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Preface

The Good Laboratory Practices (GLPs) are extremely effec-
tive guidelines intended to provide management with a tool
for controlling regulated laboratories and to provide regula-
tors with a measurement guide for the evaluation of those
controlling efforts. Over the past decade the GLPs have
survived the test of field scrutiny and have evolved into a
meaningful set of standards for a variety of laboratories
worldwide.

The effects of evolution on regulation are generally posi-
tive. Vague requirements are clarified with example, dispute
resolution, and dissemination of interpretation. Differences
of opinion are debated, discussed, and synthesized. Guide-
lines are issued, investigators are trained, and examples are
provided.

Working in conjunction with this delineation of regula-
tion are the variances created by changes in practice, technol-
ogy, and focus. The conjunction of these forces may create its
own conflict, but experience and time have a soothing influ-
ence even on disagreement; positions and opinions may be at
variance, but they are at least clear and specific.
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The GLP regulations have reached this next stage of
evolved understanding. The requirements are clear, the
guidelines and interpretations are available, and the conflicts
are resolved. Even the revolutionary influences of computer-
ization in the laboratory have been measured and considered,
providing the good automated laboratory practices corollary
guidelines. The GLPs have come of age, and provide a clear
and consistent framework for the assurance of quality and
control in the laboratory.

This maturity has led to global GLPs that are, if not
identical, at least compatible. In the United States, the same
general guidelines apply to laboratories regulated by the
Food and Drug Administration (FDA), Environmental Protec-
tion Agency (EPA) labs, and general analytical laboratories.
Those same standards are consistent with required proce-
dures in the European Community (EC); Switzerland, Japan,
Israel, Brazil, and Russia. The Worldwide concern for quality
and control had evolved the same general principles of opera-
tion and organization.

This third edition of Good Laboratory Practice Regula-
tions reflects that evolutionary maturity of requirements.
With a relative uniformity of interpretation more specific
and applied information can be provided, furnishing the
reader with both the theoretical overview necessary to an-
ticipate new and emerging interpretations and the detail of
practical information that can serve as a guide to the cur-
rent standards and requirements of good laboratory manage-
ment.

Chapter 1 provides a historical review of the evolution-
ary process, tracing the problems and concerns of regulators
and the response of laboratory managers to those issues. The
ultimate result, is the series of guidelines published as the
GLPs, provided with a context and rationale.

Chapter 2 provides a definitive review of the current ver-
sion of FDA GLPs, including an analysis and interpretation
of the enforcement of the GLPs. This summary is an excellent
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overview for readers not previously familiar with the require-
ments.

Chapter 3 examines the new FDA regulation, Part 11,
and its impact on a GLP laboratory setting. This chapter ar-
gues that Part 11 is a de facto extension of the GLPs and
represents a historical update of the GLP regulation.

Chapters 4 and 5 focus on two important applications of
the GLPs. In Chapter 4 the GLPs are applied to an auto-
mated laboratory as the (EPA) good automated laboratory
practices. Chapter 5 examines the impact and interpretation
of the GLPs in a non-GLP analytical laboratory. Stephanie
Olexa makes an impressive case that the GLPs are relevant
guidelines even where they are not regulatory requirements.

Chapter 6 provides specific standards and general guide-
lines for the validation of Laboratory Information Manage-
ment Systems (LIMS) and other computerized laboratory sys-
tems. The chapter includes specific interpretations of the
validation requirements in the post-Part 11 environment.

A review of standards without an examination of the in-
terpretation and enforcement of those standards would be of
little value. In Chapter 7 therefore, the FDA’s GLP inspec-
tion program is dissected and analyzed, revealing the philos-
ophy and approach of the regulators to GLP field interpreta-
tion.

In each previous edition the eighth and final chapter has
been dedicated to the art of prediction, providing an extrapo-
lation of GLP trends and applications into the near-term fu-
ture. These predictions have provided gratifyingly accurate
recommendations for anticipating new regulatory and practi-
cal changes. In this third edition, Chapter 8 looks at the next
step in laboratory automation: robotic control of samples and
analysis, the field laboratory, new laboratory applications in
DNA and other genetic testing, and emerging new govern-
ment perspectives on regulation and enforcement.

These eight chapters provide a detailed review of the
GLP requirements, an examination of the application of
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those requirements, an interpretation of the effects of GLPs
on an automated laboratory and the effects of that automa-
tion on the GLP guidelines, and a look at future trends in
laboratories and their regulation.

