
intended route). Single-study
rodent assay to evaluate all
phases of reproductive
toxicity and a teratology
study in a nonrodent

Three-month toxicity (rodent
and nonrodent species by
appropriate route).
Parenteral use studies
(conditional)

studies). Six-month toxicity
in rodent and chronic
toxicity in nonrodent (by
appropriate route).
Carcinogenicity in 2 rodent
species or 1 rodent species
plus, for example,

a transgenic model
(conditional)

“Additional considerations for inhalation/intranasal route: acute inhalation, application site, and pulmonary sensitization studies; for parenteral route: acute parenteral toxicity
and application site studies; mucosal use: application site evaluation; transdermal and topical drugs: application site and phototoxicity/photoallergy evaluation. Photocarci-
nogenicity is a conditional option for transdermal and topical excipients.

Additional considerations for mucosal, transdermal, dermal /topical, parenteral, inhalation/intranasal, and ocular use: skin and eye irritation and application site studies; for
parenteral route: acute parenteral toxicity study. Pulmonary sensitization is a conditional option for inhalation/intranasal excipients and phototoxicity/photoallergy plus

photocarcinogenicity are conditional options for transdermal and dermal/topical materials.

°Additional considerations for topically (dermal, intransal, introral, ophthalmic, rectal or vaginal) or pulmonary adminstered excipients are ocular irritation, sensitisation, oral
or parenteral route toxicity studies; additional considerations for injectable excipients are an in vitro hemolysis study, measurement of creatinine kinase and protein binding
evaluation; where appropriate new excipients should also be examined for photosafety.
dStudies specific to the nature of the excipient, e.g., screening for endocrine modulators.
Abbreviations: FDA, Food and Drug Administration; IPEC, International Pharmaceutical Excipients Council; ADME, adsorption, distribution, metabolism, and excretion.

Source: From Refs. 9, 10 and 12.
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or in the diet in repeat-dose toxicity studies can lead to “expected’” findings of altered
body weight and food consumption and “local” effects such as cecal enlargement,
purely due to the presence of large amounts of unabsorbed material in the gastro-
intestinal tract or the fact that the material is nonnutritive. Genotoxicity evaluation
would normally involve an in vitro bacterial gene mutation (Ames) test and either a
mouse lymphoma or chromosome aberration assay as well as an in vivo rodent
micronucleus test. All three sets of guidance mention ADME assessment with
IPEC-Europe indicating that it may be useful to perform such studies before other
testing begins (9). Thus, for example, information on whether absorption has
occurred following oral use is important in designing the testing package (9). In vitro
metabolism studies (e.g., with hepatocytes) can be used to examine potential differ-
ences across species. Excipient exposure can also be assessed from measurements in
blood samples from toxicology studies (toxicokinetic evaluation). However,
ADME/PK measurements may not be possible for a new excipient due to technical
reasons, for example, difficulty in finding a suitable molecular site for labeling or insuf-
ficient sensitivity of the method to detect very low levels. Following administration, a
number of excipient materials (e.g., fatty acids and glycerol) are quickly metabolized
into the normal components of the body’s cellular system. Some workers have success-
fully overcome such problems; for example, absorption of polyethylene glycols (PEGs)
can be followed using urinary excretion measurements (18). A final area involving
kinetics may be a need to fully characterize potential excipient-drug interactions.
Interactions occur more frequently between excipient and drug than between excipient
and excipient and take the form of either a physical interaction (which can modify the
speed of dissolution or uniformity of the dose form) or a chemical interaction (which
can lead to drug degradation and/or the formation of degradation impurities) (19,20).

Some of the studies suggested by IPEC across all dose routes, such as acute der-
mal toxicity plus assessment for the potential for skin and eye irritation (IPEC-US)
and sensitization studies (IPEC-US and IPEC-Europe) are probably not necessary.
However, skin and eye irritation testing across all routes of administration is
defended in the literature as data necessary to protect researchers during the research
and production life of the excipient (21). Neither of the IPEC proposals make any
provision for unexpected high-dose pharmacological activity from the new excipient,
for example, effects on the central nervous system or cardiovascular/respiratory sys-
tem outside those examined by toxicity studies. However, such safety pharmacology
studies are suggested in the FDA guidance (14).

Midterm clinical use for a new excipient involves the need for three-month
repeat-dose toxicity studies. The IPEC approach indicates examination of the find-
ings from the one-month data and selection of only one (the most appropriate)
species for such a study (9,10). Unless marked toxicological findings occur, the rat
is likely to be selected. The FDA guidance indicates a different approach in that if
the excipient is to be used for a period ranging from more than two weeks to three
months or less, it may be possible to perform three-month toxicity studies in two spe-
cies without the need for one-month studies (14). However, it is highly unusual (risky
and costly) to follow this strategy, because most one-month studies are vital markers
for potential target organ toxicity at high-dose levels. An alternative strategy might
be to perform ‘“‘preliminary” two-week repeat-dose studies before embarking on
three-month studies. All three sets of guidance mention reproduction toxicity. In
new drug development, such studies are needed to allow the inclusion of women of
child-bearing potential in clinical trial work. The earlier reproduction toxicity stud-
ies are performed, the earlier such a population can be enrolled in these studies.
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Probably to reflect this situation, the FDA has included such studies at an earlier
stage than the IPEC guidance. It should be pointed out that if such an assessment
showed a potentially new excipient to be teratogenic, it is highly likely that further
development (never mind additional reproduction toxicity studies) would not occur.

Chronic toxicity studies need to be considered for longer-term clinical use of a
new excipient. IPEC has suggested that such studies should be conditional and only
performed if evaluation of available data indicates a need (9,10). The FDA guidance
suggests that such studies are needed, namely rodent (for six months) and nonrodent
(for 6-12 months) toxicity studies (14). The option is given of performing these with-
out the need for one- or three-month studies, although this would appear to be a
highly risky strategy. All three sets of guidance indicate that assessment for carcino-
genicity is conditional, based on other data. Thus, it is unlikely that such studies
would be needed for an excipient with little or no toxicity at high-dose levels, limited
systemic exposure, and negative genotoxicity findings, and in a class of noncarcino-
genic materials. Classical carcinogenicity testing has involved dosing in the mouse
and rat, daily for up to two years, with assessment of survival and tumor incidence.
A recent consideration has been to replace the mouse bioassay with an alternative
assay such as the use of transgenic animals. Because any such assessment will have
a large cost, it has been suggested by the FDA that a possible option is to include an
excipient-alone group (using the maximum tolerated or maximum feasible dose),
when performing bioassays with the new drug substance (14).

As mentioned earlier, new excipients are being developed to improve and make
formulations more economic and alter bioavailability (to produce more favorable
drug exposure) and as specific drug delivery materials (e.g., for large molecules
and gene therapies). A massive array of published literature is available in this field
and only a few examples will be discussed here. Thus, drug delivery in cochleates
(phospholipid-cation precipitates usually composed of phosphatidylserine and cal-
cium) for conventional drugs and in gene therapy is being evaluated (22,23). These
materials appear to be nontoxic and do not result in the development of an immune
response, which is a disadvantage of viral vector—based delivery systems. In recent
years, liposomes (phospholipid-based vesicles) have been examined as drug delivery
systems, and the recent literature has many examples of these materials with pro-
posed/actual use, largely in cancer therapy (24-26). Liposomes have the ability to
greatly increase circulation time of the drug, protect the drug from enzymatic or
chemical degradation, and reduce side effects from high-potency drugs. A major
forerunner was the stealth liposomal form of the anticancer drug doxorubicin, which
has been successfully marketed as Caelyx (in Europe) and Doxil (in the United
States) (27). Various toxicology studies were performed to show the safety of this
lipid excipient (Tables 2 and 3). Modification of liposomes by the addition of the
well-known excipient PEG has occurred to increase hydrophilicity and therefore
reduce interactions with reticuloendothelial cells responsible for their systemic elim-
ination; furthermore, liposomes have been conjugated to antibodies or ligands to
enhance target-specific drug therapy (24,61). In addition, a range of other PEGylated
candidate drugs are under investigation or are marketed (e.g., PEGylated inter-
ferons) (62). Polymeric micelles, including those made from PEG-phospholipid
conjugates, are also being evaluated (61,63). Another area of major excipient interest
is in the use of polymers, including those derived from glycolic and lactic acids
(PLGAS), polyglycolic acid, or poly(lactic acid) (PLAs) for use in drug delivery
micro- or nanospheres. Marketed products using these materials include the luteini-
zing hormone-releasing analogue Lupron Depot and Zoladex (64). PLA-PEG

text continues on page 29
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Table 2 Preclinical Studies for Recent Excipients Under Development or Used in Marketed Drug Products

Excipient Proposed/actual use Toxicology studies Remarks References
Ac-Di-Sol (croscarmellose Dissolution aid and Repeat-dose toxicity with routine No adverse toxicity or 28
sodium) disintegrant end points (90 days—diet rat) embryo toxicity
and embryo-fetal study (rat)
Aquacoat ECD (ethylcellulose Coating for tablets and Repeat-dose toxicity with routine No adverse findings for 29, 30
polymer, acetyl alcohol, and capsules end points (90 days—oral rat) general toxicity or
sodium lauryl sulfate in and reproduction toxicity reprotoxicity
water) (embryo-fetal study in rat)
Aquatic aqueous enteric Film coating for tablets Repeat-dose toxicity with routine No adverse toxicity, 31, 32
coating (cellulose acetate and capsules end points (90 days—diet rat), reprotoxicity, or
phthalate, distilled acetylated reproduction toxicity (embryo- genotoxicity
monoglycerides, and fetal study in rat) and
poloxamer 188) genotoxicity (2 in vitro and 1 in
vivo studies)
Chitosan Controlled release Repeat-dose toxicity (10 days in No toxicity reported 33
tablets, dissolution aid rabbit)
and disintegrant
Liposomes (DOTAP: DOPE Drug delivery systems Repeat-dose toxicity with routine Low-level toxicity (clinical 34
1:1/DDAB: DOPE 1:1) for hydrophobic drugs parameters (every 3 days for observations)
3 wks—intravenous rat)
Ethylene glycols Formulation aid for Single and repeat-dose nasal Mild local toxicity; likely to 35
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nasal delivery

toxicity (up to 14 days—
intranasal rabbit)

be acceptable in clinical
nasal formulations for
short-term use



HP-B-CD Formulation vehicle for Single and repeat dose toxicity Well tolerated (Some high 36
poorly soluble drugs studies (with later mainly in the dose effects seen — see
rat and dog by oral or Table 3)
intravenous route and up to 1
year duration), reproduction
toxicity (embryo-foetal studies
in the rat and rabbit), battery of
genotoxicity assays,
carcinogenicity studies (by diet
route in mouse and rat) plus
ADME studies (single and
multiple dosing)
HPMC Constituent of oral Repeat-dose toxicity with routine No adverse effects 37
and topical end points (3 mos—oral rat)
pharmaceuticals
Labrasol/Labrafil/Transcutol Bioavailability enhancer Repeat-dose toxicity with routine High-dose effects of renal 38
(mixture of mono-, di-, and and solubilizer end points (4 wks—oral rat) and adrenal changes
triglycerides with mono- and (related to ethylene
diesters of polyethylene glycol) and hepatic
glycerol and fatty acids and enzyme induction
diethylene glycol monoethyl
ether)
Liposome (sphingomyelin and Used in liposomal- Repeat-dose toxicity with routine No toxicity seen 26
cholesterol—55:45) encapsulated end points (once a wk for
vincristine sulfate 6 wks—intravenous rat)
(antitumor drug)
(Continued)

© 2006 by Taylor & Francis Group, LLC



Table 2 Preclinical Studies for Recent Excipients Under Development or Used in Marketed Drug Products (Continued)

Excipient

Proposed/actual use

Toxicology studies

Remarks

References

Me PEG/PCL nanospheres

MPL

PVA copolymer
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Injectable drug carrier

Vaccine adjuvant

Bioavailability enhancer

Single and short-term (7 days—

intraperitoneal) toxicity in mice

Cardiovascular/respiratory

function safety pharmacology
study, repeat-dose toxicity in rat
(up to 4 wks—subcutaneous),
rabbit and dog, reproduction
(embryo-fetal studies in rat and
rabbit) and 2 in vitro
genotoxicity studies

Single-dose toxicity (in rat and

dog) and maximum tolerated
dose/short-term (2 wks—oral)
(in rat and dog) toxicity as well
as 2 in vitro and 1 in vivo
genotoxicity studies. ADME
studies with '*C-labelled
material are underway and a
3-6mo toxicity study in the

rat is planned

No toxicity reported

No adverse effects

No adverse effects seen to
date

39

40

41



PVAP Tablet coatings/ink Single dose in various species, Well tolerated [limited 42

component for repeat dose (oral gavage or diet extreme high-dose
capsules and up to 2 yrs in duration in rat effects seen
and dog) and reproduction (Table 3)]

(fertility study in rat, embryo-
fetal studies in rat and rabbit,
and peri-postnatal study in rat)

toxicity
Stealth liposomes (HSPC: Drug delivery system for Examined in cardiovascular safety No adverse findings seen 27
MPEG-DSPE: cholesterol— stealth liposomal pharmacology study, single- (transient effects in
5.5:56.4:38.3) doxorubicin and multiple-dose toxicity dogs—see Table 3)

studies (intravenous—rat and
dog), embryo-fetal study (rat),
genotoxicity package (3 in vitro
and 1 in vivo studies), and a
local tolerance study
(subcutaneous—rabbit)

Surelease (aqueous Modified release and Repeat-dose toxicity with routine No adverse toxicity or 43
ethylcellulose dispersion) taste-masking end points (3 mos—diet rat) and genotoxicity seen
applications genotoxicity package (2 in vitro

and 1 in vivo studies)

Abbreviations: DOTAP: DOPE, dioleoyltrimethylammonium propane: dioleoylphosphatidylethanolamine; DDAB: DOPE, dimethyldioctadecylammonium bromide: dioleoyl-
phosphatitidylethanolamin E; HP-B-CD, 2-hydroxypropyl-p-cyclodextrin;, HPMC, hydroxypropyl methylcellulose; MePEG/PCL, methoxy poly(ethylene glycol)/poly
(epsilon-caprolactone); MPL, monophosphoryl lipid A; PVA copolymer, polyvinyl alcohol acrylic acid methyl methacrylate polymer; PVAP, polyvinylacetate phthalate; HSPC,
hydrogenated soy phosphatidylcholine; MPEG-DSPE, N-(carbomoyl-methoxypolyethylene glycol 2000)-1,2-distearoyl-sn-glycero-3-phosphoethanolamine sodium salt.
ADME, adsorption, distribution, metabolism, and excretion.
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Table 3 Examples of Recently Reported Excipient Toxicity

Excipient

Toxicology findings

Explanation

References

BZC and PS

Corn oil

o- and B-CDs

HP-B-CD

Nasal lesions of inflammatory nature in rat

Maternal toxicity (reduced body weight gain, food
consumption, and renal pathology) and reduced
pup viability in rat reproduction toxicity study

Renal toxicity in rats from parenteral administration

Minor clinical pathology changes with urinary tract,
liver and pancreas histopathology at 2000 mg/kg/
day and above following chronic oral
administration in rats, clinical pathology changes
plus renal, urinary tract, lung, spleen and liver
histopathology at 200 mg/kg/day and above with
intravenous dosing in rats. Urinary tract changes
and increased incidence of tumours in the pancreas
and intestine seen in dietary carcinogenicity study
in rats

Renal toxicity in rats from intraperitoneal dosing

Renal, cardio and lung toxicity in monkeys from
intravenous administration

© 2006 by Taylor & Francis Group, LLC

A low concentration (0.01% for BZC and 0.1% for
PS) of these materials can lead to nasal lesions in
the rat; however, this level is known as safe for
human nasal mucosa exposure

Related to the composition of the diet along with
stress of pregnancy, parturition, and lactation (not
seen with same diet in males and nonpregnant
females); daily gavage administration of 10 mL /kg
of corn oil is not recommended to pregnant rats

Cause of toxicity is not clearly understood but, in
part, may be related to an adaptive response due
to excretion of osmotic agents at extremely high
concentration; parenteral use of o- and B-CDs is
not recommended

Due to repeat dose toxicity study findings being
restricted to high dose levels with reversibility
demonstrated, it is concluded that HP-B-CD is a
well tolerated excipient. For carcinogenicity study,
urinary tract changes were reported as due to
osmotic ‘“‘necrosis,” intestinal tumours were
related to increased osmotic activity and
pancreatic tumours were shown to be due to rat-
specific hormonal stimulation
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Dibasic sodium
phosphate

HPMCAS

Menthol/peppermint
oil

Miglyol 812

PEGe-linked proteins

P-407

Propylene glycol

Nephrotoxicity in the form of proteinuria and
glomerular calcification following intravenous
(bolus) administration at 284 and 408 mg/kg/day
for 14 days. These findings were not seen at 1 and
28 mg/kg/day

Low-level incidence of fetal clubfoot in older (1980s)
rat teratology study following oral administration

Evidence of genotoxicity in some in vitro assays

Rats dosed orally with 10 mL /kg/day of 100%
Miglyol for 4 wks showed soft and/or mucoid
stools, reduced body weight gain, altered clinical
pathology (decreased blood urea nitrogen, total
protein, and globulins plus increased cholesterol
and triglycerides), increased urine specific gravity,
decreased thymus weight, and increased alveolar
histiocytosis with focal interstitial inflammation;
these changes reversed during a 4 wks non—dose
recovery period

Marked renal cortical tubular vacuolation in mice
and rats following parenteral administration

Hyperlipidemia (raised serum triglycerides and
cholesterol) seen in rabbits injected with 137.5mg/
kg/day of 22% P-407 for up to 14 days. No effect
was seen at lower doses of 5.5 and 27.5 mg/kg/day

Maternal and reproductive toxicity in embryo-fetal
studies in rabbit

It is concluded that high-dose repeated use results in
an overload of the glomerular epithelium during
filtration through glomerular capillaries and
produces insoluble calcium salt and glomerular
lesions, resulting in proteinuria

Not seen in modern embryo-fetal rat study; earlier
finding concluded to be a misdiagnosis or artifact

May be related to different components present in
the oil; it is concluded that a genetic risk
assessment is “‘very complicated or even
impossible”

It was concluded that 100% Miglyol may not be
innocuous when used orally in long-term
toxicology studies in rats

Related to the combination of PEG and protein and
the configuration of the PEG side chain and was
seen at molecular weights of <70kDa and at high
doses; the clinical significance remains unknown

Finding is considered by study authors to be the
result of “supraphysiologic doses’; lower doses
may be used in controlled release drug delivery
without the untoward hyperlipidemic effect

Not recommended as a vehicle in embryo-fetal
toxicity studies by oral administration
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Table 3 Examples of Recently Reported Excipient Toxicity (Continued)

Excipient Toxicology findings Explanation References
PVAP Gastrointestinal tract irritation in rat and dog and Very high-dose effects only following oral 42
embryo toxicity in rat and rabbit administration
Stealth liposomes Liposomal infusion reaction (hypoactivity, flushing, Transient effect (resolved within 1-2 hr). Biological 27
diarrhea, emesis, and decreased blood pressure significance is not apparent but the finding has
seen following intravenous infusion in dogs) been related to histamine release due to the
infusion of a large amount of lipid
L-Tartaric acid Nephrotoxicity seen with intravenous infusion in High-dose effect; caution is recommended in the use 59
monkeys of this excipient
Various excipients Hemolytic effects with rat blood (e.g., >1%- May be related to high-concentration effect 60
with parenteral use hydroxypropyl-p-CD, >2.5%-PEG 400, >5%-

propylene glycol, >0.125%-Tween 80)

Abbreviations: BZC, benzalkonium chloride; PS, potassium sorbate; CDs, cyclodextrins; HP-B-CD, 2-hydroxypropyl-p-cyclodextrin; HPMCAS, hydroxypropyl methylcellulose
acetate succinate; PEG, polyethylene glycol; P-407, poloxamer 407; PVAP, polyvinylacetate phthalate.
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nanoparticles as drug carriers across mucosal surfaces are also in development (65).
From a toxicological perspective, it should be noted that although these drug deliv-
ery systems appear to have little or no toxicity, they might be associated with a low
level of immunological activity in the clinic. It has recently been questioned whether
the immunotoxicological activity of polymers used in drug delivery (e.g., PEG and
PLGASs) has been fully assessed (66). Indeed, it has been shown that the hypersensi-
tivity reactions (including anaphylaxis) that have occurred in patients are associated
with the polymer content of Zoladex. Furthermore, the PEG-grafted liposomal car-
rier for Caelyx/Doxil, polyethoxylated ether cremophor EL (a solubilizing agent for
paclitaxel and cyclosporin), and poloxamer 188 (a stabilizer for various drugs) are all
reported to produce low levels of immunological reactions. It is likely that such rare
findings would not be predicted from routine toxicology studies, and more specia-
lized immunotoxicological evaluation may be needed for these types of excipients.
Finally, the clearance of these drug-delivery systems (e.g., through the kidneys)
and any potential to accumulate in the body and/or biodegradability will need spe-
cific consideration during preclinical evaluation.

