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ture or stressed organisms in the environment; and that mi-
croorganisms may be physically removed during actual
disinfectant application in the manufacturing area.

Although not all inclusive, typical challenge organisms
that may be employed are listed in Table 5.

Table 5. Typical Challenge Organisms

AOAC Challenge
Organisms
Bactericide: E. coli, ATCC 11229;
S. aureus, ATCC 6538;
P. aeruginosa, ATCC 15442
Fungicide: C. albicans, ATCC 10231
or 2091; Penicillium chrysogenum,
ATCC 11709; A. brasiliensis, ATCC
16404
Sporicide: B. subtilis, ATCC 19659

Typical Environmental
Isolates
Bactericide: M. luteus, S.
epidermidis, Coynebacterium
jeikeium, P. vesicularis
Fungicide: P. chrysogenum,
A. brasiliensis

Sporicide: B. sphaericus, B.
thuringiensis

Because a wide range of different materials of construc-
tion are used in clean rooms and other controlled areas,
each material needs to be evaluated separately to validate
the efficacy of a given disinfectant. Table 6 contains a list of
common materials used in clean room construction.

Table 6. Typical Surfaces to be Decontaminated by Disinfec-
tants in a Pharmaceutical Manufacturing Area

Material Application

Stainless steel 304L and 316L Work surfaces, filling equipment,

grades and tanks
Glass Windows and vessels
Plastic, vinyl Curtains

Plastic, polycarbonate Insulation coating
Lexan® (plexiglass) Shields

Epoxyl-coated gypsum Walls and ceilings
Fiberglass-reinforced plastic Wall paneling
Tyvek® Equipment wraps
Terrazzo tiles Floors

DISINFECTANTS IN A CLEANING AND
SANITIZATION PROGRAM

The selection of suitable disinfectants and the verification
of their effectiveness in surface challenge testing is critical in
the development of a cleaning and sanitization program.

Issues associated with the successful implementation of
such a program are the development of written procedures,
staff training, decisions on disinfectant rotation, institution
of application methods and contact times, environmental
monitoring to demonstrate efficacy, and personnel safety.

The cGMP 21 CFR 211.67, Equipment Cleaning and Main-
tenance, details the requirements for written procedures for
cleaning, maintenance, and sanitization of pharmaceutical
manufacturing equipment. These procedures should address
the assignment of responsibility, establishment of schedules,
details of cleaning operations, protection of clean equip-
ment prior to use, inspection for cleanliness immediately
prior to use, and maintenance of cleaning and sanitization
records.

Staff involved in disinfection require training in microbi-
ology, industry practices for cleaning and sanitization, safe
handling of concentrated disinfectants, the preparation and
disposal of disinfectants, and appropriate application meth-
ods. It should be emphasized that the preparation of the
correct dilutions is critical because many disinfectant failures
can be attributed to use of disinfectant solutions that are
too dilute. Typically disinfectants used in aseptic processing
and filling areas are diluted with Sterile Purified Water, and
are prepared aseptically. Alternately, the disinfectant may be
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diluted with Purified Water, and then sterile filtered to elimi-
nate microorganisms that may potentially persist in a disin-

fectant. Diluted disinfectants must have an assigned expira-

tion dating justified by effectiveness studies.

The rotation of an effective disinfectant with a sporicide is
encouraged. It is prudent to augment the daily use of a
bactericidal disinfectant with weekly (or monthly) use of a
sporicidal agent. The daily application of sporicidal agents is
not generally favored because of their tendency to corrode
equipment and because of the potential safety issues with
chronic operator exposure. Other disinfection rotation
schemes may be supported on the basis of a review of the
historical environmental monitoring data. Disinfectants ap-
plied on potential product contact surfaces are typically re-
moved with 70% alcohol wipes. The removal of residual dis-
infectants should be monitored for effectiveness as a
precaution against the possibility of product contamination.

The greatest safety concerns are in the handling of con-
centrated disinfectants and the mixing of incompatible dis-
infectants. For example, concentrated sodium hypochlorite
solutions (at a concentration of more than 5%) are strong
oxidants and will decompose on heating, on contact with
acids, and under the influence of light, producing toxic and
corrosive gases including chlorine. In contrast, dilute solu-
tions (at a concentration of less than 0.5%) are not consid-
ered as hazardous. Under no circumstances should disinfec-
tants of different concentrations be mixed. Material Safety
Data Sheets for all the disinfectants used in a manufacturing
area should be available to personnel handling these agents.
Appropriate safety equipment such as face shields, safety
glasses, gloves, and uniforms must be issued to personnel
handling the disinfectant preparation, and personnel must
be trained in the proper use of this equipment. Safety show-
ers and eye wash stations must be situated in the work area
where disinfectant solutions are prepared.