Sandy Weinberg
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1

Historical Perspective

JEAN M. TAYLOR*

U.S. Food and Drug Administration, Rockville,
Maryland, U.S.A.

GARY C. STEIN

Weinberg, Spelton & Sax, Inc., Boothwyn,
Pennsylvania, U.S.A.

THE PROBLEM IN THE 1970s
FDA’s Perspective

The Federal Food, Drug and Cosmetic Act (FFDCA) places
the responsibility for establishing the safety and efficacy of
human and veterinary drugs and devices and the safety of
food and color additives on the sponsor of the regulated prod-
uct. The Public Health Service Act requires that a sponsor
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establish the safety and efficacy of biological products. These
laws place on the Food and Drug Administration (FDA) the
responsibility for reviewing the sponsor’s test results and de-
termining whether or not the results establish the safety and
efficacy of the product. If the agency accepts that safety and
efficacy are established adequately, the sponsor is permitted
to market the product.

The types of scientific tests needed to establish safety
are dependent on the nature of the regulated product and its
proposed use. A product such as a food or color additive will
require tests to elucidate the potential of the product to in-
duce adverse acute, subchronic, and chronic effects. The
safety tests are generally performed in animals and other bio-
logical systems. Both the types of tests and the methodology
of particular tests have changed over the years with scientific
advances in the field of toxicology.

The FDA regulations or guidelines prescribe the types of
safety tests for a particular product. Sponsors may conduct
the studies in their own laboratories or have them performed
by a contract laboratory, a university, or some other type of
laboratory. The sponsor submits the study reports to the FDA
in food and color additive petitions, investigational new drug
applications, new drug applications, new animal drug appli-
cations, biological product license applications, and other re-
quests for permission to market a product.

Food and Drug Administration scientists evaluate the
safety studies to determine whether or not the results sup-
port a conclusion that the product can be used safely. Until
the mid-1970s, the underlying assumption in the agency re-
view was that the reports submitted to the agency accurately
described study conduct and precisely reported the study
data. A suspicion that this assumption was mistaken was
raised in the agency’s review of studies submitted by a major
pharmaceutical manufacturer in support of new drug appli-
cations for two important therapeutic products. Review scien-
tists observed data inconsistencies and evidence of unaccept-
able laboratory practices in the study reports.
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The FDA’s Bureau of Drugs requested a “for-cause” in-
spection of the manufacturer’s laboratories to determine the
cause and extent of the discrepancies. A for-cause inspection
is one initiated at the request of an agency unit when there
is reason to suspect a problem in an FDA-regulated product.
The authority to make for-cause inspections is a general one
under the FFDCA, but one that had rarely been applied to
animal laboratories.

In a statement in a Senate hearing on July 10, 1975,
Dr. Alexander M. Schmidt, commissioner of food and drugs,
reported the preliminary results of further agency investiga-
tions [1]. The findings indicated defects in design, conduct,
and reporting of animal studies. For-cause inspections were
conducted at several laboratories and revealed similar prob-
lems. The nature and extent of the findings in these inspec-
tions raised questions about the validity of studies being sub-
mitted to the agency.

The deficiencies observed in these inspections were sum-
marized in the preamble to the proposed good laboratory
practice regulations [2] as follows:

1. Experiments were poorly conceived, carelessly exe-
cuted, or inaccurately analyzed or reported.

2. Technical personnel were unaware of the importance
of protocol adherence, accurate observations, accu-
rate administration of test substance, and accurate
record keeping and record transcription.

3. Management did not assure critical review of data
or proper supervision of personnel.

4. Studies were impaired by protocol designs that did
not allow the evaluation of all available data.

5. Assurance could not be given for the scientific quali-
fications and adequate training of personnel in-
volved in the research study.

6. There was a disregard for the need to observe proper
laboratory, animal care, and data management pro-
cedures.
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7. Sponsors failed to monitor adequately the studies
performed in whole or in part by contract testing lab-
oratories.

8. Firms failed to verify the accuracy and completeness
of scientific data in reports of nonclinical laboratory
studies in a systematic manner before submission to
the FDA.