Overall, an important need with newer excipients, which are included to
enhance activity of the formulation, is to clearly indicate their proposed mechanism
of action and/or their relationship to the active drug in regulatory documentation
(2). To take the point on activity further, it is interesting to note that a formal defini-
tion as an “inert” formulation constituent for some of the newer excipient materials
is becoming impossible. Thus, it has been questioned whether materials such as
attenuated adenoviruses and retroviruses (used as vectors for cell nuclei delivery),
bacterial protein components, monoclonal antibodies, bacteriophages, fusion proteins,
and molecular chimera are excipients, parts of a prodrug, or something in between
(16,19). Other materials in development, which may be considered as difficult to clas-
sify, are the topical penetration enhancers [e.g., chitosan and soft enhancement of
percutaneous absorption (SEPA or 2-n-nonyl-1,3-dioxolone)] (33,67-69). Also,
“inactive” excipients such as cellulose acetate phthalate and hydroxypropyl methyl-
cellulose phthalate, which are used in the production of tablets, have been shown to
have antiviral activity in their own right and are being tested for efficacy in various
animal models as “microbicides” for the prevention of infection (70).

A final consideration when testing a new excipient is its impurity profile. The
specifications of the excipient material used in any preclinical testing package should
be as close as possible, if not identical, to that proposed in drug formulations. Impu-
rities may be toxic in their own right or can interact with active ingredients, leading
to degradation and loss of efficacy (19,64,71). Thus, it is crucial to clarify the exci-
pient impurity profile as even established pharmacopeia-listed materials such as
the commonly used magnesium stearate has had questions raised on the safety
and toxicity of its impurities (72).

Various materials have recently been evaluated in extensive preclinical programs
to allow for regulatory “approval’ as stand alone excipients. These include the cyclo-
dextrins (CDs) and the hydrofluoroalkanes (HFAs) (46,47,73). Published literature on
preclinical studies performed for other excipient materials under development is not
extensive (presumably as developers do not want to aid competitors by allowing them
to reference the available data), but information on some materials is available.
Various examples of toxicology assessment work for an excipient that is under devel-
opment or has been used in approved drugs for a range of applications are given in
Table 2. Generally, excipient developers summarize their preclinical data in a Drug
Master File, which remains confidential but can be made available to the regulators.
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PRECLINICAL TESTING FOR AN ESSENTIALLY NEW EXCIPIENT

Materials that have had prior human use/exposure in food and cosmetics, or from
the chemical industry, can be categorized as essentially new excipients. Such previous
exposure is likely to be of help for oral and topical use excipient development. Exci-
pients that have had established medicinal product use but are being used by a
different dose route and/or chemically modified to enhance their properties are also
likely to belong to this category.

Materials used in the food industry may be generally recognized as safe
(GRAS) for human use and/or have established acceptable daily intakes (ADIs)
based on toxicological data as established by, e.g., the Joint Food and Agriculture
(FAD) and World Health Organization (WHO) Expert Committee (JECFA). Use
of this information in a robust expert literature review may reduce the need for pre-
clinical testing if the material is being considered as an excipient, although such data
is of little use for nonoral products. Also, the reviewed toxicity data may be old and
unreliable and, indeed, raise specific toxicological concerns, or the new proposed
level of use may be higher than the oral ADI, all necessitating new investigations.
Thus, although the CDs had a well-established history of use in food products, a full
package of preclinical investigations, including metabolism work, short- to long-term
rodent and nonrodent toxicity, reproduction toxicity, genotoxicity, and carcinogenicity
studies were performed to support the excipient use of these materials as drug delivery
systems (46,47). Interestingly, this work highlighted that a- and B-CDs are unsuitable
for parenteral administration as they cause kidney tubule damage upon intravenous
and subcutaneous administration in rats (46,47). In Japan, food additives or cosmetic
substances used in drug formulations need to be treated as new excipients (11).

A case-by-case approach is needed for materials with previous medicinal product
use but with a proposed route change. However, some testing is likely as indicated
from an unofficial FDA perspective (74). Thus for inhalation excipients, evaluation
of the toxic potential of the excipient after repeated inhalation dosing is recommended
for materials with previous use in humans but with limited inhalation information.
Furthermore, in Japan, a change of an excipient already used in orally or intravenously
administered products to an externally applied product necessitates additional test-
ing, including acute and subacute toxicity and local irritation investigations (11).
A final consideration is for materials that have a fairly conventional excipient use
but are being examined for a new, more active role. A good example is chitosan, which
is under investigation for drug delivery potential as well as absorption-enhancing
effects (68). As the material has a well-established history of low toxicity, further
preclinical safety studies to support such use are likely to be minimal.

PRECLINICAL TESTING FOR AN ESTABLISHED EXCIPIENT

Established excipients are those with a history of use in drug formulations and thus
are known to the regulators. Indeed, many appear in pharmacopeias and can be
referenced as such in new drug applications in which they occur in the formulation.
Thus, in theory, preclinical testing should not be needed. However, there is a
common misconception that once an excipient is used in an approved product, it
is automatically assumed to be safe for use in any product thereafter that involves
the same route of administration and level of exposure (17). In reality, even in such
cases, the level of toxicity information may need to be brought up to current
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standards for inclusion in new products. Toxicity testing may be needed if the known
use is from limited exposure to the excipient (e.g., short-term therapy) and the new
drug product is for long-term use (e.g., chronic therapy) or the excipient is used at
higher levels than those currently known.

Even for established excipients, regulators will look carefully at their presence
in new drug formulations because they are not necessarily inert materials and some
have well-established activity and/or “toxicity.” Clinically relevant adverse reactions
are known for well-known excipients and the subject is covered elsewhere in the pub-
lished literature (2,20,75-81). Findings tend to be uncommon compared to the overall
prevalence of adverse drug reactions and often involve hypersensitivity reactions that
are not likely to be predicted by conventional toxicity studies.

Cross-reference to published scientific reviews of the safety of materials used as
excipients in a drug formulation is acceptable to the regulators. More and more
reviews are becoming available for materials used as excipients. Examples of recently
reviewed materials are the CDs (36,46,47), the HFAs (73), lactose (82), methyl and
propyl paraben (83,84), peppermint oil, and menthol (52); PEG (85); polysorbates
(Tweens) (86); and polyvinylacetate phthalate (42), polyvinylpyrrolidone (PVP)
(87), propylene glycol (88), sodium metabisulfite (89), and trehalose (90). Even a
new vaccine adjuvant monophosphoryl lipid A, which in terms of a constituent of
a drug formulation can be considered an excipient, has been recently reviewed
(40). The cross-reference process needs to involve a robust scientific appraisal of
the published data, with comment on the relevance of any animal findings to humans
in the new proposed formulation, together with the establishment of safety margins.
Animal toxicity study findings have been reported for a number of established exci-
pients such as lactose, maltodextran, mannitol, menthol, and PVP; however, these
findings are generally minor and not relevant to human use (1,2). Some further more
recent examples are given in Table 3. Again, the reported findings do not necessarily
affect clinical use. Thus, overall, little or no extra preclinical studies are normally
required for well-known excipients.

THE CHALLENGE

Some guidance on testing strategies for new excipients is available (9,10,14). However,
as pointed out elsewhere (2), although useful as a starting point for development, such
proposed packages of studies are extensive and generally no different from that of
a new drug substance itself. Thus, they should not be viewed as a concrete list of
preclinical studies that must be submitted to regulatory bodies but a series of topics
that should be examined (17). The challenge to the toxicologist is what is the mini-
mal, yet most scientifically robust, set of studies needed to support safe inclusion of
an excipient in a drug formulation to be used in humans. Although still fragmentary,
the literature would appear to suggest that developers have taken a fairly conserva-
tive approach with a range of preclinical studies for new excipients. An interesting
challenge will be the design of such studies to support the expanding use of drug
delivery systems.

CONCLUSION

Overall, a wide range of testing considerations are needed for new excipient mate-
rials, although the actual package of study types still remains a case-by-case approach.
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On some occasions, a full program of studies may be needed to confirm a risk—ben-
efit situation, whereas in others (e.g., lifesaving therapy), it may be acceptable to
have reduced toxicity data (17). Similarly, the extent of studies needed to support
the safe use of essentially new excipients, and indeed well-known materials, needs
careful consideration based on available knowledge.
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Regulation of Pharmaceutical Excipients

Robert G. Pinco? and Theodore M. Sullivan®
Buchanan Ingersoll, P.C., Washington, D.C., U.S.A.

INTRODUCTION

The development of innovative pharmaceuticals is critical to improving the health
care and standard of living for billions of people around the globe. Bringing novel
pharmaceuticals to market requires the expenditure of very significant resources
by both drug companies and government regulators. Most of the development
efforts and government regulatory expenditures are directed toward the discovery,
testing, and oversight of novel pharmaceutical “active” ingredients, as these ingredi-
ents are seen as the key to making new drugs available to the world’s population. As
a result, the process by which new active ingredients are investigated and regulated is
well developed and understood by all parties involved in the process. In contrast, the
regulation of pharmaceutical excipients, the “inactive’ ingredients used in drug prod-
ucts, presents significant challenges for both government regulators and industry.
Historically, excipients were inert substances that were used mainly as fillers, coatings,
manufacturing aids, and diluents. Commonly used excipients such as cornstarch, lac-
tose, talc, and sucrose did not present significant questions of safety, and were largely
ignored by the regulatory community. Advancements in pharmaceutical technology
have rendered this view of excipients as simple inert pharmaceutical fillers obsolete.
Pharmaceutical companies and government regulators are slowly developing mech-
anisms to effectively develop and regulate these pharmaceutical ingredients.
Traditional excipient ingredients of the type mentioned above remain quantita-
tively the most important and widely used, and for these ingredients, the dictionary
definition of excipient is adequate. Webster’s defines an excipient as “‘an inert
substance used as diluent or vehicle for a drug” (1). However, sophisticated, high
technology excipients, which are critical to the quality and bioavailability of some
modern drug products and novel dosage forms, do not fit within the traditional defi-
nition. Government agencies have begun to recognize this change even though
regulatory mechanisms have not yet evolved to adequately address the regulation

#Robert G. Pinco is a Senior Counsel at the law firm Buchanan Ingersoll, P.C.
®Theodore M. Sullivan is an associate at Buchanan Ingersoll, P.C.
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of such excipients. The U.S. Food and Drug Administration (FDA) does not have a
formal regulatory definition of “excipient’’; however, recent guidance on nonclinical
safety studies for excipients provides some indication of FDA acceptance of excipi-
ents as more than fillers. The background section of that guidance states:

In this guidance, the phrase new excipients means any inactive ingredients that are
intentionally added to therapeutic and diagnostic products, but that: (i) we believe
are not intended to exert therapeutic effects at the intended dosage, although they
may act to “improve product delivery” (e.g., enhance absorption or control
release of the drug substance); and (ii) are not fully qualified by existing safety
data with respect to the currently proposed level of exposure, duration of expo-
sure, or route of administration. Examples of excipients include fillers, extenders,
diluents, wetting agents, solvents, emulsifiers, preservatives, flavors, absorption
enhancers, sustained-release matrices, and coloring agents (emphasis added) (2).

This definition begins to capture the wide potential range of excipient usage in
modern pharmaceutical products. It is, however, a long distance from recognizing
the many potential uses of excipients to the development of a rational regulatory
scheme that can facilitate market and regulatory acceptance of nontraditional
novel ingredients.

Despite widespread agreement that the current system is woefully inadequate
in its ability to review new excipients, the regulation of excipients remains mired in
the traditional system that relies upon approval of excipients only as components of
a drug product, with no true independent review. In this chapter, we discuss the
existing regulatory process for excipient review, as well as some potential alternatives
to the existing process, some of which have been attempted, without much success, in
the past. This article focuses on the regulatory environment in the United States.
Where the discussion is applicable to other countries, it will be specifically mentioned
in the text.

NO INDEPENDENT STATUS FOR EXCIPIENTS

There is no process or mechanism currently in place within the FDA to indepen-
dently evaluate the safety of pharmaceutical excipients. Instead, for drugs subject
to FDA premarket approval, excipients are only “approved” as components of
new drugs.

A number of proposals (some of which are discussed elsewhere in this article)
have been made over the years to attempt to provide some mechanism for indepen-
dent review or approval of inactive ingredients, but such proposals have been largely
unsuccessful for a variety of reasons. In large measure, it is because excipients are
not included in recent User Fee legislation, which provides funds to the FDA in
exchange for rapid review and clearance of drugs, and medical devices. It is a polit-
ical truism that “regulation follows the money.” Excipients, because they generally
do not pose safety concerns, remain largely ignored. As will be discussed below, in
the absence of direct legislation, Congressional oversight, and funding, there has
been no major effort to increase FDA regulation and oversight over excipients.
Further, the worldwide pharmaceutical industry is somewhat ambivalent about
increased government regulation and/or premarket clearance of excipients.

Formulation of finished pharmaceuticals has always been somewhat of an
art, rather than totally a science. Attempts to completely objectify regulation of with
excipients have been largely ignored by the regulators. The pharmaceutical industry,
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particularly the large multinational companies, have been searching for mechanisms
to standardize worldwide regulation of excipients by means of a harmonization
process which combines the efforts of the United States Pharmacopeia (USP), the
Council of Europe (European Pharmacopeia), and the Japanese Pharmacopeia.
These efforts have generally been along the lines of creating harmonized standards
for excipient identity, safety, and manufacturing.

Despite the harmonization efforts, the pharmaceutical industry is somewhat
leery of potential excipient regulatory systems (such as regulatory premarket review
and approval requirements for excipients) that may create increased barriers to the
development of new pharmaceutical biologics, or medical devices. The industry is
concerned that any efforts to require that excipients face formal independent pre-
market review prior to use in a drug could result in significant delays in bringing
novel excipients to market. Various major regulatory agencies charged with the reg-
ulation of drugs, biologics, and medical devices are burdened by legislative measures,
as well as market changes, which result in significantly increased responsibilities,
while agency budgets have not increased proportionally. Thus, where there are many
competing legislative mandates for limited funds, there is, and has been, little incen-
tive to create a major government regulatory effort specifically targeted at excipients.
Even where such efforts are begun, as with the FDA’s over-the-counter (OTC) inac-
tive ingredient proposal in the mid-1970s (discussed in detail infra), there has been
virtually no incentive for FDA, nor its European counterparts, to develop a specific
regulatory plan to more adequately define the legal status for excipients.

EXCIPIENTS FOR OVER-THE-COUNTER DRUGS

In contrast to the requirement that excipients in new drugs be approved as a compo-
nent of that new drug, for OTC drugs that are regulated under the FDA’s OTC
monograph system, there is no required approval for excipients. FDA’s monograph
system is a series of regulations that define what active ingredients and claims are
permitted for a variety of OTC drugs. These regulations do not define specific for-
mulations, but rather set forth dose ranges for acceptable active ingredients. For
inactives, FDA regulations provide that the drugs must contain only suitable inac-
tive ingredients which are safe in the amounts administered and do not interfere with
the effectiveness of the preparation or with suitable tests or assays to determine if the
product meets its professed standards of identity, strength, quality, and purity (3).

Therefore, excipients that comprise the bulk of OTC drug products must only
be deemed safe and suitable by the drug manufacturer prior to use.®

However, in the 1970s, there was an attempt to create a more ingredient-
specific review for excipient ingredients for OTC drugs. The proposed (but never
finalized) OTC inactives regulations were issued in the Federal Register on April
12, 1977 (4) and grew out of overreaching by several of the 17 expert Advisory Panels
formed during the first years of the OTC review process. This process began in 1972,
when the FDA tasked expert panels with reviewing and rendering advice on the gen-
eral recognition of safety and effectiveness of what was expected to be approximately
40 therapeutic classes of drugs that included more than 300,000 marketed products

“Except in the case of the few OTC drugs that are the subjects of approved New Drug
Applications.
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(eventually the number of therapeutic classes reached approximately 80). During this
review, the FDA attempted to keep the task at a manageable level by not reviewing
specific marketed products, but rather by creating various monographs (standards)
for OTC “active ingredients” in numerous therapeutic classes. Expert Panels were
advised only to consider “excipients’ (or complete product formulations) when such
excipients or formulations materially impacted the drug’s efficacy or diminished its
safety. In therapeutic classes such as antacids, laxatives, antidiarrheals, expectorates,
antitussives (cough suppressants), sleep aids, and numerous oral products, excipients
such as lactose, starch, methylcellulose, magnesium stearate, etc., had long been used
in the manufacturing of OTC finished products without raising safety concerns, and
were therefore not examined. However, there were a number of exceptions where
inactive ingredients had a noticeable (and usually detrimental) impact on safety or
effectiveness. For example, slight variation in the formula (including changes to
excipient ingredients) of antiperspirants rendered the final formulated product inef-
fective. Certain antimicrobials were rendered ineffective as a result of changes to pH
(e.g., quarternary ammonium compounds) or by the addition of certain color ingre-
dients. Chlorhexidine, for example, would bind irreversibly with certain red color
ingredients and be rendered largely ineffective.® Cough and cold remedies when com-
pounded in time-release formulations were prone to dose-dumping.® The problems
with time-release dose-dumping was deemed serious enough that it caused the
FDA to remove all time-release drugs from the monograph review, and require that
such drugs be individually approved through new drug applications (NDAs).