(1074) EXCIPIENT BIOLOGICAL
SAFETY EVALUATION GUIDELINES

INTRODUCTION

This informational chapter presents a scientifically-based
approach for the safety assessment of new pharmaceutical
excipients (i.e., those excipients that have not been previ-
ously used or permitted for use in a pharmaceutical prepara-
tion). The guidelines presented herein provide a protocol for
developing an adequate database upon which to establish
conditions for the safe use of a new excipient intended for
use in products administered by various dosage routes.
[NoTE—The final section of this chapter, Definition of Terms,
lists some terms referred to in this chapter.]

An excipient may perform a variety of functionality roles
in a pharmaceutical product; but, unlike pharmacologically
active drug entities, the excipient displays either no pharma-
cological activity or very limited and directed activity. Be-
cause of these differences between excipients and active
drug substances in terms of risk and benefit relationships
and expected biological activities, the approaches for safety
assessments of excipients and active drug substances will
differ. Therefore, it is important to note that the guidelines
presented in this informational chapter apply only to the
safety assessment of excipients, not to the safety assessment
of active drug substances.

These testing guidelines are informational in nature and
are intended to be used by professionals having a knowl-
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edge of toxicology and associated sciences. It is also in-
tended that the applicable safety test method requirements
of the receiving regulatory authority would be used in a
Broposal for market entry. For example, if a proposal is to

e submitted to the U.S. Food and Drug Administration,
that agency’s safety test requirements would have to be
met. These guidelines do not provide specific details regard-
ing test methodology and data interpretation. Test proce-
dures that are generally recognized by experts and by the
regulatory agencies should be used. Alternatives to the use
of living animals are encouraged wherever these alternative
procedures have been validated for the intended purpose
and where it is known that the alternative procedure will
provide sufficient data upon which to base a safety judg-
ment. It is recommended that the Guiding Principles on the
Use of Animals in Toxicology of the Society of Toxicology
(1996) and, in other countries, the appropriate legal and
professional codes, be adhered to in the conduct of all test
procedures. All studies must meet the requirements of the
appropriate national good laboratory practice guidelines in
effect in the country where the studies are being
conducted.

In cases of extensive human experience based upon food
use, there may be sufficient information to fulfill the require-
ments of the guidelines for orally-ingested excipients only.
In addition, there may be animal-based data, which was de-
veloped for other purposes, that may be used to fulfill the
testing guidelines requirements. If the data requirements
have been met through prior human use experience and
pertinent human data have been collected in a scientifically
sound manner, there is no need to provide animal data for
those endpoints evaluated by prior clinical experience.

Some dosage routes offer unique toxicological challenges,
and the guidelines include provisions for these routes (e.g.,
inhalation). Also, further explanation is provided regarding
numbers of species and other basic information (e.g., two
species, one rodent and one nonrodent).

The extent of information required to define a set of base-
line data, which constitute a toxicological and chemical
database, is dependent upon the intended use of, and dura-
tion of, dosing of the candidate excipient material. It is criti-
cal that a thorough review of background information be
conducted before embarking on a testing regimen. In addi-
tion to literature database reviews, information should be
obtained regarding the physical and chemical properties of
the compound; its manufacturing process (or processes);
and product specifications including limits of impurities, po-
tential for pharmacological activity, exposure conditions
(i.e., dose, duration, frequency of use, dosage formulation,
and route of administration), and potential user population.
Also, base toxicity information covering the topics is funda-
mental. Particular attention should be addressed to the ab-
sorption/distribution/metabolism/excretion/pharmacokinetics
(ADME/PK) studies because much of the later decision pro-
cess will be dependent upon these data.