The problems were so severe in Industrial Bio-Test Lab-
oratories (IBT) and Biometric Testing Inc. that both labora-
tories ceased doing preclinical studies. Industrial Bio-Trust
Laboratories had been one of the largest testing laboratories
in the United States, with thousands of its studies serving to
support the safety of drugs, pesticides, and food additives.
The FDA and the Environmental Protection Agency (EPA)
began reviewing all the compounds that relied on IBT and
Biometric Testing Inc. studies for support of safety. The
agencies required the study sponsors to submit outside audits
of the study data. From the audits of the IBT studies, EPA
found 594 of 801 key studies, or 85% to be invalid [3]. The
FDA’s Bureau of Foods found 24 of 66 IBT studies, or 36% to
be invalid [4].

Criminal charges of fraud were brought against four IBT
officials. Three of the officials were convicted; a mistrial was
declared in the case of the fourth official because of illness [5].

FDA’S RESPONSE TO THE PROBLEM

The conclusion that many studies on which the safety of reg-
ulated products had been based could be invalid was alarm-
ing to the FDA, the EPA, Congress, the public, and industry.
Commissioner Schmidt established the Bioresearch Monitor-
ing Program in early 1976 to develop a program that would
deal with the problem of data validity not only in the area of
safety studies but also in clinical testing. Congress voted a
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special appropriation of $16 million and additional personnel
to support the program.

A steering committee, chaired by the associate commis-
sioner for compliance and composed of the associate commis-
sioners, the bureau directors, the chief counsel, the director
of the National Center for Toxicological Research, and the ex-
ecutive director for regional operations, directed the program.
Four task forces—the Toxicology Laboratory Monitoring Task
Force, the Investigator Sponsor Task Force, the Institutional
Review Committee Task Force, and the Administrative Task
Force—handled different components of the program. The re-
sponsibility for developing a strategy to ensure the validity
and reliability of all nonclinical laboratory studies to support
the safety of FDA-regulated products was assigned to the
Toxicology Monitoring Task Force. This task force was in-
structed to inventory all firms submitting research to the
FDA and other involved federal agencies; to develop formal
agreements with other agencies for the inspection of labora-
tories; to develop and publish standards for measuring the
performance of research laboratories; to develop agencywide
enforcement strategies; and to develop plans for hiring, train-
ing, and assigning the new employees authorized by Con-
gress for the program.

The Toxicology Monitoring Task Force chose the publica-
tion of GLP regulations as the best approach for assuring
study validity. Six other approaches were considered but
were discounted as not feasible or efficient.

• One approach would have been to continue the pro-
gram of for-cause inspections, but they would be trig-
gered only by perceived deficiencies in the data after
submission to the agency, and thus would not have
provided systematic assurance that all studies were
valid or guidance to laboratories on standards for
conduct of studies.

• A second approach would have been to shift responsi-
bility for nonclinical testing of regulated products to
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the FDA. Such a shift would have required congres-
sional authorization, because the FFDCA clearly
places this responsibility on the sponsor of the prod-
uct. In addition, the costs of such a shift would have
been prohibitive.

• The third approach considered was for the agency to
publish detailed test protocols and procedures for
studies on regulated products. This, however, would
have discouraged the use of informed scientific judg-
ment in designing tests and inhibited the develop-
ment of new toxicological methods.

• Another approach would have been to establish li-
censing procedures for testing laboratories, but devel-
oping uniform licensing criteria would have been very
difficult, considering the variety of regulated prod-
ucts, test types, and laboratory facilities.

• Still another approach was the establishment of a
full-time, on-site inspection program for laboratories
similar to the U.S. Department of Agriculture’s in-
spections of meat-processing plants. Such a program
was considered to be an inefficient use of the FDA’s
investigational resources, because many testing facil-
ities are too small or too diversified to justify full-
time, on-site monitoring.

• Consideration was also given to the publication of
GLP guidelines rather than regulations. While this
would have provided the testing facilities with stan-
dards of conduct, it would not have given the agency
an enforcement mechanism to ensure that the stan-
dards were met.

The regulations approach had several advantages. It
was within the legal mandates of the agency and allowed effi-
cient use of agency resources for ensuring compliance. It was
also similar to the use of good manufacturing practice (GMP)
regulations with which most of the regulated industries were
already familiar. The main advantage, however, was that the
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regulations approach focused on the process by which testing
facilities carried out studies rather than on the product being
tested or the studies themselves. The use of scientific judg-
ment in the planning and conduct of safety studies thus was
not hampered, and the detail required for a focus on specific
studies, or kinds of studies, was avoided.