In some therapeutic classes, particularly topical drugs, Expert Panels focused
extensively on the excipients and began developing monographs for these ingre-
dients. When this occurred, as happened with the Hemorrhoidal Panel, the FDA
management that provided oversight to the Advisory Panel, including the FDA Com-
missioner and the Commissioners’ OTC Steering Committee (which essentially ran
the entire OTC review project), tried to convince the Panel that ingredients that
did not contribute to a product’s stated therapeutic use should be dropped from
the review. Despite this advice, the Panel continued its review of excipients that were
used in hemorrhoidal drug products. The FDA allowed the Panel to continue its
review of these ingredients, but did not incorporate any Panel comments on the
inactives into its draft findings for hemorrhoidal drugs. This ultimately led to a
somewhat contentious meeting between the Panel members and FDA Commissioner
Schmidt, Chief Counsel Peter Hutt, the Director of the Bureau of Drugs, Dr.
Richard Crout, and Mr. Robert Pinco, Head of the OTC review.! During this meet-
ing, the Panel was persuaded to omit any inactive ingredient which the Panel did not
believe had some therapeutic activity.

The controversy with the Hemorrhoidal Panel was mainly the result of the fine
line between active and inactive ingredients in some therapeutic classes. Ingredients
that were generally used as inactive ingredients in most drugs could potentially be
considered as the active ingredient in products indicated for the relief of such minor

41CI’s Hibiclens™ stated it was a 4% solution of chlorhexidiene but, in fact, only 1% was
available. This became evident when the first ANDA (generic) versions went on the market
in 1985, and were, much to the chagrin of ICI, more effective than the pioneer product.

¢ Time-release technology from the time of the OTC review (1970s) was prone to dose-dumping.
Significant improvements have been made in time-release formulation in the last several decades.

'The Bureau of Drugs was the predecessor of the Center for Drug Evaluation and Research.
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maladies as hemorrhoids, irritation of the skin, windburn, and diaper rash. In these
cases, traditionally inactive ingredients such as petrolatum (Vaseline™) or baby pow-
der (talc) could be considered as active ingredients.

Because of the problems with certain expert panels reviewing topical products,
the FDA proposed a regulation identifying those classes or groups of excipients that
could be included in OTC products without specific FDA premarket review. The
Agency expanded upon the general requirement that excipients be ‘“‘safe and suit-
able” in a proposed regulation published in the Federal Register on April 12, 1977.
In that document, the Agency began by referring to 21C.F.R.210.3(d)(5), in defining
an active ingredient as “any component that is intended to furnish pharmacological
activity or other direct effect in the diagnosis, cure, mitigation, treatment, or preven-
tion of disease, or to affect the structure or function of the body of man...”. The
Agency then explained that they considered all other components of a finished drug
product to be inactive (excipients).

The Agency’s main concern in promulgating the proposed regulation was to
make it clear to the industry that the ingredients heretofore considered active, and
that failed to be included in a final OTC monograph (i.e., considered either category
II—unsafe or ineffective or category III—needs more study) would have to be
removed from the market at the conclusion of the administrative process, if these
ingredients did not serve a useful purpose at the product’s final formulation. The
Agency was particularly concerned that consumers of products long on the U.S.
market would be defrauded if the nonmonographed ingredients that did not serve
a useful purpose in the product were merely recharacterized as inactive excipients.

The Agency set out six criteria for an excipient in an OTC product as follows:

1. The ingredient is listed in an official compendium [e.g., USP/National For-
mulary (NF)] as a pharmaceutical aid or performed certain physical or
technical functions in the final formulations (as will be set forth below).

2. The inactive ingredient is used at a level no higher than reasonably required
to achieve its physical or technical function. For example, an antimicrobial
excipient ingredient could only be used at a level consistent with preserva-
tion of the finished product (not at therapeutic levels), and a sunscreen
ingredient could only be used at levels that protected the product from
breaking down if the top of the jar was left open, not for protecting the user.

3. It is safe when at levels used as inactive ingredient.

If it is a color, it must meet appropriate color additive regulations.

5. It does not interfere with the effectiveness of the product. For example,
fluoride toothpastes have to be formulated carefully, as the various fluo-
rides react with certain excipients, rendering the product ineffective.

6. The inactive ingredient does not interfere with suitable tests or assays used
to assure the identity, quality, strength, or purity of the finished product.

=

The FDA then set forth a list of 23 physical or technical functions these excip-
ients perform as follows:

1. Air displacement agents: substances that displace air.

2. Color additives: as defined in Section 201(t) of the Act.

3. Denaturing agents: substances added to alcohol to render it unfit for use
as an intoxicating beverage.

4. Dispersing agents: substances that promote even distribution throughout a
liquid, gaseous, or solid medium with the formulation of a two-phase system.
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Emollients: bland, fatty, or oleaginous substances that may be applied
locally, particularly to the skin, and also to mucous membranes or
abraded tissue.

Emulsifiers and emulsifying salts: substances that modify surface tension
in the component phase of an emulsion to establish a uniform dispersion
or emulsion.

Flavors and flavoring adjuncts: substances added to impart or help
impart a taste or aroma to a product.

Fragrances: substances, extracts, or preparations for fragrance diffusing
or imparting an agreeable or attractive odor.

Humectants: hygroscopic substances incorporated in a product to pro-
mote retention of moisture, including moisture retention agents and
antidusting agents.

Identifiers: substances incorporated in a product to aid manufacturers to
distinguish their products from similar or counterfeit products.
Levigating agents: substances that aid in reducing another substance to
an extremely fine state of subdivision after that other substance has been
made into a paste with some suitable liquid in which it is insoluble; also,
nonsolid vehicles used to disperse a solid substance to a paste.
Ointment bases: vehicles to permit topical application of active medicinal
substances.

pH control agents: substances added to change or maintain active acidity
or basicity, including buffers, acids, alkalies, and neutralizing agents.
Preservatives: substances that are added to preparations to prevent or
retard deterioration or degradation in a product; such substances include
antifungal agents, antioxidants, antimicrobial agents, mold and rope
inhibitors, and agents having the effects listed by the National Academy
of Sciences—National Research Council under “preservatives.” For the
purpose of this section, “antioxidant” is defined as a substance that inhi-
bits oxidation and is used to prevent rancidity of oils or fats or the
deterioration of other materials through oxidative processes, including
color changes.

Propellants, aerating agents, and gases: gases used to supply force to
expel a product or used to reduce the amount of oxygen with the product
in packaging.

Solvents and vehicles: substances used to dissolve or extract another sub-
stance or used as carriers of other substances.

Stiffening agents: substances that increase the viscosity of certain phar-
maceutical preparations, especially ointments.

Suppository bases: pharmaceutical bases that are solid at room tempera-
ture but melt at body temperature.

Surface-active agents: substances used to modify the surface properties of
liquids for a variety of effects. The definition includes solubilizing agents,
dispersants, detergents, wetting agents, dehydration enhancers, whipping
agents, foaming agents, and defoaming agents.

Suspending agents: substances required to overcome agglomeration of
the dispersed particles and increase the viscosity of the medium so that
the particles settle slowly.

Tablet and capsule diluents: inert substances incorporated to increase the
bulk, to make the tablet or capsule of practical size.
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22. Tablet binders.
23. Tablet-coating agents.

Unfortunately, this proposed regulation was never finalized. However, it
remains as an active proposal and forms the Agency’s enforcement policy with
regard to OTC drugs that were relabeled to declare formally active ingredients that
were excluded from a monograph as inactive excipients. It also gives the industry a
good idea of acceptable excipient categories, at least for older, established products
and product types.

EXCIPIENTS IN NEW DRUGS

Most OTC monograph drugs are ones with long histories of use. They are generally
unsophisticated, and contain relatively simple and well-characterized excipients.
Aside from some issues discussed above that arose during the OTC monograph pro-
cess, there are relatively few regulatory issues regarding these ingredients. Problems
that do occur generally have to do with the quality and purity of the excipient rather
than use of novel excipients.

Most novel excipient issues are related to use of the excipients in new drugs. New
drugs in the United States may only be marketed after approval of the drug in either a
NDA or an Abbreviated New Drug Application (ANDA). NDAs generally concern
drugs that contain either a new active pharmaceutical ingredient (API) or a new
dosage form of an existing API. ANDASs are applications for drugs that are essentially
copies of other approved new drugs, but may generally have different excipients.®

The FDA requires that NDA and ANDA applicants submit information about
all components of the drug, including all excipients. Information on the safety of
excipients used in a drug product has been required by federal law since the enact-
ment of the first modern national food and drug legislation, the Food, Drug, and
Cosmetic Act, in 1938. This law was, in fact, precipitated by an incident involving
an unsafe excipient. In 1937, more than 100 people in the United States died as a
result of poisoning from ingesting “Elixir Sulfanilamide,” a liquid dosage form of
a common drug, Sulfanilamide, used to treat streptococcal infections. A chemist at
S.E. Massengill Co. found that sulfanilamide would dissolve in diethylene glycol, and
the company formulated and produced the liquid form of the drug. No toxicology or
safety testing whatsoever was performed on the drug and none was required by the
law of the time (5). As a result of this tragedy, the new drug law required that all new
drugs, including their components, must be evaluated for safety.

NDA applicants are required to submit a list of all excipients (as well as other
drug components), used in the manufacture of a proposed new drug. Additionally,
the applicant must provide sufficient information to establish that the use of each
excipient is safe for its intended use, at its intended quantity. This information
includes safety data, a statement of the composition, specifications, and any analyt-
ical methods used for the excipient. When a USP/NF monograph exists for an
excipient, the applicant may state that the excipient in the drug will comply with
the standards in the monograph instead of providing composition, specification,
and analytical method information. The required safety information includes

€For some dosage forms, e.g., parenteral drug products, the ANDA applicant must use the
same excipients as are found in the original NDA.
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manufacturing information, and full toxicology studies to demonstrate that the excip-
ient is safe for the intended use (6). In some cases, there may be sufficient assurances
of safety from other sources, such as documented human exposure, or professional/
scientific review of the excipient through some other mechanism (as will be discussed
later in this chapter), to adequately demonstrate the safety of the excipient.

In the absence of existing human exposure data or other review of the excip-
ient, FDA recommends in its guidance on Pharmaceutical Excipients (2) that the
excipient be evaluated using a battery of standard nonclinical tests (7). Which tests
are appropriate depends upon the likely patient exposure given the intended use of
the drug if approved. Table 1 provides a summary of the necessary tests. This test
paradigm will likely be considered as setting the standard for data requirements
for any new excipients, whether or not approved by the FDA in an NDA or ANDA,
or reviewed by some future alternative review/approval mechanism.

The required information and data about an excipient is submitted to the FDA
by the drug product sponsor in the NDA. Many excipient manufacturers choose to
protect the proprietary parts of their excipient manufacturing and safety data
through use of a drug master file (DMF). A DMF is a mechanism that permits drug
component (including excipient) manufacturers to submit information to the FDA
in a document that is held as confidential by the Agency. The information in the
DMF can be reviewed by the FDA, but is not disclosed to other parties. When an
NDA is submitted to the FDA for a drug that is manufactured with an excipient that

Table 1 Recommended Pharmacology and Toxicology Testing for New Excipients

Pharmacology studies battery as per

For all new excipients ICH S7A guidance
Max. exposure of 14 Acute toxicology testing in a rodent and mammalian
consecutive days or less nonrodent species; 1 mo repeat dose toxicology studies in

rodent and nonrodent mammalian species; reproductive
toxicology testing as per ICH S5A and S5B guidance; and
absorption, distribution, metabolism, and excretion studies;
standard genetic toxicology testing as per ICH S2B guidance
Max. exposure of 14 to All the tests above, except 3 mo repeat dose toxicology studies
90 consecutive days should be performed in place of, or in addition to the 1 mo
studies. Other studies may be required depending on the data
gathered from the completed studies
Exposure of more All the tests above, except a 6 mo repeat dose toxicology study
than 3 mo in a rodent species should be performed in place of, or in
addition to the 3mo and 1 mo studies. Additionally, a
chronic toxicology study of 6 mo or 1yr in a nonrodent
mammalian species should be performed. Carcinogenicity
studies may be required. Other studies may be required
depending on the data gathered from the completed studies,
or other factors
Pulmonary or topical All the tests above, as appropriate. Additional tests will depend
products on the route of administration, and may include a
sensitization study, and an ocular irritation study. Other
studies may be required depending on the data gathered
from the completed studies

Abbreviation: ICH, International Conference on Harmonisation.
Source: From Ref. 8.
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is the subject of a DMF, the NDA applicant will include a right of reference to that
DMEF instead of the actual data and information relating to that excipient. This right
of reference is given to the NDA applicant by the excipient manufacturer that owns
the DMF. This right of reference permits the FDA to review the excipient safety
information and data, without disclosure of that information to the NDA applicant.

As discussed above, the FDA will consider the review of excipient ingredients
through mechanisms other than the NDA review as indicative of the safety of the
ingredient. Traditionally, the FDA has generally accepted as safe for oral dosage
forms excipient ingredients that have been reviewed and approved or acknowledged
as safe for use in foods. Food ingredients that are generally recognized as safe
(GRADN), subjects of approved food additive petitions, or reviewed through the United
Nations (U.N.) [Food and Agriculture Organization (FAO)/World Health Organiza-
tion (WHO)] Joint Expert Committee on Food Additives (JECFA) have generally
been accepted as safe for use as excipients in oral dosage form of drugs. The FDA
has also generally accepted as safe excipients that comply with USP/NF monographs.

Once an excipient has been reviewed by the FDA during the NDA approval
process, that ingredient is then listed in the FDA’s database for drug excipients,
the Inactive Ingredient Guide (9). This guide lists the ingredient, the use(s) of that
ingredient in approved drugs, the number of approved drugs containing that ingre-
dient, the date of first approval of a drug containing the ingredient, and a quantity
range for the ingredient. The guide is periodically updated by the FDA, and avail-
able through the FDA’s Internet website (10)." This guide provides a fairly reliable
indicator that any excipient listed in the guide will be acceptable to the FDA in an
NDA where the use, route of administration, and concentration are consistent with
the specifications provided in the guide. Note that this does not represent FDA
“approval” of an excipient for those uses, routes of administration, or concentra-
tions, because (as noted previously) excipients do not have any formal status with
the FDA, and are approved only as a component of an NDA-approved drug pro-
duct. Nevertheless, FDA reviewers are not likely to give close scrutiny to use of
an excipient that complies with use and quantity specified in the guide.

INFORMAL MECHANISMS TO PROMOTE EXCIPIENT ACCEPTANCE

As mentioned above, while the FDA does not recognize any formal status for the
independent review of excipients, the FDA does give consideration to, and will gen-
erally permit the use of, ingredients that have been determined to be safe for food
use, and those ingredients that meet the conditions of a USP/NF monograph. Below
is a summary of the various mechanisms that the FDA accepts as providing some
indicia of acceptability for an excipient ingredient.

Food Additive Status

The FDA will generally accept as safe for use in an oral dosage form those ingredi-
ents that are considered to be safe for use as a food ingredient. According to the
Federal Food, Drug, and Cosmetic Act, food ingredients are safe for food use if they
are either approved by the FDA as a food additive or are considered GRAS.

" As of the date of this chapter, the online version of the Inactive Ingredient Guide is located
at <http://www.fda.gov/cder/drug/iig/ > .
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Food additive approval is obtained through a formal rulemaking process (11),’
where a company submits a petition to the FDA to have the agency issue a regula-
tion allowing use of a particular ingredient in foods at a specified level for a specified
purpose. The process is fairly long and involved, and can require a significant effort
on the part of the petitioner. The petitioner will prepare a petition that identifies the
chemical composition of the proposed ingredient, the proposed use of the ingredient,
the amount of the ingredient to be used, proposed analytical methods for the ingre-
dient, and full safety reports for the ingredient. A report of the environmental impact
of the use of the ingredient will occasionally be required. Once the petition is pre-
pared and submitted to the FDA, it is subject to, at a minimum, a chemistry review,
safety review, and environmental review. After the reviews are completed, the FDA
publishes the food additive regulation specifying the permitted use of the ingredient.
Between preparation of the petition and FDA review, obtaining approval for a new
food additive generally takes a number of years, and a substantial commitment on
the part of the petitioner.

Generally Recognized as Safe Food Status

Exempt from the food additive regulations and process are food ingredients consid-
ered to be GRAS. Under FDA regulations (12), a food ingredient is GRAS when
(1) there is a GRAS of the ingredient among qualified experts and (ii) that recogni-
tion is based on scientific procedures, or experience with the ingredient in foods prior
to 1958. If the GRAS status is to be determined on the basis of scientific procedures,
this requires studies of the same sort as are required for food additive petitions.
GRAS substances that are formally recognized by the FDA are listed in the regula-
tions at 21C.F.R.§§ 182, 184, and 186. GRAS status does not depend on formal
FDA recognition, and as FDA notes in its regulation, ‘it is impractical to list all
such substances that are GRAS” (13). Nevertheless, for pharmaceutical excipient
purposes, it is unlikely that an ingredient that does not have some formal status with
the FDA will be accepted by the agency as safe for use in a new drug without the full
studies that are necessary for novel excipients.

Obtaining formal FDA recognition of GRAS status is called GRAS affirma-
tion (14), a process that is not dissimilar from the food additive petition process.
A petitioner, or the FDA on its own initiative, starts the process. The GRAS process
is an open rulemaking procedure where the data supporting the GRAS status is
placed in a public docket for comment. Once all comments are evaluated, the
FDA will make a determination on whether the ingredient should be considered
GRAS. The GRAS affirmation process requires a considerable effort on the part
of a company to acquire toxicological data (often long-term data) that is acceptable
to the FDA. The FDA then often takes years to review the data and issue the reg-
ulation. As a result, this process is rarely used.