These guidelines provide a mechanism for obtaining sets
of baseline data for all candidate excipient materials. The
background information and baseline toxicity information
alone may support the use of the candidate excipient either
in a short half-life product that is not administered in a fre-
quency that results in a residual excipient build-up in body
tissue or in a product used only once or twice in a lifetime,
such as a diagnostic agent. Additional tests, listed under
Step 4 of the Safety Assessment Guidelines, are necessary for
candidate excipient material that is to be used in a manner
that will result in short- or intermediate-term repeated expo-
sure in humans—that is, a pharmaceutical product that will
be administered for less than 10 days or for 30 to 90 con-
secutive days, respectively. For a candidate excipient mate-
rial that is intended for use in a pharmaceutical product
intended for either intermittent or chronic administration
over a long time period, such as a treatment for psoriasis or
an insulin preparation, further tests are required. These tests
are listed under Step 7 of the guidelines and in the appro-
priate section under Additional Requirements for Specitic Expo-
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sure Routes. While providing guidance for consumer safety,
some of the required tests are intended to provide informa-
tion to address occupational safety (e.g., skin and eye
irritation).

The guidelines are summarized in Table 1. Tests that are
required (R) by the guidelines are distinct from those that
are recommended conditionally (C). Whether conditional
tests are conducted is dependent upon the conditions of
use and available biological data. Consideration must also
be given to the requirements of the regulatory authorities
when making the decision to test.

SAFETY ASSESSMENT GUIDELINES

Background Information

Before proceeding to the steps under Data Requirements
and Checkpoints, the following points should be reviewed
and defined:

* Review literature information using all appropriate

databases

¢ Define chemical and physical properties

e Define manufacturing process

e Define ‘product specifications, including impurities and

residual solvents (see applicable ICH guidelines)

¢ Estimate exposure conditions (dose, duration, frequency

route)

¢ Define user population

e Assess potential for pharmacologic activity.

At this point evaluate what is known, and develop the
initial approach to testing.

Data Requirements and Checkpoints

STEP 1:  Toxicity Data (see Baseline Toxicity Data)

The toxicity data should take into account the following
information:

e Effects of acute exposure by oral and intended routes

e Effects of repeated exposures by intended routes

e Effects of in vitro genotoxicity assays

e ADME/PK by oral or appropriate routes; single or multi-

ple doses.

STEP 2: Depending on results of above, evaluate effects of a
single dose in humans.

STEP 3: Checkpoint: Evaluate results of above and proposed
exposure conditions and exposed population. The above
data might allow use in a single product with a short half-
life (e.g., a diagnostic agent).
STEP 4:  Gather the following additional data:
e Effects of subchronic exposure in appropriate species
and routes
e Embryo-fetal development studies via appropriate route
of exposure
e Additional in vitro and in vivo genotoxicity tests.

STEP 5:  Depending on results of above, consideration
should be given to testing in humans as part of the clinical
trials of an active ingredient or as a stand-alone procedure.

STEP 6: Checkpoint: Evaluate all of above information. Data
might allow use in a variety of products intended for short-
term, repeated intake (e.g., an antibiotic). If the ADME/PK
studies for a noninjectable excipient show no absorption,
gata may permit using a product for 30 to 90 consecutive
ays.

STEP 7:  Additional data should be obtained for use in a
product taken chronically, either daily or intermittently, over
a long time period depending on:

* Results of subchronic studies and long-term toxicity in

appropriate mammalian nonrodents
* Reproductive toxicity studies



624 (1074) Excipient Biological Safety / General Information USP 35
Table 1. Summary of Excipient Guidelines
Routes of Exposure for Humans
Dermal/
Topical/
Trans- Inhalation/
Tests Oral Mucosal dermal Injectable* Intranasal Ocular
Baseline Toxicity Data
Acute Oral Toxicity R R R R R R
Acute Dermal Toxicity R R R R R R
Acute Inhalation Toxicity C C C C R C
Eye Irritation R R R R R R
Skin Irritation R R R R R R
Skin Sensitization R R R R R R
Acute Injectable Toxicity — — — R — —
Application Site Evaluation — — R R — —
Pulmonary Sensitization — — — — C —
Phototoxicity/Photoallergy R — R R R —
Genotoxicity Assays R R R R R R
ADME/PK-Intended Route R R R R R R
28-Day Toxicity (2 Species)-Intended Route R R R R R R
Additional Data: Short- or Intermediate-term Repeated Use
90-Day Toxicity (Most Appropriate Species) R R R R R R
Embryo-Fetal Toxicol. R R R R R R
Additional Assays C C C C C C
Genotoxicity Assays R R R R R R
Immunosupression Assays R C C R C C
Additional Data: Intermittent Long-term or Chronic Use
Chronic Toxicity (Rodent, Nonrodent) C C C C C C
Reproductive Toxicity R R R R R R
Photocarcinogenicity C — C C C —
Carcinogenicity C C C C C C

R = Required
C = Conditional
*Intravenous, intramuscular, subcutaneous, intrathecal, etc.

e Other test results and human exposure data and long-
term toxicity or carcinogenicity in rodents.