Once the decision to establish GLP regulations had been
made, a subcommittee was appointed to draft the regula-
tions. This subcommittee was composed of individuals repre-
senting all the FDA bureaus and a variety of scientific disci-
plines. The subcommittee began its work with a rough draft
that had already been prepared by personnel in the Bureau
of Drugs. This early draft had used two independent, unsolic-
ited sets of GLP guidelines submitted by G. D. Searle and
Co. and the Pharmaceutical Manufacturers Association. The
subcommittee’s first draft was circulated to all FDA bureaus
for comment, revised on the basis of these comments, and
then circulated to other government agencies for comment.
The subcommittee considered these comments in preparing
the final draft, which was published as the proposed GLP
regulations on November 19, 1976. The proposed regulations
were designated as a new part 3.e. of Chapter 21 of the Code
of Federal Regulations, but the final regulations were codi-
fied as part 58 (21 CFR Part 58).

FDA’S PROPOSED REGULATIONS

The purpose of the GLP regulations is to assure the quality
and integrity of the data submitted to the FDA in support
of the safety of regulated products. To this end, most of the
requirements of the proposal would have been considered fa-
miliar and reasonable by any conscientious scientist. Proto-
cols and standard operating procedures (SOPs), adequate
facilities and equipment, full identification of test substances,
proper animal care, equipment maintenance, accurate re-
cording of observations, and accurate reporting of results are
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basic necessities for the conduct of a high-quality, valid toxic-
ity, or any scientific study. The proposed regulations also
placed a heavy emphasis on data recording and record and
specimen retention to ensure that a study could be recon-
structed at a later time if the need arose.

The proposed regulations went beyond these basic re-
quirements for a valid study by requiring each study to have
a study director who would have “ultimate responsibility for
implementation of the protocol and conduct of the study”
[§ 3e/31(a)], and each testing facility to have a quality assur-
ance unit to monitor conduct of studies. The concept of a
quality assurance unit to monitor study conduct was a new
one to most laboratories but a familiar one in manufacturing
facilities operating under various GMP regulations.

In addition, because the GLPs were regulations, the pro-
posal identified the scope of the regulations, the authority un-
der which they were promulgated, and the strategy for their
enforcement.

Scope

The Toxicology Monitoring Task Force had not specified what
types of studies would be considered to be within the scope
of the GLPs. The subcommittee that drafted the regulations
defined a nonclinical laboratory study as “any in vivo or in
vitro experiment in which a test substance is studied prospec-
tively in a test system under laboratory conditions to deter-
mine its safety” [§ 3e.3(d)]. The proposal explained that the
term was to include only those studies conducted for submis-
sion to the FDA in support of an “application for a research
or marketing permit.” This latter term was a means of re-
ferring to the numerous categories of data required to be
submitted to the agency, such as food and color additive peti-
tions, new drug applications, and new animal drug applica-
tions. The studies covered by the regulations included all
kinds of toxicity studies—from in vitro mutagenicity studies
to acute, subchronic, and long-term toxicity/carcinogenicity
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studies—in which inadequate effectiveness might affect
safety. Studies excluded from the scope of the regulations
were those utilizing human subjects, clinical studies or field
trials in animals, basic exploratory studies, or studies to de-
termine physical or chemical properties of a test substance
independent of a test system.

The proposal recognized that the scope might justifiably
be defined on a different basis, possibly on a facilities basis,
and asked for comments on whether specific types of testing
facilities might be excluded from coverage by the regulations.

Enforcement Strategy

The basic mechanism of enforcement was to be inspection of
testing facilities by FDA field investigators. The FDA’s au-
thority to conduct inspections of facilities engaged in inter-
state commerce of regulated products is well established, and
such inspections are the primary method of enforcement of
the FFDCA. Under the proposal, studies performed by a test-
ing facility that refused to permit inspection would not be ac-
cepted in support of an application for a research or market-
ing permit.

At the conclusion of an inspection, the FDA investigator
notifies the facility of any deficiencies identified during the
inspection, both in writing (on Form 483, “Notice of Inspec-
tional Observations”) and in discussion with management. If
the deficiencies were of a kind that might affect study valid-
ity, more formal warnings would be issued to the testing fa-
cility through a regulatory letter or a notice of adverse find-
ings.