GENERALLY RECOGNIZED AS SAFE NOTIFICATION

Instead of the formal GRAS affirmation petition, the FDA initiated a new procedure
for GRAS ingredients, the GRAS notification. Under the notification process, a

{The Regulation for the petition process are found at 21 C.F.R. § 171.
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manufacturer makes a determination that an ingredient is GRAS, and instead of
petitioning the FDA to affirm this determination by formal rulemaking, it submits
a notification to the FDA of its GRAS determination. Within 90 days, the FDA
responds to the manufacturer that either (i) the agency does not question the basis
for the manufacturer’s GRAS determination, or that (i) FDA concludes that the
notice does not provide a sufficient basis for a GRAS determination. In any event,
the FDA does not formally recognize the GRAS status of the ingredient as it did
under the affirmation process. The notification process has been valuable to food
and food ingredient manufacturers, as it is much faster and less burdensome than
the GRAS affirmation process; however, its utility for pharmaceutical excipient
manufacturers is less clear. Under the affirmation process, the ingredient had a for-
mal recognition as GRAS in FDA regulations. Under the notification process, the
FDA does not make any finding that the ingredient is GRAS, and as a result, ingre-
dients subject to the notification process are potentially less acceptable to the FDA
as pharmaceutical excipients.

For many years, chemical manufacturers (makers) and pharmaceutical firms
(users) as well as FDA reviewers informally used these FDA food clearance
mechanisms to give new drug reviewers (e.g., toxicologists and pharmacologists) a
level of comfort about the safety of an excipient contained in a finished pharmaceu-
tical product.

WORLDWIDE FOOD ADDITIVE STATUS

For many years, international chemical companies and related food and pharmaceu-
tical companies have had no formal legal mechanism to provide some indicia of
safety for ingredients, especially pharmaceutical excipients. As a result, these com-
panies turned to the U.N. in a manner similar to the way that U.S. companies
informally used the FDA food additive and GRAS processes to give an indicia of
government acceptance regarding the safety of ingredients in the United States.
The JECFA was established in 1956 under the auspices of the U.N. and is made
up of committees from two U.N. constituent organizations, the FAO and the WHO,
as an international committee of experts (primarily toxicologists) to evaluate food
additives. The WHO part of JECFA would review all of the available toxicological
data on an ingredient, and, where appropriate, establish acceptable daily intake
levels. The FAO part of JECFA would establish chemical specifications for the
ingredient. The recommendations of JECFA were then used as the basis for deci-
sions on the safety of that ingredient as a pharmaceutical excipient. This subject is
discussed in greater detail in Chapter 6, by DeMerlis and Howell.

JECFA originally met annually, but in recent years began meeting biennially.
This program was intended to obtain international agreement on the acceptability
and usage levels of food additive chemicals, in order to protect consumer safety and
facilitate international trade.

EXCIPIENT DEVELOPMENT STAGNATION

The existing structure for review of excipient ingredients has several structural
defects that result in significant disincentives in the development of novel excipients.
Currently, only excipients that have been approved in an NDA are subject to a
USP/NF monograph, or excipients that have an FDA- or a JECFA-sanctioned food
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status are likely to be acceptable to pharmaceutical manufacturers. Novel ingredients
without any prior review or status represent a risk to pharmaceutical manufacturers
involved in product development. Novel excipients, particularly, those that are not
suitable for food use (and thus not appropriately reviewed under food clearance
mechanisms) present a situation where the drug manufacturer, who has usually spent
millions of dollars on the development and testing of the active pharmaceutical sub-
stance, has no reasonable assurance that the novel excipient will not cause further
delays in the regulatory review and approval process. As a result of the concern over
potential regulatory clearance delays caused by new excipients, pharmaceutical
manufacturers are likely to use existing and accepted excipients despite potential
technical advantages of novel excipients.

The lack of acceptance of new excipients by regulatory agencies, and therefore
pharmaceutical manufacturers, creates disincentives for companies to develop inno-
vative new excipients. The risks of not obtaining acceptance by potential buyers for
new excipients make development of these ingredients economically unacceptable.

INDUSTRY INITIATIVES

In an attempt to increase the likelihood of regulatory and pharmaceutical industry
acceptance of new excipients, excipient manufacturers have made several attempts
to foster a regulatory environment that provides mechanisms for acceptance of
new and novel excipients. Attempts to create a preapproval review or formal status
for excipients have not been successful, and are likely not to be in the interests of the
industry nor economically feasible for regulatory agencies.

Efforts to create mechanisms for obtaining some indicia of regulatory accep-
tance of excipients have been more successful. One notable effort by industry along
these lines was the creation of the International Pharmaceutical Excipients Council
(IPEC) in 1991. IPEC was formed to represent the interests of both excipient man-
ufacturers and users (pharmaceutical companies), and is notable for a number of
initiatives on behalf of the industry; these include the following:

1. Efforts to harmonize the international standards for excipients.

Drafting of Safety Evaluation Guidelines, which have been reviewed by var-
ious regulatory agencies, and that currently represent industry standard for
excipient use evaluation. During the creation of these guidelines, IPEC met
with FDA and USP extensively. The FDA has informally accepted these
guidelines as the basis for their review of excipient safety, and USP has pub-
lished a modified version of these guidelines as General Chapter (1074).

3. Drafting of the IPEC good manufacturing practices (GMP) standards for
the manufacture of bulk pharmaceutical excipients. The GMP standards
were included in USP as General Chapter (1078), and represent the interna-
tional industry standard for GMPs for bulk pharmaceutical excipients (15).

All of these efforts were directed at standardizing excipient manufacture and
use, and have been important in creating a regularized regulatory environment for
excipients. Nevertheless, these steps are primarily directed toward the safety and
use evaluation of existing excipients, and do little to provide any indicia of accept-
ability for novel ingredients.

Recently, IPEC has taken the initiative in evaluating different models for eval-
uation of novel excipient ingredients in an attempt to obtain some acceptance of new
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and novel ingredients by regulatory agencies. The latest effort is a proposal to create
a system where independent experts will review toxicology and safety information
for novel excipients, and issue a report that will be made available to regulatory
agencies. The system is similar in concept to the FDA’s GRAS (food) notification
process, and it is hoped that such a system will provide new excipients with some
imprimatur of regulatory acceptability. It remains to be seen whether this system will
be implemented and have the desired effect of encouraging development of new exci-
pients to meet the needs of a rapidly evolving pharmaceutical industry.

FOOD AND DRUG ADMINISTRATION EXCIPIENT GUIDANCE

While the FDA still has no formal mechanisms for providing independent approval
status to pharmaceutical excipients, the agency has recently provided guidelines for
what types of data it will require for new excipients. In May 2005, the FDA issued its
“Guidance for Industry: Nonclinical Studies for the Safety Evaluation of Pharma-
ceutical Excipients” (2). This guidance provides detailed recommendations on the
types of testing required for excipients depending on the length of exposure for
the ingredient and on the route of administration. A summary of these recommenda-
tions is provided in Table 1. This guidance provides some clarity on what the FDA
will require of such ingredients, and may increase the willingness of excipient man-
ufacturers to develop and pharmaceutical manufacturers to use novel excipients.

CONCLUSION

Pharmaceutical excipients have no official regulatory status independent of the fin-
ished dosage form in which they are used. As a result, the mechanism for regulation
of these ingredients is uncertain and variable. For excipients found in OTC drug pro-
ducts regulated under the FDA’s OTC monograph system, the agency operates under
a set of proposed rules (still pending) that provide the general considerations for accep-
table excipients and their functions. For prescription drugs (as well as any OTC drugs
approved pursuant to a new drug application), excipients are reviewed as a part of the
drug application, and not given any independent review. While in theory the FDA
examines every ingredient in a new drug application, in practice, excipients long used
in drugs or as food ingredients are given only cursory review. The FDA looks to sev-
eral sources to identify these previously reviewed excipients, including food additive or
food GRAS status, favorable review by JECFA, inclusion in the USP/NF, or prior
review in other new drug applications. These previously used/acceptable excipients
are identified in the FDA’s Inactive Ingredient Guide. Inclusion of an ingredient in this
guide provides the FDA a reasonable assurance that an ingredient, used within the
scope of the usage provided in the guide, will be acceptable. Therefore, regulation
of well-known excipients in both OTC and prescription drugs are subject to a rea-
sonably certain set of procedures. However, the lack of an independent review for
excipients creates significant issues for companies that wish to use new or novel excipi-
ents in their drug products. Lack of any independent review means that there is no
formal mechanism for providing indicia of acceptability by regulatory agencies, and
this creates uncertainties that reduce incentives to develop and use novel ingredients.
Despite this lack of formal review, there has been some movement toward mechanisms
to address this problem, but official independent status and review of excipients is not
likely, or necessarily in the best interests of industry or the regulatory agencies.
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Cyclodextrins—Enabling Excipients: A
Case Study of the Development of

a New Excipient—Squobut%Iether
B-Cyclodextrin (CAPTISOL™)

Diane O. Thompson
CyDex Inc., Lenexa, Kansas, U.S.A.

CYCLODEXTRINS PROVIDE CASE STUDIES OF NEW
EXCIPIENT DEVELOPMENT

Cyclodextrins (CDs) (Fig. 1) have been used in drug development only since the mid-
1970s. The CD experience highlights the two different routes for the development of
and the associated hurdles facing the introduction of new inactive ingredients in the
pharmaceutical industry. The two approaches involve either obtaining acceptance as
a generally recognized as safe (GRAS) food additive or developing the appropriate
preclinical and clinical safety and current Good Manufacturing Practices (cGMP)
manufacturing and quality control package. This chapter will summarize the proper-
ties and status of the parent CDs (a-, B-, and y-CD) and the proprietary-modified
CDs [hydroxypropyl (HP)- and sulfobutylether (SBE)-B-CD (SBE7-B-CD) (CAPTI-
SOL®)]. In general, the parent CDs were introduced as GRAS food additives, and
the modified CDs were introduced as proprietary pharmaceutical ingredients. The
development story of SBE-B-CD will highlight the latter approach of generating an
industry-defined safety package and manufacturing quality [chemistry, manufactur-
ing, and quality control (CMC)]. As the safety and quality standards are set high for
any ingredient (active or inactive) incorporated into a drug product, the cost and
time to meet these regulatory requirements follow suit and necessarily affect the
ingredient’s cost of goods.

New Excipient Cost of Goods: Novelty to Commodity Status

Four decades of experience with different CDs has provided a general pricing history
(Fig. 2) that should be expected for the introduction of a totally new pharmaceutical
excipient. The price is high initially due to a combination of factors involving low
volume productions, the cost of cGMP manufacturing standards expected by the
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Figure 1 Chemical structure of B-cyclodextrin.

pharmaceutical customer, the expense of safety packages to underwrite the new
material, and the potential proprietary nature of a new chemical agent. The price
decreases only as the manufacturer recoups expenses and production volumes rise to
access economies of scale in manufacturing. A kilogram of B-CD that cost US $1500
in 1975, depending on the grade of the bulk, can now be purchased for US $5.25,
31 years later. In addition, whereas, the supply of a- and y-CD was limited in the
early 1980s, these materials are now being produced in multiton quantities, and
the cost of goods is continually decreasing.

Commodity prices, therefore, will be realized only several decades after the
introduction of a novel excipient and only when the bulk is generic and/or when
there are other excipients that are interchangeable for the function the excipient

Supply Low
& Demand High

—] Initial Bulk Scale Production

Cost Per Gram New Excipient

0 5 10 15 20

Figure 2 Anticipated pricing history for a totally “new’ excipient.
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provides the dosage form. The cost of a novel excipient decreases only with the
increased call for the bulk material, which in turn only occurs as more drug products
using the new ingredient successfully pass the regulatory approval process.

Timing to First Drug Approval Using a New Excipient

The introduction of the first pharmaceutical products using a novel excipient will
typically take the same period of time as the development of the pharmaceutical ingre-
dient requiring the novel excipient (Fig. 3). As new excipients, CDs have provided
viable dosage forms, which were not accomplishable with any other formulation,
and the development course was therefore linked to the development course for
the new drug substance. For all three CDs, which have been incorporated in multi-
ple marketed pharmaceutical products, the first products introduced with these
agents took between 12 and 16 years, corresponding to the development time of the
drug product.

CDs: Enabling Excipients

CDs are enabling excipients used to address solubility, stability, and bioavailability
issues in a manner not possible with other inactive ingredients. Enabling excipients
are involved in the functionality of the dosage form—ingredients recognized as
essential for the appropriate delivery of the drug from the dosage form. Unlike
“interchangeable” commodity excipients, enabling excipients are unique in that no
other additive can accomplish the desired effect. Such agents enable the creation of
a viable dosage form, for without their inclusion the drug would not have a formula-
tion suitable for the market place.

Complexation of a drug with a CD enables the creation of formulations for
water-insoluble drugs typically difficult to formulate with more traditional additives.
The development of a CD formulation (Fig. 4) may be as simple as mixing the

New Excipient Development Timeline
Linked to First Pharmaceutical Product Development Timeline
Pharmaceutical Finished Products—Development Line
|Phase | |Pha_se 1l lLaunch

Preclinical |Phase II Marketing Exclusive Sales of
Application Pharmaceutical Product

New Excipient (Essential to Pharmaceutical Product Above)-Development Line

Preclinical
Manufacturing & Quality Control

Start 1st Marketed Product Time To Market
B-CD ~1970 ~1986 Prostandin—Japan ~16 yrs
HP-B-CD ~1982 ~1997 Sporanox—USA ~15 yrs
SBE-B-CD ~1990 ~2002 Vfend—USA ~12 yrs

Figure 3 Three CDs provide case studies of the development time of a new excipient.
Abbreviations: CD, cyclodextrin; HP, hydroxypropyl; SBE, sulfobutylether.
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Figure 4 Equilibrium solubilization of a water-insoluble drug by a CD. Abbreviations: CD,
cyclodextrin; aq, aqueous.

insoluble drug solid with an aqueous solution of the CD and allowing for equili-
bration of the system to the maximum amount of drug solubilized in the form of
a drug-CD complex. The saturated mixture is filtered, and the resulting solution
contains a mixture of the drug—-CD complex, the level of free drug molecules solu-
ble without the CD, and a given amount of free CD molecules necessary for the
equilibrium solubility.

When formulated under these conditions, the drug will dissociate from the
complex upon dilution without any precipitation issues (Fig. 5). This is quite differ-
ent than the solubilization of drugs by co-solvents, where solubility often shows a
positive deviation from linearity, and hence precipitation may occur with dilution.
Although the strength of the binding will vary with drug and CD, due to the char-
acteristics of linear equilibrium solubility, for properly formulated drugs, the binding
strength should not affect the dissociation and delivery of the drug from the CD
complex (1).

In addition to improved water solubility, the CDs can provide a myriad of
other formulation benefits (2-4). These formulation benefits provided the justifica-
tion for the incorporation of these CDs into pharmaceutical products and their
establishment as new excipients. Two different development approaches for new
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- === Cyclodextrin Drug

Cyclodextrin Concentration

Figure 5 Solubilization and effect of dilution: drug—cyclodextrin complex or drug cosolvent
formulation.
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excipients are highlighted by the CD stories: the development as a GRAS food additive
and the development of a proprietary pharmaceutical safety and CMC package for the
excipient during the course of the development of a drug using the excipient.

PARENT CDs
Functionality and Limitations

The parent CDs are cyclic carbohydrates consisting of a variable number of glucopy-
ranose units linked by 1,4-glycosidic bonds. The chemical structure of B-CD (Fig. 1)
shows the cyclic nature and the three hydroxyl groups on each glucopyranose unit.
Two of the hydroxyls are secondary alcohols and are located at the C2 and C3
positions of the glucopyranose unit. The third hydroxyl is a primary alcohol at
the C6 position.

The conformation of the glucopyranose units results in a three-dimensional
(3-D) structure best represented by a segment of a hollow cone (Fig. 4). The 3-D
structure of the CD provides a cavity that is hydrophobic relative to an aqueous
environment and that varies in size with a-CD being the smallest and y-CD the lar-
gest. The hydroxyls or substituents of the modified CDs provide the hydrophilic
exterior responsible for the aqueous solubility of the CDs. The properties of the
parent CDs that affect their use in drug complexation are (i) their maximum aqueous
solubilities (Table 1) and (ii) the differences in complexation due to differences in
cavity dimensions.

The extent of solubilization of a drug will be determined by the maximum
amount of CD that can be dissolved in water, the binding constant for the complex,
and the intrinsic solubility of the drug. On a molar basis, a- and y-CD are approxi-
mately 7 to 14 times more soluble than B-CD at their maximum aqueous solubilities
and hence have a potentially better solubilizing capacity than B-CD. a-CD has been
utilized in the stabilization of prostaglandins, but it has limited application in the
solubilization of therapeutic agents due to the small size of the cavity. y-CD has
the best water solubility and the largest hydrophobic cavity suitable for complex-
ation with hydrophobic small molecule therapeutics; however, many drugs exhibit
B phase solubility behaviors (Fig. 6) with y-CD, the other two parent CDs limiting
the full exploitation of their solubilizing capacity. As of 2005, y-CD has not yet been
incorporated into an approved pharmaceutical drug product.

Table 1 Comparison of CD Water Solubility and Theoretical Solubilizing Capacity

w-CD B-CD vCD  HP-p-CD*  SBE-p-CD®

Maximum achievable CD solution concentration

% wt/vol. (g/100mL) 14.5 1.85 23.2 60° 80°

Molecular weight (g/mol) 973 1135 1297 1402 2160
CD molarity (mol/1000 mL) 0.149 0.016 0.179 0.428 0.370
Maximum theoretical achievable drug concentration®

Drug concentration (mg/mL) 76 8 90 214 186

2HP-B-CD: Encapsin®—DS, 4.6.

®SBE-B-CD: CAPTISOL®—DS, 7.

“Viscosity limiting.

dAssumptions: molecular weight of drug = 500 g/mol; 1:1 molar ratio of CD to drug and all CD cavities
are occupied.

Abbreviations: CD, cyclodextrin; HP, hydroxypropyl; SBE, sulfobutylether; DS, degree of substitution.
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Figure 6 Theoretical maximum drug solubilization by different CDs at their maximum
water solubilities (assuming 100% 1:1 complexation). Abbreviations: CDs, cyclodextrin; HP,
hydroxypropyl; SBE, sulfobutylether.

The cavity of B-CD is appropriate for many of the insoluble small molecule
therapeutics, but the low intrinsic water solubility (~1.85% wt/vol., 0.016 M) results
in the lowest solubilizing capacity. At the maximum theoretical solubility and assum-
ing all of the CD molecules are occupied, only 8 mg/mL of drug could be solubilized
by B-CD. Even with this limitation, the majority of the marketed pharmaceutical CD
formulations (Table 2) have used B-CD both due to its cost and the availability in
bulk quantities. The use of B-CD is limited to oral and topical products due to its
renal toxicity (5) when administered parenterally. The renal toxicity of B-CD is
not understood, but it is thought to be due to accumulation of the CD in the renal
tubule cells. Although not proven, the hypothesis has been presented that once in
the renal cells, either B-CD or a B-CD-cholesterol complex precipitates as acicular
crystals due to their low water solubility. How, or even if, these crystals disrupt
cellular function is unknown; but exposure of the renal tubule cells to -CD causes
progressive degeneration of the cellular organelles with ultimate mortality.