Baseline Toxicity Data

The following data should be taken into account:

Appropriate Acute Toxicity by Intended Dose Routes:
skin sensitization, approximate lethal dose method, limit
test, etc.

Other Appropriate Acute Toxicity Studies: oral toxic-
ity by limit test or approximate lethal dose method, skin
irritation, etc.

ADME/PK: single or multiple doses.

Genotoxicity: for example, Ames Test, in vitro chro-
mosome aberration test, mammalian cell mutation assay.

28-Day Repeated Dosing Studies in Two Species by
Appropriate Routes (One Rodent, One Mammalian
Nonrodent): evaluation of injection site or similar consid-
erations might be necessary depending on route of
administration.

NOTES—
1. In those cases where intended route restrictions (e.g., vol-
ume, concentration) preclude an adequate assessment of
the toxicity of the excipient, development of a toxicity pro-
file by other relevant routes may be needed.
2. The comparison of toxicity and ADME/PK data between
oral and intended routes is critical at this point because that
knowledge may set the direction for future toxicity testing
(e.g., reproductive toxicity testing conducted by oral route

rather than intended route). In addition, relevant studies us-
ing the intended route and anticipated duration of exposure
may preclude performance of additional studies.

Additional Requirements for Specific
Exposure Routes

FOR ORAL EXPOSURE: No additional requirements beyond
those presented for Baseline Toxicity Data.

FOR MUCOSAL EXPOSURE: No additional requirements beyond
those presented for Baseline Toxicity Data.

FOR DERMAL, TOPICAL, OR TRANSDERMAL EXPOSURE:

Baseline Toxicity Data—

e Effects of Acute Exposure by Transdermal Dose Route: der-
mal sensitization study for repeat applications

e [Effects of Repeated Exposures by Transdermal Route

1. Photoallergy/phototoxicity study
2. Studies in two species (one rodent, one mamma-
lian nonrodent) by transdermal route.

e Effects of Subchronic Exposure, Reproductive Toxicity Ef-
fects—Initial toxicity studies may be performed by the
IV route to adequately profile the toxicity of the excipi-
ent. This will provide an assessment of potential target
organs if an adequate amount of the compound cannot
be delivered via a transdermal dosage form. This is de-
pendent upon the results from the ADME/PK studies.

Reproductive studies may also be conducted via oral or IV

route with demonstration of absorption (oral) and
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pharmacokinetic comparisons of the chosen route versus
transdermal.

Photocarcinogenicity studies may be required and should
be considered if data and the proposed use indicate when
evaluating materials to be placed on the skin for prolonged
periods of time and exposure to UV light is a factor (e.g.,
sun block). This also applies to oral, parenteral, and inhala-
tion products where skin drug concentrations exceed
plasma drug concentrations for a substantial period of time,
or where the candidate material would appear to have the
potential for photo-activity or has demonstrated photo-
activity.

FOR INJECTABLE DOSAGE FORMS:

Background Information—

1. Define compatibility of the dosage form with blood, if
appropriate, based on route of exposure.

2. Define the pH and tonicity of injectable dose form, if
appropriate, based on the route of exposure.

Baseline Toxicity Data—
e Effects of Acute Exposure by Intended Injectable Dose
Routes
1. Include evaluation of injection site irritation in
rabbit or dog
2. Include evaluation of rate of administration.

FOR INHALATION OR INTRANASAL EXPOSURE:!

Baseline Toxicity Data—

e Acute Inhalation Toxicity—A limit test that would, for ex-
ample, use the highest achievable concentration in a 4-
hour exposure to vapor, aerosol, or solid particulate.
Pulmonary sensitization may be performed along with
other appropriate studies. If exposure is to be to an
aerosol or solid particulate, particulates of e&ppropriate
mass median diameter should be generated.

e Single and Repeated Dose ADME/PK by Inhalation or In-
tranasal and Oral Routes

* 28-Day Repeated Dose Inhalation Study in Two Mamma-
lian Species Using Vapor or Particulates of Appropriate
g/lass Median Diameter: compare to similar oral toxicity

ata.