Initial planning under the Bioresearch Monitoring Pro-
gram called for each testing facility to be inspected yearly. It
was later decided that a biennial inspection would suffice to
ensure that all 2-year studies would be inspected at least
once while in progress.

When deficiencies were extensive enough to affect the
validity of a study, the proposal provided that the study
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would not be considered by the FDA in support of a research
or marketing permit. The proposal noted that the data from
such a study had to be submitted to the agency, however, and
that if they were adverse to the product might still be used
as a basis for regulatory action. This difference in treatment
was justified by the consideration that a bad study might re-
veal an adverse effect but could not establish the absence of
an adverse effect.

The final and most severe enforcement strategy under
the proposal was the disqualification of a testing facility.
Data from a disqualified facility would not be accepted in
support of a research or marketing permit. The agency
viewed this penalty as one that would only be employed in
cases in which the testing facility had severe, widespread de-
ficiencies that raised questions about the validity of all the
studies performed in the facility and in which previous regu-
latory efforts had failed to bring the facility into compliance
with the regulations. Unlike the other enforcement strate-
gies, there was no specific authority for disqualification; the
GLP regulations themselves established this authority.

Authority

The GLP regulations were issued under the general mandate
of section 701(a) of the FFDCA, which empowers the commis-
sioner to promulgate regulations for the efficient enforcement
of the act. The commissioner’s power to issue regulations for
determining that a clinical investigation of a drug intended
for human use be scientifically reliable and valid [21 CFR
314.111(a)(5)] had been upheld by the Supreme Court in the
decision Weinberger v. Hynson, Westcott and Dunning, Inc.,
412 U.S. 609 (1973). The clinical investigations regulations
had also been issued under section 701(a) of the FFDCA. It
was further considered that the authority to issue GLP regu-
lations gave the agency the authority to establish the terms
on which it would accept nonclinical testing data; therefore
the proposed regulations provided for the rejection of studies
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if the testing facilities refused to permit inspection. The FDA
already had the authority to compel inspection of nonclinical
laboratories doing work on new drugs, new animal drugs, or
medical devices. The FDA may inspect both manufacturing
establishments and laboratories concerned with drugs and
devices and examine research data on these products under
section 704(a) of the FFDCA.

COMMENTS ON THE PROPOSAL AND
THE FINAL REGULATIONS

More than 1000 individual items were contained in 22 oral
responses from a 2-day public hearing and 174 written re-
sponses to the proposal. Many responses commented on both
general issues, such as scope, and specific details in individ-
ual sections and paragraphs. The preamble to the final regu-
lations addressed these comments in detail, and modifica-
tions, both substantial and editorial, were included in the
final regulations, which were issued on December 22, 1978,
and became effective June 20, 1979 [6].

Management and the Study Director

As outlined in the proposal, comments on the responsibilities
of the study director identified many of these responsibilities
as the prerogative of management. In response to these com-
ments, a new section (§ 58.31) was included in the final regu-
lations. This section established that if necessary, the man-
agement of the testing facility had the responsibility for
designating and replacing the study director; for providing
a quality assurance unit and assuring the actions to correct
deviations reported by the quality assurance unit are taken;
for assuring that the personnel and the tools (e.g., facilities
and equipment) are available as needed; and for assuring
that test and control articles are appropriately identified.

Despite making management responsible for many ar-
eas that the proposal had assigned to the study director, the
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final regulations retained the concept of the study director as
the single focus of responsibility for study conduct by redefin-
ing the function of the study director as “overall responsibil-
ity for the technical conduct of the study, as well as for the
interpretation, analysis, documentation and reporting of
results, and represents the single point of study control”
(§ 58.33).

The Quality Assurance Unit

Not surprisingly, many comments objected to the require-
ment for a quality assurance unit on the basis of increased
costs, administrative burden, and interference with manage-
ment prerogatives and informed scientific judgment of study
directors. An alternative solution for study monitoring was
not suggested, however.

The FDA retained the requirement for a quality assur-
ance unit, or function, to monitor studies for conformance to
the regulations. It was emphasized that the function was ad-
ministrative rather than scientific. The personnel responsible
for quality assurance for a given study were required to be
separate from, and independent of, the personnel responsible
for the direction and conduct of that study.