Developed as GRAS Food Additives

The first CD-based pharmaceuticals were introduced into the market in Japan. The
Japanese regulatory agency had granted the natural parent CDs the status of a natural
starch, which allowed the utilization of these materials as food additives, a source of
agents often embraced by the oral formulator. In Europe and the United States, the
natural CDs, however, were not considered as natural starches, and safety data were
generated (Table 3) to support the oral consumption of these agents. The natural
CDs have now received approval by various European regulatory authorities as food
additives, and in the United States, the Food and Drug Administration (FDA) has
accepted the Notification of GRAS status filed by Wacker Chemie (6) for each of the
natural CDs. The parent CDs demonstrate the use of the GRAS food additive approach
to establishing a new pharmaceutical excipient. The details of the GRAS Notification
Process are summarized by the FDA Center for Food Safety and Applied Nutrition (7).
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Table 2 A Selection of Marketed Pharmaceuticals with CD-Based

Formulations
Cyclodextrin Drug Route Market Trade name
Oral and topical products
a-CD OP-1206 Oral Japan Opalmon®
Cefotiam Oral Japan Pansporin T®
hexetil HCI1
B-CD Piroxicam Oral, rectal  Europe Brexin®
PGE2 Buccal Japan Prostarmon E®
Benexate Oral Japan Ulgut®,
Lonmiel®
Todine Topical Japan Mena-Gargle®
Dexamethasone Dermal Japan Glymesason®
Glyteer 7
Nitroglycerin Buccal Japan Nitropen™
Nimesulide Oral Europe Nimedex®
Tiaprofenic Oral Europe Surgamyl®
acid
Omeprazole Oral Europe Ombeta®
ME 1207 Oral Japan Meiact®
Cephalosporin
HP5-B-CD Itraconazole Oral United States, Sporanox®
(Encapsin™) Europe
Cisapride Rectal Europe Prepusid®
Parenteral products
a-CD PGE1 v United States, Prostandin®
prostaglandin Europe, Japan
HP5-B-CD Itraconazole v United States, Sporanox®
(Encapsin™) Europe
SBE7-B-CD Voriconazole v United States, Vfend®
(CAPTISOL®) Europe, Japan
Ziprasidone IM United States, Geodon®/
mesylate Europe Zeldox®

Abbreviations: CD, cyclodextrin; HP, hydroxypropyl; SBE, sulfobutylether; PGE, prostaglandin; 1V,
intravenous; IM, intramuscular.

The parent CDs as GRAS food additives are suitable for oral pharmaceutical
use when used at the levels approved for foods. The GRAS estimated daily mean oral
exposures for -CD, a-CD, and y-CD were reported as 300, 1700, and 4000 mg/day,
respectively. These levels provide reasonable quantities for consideration in oral
pharmaceutical products. As stated earlier, the parent CDs, however, are not suited
for intravenous (IV) use due to the early reports of their renal toxicity, and this
limitation led researchers to introduce chemical modifications to provide new, system-
ically safe CDs for use in parenteral pharmaceuticals.

MODIFIED CDs

The ideal, modified CD for use as an excipient should be safe for all routes of deliv-
ery, have high water solubility, chemical and metabolic stability, no pharmacological
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Table 3 Partial Listing of Reported Preclinical Safety Studies for Parent and
Modified CDs

a-CD B-CD v-CD HP-3-CD SBE-B-CD
Preclinical safety (6) (6) (6) ) (25)

Parenteral
IV bolus
1 day Y Y Y
7 or 14 day
1 mo
3 or 6 mo
Fertility
Teratology
Peri-postnatal development
IV continuous infusion
1 or 4 day
14 day
Subcutaneous
1 mo
6 mo
Oral
1 day
7 or 14 day
1 mo
3 or 6 mo
9 or 12 mo Y
Carcino Y?
Fertility
Teratology Y Y
Peri-postnatal development
3-Generation + teratology Y
Inhalation
1 day Y
7 day Y
28 day Y

=~ =<

=~ =<

=<K
KHRHKKK KK KK KKK

pIEE

#No tumors were observed in either the rat or the mouse study with B-CD.

Pancreatic neoplasms were observed in the rat but not in the mouse oral carcinogenicity study for
HP-B-CD.

Abbreviations: CD, cyclodextrin; HP, hydroxypropyl; SBE, sulfobutylether; IV, intravenous.

activity, complexation behavior not less than B-CD’s, and an economical manufac-
turing process capable of generating a quality bulk suitable for use in pharmaceutical
products.

Chemical modifications of B-CD were explored to improve the systemic safety
of this valuable solubilizing agent. HP and SBE substituents were introduced to
provide new CDs for use in parenteral drug delivery.

Hydroxypropyl CDs

The first modified CD to be explored significantly in parenteral delivery was the HP-
B-CD. The development of this proprietary CD has been previously presented (8)
and will be briefly summarized.
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Improved Functionality and Safety

The introduction of the HP substituent did increase the water solubility of the CD
40-fold over the parent B-CD while retaining much of the solubilizing power of
the B-CD cavity. The new derivative did demonstrate improved renal safety allowing
for the utilization of this CD in both oral and parenteral product development.

Developed with a Proprietary Pharmaceutical Data Package

HP-B-CD was developed by Janssen as a proprietary inactive ingredient (Encapsin®)
and used in both the oral and IV formulation of their anti-fungal itraconazole
(Sporanox@})t The preclinical safety studies (9) conducted on HP-B-CD in support
of Sporanox®™ are highlighted in Table 3.

The value of the anti-fungal product and the patent protection for HP-B-CD
(10) justified Janssen’s development of Encapsin™. Janssen further justified the devel-
opment of this new excipient by offering licenses to Encapsin® as long as the licensee’s
drug product was not a competitor. In the 1980s and 1990s, this licensing restriction
and the existence of a competitive U.S. National Institutes of Health (NIH) patent
(11) for HP-B-CD impeded the expansive use of this new excipient. The situation
changed due to several events. The Janssen patent protection has expired in European
countries, and as of April 1998, Janssen Biotech closed Encapsin® operations allow-
ing the introduction of generic (12) HP-B-CD. The Janssen litigation filed against the
NIH HP-B-CD patent position resulted in disallowance of the NIH patent position
(13) and issuance in 2002 of the U.S. Janssen patent for HP-B-CD (14). Therefore,
although HP-B-CD is generic in Europe, until 2022, a license is still necessary to
use HP-B-CD in commercial drug products in the United States.

This unexpected necessity to obtain a license to use HP-B-CD in the United
States may continue to slow down the use of HP-B-CD, already further constrained
due to the unexpected observation of pancreatic tumors in an oral rat carcinogenicity
study (9). These tumors were unexpected because there had been no observations of
tumors in the carcinogenicity studies with B-CD, and genotoxicity studies with all
CDs have shown negative results. In addition, HP-B-CD produced pancreatic
tumors only in the rat but not in the mouse oral carcinogenicity study. The unusual
observation in the rat study with HP-B-CD was hypothesized (15) to be due to sensi-
tivity of the rat to increased levels of circulating cholesystokinin (CCK), a pancreatic
mitogen in the rat. The increased levels of CCK were a secondary effect to the dosing
with HP-B-CD due to the ability of this very water-soluble CD to bind bile acids in
the intestine, preventing their reabsorption. The fecal elimination of the bile acids
was postulated to stimulate the production of CCK to replenish the bile acids. As
CCK is a pancreatic mitogen in the rat but not in other species (16,17), this was
proposed to account for the unusual observation. Although CCK-enhancing agents
such as cholestyramine have been used chronically in humans without the obser-
vation of neoplastic effects on the pancreas, until further evidence is gathered to
support the validity of this hypothesis, HP-B-CD may be limited to acute use and
life-saving therapies.

Sulfoalkylether CDs

Even with the introduction of HP-B-CD, there was still a need for other oral and sys-
temically safe CDs. SBE7-B-CD (CAPTISOL) was developed in the mid-1990s to
provide another improved CD excipient.
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Improved Functionality and Safety

The introduction of the anionic SBE substituent (Fig. 4) increased the water solubi-
lity of the CD 40-fold over the parent B-CD while retaining much of the solubilizing
power of the B-CD cavity. The new derivative demonstrated renal safety allowing for
the utilization of this CD in both oral and parenteral product development.

Developed with a Proprietary Pharmaceutical Data Package

SBE7-B-CD (CAPTISOL™) was developed by CyDex Inc., as a proprietary inactive
ingredient. An extensive global patent estate exists for SBE7--CD (18), and CAPTI-
SOL® must be licensed for use in commercial pharmaceutical products. Patent
protection of this new excipient, however, provided the proprietary protection for
the bulk material that is sufficient to warrant the expense associated with the devel-
opment of the preclinical and CMC data packages to establish this new ingredient.
The development of this new excipient was spearheaded by the need for a new
solubilizing agent to enable the IV formulation of a very insoluble anti-fungal in
development by Pfizer. )

Pfizer licensed the use of CAPTISOL® and developed for CyDex the initial
bolus parenteral safety data and manufacturing scale-up. CyDex and other clients
expanded the safety package to include continuous infusion, subcutaneous, oral,
ophthalmic, and nasal safety data. The preclinical safety studies (9) conducted on
CAPTISOL™ are highlighted in Table 3. These data have supported the introduction
of two Pfizer products, the IV formulation of the anti-fungal voriconazole (Vfend ™)
and the intramuscular (IM) formulation of the anti-pyschotic agent, ziprasidone
mesylate (Geodon™). Additional Captisol-Enabled®™ drugs are in development not
only for parenteral but also for oral, ophthalmic, nasal, and inhalation delivery.
The detailed story of the development of CAPTISOL® will demonstrate the second
approach to establishing a new excipient.

A CASE STUDY OF THE DEVELOPMENT OF A NEW ENABLING
EXCIPIENT—SBE-$-CD (CAPTISOL"™)

From 1975 to 1990, scientists at the University of Kansas utilized a rational synthetic
design for the definition of a new excipient, the SBE derivative of B-CD (SBE7-
B-CD; CAPTISOL™). Designing renal safety into the CD was approached by
introducing anionic substituents onto the CD structure. This approach capitalized
on the increased water solubility that would be realized with the introduction of
an ionic substituent. Higher intrinsic water solubility was expected to help minimize
the potential precipitation of the CD, if concentrated in the kidney cell, and the
charged substituent was expected to capitalize on the ability of the kidney to effi-
ciently excrete ionic compounds into the urine, thus reducing residence time and
exposure of the kidney cells to the CD.

Selecting the Anionic Substituent

Anionic substituents that are considered are the salts of carboxylic acids, phosphoric
acids, and sulfur acids. The salts of sulfur acids are chosen based on their low pK,
values that allow these derivatives to remain un-protonated (anionic) throughout the
pH range used in and experienced by pharmaceutical formulations. Figure 7 shows
the chemical structures of the three different families of anionic CD derivatives

© 2006 by Taylor & Francis Group, LLC



Cyclodextrins—Enabling Excipients 61

Na'-O;S-O._\
. _cH .~ 0-S0sNa’ HO,
) —f{b“ Gl 20N
\ cDSulfate | Metabolically Stable —f
\ sgco |/ » \ cD Sulfonate |
\_ __/;‘ Pharmacologically Inactive \ SA$-CD :
\ . p — __'_-.\
f CH,0-S0,Na* Poor Complexing CD \
CH.SOyNa*
Metabolically Unstable O-Alkyl Spacer SOy Na®
\ _0-Alkyl Spacer SOy Na*
Pharmacologically Active rmmm—l T ?
) , \ Sulfoalkylether |
(Heparin Mimics) ”33‘}_;_30 r ’ Patented
Poor Complexing CD WIS

A

"CH,0-Alkyl Spacer SO;Na*

Figure 7 Various substituents evaluated in the rationale design study of CAPTISOL® (sul-
fobutylether7-B-CD). Abbreviations: CD, cyclodextrin; S, sulfate; SA, sulfonate; SAE, sul-
foalkylether.

(sulfate, sulfonate, and alkyl sulfonates) (19) evaluated in the search of a safe but func-
tional CD derivative.

Sulfate Derivatives

The first family is a directly sulfated CD. These molecules are easy to produce
chemically and have the anionic sulfate group randomly distributed at the C2, C3,
and C6 positions. The substituent is attached to the carbohydrate via a sulfate—ester
linkage that may be metabolically unstable in vivo. One feature regarding this
family is the negative charge of the substituent in close proximity to the carbohy-
drate backbone.

Sulfonate Derivatives

The directly sulfonated CDs were the second family of compounds studied. The sub-
stituent was introduced, after multiple synthetic steps, at the C6 position with a
metabolically stable C-S bond. Like the sulfate derivatives, the sulfonates have
the negative charge of the substituent in proximity to the carbohydrate backbone.

Alkyl Sulfonate (Sulfoalkylether) Derivatives

In the last family, the sulfonate anion is attached to a neutral alkyl spacer unit
[-(CH,),—, where n=2 to 6] that links to the CD structure by a metabolically stable
ether linkage. This group of compounds differs from the first two families in that the
anionic charge is spaced away from the carbohydrate backbone by the alkyl group.

All of the anionic CD derivatives were shown to exhibit water solubilities 20 to
40 times greater than B-CD, and this property was independent of the degree of
substitution (DS). The sulfated CDs were shown to be chemically and enzymatically
unstable due to the sulfate—ester linkage, and these derivatives were ultimately shown
to exhibit pharmacological activity as anticoagulants. The sulfonated CDs were chem-
ically and metabolically stable, but they were not anti-coagulants. However, both the
sulfated and sulfonated CDs were poor solubilizing agents. The introduction of
the anionic charge close to the CD cavity appears to have disrupted the
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thermodynamics driving the complexation of drugs. Therefore, the sulfoalkylether
derivatives are the best candidates for the new CD excipient.

Identifying the Specific Substitution Type

The introduction of the alkyl spacer chain between the CD and the sulfonate ion
reestablished the favorable complexation of hydrophobic drugs (Fig. 8). Spacing the
negative charge away from the CD backbone through the use of the 3-carbon propyl
spacer unit verifies the impact of the proximity of the charge on complexation. When
the derivative bears only one substituent [sulfoproylether 1 (SPE1)-B-CD], the bind-
ing constants for the drugs rival that observed with the parent B-CD. However, as
the DS increases to 4 (SBE4-B-CD) and 7 (SPE7-B-CD), the binding constants
decrease. This may result from the propyl spacer not effectively lessening the increase
in charge density that occurs when going from a mono- to tetra- to hepta-anion, or
from the physical bulk of the SPE group that sterically hinders the entry of the drug
into the cavity.

The bulkier 4-carbon SBE derivatives, however, do not display a significant
change in the complexation capability with a change in the DS. The steric effect does
not seem to be operative, and the electronic effect seems to be minimized by further
distancing the charge from the CD cavity. The SBE groups may possibly orient
themselves up and away from the cavity (Fig. 9). The hydrophobic butyl changes
may align to minimize interactions with the aqueous solution similar to the process
seen in micelle formation. If the butyl groups align, the sulfonate anions would be
brought together; but due to electrostatic repulsions, the anionic sulfonates should
spread out, providing an elongated hydrophobic cavity with an unobstructed opening.

The SBE derivative was chosen for development as a new excipient, because
the material demonstrated high water solubility and excellent complexation capacity
relatively unaffected by the substitution level, and the raw materials were reasonably
available for commercial scale manufacturing. The only remaining decision was the
level of substitution to introduce.
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Figure 8 Effect of CD anionic substituents on the complexation of water-insoluble steroids.
Abbreviations: SA, sulfonate; SPE, sulfopropylether; SBE, sulfobutylether; CD, cyclodextrin.
Source: From Ref. 19.
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Figure 9 Proposed 3-D structure of sulfobutylether-cyclodextrin.

Selecting the DS

One primary factor that led to the selection of the DS for the SBE-B-CD was the
need to economically produce a bulk that is safe for parenteral administration.
The safety of the bulk required that it be devoid of any residual B-CD and that the
SBE-B-CD exhibit no systemic toxicity. The most economical approach to the elim-
ination of the unreacted B-CD was to derivatize all of the parent CD, a feat
accomplished by reaching a DS of approximately 6.5 (SBE7-B-CD). A preliminary
evaluation of the potential safety of the SBE7-B-CDs was demonstrated by its mini-
mal involvement in membrane destabilization (20).

The SBE7-B-CD bulk is prepared through the reaction of butane sultone and
B-CD and is a mixture of SBE derivatives of different levels of substitution (Fig. 10),
with the average composite having a DS of 7. In establishing the manufacture of
SBE7-B-CD, the requirements for a rugged and consistent process were high as it
was expected that the quality control department of the pharmaceutical company
using the new excipient would audit for manufacturing consistency, expecting pro-
duct quality similar to that of an active drug substance.

cGMP MANUFACTURING—ANALYSIS, STABILITY, AND QUALITY

The quality of the new excipient, SBE7-B-CD, was built in by the design of the man-
ufacturing process. The product’s quality was created by understanding the synthesis
and work-up procedures, the requirements for the raw materials, and the parameters
that affected the reaction and isolation procedures. Validation of the process and
cleaning procedures ensured a quality product, and this was confirmed by the
analytical characterization of the product.

The reproducibility of the composite nature of modified SBE7-B-CD prepara-
tions was a quality issue that was addressed by the management of the manufacturing
process. The consistency of the manufacturing process and the composition of the
modified CDs were confirmed using analytical methods that were developed and
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validated to characterize the modified CDs and to evaluate the purity profile and
micro-burden. The SBE7-B-CD composite is characterized by (i) the average DS,
(ii) the fingerprint pattern of the substitution bands, and (iii) the distribution of
the substituents at different regional and positional sites (21).

A number of methods were used to determine the average DS for a modified
CD. Nuclear magnetic resonance (NMR) spectroscopy (22) is the most common
method used and involves comparing the NMR signal for the anomeric C1 or its
respective hydrogen to signal(s) for atom(s) distinct to the substituent. To calculate
the DS for the SBE derivatives, the signal(s) for the methylene units in the butyl
spacer is compared to the signal for the anomeric hydrogens. The DS can also be
determined by additional methods, for example, elemental analysis of the SBE CD
preparations can be used to determine the DS. Each substituent contains a sulfur
and a sodium atom, and the percent composition of sulfur to carbon or sodium to
carbon can define the extent of substitution.

The average DS as determined by these methods provides only the simplest
characterization of these derivatives, and further analysis was necessary to character-
ize the mixture of SBE bands of different levels of substitution. Due to the presence
of the anionic sulfonate substituent, it is possible to use capillary electrophoresis (23),
to separate the SBE-CD substitution bands and to characterize the fingerprint of the
composition (Fig. 10). Anion exchange chromatography (24) was utilized to isolate
separate substitution bands (mono- to deca-derivatives) that were subsequently iden-
tified by NMR and fast atom bombardment mass spectroscopy (FAB-MS).

EOF

VI
VII

(%]
<

VI

Absorbance (x 10?)