FOR OPHTHALMIC EXPOSURE:

Background Information:
topical ocular dose form.

Baseline Toxicity Data—

e Effects of Acute Exposure by Ophthalmic Routes: cytotoxic-

ity tests (e.g., agar overlay)

e [Effects of Repeated Exposures by Ophthalmic Routes

1. Studies in two species (one rodent, one mamma-
lian nonrodent)

2. Examination of anterior and posterior segments of
the eye

3. Studies on allergenicity potential.

Other Data—Comparison of pharmacokinetic parameters
of the route chosen for reproductive studies and the
ophthalmic exposure are essential for extrapolation of po-
tential toxicity via the ophthalmic route.

define pH and osmolarity of

DEFINITION OF TERMS

Acute: exposure to a test agent within a single, 24-hour
period. Doses may be single, multiple or continuous during
a 24-hour period.

Subacute: repeated dosing of a test agent for up to 29
days. Daily doses may be single, multiple or continuous dur-
ing a 24-hour period.

Subchronic: repeated dosing of a test agent for 30 days
to 10% of the lifespan of the test species (90 days in ro-

T When designing studies to evaluate use in products intended for use by the
inhalation or intranasal route, consideration should be given to the dosing
regimen that will be used by humans. The appropriate study protocol for a
product intended for inhalation therapy that will result in prolonged
exposures (e.g., several hours per day) may differ from that used to evaluate
a product that would result in exposure to several metered doses per day.
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dents). Daily doses may be single, multiple or continuous
during a 24-hour period.

Chronic: repeated dosing of a test agent for more than
10% of the lifespan of the test species (more than 90 days
in rodents). Daily doses may be single, multiple or continu-
ous during a 24-hour period.

(1078) GOOD MANUFACTURING
PRACTICES FOR BULK
PHARMACEUTICAL EXCIPIENTS

BACKGROUND

This general information chapter provides guidelines for
methods, facilities, and manufacturing controls to be used
in the production of pharmaceutical excipients in order to
ensure that excipients possess the quality, purity, safety, and
suitability for use that they purport to possess. The princi-
ples and information in this chapter can be applied to the
manufacture of all pharmaceutical excipients (referred to
throughout this document as excipient/[s]) intended for use
in human drugs, veterinary drugs, and biologics. It covers
the quality management system and the extent of good
manufacturing practices (GMP) necessary throughout manu-
facturing for both batch and continuous processes. It is in-
tended to assist manufacturers as well as auditors in estab-
lishing whether the facilities and controls used for the
manufacture of excipients are adequate and whether the ex-
cipients possess the quality and purity that they purport to

ossess and are suitable for their intended use. The manu-
acture of certain excipients for specialist applications
presents additional challenges that are outside the scope of
this chapter. Examples include excipients for parenteral, oc-
ular, inhalation, and open wound use and those that are
sterile and/or pyrogen-free. It does not provide information
for all national legal requirements nor does it cover in detail
the particular characteristics of every excipient. The quality
system standard used as a framework for this chapter is 1ISO
9001, which is appropriate to manufacturing. Because of
the diversity of excipients, some principles in this informa-
tion chapter may not be applicable to certain products and
processes.

This chapter combines the concepts of existing GMP prin-
ciples from the following sources:

e World Health Organization (WHO) GMP Guidelines for

Excipients,

e International Pharmaceutical Excipients Council (IPEC)
Good Manufacturing Practices Guide for Bulk Pharma-
ceutical Excipients 2001,

e Institute of Quality Assurance (IQA) Pharmaceutical
Quality Group (PQG) PS 9100:2002, Pharmaceutical
Excipients,

e International quality management system requirements
as developed by the International Organization for
Standardization (ISO).

In view of the increasing globalization of the pharmaceuti-
cal industry and the harmonization of pharmaceutical regis-
tration requirements, deference to all schemes is becoming
necessary. Therefore, relevant portions of the manufacturing
concepts are employed throughout this chapter.

The General Guidance section provides an overview of the
appropriate manufacturing practice criteria applicable to ex-
cipient manufacture and the points of application of excipi-
ent good manufacturing practices and quality systems. The