/

14

Sodium

0 10 ‘ 20 30
Time/Minutes

Figure 10 Capillary electrophoresis characterization of the composite nature of sulfobuty-
lether7 (SBE7)-B-cyclodextrin CD. Roman numerals indicate the degree of substitution of
each SBE band (I = SBE1-B-CD, ..., IX = SBE9--CD).
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In addition to the assay and characterization of the SBE-CD mixture, ana-
Iytical specifications were established for all potential residual raw materials and
impurities. As SBE7-B-CD was to be used in parenteral products, multiple microbial
and endotoxin specifications were established.

PRECLINICAL SAFETY PACKAGE

Table 3 indicates the preclinical safety studies for CAPTISOL®™ (25) conducted as of
2005. The strategic safety plan for CAPTISOL™ was designed based on the guidelines
discussed in the 1990s by the International Pharmaceutical Excipients Council which
resulted in the May 2005 issuance of the FDA Guidance (26): Nonclinical Studies
for the Safety Evaluation of Pharmaceutical Excipients. These studies and others in
the CAPTISOL®™ Drug Master File have delineated the safety of CAPTISOL®™
(SBE7-B-CD) for parenteral, ophthalmic, oral, nasal, and inhalation administration.

THE COST TO DEVELOP A NEW EXCIPIENT

The extensive basic research, the analytical method development and validation, the
establishment of cGMP manufacturing, the extensive International Conference on
Harmonization (ICH) stability studies, and the nonclinical safety data package nec-
essary for the establishment of the new excipient, SBE7-B-CD, are estimated to have
cost well over US $30 million dollars. This expense is only justified for a new excip-
ient which is proprietary and which enables the formulation to overcome difficulty
in drug delivery. The reality of new excipient development is that only when the
material performs a function not achieved by any other agent will the pharmaceuti-
cal industry be willing to pay the cost of a proprietary excipient. However, as new
drug therapies are discovered, there will continue to be a need for new specialty
inactive ingredients, and the CD development stories demonstrate two different
pathways to establish these future new excipients.
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INTRODUCTION

This chapter examines the procedures used to review the safety and specifications of
a new food additive by the Joint Food and Agriculture Organization (FAO)/World
Health Organization (WHO) Expert Committee on Food Additives (JECFA), the
data requirements, and procedures used for the approval of a new food additive
in the United States and the European Union (EU), to determine their use as a basis
for evaluating the safety of new pharmaceutical excipients. In addition to the food
additive petition process, the procedure whereby a substance can be recognized so
Generally Recognized As Safe (GRAS) in the United States is discussed. This chap-
ter deals only with food additives directly added to food (direct food additives) and
not food additives indirectly added to food (food contact substances), secondary
direct food additives, or prior sanction substances.

The U.S. Food and Drug Administration (FDA) defines novel (new) pharma-
ceutical excipients as those substances used in the United States for the first time in
a human drug product or by a new route of administration (1). The International
Conference on Harmonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) includes sections in its Common Technical
Document (CTD) that details the information required for the approval of novel
(new) excipients. Information on the control of excipients is included in Section
P.4 of the CTD, and any additional information that may be required should be
included in Appendix A.3 of the CTD.

A new excipient can only be approved for use within the review process for a
new drug application (NDA) under the current system of drug product approval in
the United States. There is no separate approval procedure for a new excipient that
is to be used in drug products. This approval process is also applicable in the EU
and other countries of the world. In this chapter, it is argued that the approval
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procedures used to evaluate the safety of new food additives could be considered as
methods to evaluate the safety of a new excipient, provided the new excipient fulfills
a technological function in food.

The evaluation of the safety of a new excipient as a food additive could be
accomplished by the submission of a food additive petition to the United Nations
expert panel operating under the auspices of the FAO and the World Health Organi-
zation known as the JECFA. A JECFA review could serve as a separate independent
safety review to support the new excipient for potential use in drug products. Alter-
natively, the safety of a new excipient could be evaluated through the food additive
petition processes, as currently in practice both in the United States and the EU,
assuming that the new excipient can be demonstrated to have a technological function
as a food additive.

The U.S. FDA states in the Guidance for Nonclinical Studies for Development
of Pharmaceutical Excipients (2) that they will continue to consider factors such as
use in previously approved products, GRAS-status, or a food additive to evaluate
the safety of a new excipient. The FDA states ““...an excipient with documented
prior human exposure under circumstances relevant to the proposed use may not
require evaluation in a full battery of toxicology studies...”” FDA also states “under
some circumstances (e.g., similar route of administration, level of exposure, patient
population, and duration of exposure) other factors can adequately qualify an excip-
ient (2).” The sponsor of a new excipient should meet with the FDA to provide
information regarding the toxicology, chemistry, manufacturing, and controls neces-
sary to evaluate a potential new excipient.

Although the approval of a new food additive or the determination of an ingre-
dient as GRAS are potential mechanisms available for the evaluation of the safety of a
new excipient, food additive approval or GRAS approval is no guarantee that an
ingredient will be accepted and approved as a new excipient in a drug product, because
such an approval can take place only within the context of an NDA. However, a food
additive approval or a GRAS determination may indicate an adequate measure of
safety to a pharmaceutical manufacturer and may eliminate some of the uncertainty
associated with the use of a new excipient for the oral route of administration.

The use of food additive petitions and GRAS procedures to evaluate the safety
of a proposed new excipient would apply to the oral route of administration for the
excipient and would not generally apply to other routes of administration. Some
routes of administration (e.g., inhalation) result in unique toxicological require-
ments, and data would have to be developed for the specific route of administration.
While toxicological data from systemic studies are important for excipients used
for nonoral applications, separate data would be needed for the specific route of
administration. Nevertheless, the amount of safety data, specifications, and intake
information required for a food additive review is extensive, and therefore could pro-
vide a firm basis of safety for a new excipient.

SAFETY EVALUATION PROCEDURES FOR THE REVIEW
OF FOOD ADDITIVES

Joint Food and Agriculture Organization/World Health Organization
Expert Committee on Food Additives

The JECFA is a scientific committee administered by the FAO of the United Nations
and the WHO. JECFA is a very important supranational organization responsible
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for the evaluation and assessment of the safety, specifications, and intake analysis of
food additives and contaminants. Procedures for the preparation of a toxicological
monograph, an intake assessment, and the specifications for the FAO and WHO are
discussed in the FAO and WHO procedural guidelines (3,4) and on their Web sites (5,6).

JECFA provides scientific advice to FAO, WHO, member governments, and
the Codex Alimentarius Commission operating under the Joint FAO/WHO Food
Standards Programme, which was created to develop food standards, guidelines,
and related texts such as codes of practice for the protection of health of consumers,
ensure fair trade practices in food trade, and promote coordination of all food
standards’ work undertaken by international governmental and nongovernmental
organizations. JECFA provides advice to the Codex Alimentarius Commission
and its specialist committees. The Commission works with many aspects of food
involving the protection of consumers and fair trade practices. JECFA provides
expert advice on all scientific matters to the Codex Committee on Food Additives
and Contaminants (CCFAC), which is responsible for endorsing food additive
levels in all Codex food standards. Decisions within CCFAC are based on the safety
assessments and recommendations of JECFA. In addition, CCFAC recommends
priority food additives and contaminants for evaluation by JECFA for safety and
specification review. More information regarding the responsibilities of Codex is
explained in a document published in 1999 (7).

Many countries do not have the expertise and funds to conduct risk assess-
ments of food additives and contaminants. JECFA performs a critical function in
providing these risk assessments, and many countries use evaluations from JECFA
to establish national regulatory programs for food additives and contaminants.

WHO selects JECFA committee members (experts) to conduct the toxicologi-
cal evaluation of food additives and contaminants and establishing an acceptable
daily intake (ADI). FAO selects JECFA experts to establish specifications for the
identity and purity of food additives and to assess their intake. Scientists are chosen
for their expertise to serve on JECFA committees according to the types of compounds
on the agenda, and membership is on an ad hoc basis using individual scientists from
all regions of the world.

WHO provides experts with specialized skills in the following areas: toxicology,
pharmacology, metabolism, microbiology, pathology, epidemiology, molecular biol-
ogy, and chemistry. FAO provides experts with specialized skills in the following
areas: manufacturing, quality control, analytical chemistry, food technology, and
good manufacturing practice. WHO and FAO attempt to balance the experts between
academic and regulatory experience and geographical distribution, and the experts
are invited as independent members and do not represent their employers or govern-
ments. Conflicts of interest must be disclosed in writing, and if one exists, JECFA will
decide whether the expert can participate in the evaluation of a particular substance.

A list of potential experts can be found on the JECFA Web site. The members
of JECFA are responsible for making decisions based on their experience and the
scientific information submitted, and they are assisted by the JECFA Secretariat
consisting of the FAO and WHO Joint Secretaries and the WHO temporary advi-
sors. It should be noted that JECFA is not a standing committee and can only make
decisions during the time of the meeting. Final decisions of JECFA are published by
the Joint Secretariat and are made available to the FAO, WHO, CCFAC, and other
interested parties. Once a meeting of JECFA has been finalized, the Joint Secretariat
cannot modify or amend the interpretation or decisions of JECFA in the written
report, but it may make editorial changes.
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The FAO and WHO Joint Secretaries have the responsibility for organizing the
JECFA meetings, inviting the experts, preparing the documents, and publishing
the meeting report. The substances evaluated by JECFA are selected based on prior-
ities set by CCFAC, requests from FAO and WHO, and requests from governments
(FAO and WHO member governments). The Secretariat also prepares the agenda
and distributes a call for data prior to each meeting. The Joint Secretaries assign sub-
stances on the agenda to a temporary advisor to draft the relevant information
necessary for the JECFA evaluation, and an expert is assigned as a reviewer.

The International Programme on Chemical Safety (IPCS) is a joint venture of
the United Nations Environment Programme, the International Labour Organiza-
tion, and the World Health Organization. The IPCS evaluates the effects of chemicals
on human health and the environment. A joint publication by the IPCS and JECFA,
“Principles for the Safety Assessment of Food Additives and Contaminants in Food”
(8), discusses the testing of chemicals used in foods, the evaluation of the test results,
and the general basic set of data requirements necessary to evaluate food additives
and contaminants.

An important outcome of the JECFA evaluation is the establishment of an ADI
for a food additive. The ADI is based on the available toxicological data and the no
adverse effect level in the relevant species. JECFA defines the ADI as “an estimate of
the amount of a food additive, expressed on a body weight basis, that can be ingested
daily over a lifetime without appreciable health risk” (8). JECFA utilizes animal
data to determine the ADI based on the highest no-observed-adverse-effect level
(NOAEL), and a safety factor is applied to the NOAEL to provide a margin of safety
when extrapolating animal data to humans. JECFA typically uses safety factors of 50,
100, or 200 in the determination of an ADI. The NOAEL is divided by the safety
factor to calculate the ADI. The food additive is considered safe for its intended
use if the human exposure does not exceed the ADI on a chronic basis. This type
of information may potentially be used to help assess the safety of a pharmaceutical
excipient that is also used as a food additive, based on a comparison of the ADI to the
estimated daily intake of the excipient.

Specifications for food additives are established by JECFA to ensure that the
commercially used product is of consistent quality and is equivalent to the product
evaluated in the toxicological studies.

JECFA publishes reports and monographs based on their review and evalua-
tion of food additives and contaminants. A summary of each meeting is published
on the FAO and the WHO Web sites, providing information on the outcome of
the meeting. WHO then publishes the detailed conclusions of the meeting in the
WHO Technical Report Series. Toxicological and intake monographs are published
in the WHO Food Additive Series and are available on the WHO Web site. Specifi-
cations are published in the Compendium of Food Additive Specifications (9) and
are available on the FAO Web site.

An outline of the review process for a food additive by JECFA is shown in
Table 1. Procedures for placing food additives and contaminants on the JECFA
agenda are discussed in Annex I of the FAO guideline (3). Table 2 lists the criteria
for the inclusion of additives on the JECFA priority list. FAO and WHO member gov-
ernments may also request the review of a food additive or contaminant by JECFA.
Industry must provide a request for evaluation through a member governments, and
the request must include the information listed in Table 3. The Joint Secretariat
includes the substance in the call for data 10 to 12 months before the meeting and
any interested party may then submit data to JECFA. The member governments must
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Table 1 Steps in the Review of a Food Additive by Joint Food and Agriculture
Organization/World Health Organization Expert Committee on Food Additives

Member governments request to WHO or FAO Secretariats or by request from member
states at CCFAC meeting

Member governments provides commitment to supply data package to JECFA

Call for data issued by Joint Secretariat 10-12 mo before the meeting

Prepare and submit dossier 6-7 mo before the meeting

Joint Secretariat assigns responsibility and provides dossier to temporary advisors to prepare
the working papers for the toxicology, specifications,
and intake analysis

Evaluation of food additive by JECFA experts. Possible outcome of meeting: Decision on the
ADI, specifications prepared, and intake analysis

Summary of JECFA meeting published on WHO and FAO Web sites after meeting

Specifications published by FAO in Food and Nutrition Paper

Specifications reviewed and either revised or accepted as Codex specifications
at CCFAC meeting and INS number assigned

Technical Report Series containing the evaluation is published by WHO

Food Additive Series containing the toxicological monograph is published by WHO

Abbreviations: WHO, World Health Organization; FAO, Food and Agriculture Organization; CCFAC,
Codex Committee on Food Additives and Contaminants; JECFA, Joint Food and Agriculture Organiza-
tion/World Health Organization Expert Committee on Food Additives; ADI, acceptable daily intake;
INS, International Numbering System.

provide a commitment to JECFA that a dossier with the supportive data and informa-
tion will be submitted six to seven months before the JECFA meeting.

Information provided to JECFA should be submitted in the format detailed in
the WHO and FAO procedural guidelines and the WHO guidelines for the prepara-
tion of toxicological and intake working papers for JECFA (10,11).

The JECFA expert assigned the responsibility for preparing the specifications
for identity and purity for the food additive prepares a Chemical and Technical
Assessment (CTA) document. The CTA contains the chemistry, manufacturing pro-
cess, technological justification, and intended use of the food additive (FAO CTA
Guideline, 2003) (12). The CTD guideline should be used for submission of chemical
and technical information to JECFA.

Table 2 Criteria for the Inclusion of Food Additives on the Joint Food and
Agriculture Organization/World Health Organization Expert Committee on
Food Additives Priority List®

Use of the compound in accordance with the general principles for the use of food additives.
Technological justification and need shall be indicated

Commodities in which the compound will be used are in international trade
and represent a significant portion of the diet

Use of the compound will have potential to cause public health
and/or trade problems

The compound is commercially available

Commitment that a dossier will be available for evaluation by JECFA

#Criteria adopted by Codex Committee on Food Additives and Contaminants.
Abbreviation: JECFA, Joint Food and Agriculture Organization/World Health Organization Expert
Committee on Food Additives.
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Table 3 Information Required for a Food Additive to Be Evaluated by Joint Food and
Agriculture Organization/World Health Organization Expert Committee on Food Additives®

Name of sponsor submitting the proposal for inclusion
Name of compound

Trade name

Chemical name

Names and addresses of basic producers

Justification for use

Food products in which the compound is used

Has the compound been registered in two or more countries?
Has the manufacturer made a commitment to provide data?
List of data (toxicology, metabolism, specifications) available
Date on which data could be submitted to JECFA

“Information requirement adopted by Codex Committee on Food Additives and Contaminants.
Abbreviation: JECFA, Joint Food and Agriculture Organization/World Health Organization Expert
Committee on Food Additives.

United States
The Regulation of Food Additives

In the 1950s, the increased use of food additives in foods became a concern to the
U.S. government. Prior to 1958, the burden of proof was on the FDA to show that
a food was adulterated by the misuse of food additives and, therefore, unsafe for
consumption. As a result of this concern, Congress passed the 1958 Food Additives
Amendment to the Federal Food, Drug, and Cosmetic Act (Act). A premarket clear-
ance system was set up requiring that a food additive be shown to be safe for its
intended use and that the food additive be approved by the FDA before it could
be used in food.
In the United States, food additives are classified into two categories:

1. Additives that can be added directly to food (see 21 CFR 172)
Additives that can be added indirectly to food through contact of the food
with packaging materials, processing equipment, or other food-contact
materials (see 21 CFR 174-178)

The Federal Food, Drug, and Cosmetic Act and the Code of Federal Regula-
tions contain the basic framework for the regulation of food additives in the United
States. Section 409 (c)(3)(A) of the Act requires that food additives must be safe
for their intended uses before they can be intentionally added to food. 21 CFR
170.3 (i) defines “‘safe’ or “‘safety’ as:

A reasonable certainty in the minds of competent scientists that the substance is
not harmful under the intended conditions of use. It is impossible in the present
state of scientific knowledge to establish with complete certainty the absolute
harmlessness of the use of any substance; therefore, safety may be determined
by scientific procedures or by general recognition of safety. In determining safety,
the following factors shall be considered:

1. The probable consumption of the substance and of any substance formed
in or on food because of its use.

2. The cumulative effect of the substance in the diet, taking into account any
chemically or pharmacologically related substance or substances in such diet.
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3. Safety factors, which, in the opinion of experts qualified by scientific train-
ing and experience to evaluate the safety of food and food ingredients, are
generally recognized as appropriate.”

Section 201(f) of the Act defines the term “food” as (1) articles used for food or
drink for man or other animals, (ii) chewing gum, and (iii) articles used for components
of any such article. The definition of a food in the Act is a broad term and includes food
components, including both food additives and GRAS substances. Section 402 of the
Act states that a food is adulterated if it contains an unsafe food additive as defined in
the Act. Section 201(s) of the Act defines the term “food additive” as “any substance
the intended use of which results or may reasonably be expected to result, directly or
indirectly, in its becoming a component or otherwise affecting the characteristics of
any food (including any substance intended for use in producing, manufacturing,
packing, processing, preparing, treating, packaging, transporting, or holding food;
and including any source of radiation intended for any such use), if such substance is
not generally recognized, among experts qualified by scientific training and experience
to evaluate its safety, as having been adequately shown through scientific procedures
(or, in the case as a substance used in food prior to January 1, 1958, through either
scientific procedures or experience based on common use in food) to be safe under
the conditions of its intended use; except that such term does not include

1. a pesticide chemical in or on a raw agricultural commodity; or

2. a pesticide chemical to the extent that it is intended for use or is used in the

production, storage, or transportation of any raw agricultural commodity; or

a color additive; or

4. any substance used in accordance with a sanction or approval granted
prior to the enactment of this paragraph pursuant to this Act, the Poultry
Products Inspection Act (21 U.S.C. 451 and the following) or the Meat
Inspection Act of March 4, 1907, (34 Stat 1260) as amended and extended
(21 U.S.C. 71 and the following);

5. a new animal drug; or

6. an ingredient described in paragraph (ff) in, or intended for use in, a die-
tary supplement.”

98]

Therefore, a food additive is a substance that is intentionally added to foods
and does not include substances that are GRAS. A food additive petition must be
filed in order to obtain an authorization from FDA specifying the conditions under
which a food additive may be safely used. The FDA conducts a very comprehensive
review of the safety of a food additive when a petition is submitted.

The Act describes the information that a food additive petition must contain
for the chemistry, safety, and functionality of the additive. Food additive petitions
are submitted to the FDA under the provisions of section 409(b) of the Act and must
include the following information:

Chemical identity and composition

Proposed use

Intended technical effect

Methods to determine the amount in the finished food
Full safety reports

IS

FDA may request a description of the methods, facilities, and controls used for
the production of the food additive, and it may also request samples of the food
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additive and the foods in which the additive will be used. The requirements for a
food additive petition are discussed in 21 CFR Part 171.

The FDA Center for Food Safety and Applied Nutrition (CFSAN), Office of
Food Additive Safety (OFAS) is responsible for reviewing food and color additive
petitions and GRAS Notifications (13). OFAS has four divisions:

Division of Petition Review

Division of Food Contact Substance Notification Review
Division of Biotechnology and GRAS Notice Review
Division of Chemistry Research and Environmental Review

OFAS provides guidance for potential petitions and has provided for electronic
submissions.

The FDA must act upon a food additive petition within 180 days. It can take
many years to obtain an approval for a new food additive due to the lengthy review
process and the interaction with the petitioner. When approved, FDA issues a spe-
cific regulation for the food additive, which specifies the amount of the food additive
that may safely be used and the conditions of use for the additive. The conditions of
use may be related to levels of use, types of foods, and application of use.

CFSAN has published guidelines for the data requirements for food additive
petitions such as “Recommendations for Submission of Chemical and Technological
Data for Direct Food Additive and GRAS Food Ingredient Petitions” (14), which
describes the type of chemical and technological data that the FDA considers neces-
sary for the evaluation of a petition. The guideline includes information on the
identity, manufacturing process, and specifications for food grade material, stability
of the added substance, intended technical effect and use, methodology for analysis
of the added substance in food, and consumer exposure.

In addition, FDA has published a guideline “Estimating Exposure to Direct
Food Additive and Chemical Contaminants in the Diet”’(15), which details the data-
bases and methodologies used by the FDA to estimate exposure to food additives
found in the diet and that are very important considerations in assessing the safety
of a food ingredient.

Information and data from toxicological tests are essential requirements of the
food additive petition. The Redbook 2000 Toxicology Principles for the Safety
Assessment of Food Ingredients (16) provides guidance to industry concerning the
appropriate tests for the determination of safety. The Redbook discusses concern
levels as a method to determine recommended toxicology tests for food and color
additives. A level of concern can be assigned based on the potential health risk of
the food additive.

During the review of a food additive, the FDA makes a determination of the
NOAEL from the toxicological studies, selects an appropriate safety factor, and cal-
culates the ADI for the food additive.

Sections of the Redbook have been updated in phases in October 2001,
November 2003, and April 2004, and the updating process is continuing. Alternative
approaches can be used but should be discussed with the OFAS. All toxicological
studies must be in compliance with Good Laboratory Practice regulations published
in 21 CFR Part 58.

The FDA maintains an inventory of more than 3000 total substances used in
food, referred to as “Everything Added to Food in the United States” (EAFUS)
(17). The database is useful in the determination of the regulatory status of an ingre-
dient for use in food, and is maintained under an ongoing program known as the
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Priority-based Assessment of Food Additives (PAFA). It contains administrative,
chemical, and toxicological information for over 2000 substances regulated by the
FDA as direct, “secondary” direct, color additives, GRAS substances, and prior-
sanctioned substances. In addition, the database contains only administrative and
chemical information for less than 1000 such substances.

Although the EAFUS database includes some GRAS substances added to
food, it is only a partial list because under U.S. federal law, some ingredients may
be added to food by a GRAS determination made independently of the FDA. There-
fore, the EAFUS database contains many, but not all, of the substances subjected to
independent GRAS determinations; however, the EAFUS database is still a useful
resource to consult to determine the food additive or GRAS status of a proposed
ingredient that may potentially need to be evaluated as a new excipient.

Voluntary Notification Program for “Generally Recognized as Safe” Additives

The Federal Food, Drug, and Cosmetic Act provides that substances to be added to
food are subject to a premarket approval requirement, but the definition of the term
“food additive” provides an exception to premarket approval for substances that are
GRAS, because substances that are GRAS are exempted from the food additive defini-
tion. The general requirements for a GRAS assessment of flavor ingredients have been
examined in detail by Hallagan and Hall (18), who have provided a basic reference for
information regarding the GRAS process in the United States. In addition, informa-
tion regarding the GRAS evaluation process can be found on the FDA Web site (19).

Requirements that must be met in order to classify a substance as GRAS are
described in 21 CFR 170.30. According to 21 CFR 170.30 (b), the same quantity
and quality of scientific evidence is required to obtain general recognition of safety
based upon scientific procedures as is required to obtain approval of a food additive.
General recognition of safety through scientific procedures can be based on pub-
lished or unpublished studies and additional supportive data and information;
however, the data and information relied on to establish a substance as GRAS must
be generally available and, by definition, cannot be held confidential. The usual pro-
cedure to establish that scientific data and information is generally available is by
publishing in a peer-reviewed journal.

Hallagan and Hall (18) identified four requirements that must be met for a sub-
stance to be determined GRAS.

1. Qualified experts must conclude that there is a general recognition of safety
for the substance.

2. The experts must be qualified by scientific training and experience.

3. The experts must base their opinion on scientific procedures or the experi-
ence that the substance was used in foods prior to 1958.

4. The conclusion that a substance is GRAS is based on specific intended use
Or uses.

Some GRAS substances have been published in 21 CFR 182, 184, 186; how-
ever, FDA makes it clear that additional substances independently determined to
be GRAS are not listed in 21 CFR regulations (20).

In the past, petitioners filed petitions with FDA to review the GRAS status of a
substance and affirm the substance as GRAS. In 1997, FDA proposed to replace this
GRAS affirmation petition process with a proposed voluntary notification procedure
where any interested party may notify FDA of the determination that a substance is
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GRAS. FDA must acknowledge the date of receipt of a GRAS notice in writing
within 30 days, and respond on the status of the notice within 90 days. Although there
is no formal regulation issued, the notifier receives a letter that is either neutral mean-
ing “FDA has no objection to the GRAS notification” or cites a concern. While FDA
has not yet published a final regulation on its voluntary GRAS notification proce-
dure, the agency operates as if the 1997 proposal were a final regulation.
Appropriate documentation must be maintained for ingredients subject to a
GRAS notification. The proposed Dietary Supplement Good Manufacturing Prac-
tices (GMPs) regulations recently published by FDA outlines clearly the type of
supporting information required to use a GRAS substance as a component in a die-
tary supplement product (Ref.(21), proposed section 111.35). A key section of this
proposal related to components used in dietary supplement products states:

“For those substances that are GRAS, proposed 111.35(d)(4) would require the
manufacturer [of the dietary supplement] to have documentation for the basis
for why such a substance, that is not a ‘dietary ingredient’ within the meaning
of section 201(ff) of the act, is approved for use or is GRAS for use in a dietary
ingredient or dietary supplement.”

The proposed regulation describes the specific types of documentation that are
needed to support the use of nondietary ingredients and what types of information
would not be appropriate (i.e., simple reference to an FDA GRAS Notification in the
Fed. Register, etc., is not considered to be acceptable without additional data). Docu-
mentation supporting the GRAS status of an ingredient will, therefore, also be required
to be held by the user of the GRAS substance in the dietary supplement product.

European Union
The Regulation of Food Additives

The objective of the EU community legislation is to protect human health and to
prevent different national legislation that may hinder free trade within the EU.

This section discusses the regulation of food additives, colors, and sweeteners in
the EU that are subject to three separate Directives. Three important aspects of the
approval process for food additives in the EU are that (i) there is a technological need
for their use; (ii) they are not misleading to the consumer; and (iii) they present no
health hazard to the consumer (22). The EU Web site contains detailed information
for the use of food additives and should be consulted for food additive information (23).

The Framework Directive 89/107/EEC deals with food additives used as
ingredients during the manufacture of food and that become a part of the finished
food product. It describes the criteria by which food additives are evaluated and spe-
cifically states that directives should be established for the list of permitted additives,
which are authorized to the exclusion of all others. Alternatively, the directive does
not deal with

processing aids,
substances used in the protection of plants and plant products in confor-
mity with Community rules relating to plant health,

e flavorings for use in foodstuffs, falling within the scope of Council Directive
88/388 /EEC, and

e substances added to foodstuffs as nutrients (for example, minerals, trace
elements, or vitamins).
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A “food additive” is defined in Article 1 of Directive 89/107/EEC as:

“any substance not normally consumed as a food in itself and not normally used
as a characteristic ingredient of food whether or not it has nutritive value, the
intentional addition of which to food for a technological purpose in the manufac-
ture, processing, preparation, treatment, packaging, transport, or storage of such
food results, or may be reasonably expected to result, in it or its by-products
becoming directly or indirectly a component of such foods.”

The general criteria for the use of food additives in the EU are described in
Annex IT of the Framework Directive 89/107/EEC. The authorization of a new food
additive in the EU involves a two-step procedure: a safety evaluation is completed by
the European Food Safety Authority (EFSA) and the food additive is included in the
appropriate Directive by the Commission and the Commission adopts a specification
of the purity criteria for the food additive.

EFSA is the newly established scientific body of the EU that provides objective
scientific information and evaluations on all food safety issues, including food addi-
tives. EFSA is an independent European agency located in Parma, Italy, which
provides risk assessments to the European Commission, European Parliament,
and Council and operates various scientific panels including the panel on food addi-
tives, flavorings, processing aids, and materials in contact with food.

Petitioners for the use of food additives can find information on the authoriza-
tion of new additives, revisions of existing provisions, or approval of a new additive
source or manufacturing method in Guidance on Submissions for Food Additive
Evaluations published by the Scientific Committee on Food (24). This document
describes the required administrative and technical data, toxicological tests, and sub-
mission format, and should be consulted for the detailed information required for
the preparation of a dossier on a new food additive.

Directive 89/107/EEC also includes conditions whereby a member govern-
ments can grant provisional authorization of two years for the marketing of an
unlisted additive. In addition, the Directive specifies the requirements for the labeling
and packaging of food additives for sale to the consumer and the manufacturer.

Three separate Directives must be consulted for the positive list of approved
food additives, colors, and sweeteners, including the detailed listing of the food cate-
gories and the maximum level of use permitted within each food category.

1. European Parliament and Council Directive 95/2/EC of 20 February 1995
on food additives other than colors and sweeteners for use in foodstuffs,
amended by Directives 96/85/EC, 98/72/EC, 2001/5/EC, 2003/52/EC,
and 2003/114/EC

2. European Parliament and Council Directive 94/36/EC of 30 June 1994 on
colors for use in foodstuffs

3. European Parliament and Council Directive 94/35/EC of 30 June 1994 on
sweeteners for use in foodstuffs, amended by Directives 96/83/EC and
2003/115/EC

In addition, three separate directives detail the purity criteria (specifications)
for approved food additives, colors, and sweeteners.

1. Commission Directive 96/77/EC for food additives other than colors and
sweeteners, amended by Directives 96/86/EC, 2000/63/EC, 2001/30/EC,
2002/82/EC
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2. Commission Directive 95/45/EC for colors, amended by Directives 99/75/
EC and 2001/50/EC

3. Commission Directive 95/31/EC for sweeteners, amended by Directives
98/66/EC, 2000/51/EC, and 2001/52/EC

Member governments must monitor sweetener consumption. The Commission
may change the conditions of use for sweetener, based on the information submitted.

CONCLUSION

The evaluation as a food additive or GRAS substance may provide relevant safety
information to support the use of a proposed new excipient in a drug product.
The evaluation of a new excipient that is to be used orally as a food additive and that
is evaluated independent of the drug product approval process may serve as a review
of the safety of the excipient by a recognized regulatory authority.

In a recent article, the FDA stated “For excipients with a history of use, it may
be possible to adequately address some or all of the safety issues through citation of
the existing nonclinical and clinical database, marketing history, or regulatory status
of the compound (e.g., “GRAS” status as a direct food additive may adequately sup-
port oral administration of that compound up to the levels permitted in foods)” (25).
Therefore, it appears reasonable that the FDA would consider the use safety data
based on the food additive regulatory status of an excipient to evaluate the safety
of the excipient. If a new excipient has undergone a food additive safety review, this
may reduce the perceived risks associated with the development and use of a new
excipient.

If a petitioner for a new excipient plans to use a food additive evaluation
procedure, the appropriate toxicological testing program must comply with those
specified in the guidelines for excipients. The FDA Guidance for the Safety Evalua-
tion of Pharmaceutical Excipients should be consulted to determine the necessary
safety testing. The FDA Guidance discusses relevant ICH requirements that should
be considered for an excipient. Safety studies conducted on a food additive using
toxicological study protocols developed using the FDA “Redbook’ and the JECFA
Safety Assessment Principles will provide very useful data for potential new excip-
ients. In addition, the safety guide of the International Pharmaceutical Excipient
Council (IPEC) should also be consulted for guidance (26).

In the United States and the EU, obtaining food additive approval of a new
excipient must be carefully evaluated. It can take many years to obtain approval
for a new food additive. A GRAS determination may be a more practical method
to ascertain the safety of a new excipient especially in the United States, because
the determination of an ingredient as GRAS can be performed independent of a
review by the FDA.

The intake of a food additive or GRAS substance used in foods may generally be
significantly higher than that of an excipient used in pharmaceutical products. Gen-
erally, food additives and GRAS substances will be ingested over a lifetime, whereas
excipients are ingested with drug products for a defined period of time in controlled
amounts. Intake of a new excipient should be compared to that ingested as a food
additive to demonstrate that it falls within the maximum daily intake of the food addi-
tive or GRAS substance. Therefore, the maximum permitted amount of a food
additive or GRAS substance can be used as a guide when establishing a safe use level
for an excipient that is also approved as a food additive or GRAS substance.
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Many pharmaceutical excipients are food additives or GRAS substances that
have been used in foods for many years. The Handbook of Excipients provides infor-
mation in the regulatory status section for the accepted uses of excipients in foods
(27). In addition, Appendix II of the Handbook lists the “E” number for excipients
that are approved as food additives in the EU.

A timely and systematic approach is needed for the independent review of
excipients to encourage the development of new excipients. A number of indepen-
dent review models are used in other industries, such as food, cosmetics, and medical
devices, and could be adapted to the review of excipients. IPEC is currently survey-
ing its members to determine which system might be most useful (28), and IPEC
has developed an Excipient Master File Guide to standardize and harmonize the
information needed to review a new excipient (29). The format of the master file is
modeled after the electronic ICH CTD for presenting chemistry, manufacturing,
and controls and safety information.

In conclusion, the JECFA evaluation process for food additives is a thorough,
comprehensive review of safety, intake, and specifications resulting in an assignment
of an ADI. An evaluation by JECFA could serve as a credible review of the safety of
a new excipient. Likewise, the safety evaluation by FDA or the EFSA of an ingre-
dient for use as a food additive could also be very useful to support the potential
use of a new excipient for the oral route of administration.
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INTRODUCTION

The United States Pharmacopeia (USP) was established in 1820 by medical practi-
tioners to ensure quality and correct nomenclature of therapeutic preparations.
Today, over 180 years after the first USP was published, USP is the oldest contin-
uously published pharmacopeia in the world and is the only nongovernment
compendia. In 1974, USP merged with the National Formulary (NF) and the current
USP-NF contains about 385 monographs for excipients. The USP mission statement
states that, “the United States Pharmacopeia promotes the public health by estab-
lishing and disseminating officially recognized standards of quality and authoritative
information for the use of medicines and health care technologies by health profes-
sionals, patients, and consumers.” Although USP is a private organization, federal
and state laws in the United States have allowed adoption of USP standards for
many purposes. According to the provisions of the 1938 Federal Food, Drug, and
Cosmetic Act, USP standards are enforceable by the Food and Drug Administration
for drugs manufactured and sold in, or imported into, the United States. Standards
established by USP are also recognized by law in Canada and by practice in many
other countries.

As the pharmaceutical industry becomes more globalized, harmonization holds
the key to effective international pharmaceutical commerce. USP is actively involved
in international harmonization. When manufacturers have to comply with only a
single harmonized standard, it reduces or eliminates the need to duplicate the testing
carried out during the global production of medicines. The following table illustrates
how the monographs of the three pharmacopeias compare to the harmonization
draft and the reduced testing results (Table 1).

The table shows that without a harmonized monograph, material that is
marketed in Europe, Japan, and the United States would require 37 individual tests
to be compliant. However with the harmonization draft, industry may comply with
compendial requirements in the three regions, with only 12 tests. In some cases, the
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Table 1 Carboxymethylcellulose Calcium

Lane and Sheehan

United States
pharmacopoeia
monograph

Japanese
pharmacopoeia
monograph

European
pharmacopoeia
monograph

Harmonization
draft

Identification A
Identification B
Identification C
Identification D
Alkalinity
Chloride
Sulfate

Silicate

Heavy metals

Starch
Loss on drying
Residue on ignition

Identification A
Identification B
Identification C
Identification D
Alkali

Chloride
Sulfate

Silicate

Heavy metals
Arsenic

Starch

Loss on drying
Residue on ignition

Identification A
Identification B
Identification C
Identification D
Alkalinity
Chlorides
Sulfates

Silica

Heavy metals

Loss on drying
Sulfated ash

Identification A
Identification B
Identification C
Identification D
Alkalinity
Chloride
Sulfate

Heavy metals

Loss on drying
Residue on ignition

Organic volatile
impurities

differences between each compendial monograph is only a slight difference, but
because of regulatory requirements, industry is obligated to perform all testing,
unless there is appropriate data to show equivalence. Harmonization also helps to
avoid unnecessary delays in the regulatory process and consequently in the availabil-
ity of medicines, while ensuring their quality, safety, and efficacy. USP continues to
work with the European and Japanese pharmacopoeias, through the Pharma-
copoeial Discussion Group (PDG), toward the harmonization of content in the
world’s major pharmacopoeias.

PDG was established in 1989, in response to requests from industry. The PDG
was formed with representatives from the European Directorate for the Quality of
Medicines in the Council of Europe, the United States Pharmacopeial Convention,
Inc., and the Japanese Pharmacopoeia (JP) in the Ministry of Health and Welfare—
now the Ministry of Health, Labor, and Welfare (MHLW). Since that time, the PDG
generally meets twice a year to work on pharmacopeial harmonization topics. In
May 2001, the PDG welcomed the World Health Organization as an observer. While
not part of the International Conference on Harmonization (ICH) of Technical
Requirements for Registration of Pharmaceuticals for Human Use, the PDG usually
meets in conjunction with the ICH and provides the ICH Steering Committee with
reports of its progress. To facilitate harmonization of some ICH Quality guidelines
and the Quality section of the Common Technical Document, the PDG representatives
sometimes attend ICH expert working group discussions as observers. Pharma-
copeial harmonization amplifies the work of the ICH, particularly for Quality topics.
While the PDG is not part of the ICH, the PDG periodically provides updates to the
ICH Steering Committee, and in the past participated in a joint task force. This task
force focused on harmonization of general chapters considered important to the ICH
harmonized document Specifications: Test Procedures and Acceptance Criteria for
New Drug Substances and New Drug Products: Chemical Substances (Q6A). USP
also participates in the International Cooperation on Harmonization of Technical
Requirements for Registration of Veterinary Products (VICH). As with the ICH,
some of the quality guidelines developed in VICH depend upon harmonization of
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pharmacopeial general chapters. A major difference between the PDG and ICH/
VICHs is that the ICH/VICH guidelines are generally applicable only to ingredients
and drug products not previously registered in an ICH/VICH region or nation,
whereas the PDG harmonization applies to all marketed products in the applicable
region or nation. The Group’s primary focus is on the harmonization of pharmaceu-
tical excipient monographs and some general chapters. This will reduce manufacturers’
burden of performing analytical procedures in different ways, using different accep-
tance criteria.

Harmonization may be carried out retrospectively for existing monographs or
chapters or prospectively for new monographs or chapters. The three pharmacopeias
have a commitment to respect the agreed working procedures and the associated
time deadlines as an essential part of the harmonization procedure. The PDG has
defined harmonization of a pharmacopeial monograph or general chapter as follows:

A pharmacopeial general chapter or other pharmacopeial document is harmo-
nized when a pharmaceutical substance or product tested by the document’s
harmonized procedure yields the same results, and the same accept/reject decision
is reached.”

When using a fully harmonized pharmacopeial monograph or general chapter,
an analyst will perform the same procedures and reach the same accept/reject deci-
sions irrespective of which PDG pharmacopeia is referenced. This approach is called
interchangeability, and each pharmacopeia will identify, in an appropriate manner,
such a monograph or general chapter.

When full harmonization of a pharmacopeial monograph or general chapter is
not possible, the PDG works to harmonize it using an approach termed harmonization
by attribute. In this approach, some elements of a monograph or general chapter may
be harmonized, but others may not. When a monograph is harmonized by attribute, a
combination of approaches is needed. For nonharmonized elements, reliance on the
individual PDG pharmacopeia is necessary. The PDG works transparently in many
ways, but principally through the public notice and comment procedures of each phar-
macopeia. Where necessary, meetings of experts are held to identify potential solutions
to difficult problems.

In all, 61 excipient monographs and some general chapters (Table 2) are in vari-
ous stages of the seven-stage harmonization process that are described below.

STAGE 1: IDENTIFICATION

On the basis of an inquiry among its users, the PDG identifies subjects to be harmo-
nized among PDG pharmacopeias and nominates a coordinating pharmacopeia for
each subject.

The PDG distributes the work by consensus among the three pharmacopeias and
strives for a balance in the distribution of assignments to coordinating pharmacopeias.

STAGE 2: INVESTIGATION

For a subject to be harmonized retrospectively, the coordinating pharmacopeia col-
lects the information on the existing specifications in the three pharmacopeias, on the
grades of products marketed, and on the potential analytical procedures.

The coordinating pharmacopeia prepares a draft monograph or chapter,
accompanied by a report giving the rationale for the proposal with validation data.
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Table 2 Status of Harmonization

Harmonization item Stage
General methods relevant to Q6A4
Q-01 Dissolution 6
Q-02 Disintegration 6
Q-03/04 Uniformity of content/mass 6
Q-05 Microbial contamination
Q-05a Tests for specified microorganism SA
Q-05b Microbial enumeration SA
Q-05¢ Microbial contamination limits for nonsterile products SA
Q-06 Bacterial endotoxins 6
Q-07 Color (and clarity of solutions) 2
Q-08 Extractable volume of parenterals (Rev. 1) 6
Q-09 Test for particulate contamination: subvisible particles (Rev. 1) 6
Q-10 Residue on ignition (Rev. 2) 6
Q-11 Sterility test 6
General chapters
G-01 Analytical sieving 6
G-02 Bulk density and tapped density 4
G-03 Conductivity 2
G-04 Density of solids 4
G-05 Flow ability (powder flow) 6
G-06 Tablet friability 6
G-07 Heavy metals 3
G-08 Inhalation 4
G-09 Optical microscopy 6
G-10 Powder fineness 4 Rev
G-11 Specific surface area 6
G-12 Porosimetry by mercury intrusion 4
G-13 Laser diffraction measurement of particle size 3
G-14 X-ray powder diffraction 3
G-15 Gravimetric water sorption of powders 2
G-16 Thermal behavior of powders 2
B-01 Amino acid determination 6
B-02 Capillary electrophoresis 6
B-03 Isoelectric focusing 6
B-04 Protein determination 6
B-05 Peptide mapping 6
B-06 Polyacrylamide gel electrophoresis 6
Excipients
E-01 Alcohol (Rev. 1) 6
E-02 Dehydrated alcohol (Rev. 1) 6
E-03 Benzyl alcohol 6
E-04 Calcium disodium edetate 5A3
E-05/06 Calcium phosphate dibasic (and anhydrous) S5A
E-07 Carboxymethylcellulose calcium (Rev. 1) 6
E-08 Carboxymethylcellulose sodium 4
E-09 Croscarmellulose sodium 6
E-10 Microcrystalline cellulose 6
E-11 Cellulose, powdered 6

(Continued)
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Table 2 Status of Harmonization (Continued)

Harmonization item Stage
E-12 Cellulose acetate (Rev. 1) 6
E-13 Cellulose acetate phthalate 6
E-14 Citric acid, anhydrous (Rev. 1) 6
E-15 Citric acid, monohydrate (Rev. 1) 6
E-16 Crospovidone 4
E-17 Ethylcellulose 6
E-18 Hydroxyethylcellulose 4-2
E-19 Hydroxypropylcellulose 4
E-20 Hydroxypropylcellulose, low substituted 4
E-21 Hydroxypropylmethylcellulose 6
E-22 Hydroxypropylmethylcellulose phthalate SA
E-23 Lactose, anhydrous (Rev. 2) S5A
E-24 Lactose, monohydrate 6
E-25 Magnesium stearate 4 Rev.
E-26 Methylcellulose 6
E-27 Methyl paraben 6
E-28 Petrolatum 4
E-29 Petrolatum, white 4
E-30 Polyethylene glycol 4
E-31 Polysorbate 80 3
E-32 Povidone SA
E-33 Saccharin 6
E-34 Saccharin, sodium (Rev.1) 6
E-35 Saccharin, calcium 6
E-36 Silicon dioxide 4 Rev
E-37 Silicon dioxide, collodial 4 Rev
E-38 Sodium chloride (Rev. 2) 6
E-39 Sodium starch glycolate (Rev.1) 6
E-40 Starch, corn (Rev. 1) 6
E-41 Starch, potato 6
E-42 Starch, rice 5A
E-43 Starch, wheat 6
E-44 Stearic acid 4
E-45 Sucrose 4
E-46 Talc 6
E-47 Titanium dioxide 5A2
E-48 Ethyl paraben 6
E-49 Propyl paraben 6
E-50 Butyl paraben 6
E-51 Glycerin 3
E-52 Carmellose 3
E-53 Calcium carbonate 2
E-54 Copovidone 3
E-55 Gelatin 2
E-56 Glucose monohydrate 2
E-57 Glyceryl monostearate 2
E-58 Mannitol 2
E-59 Propylene glycol 3
E-60 Sodium laurylsulfate 3
E-61 Starch, pregelatinized 2
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Stage 2 ends with the proposal draft, which is mentioned in this procedure as a
Stage 3 draft. The Stage 3 draft, accompanied by supporting comments or data that
explain the reasons for each test procedure or limit proposed, is sent by the coordi-
nating pharmacopeia to the secretariats of the other two PDG pharmacopeias.

STAGE 3: PROPOSAL FOR EXPERT COMMITTEE REVIEW

The three pharmacopeias forward the Stage 3 draft to their expert committee
(through meetings or consultation by correspondence).

Comments by the experts resulting from this preliminary survey are sent to
their respective pharmacopeial secretariat, preferably within two months. However,
the comment period should not exceed four months. Within two months of receipt
of the comments, the pharmacopeial secretariat should consolidate the comments
and forward them to the coordinating pharmacopeia.

The coordinating pharmacopeia reviews the comments received and prepares a
harmonized document (Stage 4 draft) accompanied by a commentary discussing
comments received about the previous text and providing reasons for action taken
in response to those comments.

The Stage 4 draft, as far as possible written in global style—a style easily
understood by a variety of readers—together with the commentary, are sent to the
secretariats of the other pharmacopeias (end of Stage 3).

STAGE 4: OFFICIAL INQUIRY

The Stage 4 draft and the commentary are published in the revision document of
each pharmacopeia in a section entitled International Harmonization. The draft is
published in its entirety.

The corresponding secretariats may have to add information essential to the
understanding of the implementation of the texts (e.g., the description of an analytical
procedure or of reagents that do not exist in the pharmacopeia) and a translation is
added by the European and Japanese Pharmacopoeias. The style may be adapted to
that of the pharmacopeia concerned or global style may be used. A pharmacopeia can
add text, either to amplify some of the requirements with additional information or
because national requirements and compendial policy dictate that the addition is
necessary. However, there must be a clear indication that this additional information
is not part of the harmonized document. This will avoid additional text being included
after the harmonization process is completed, but will allow interested parties to
review a complete text. The three pharmacopeias endeavor to publish the drafts
simultaneously or as close together as possible.

Comments regarding this draft are sent by readers of the revision document to
their respective pharmacopeial secretariat, preferably within four months and at
most within six months of its publication.

Each pharmacopeia analyzes the comments received and submits its consoli-
dated comments to the coordinating pharmacopeia within two months of the end
of the review or comment period.

The coordinating pharmacopeia reviews the comments received and prepares
a draft harmonized document (Stage 5A draft), accompanied by a commentary
discussing comments received regarding the previous text and providing reasons
for action taken in response to those comments.
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The Stage 5A draft, together with the commentary, is sent to the secretariats of
the other two PDG pharmacopeias.

STAGE 5: CONSENSUS
Provisional

The Stage 5A draft is reviewed and commented on by the other two PDG pharma-
copeias within four months of receipt. The three pharmacopeias shall do their
utmost to reach full agreement at this stage to obtain a final consensus document.

If a consensus has not been reached, the coordinating pharmacopeia prepares a
revised version (Stage 5A/2), taking into consideration relevant, substantiated com-
ments on the Stage SA document from the two other pharmacopeias. The revised
document (Stage SA/2), together with the commentary is sent to the secretariats of
the other two PDG pharmacopeias. The revised document is reviewed and commented
on by the other two PDG pharmacopeias, preferably within two months of receipt.
This review or comment and revision process of the 5SA document is repeated (Stage
5A/n) until the three PDG pharmacopeias reach a consensus or until the coordinating
pharmacopeia considers that harmonization by attribute should be applied.

If the coordinating pharmacopeia considers certain attributes in the mono-
graph or provisions in a general chapter (especially for retroactive harmonization)
are such that it will not be possible to harmonize within a reasonable time period,
harmonization by attribute will be applied. If harmonization by attribute is applied,
a special cover page indicating harmonization is included with the draft. The text
contains harmonized attributes and provisions, and nonharmonized and local attri-
butes are not included. The nonharmonized attributes are clearly indicated in the
text as such. The table is prepared as follows: if the three pharmacopeias agree on
the attribute, there will be a (4) in all columns; if two pharmacopeias agree that the
attribute should be included and have agreed on the method and limit, there will be a
(4+) in the column for those two pharmacopeias, and a (—) in the column for the
pharmacopeia that will not stipulate the test.

For nonharmonized or local requirements, if the three pharmacopeias agree
that the attribute should be included, but have not come to agreement on the method
or limit: state attribute under ‘“nonharmonized attributes.” If only one pharma-
copeia will include an attribute: state under “local requirement.”

If the Stage 5A draft is substantially different from the Stage 4 draft, the PDG
may decide that it should be published again in the revision documents; the draft
then reverts technically to Stage 4, revised.

Draft Sign-Off

When agreement is reached, the 5B draft is sent by the coordinating pharmacopeia
to the other pharmacopeias no later than four weeks before a PDG meeting for final
confirmation. The document is then presented for sign-off at the PDG meeting. This
document includes nonharmonized attributes clearly marked as such.

STAGE 6: REGIONAL ADOPTION AND IMPLEMENTATION
The last two stages of the implementation of the “harmonized” chapters and mono-

graphs take place independently according to the procedures established by each
pharmacopeial organization.
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Regional Adoption

The document is submitted for adoption to the organization responsible for each
pharmacopeia. Each pharmacopeia incorporates the harmonized draft according
to its own procedures. Stylistic and editorial differences may occur.

Adopted texts are published by the three pharmacopeias in their supplements,
or where applicable, in a new edition.

If necessary, the Stage 5B draft may be adopted with some amendments (local
requirements) corresponding to a general policy in the national or regional (European)
area. If a pharmacopeia includes a local attribute after the sign-off of a text, it will
inform the PDG. It is, however, preferred to include the nonharmonized text in Stage
5B as an alert to the other pharmacopeias that there will be some differences in text in
the final document.

Users of the pharmacopeias are appropriately informed of the harmonization
status of monographs and general chapters. In the European Pharmacopoeia (EP) and
USP-NF, for general chapters, this is done via a preliminary paragraph. For the JP,
a notification is made by the MHLW and information is given in a general chapter.

Implementation

The pharmacopeias will inform each other of the date of implementation in their
particular region.

The date of implementation of a harmonized document varies in the three
PDG regions depending on their legal requirements, need of translation, and publi-
cation schedules. Each pharmacopeia generally allows some period of time after
publication for implementation to allow manufacturers and other users to achieve
conformity. Harmonization is not achieved until the text becomes official in all
the three pharmacopeias.

STAGE 7: INTERREGIONAL IMPLEMENTATION

When a harmonized text has become official in all the three pharmacopeias, EP and
USP publish a statement indicating the harmonization status of the text; JP pub-
lishes a statement to the same effect at Stage 6B. These statements are intended to
promote regulatory acceptance of interchangeability of harmonized monographs
and general chapters.

Because input from industry is valuable, the PDG has been working closely
with TriPEC, the coalition of the International Pharmaceutical Excipient Councils
(IPEC) of Europe, Japan, and the United States, to further expedite the harmoniza-
tion of excipient monographs. These groups are trade organizations that consist of
manufacturers and users of pharmaceutical excipients; thus, they play an important
role in providing industry input related to various aspects of the harmonization
process, including drafting early stage documents and providing analytical testing
support. More than 180 multinational excipient manufacturers and users are mem-
bers of one or more of the three IPEC associations.

Currently, 29 excipient monographs have reached Stage 6 in the process and
have been signed-off and accepted by the three pharmacopeias (Stage 6). To proceed
to the next stage in the process, it was necessary for USP to create a new general
chapter. The new chapter (1196), Pharmacopeial Harmonization, explains the role
of the PDG, defines the PDG process, elaborates on the definitions of harmonized,
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nonharmonized, and harmonized by attribute, and details the procedure for users to
identify harmonized monographs and general chapters. As more monographs reach
Stage 6 in the process (Table 2), it was necessary for the PDG to add 10 new excip-
ient topics to the process, to bring the total number of excipients undergoing the har-
monization process to 61. Because it has taken nearly 15 years to reach this point,
it has become necessary to reevaluate the working procedures of the PDG. Several
steps have been initiated to ensure a more efficient and timely harmonization pro-
cess, which is beneficial to all interested parties. (i) The PDG proposes to work more
closely with IPEC to gain an insight in to the industry viewpoint. IPEC is being
asked to contribute to the compilation of early stage drafts that will be gathered
from multiple parties and will therefore, by incorporating a wide array of opinions,
be closer to harmonized from conception. (ii) Harmonization by attributes has been
introduced to settle issues within a monograph that cannot be resolved between the
three pharmacopeias. If a monograph or general chapter is not completely har-
monized with the corresponding texts of the JP and the EP, it is considered to be
harmonized by attributes. Only certain attributes of the text can be considered har-
monized with the indicated attributes of the JP or the EP. (iii) A newly revised
PDG harmonization procedure has been initiated that will streamline the process.
The new process entails reaching a general pharmacopeial consensus early in the pro-
cess before the draft is open for public comment. It also provides for a shortened
process for those monographs where a consensus is reached early. With the acceptance
and implementation of the new process, collaboration with IPEC, and utilization of
harmonization by attributes, the PDG harmonization of pharmaceutical excipients will
take on a new shape and results will be more quickly realized.

While the harmonization process has undergone revision to make it more
streamlined, there are difficulties that will continue to impede the process. Although
the monographs of the three pharmacopeias contain standards that are universal
for the quality of excipients, there are several differences that can be attributed to
regional requirements. One example is the monographs for Magnesium Stearate.
It is a requirement in the United States, through the Code of Federal Regulations
(CFR), that this material be manufactured from “edible sources.” Because USP feels
that it would be inappropriate to have two standards, one related to the CFR and
one compendial, it will retain this requirement in the USP monograph for Magne-
sium Stearate. The European and Japanese Pharmacopoeias do not have this specific
regional requirement and will not include the use of “edible sources” in their mono-
graphs. Although there are cultural, regulatory, historical, and other issues that
make harmonization of compendial standards difficult, the PDG is committed to
resolving differences, with the help of industry.
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INTRODUCTION

Today we enjoy the benefits of an expanding and increasingly sophisticated range of
treatments for illnesses and diseases. A significant part of the advance in medical
science has been the successful development of a wide range of medicines, a revolu-
tion in therapy. This revolution began slowly with, for example, Paul Erhlich’s work
that led to the discovery of the arsenical, neosalvarsan, for the treatment of syphilis.
The revolution continued through the 1930s with the discovery of the sulfonamides
and penicillin, and on to today’s ever-widening range of medicinal products to treat a
wide range of clinical conditions. The development of new treatments for an expand-
ing group of diseases and conditions continues. But patients are not interested in the
drug substance; they want a product they can use to make them better, or alleviate
their symptoms, and thereby allow them an enhanced quality of life. Excipients help
transform a drug substance [active pharmaceutical ingredient (API)] into a medicine;
a form of the drug that can be administered to or taken by the patient, and that is
acceptable to them.

On their own, most bulk APIs are not particularly convenient for the patient.
Ignoring taste concerns, etc., we might be able to give the patient a bag of acetamin-
ophen powder with the instruction to take one level teaspoonful four times a day.
But how would the patient cope with digoxin presented in a similar manner? Does
the average patient understand the concept of a microgram? We formulate drugs
to make them suitable and convenient for use by the patient.

In order to develop and manufacture a medicine, we need to consider three
main components:

e The API—its properties and /limitations
e The excipients—their properties and limitations
e The manufacturing process—its advantages and limitations

For some types of product we may also need to consider the primary packaging.
Very often, it can be as important to understand the limitations of these three com-
ponents as it is to understand their properties or 