Many commentators wanted the inspection records com-
piled by the quality assurance unit excluded from the records
to be inspected by the agency on the basis that an inspection
“might violate the constitutional privilege against compelled
self-incrimination.” The agency rejected this argument, be-
cause the privilege against compelled self-incrimination is
not available to a collective entity, such as a business enter-
prise, or to an individual acting as a representative of a col-
lective entity. The agency did, however, exclude the quality
assurance unit’s inspection records form inspection to encour-
age more forthrightness in the reports. The quality assurance
unit was required to certify that the inspection of studies and
final reports had been made by means of a signed statement
to be included in the final report [§ 58.35(b)(7)].
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Scope

In general, the comments on the proposed regulations sought
limitations through exclusion of various classes of FDA-
regulated products, such as medical devices; various types of
facilities, such as academic and not-for-profit organiza-
tions; or various types of studies, such as short-term studies.
These suggestions were rejected primarily because the basic
purpose of the regulations—to ensure the validity of safety
data submitted to the agency—would have been frustrated
by excluding particular products, facilities, or studies
from coverage. None of the commentators suggested an alter-
native overall approach to defining the scope of the regula-
tions.

The scope adopted in the final regulations was only
slightly changed from the proposal; the main difference was
the exclusion of functionality studies from coverage.

Inspections

The major concerns of the commentators with respect to the
actual inspection of facilities were the competence and scien-
tific qualifications of the FDA investigators. In early inspec-
tions (both the for-cause inspections prior to the proposal and
the inspections made in the pilot program under the pro-
posal), the agency assigned its most experienced field investi-
gators and sent agency scientists to participate in the inspec-
tions. To further assure the competence of the investigators,
a training program was established at the National Center
for Toxicological Research for both field investigators and sci-
entists. The compliance program for the GLPs also provides
for scientific review in FDA headquarters of all GLP inspec-
tion reports.

That testing facilities still doubt the competence of some
field investigators was evident in a comment on the 1987 re-
vision of the GLPs [7], which requested training in the GLPs
for the FDA’s field personnel.
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Disqualification

Numerous comments were made on the provisions for dis-
qualification of a testing facility (subpart K). Although the
proposal stated that the agency considered that it would only
rarely invoke this penalty, it appeared from the objections
that industry had interpreted these provisions to mean the
agency would invoke disqualification frequently and for mi-
nor failures to comply with the regulations. On the basis of
the objections, the sections of subpart K on purpose (§ 58.200)
and the grounds for disqualification (§ 58.202) were exten-
sively revised. The revision stated that the purposes of dis-
qualification were as follows:

1. To permit the exclusion of completed studies from
consideration in safety evaluation until it could be
shown that noncompliance with the regulations did
not affect the validity of the study data

2. To permit the exclusion of studies completed after dis-
qualification from consideration in safety evaluation
until the facility could demonstrate that it would con-
duct studies in compliance with the regulations.

Three grounds for disqualification were given in the fi-
nal regulations; all three must be present to justify disqualifi-
cation.

1. Failure of the facility to comply with one or more of
the GLP regulations or other regulations applying to
facilities published in Chapter 21 of the Code of Fed-
eral Regulations

2. Adverse affects on the validity of the studies
3. Failure to achieve compliance with regard to lesser reg-

ulatory actions, such as warnings or rejection of studies

EVALUATION OF THE FDA PROGRAM

The proposed GLP regulations announced that based on the
requirements of the proposal, the FDA would conduct a num-
ber of surveillance inspections of testing facilities during No-
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vember and December of 1976 and January of 1977. These
inspections had the dual purpose of determining the status
of the laboratories and evaluating the work ability of the pro-
posed regulations. The results of this pilot inspection pro-
gram were analyzed and published by the FDA’s Office of
Planning and Evaluation [8].

Forty-two laboratories were identified for inspection.
Ongoing and completed studies would be examined as avail-
able. The inspections used a checklist that was divided into
two parts, one part covering laboratory operations and the
other study conduct. The checklist arbitrarily placed mixing
and storing of test substances in the area of laboratory opera-
tions and distribution and characterization of the substances
in study conduct.

In the completed survey, only 39 laboratories, with 67
studies, yielded usable data. Twenty-three of the testing
facilities were sponsor laboratories, 11 contract laboratories,
and five university laboratories. Forty-eight of the studies
were completed and 19 ongoing. The findings showed that
sponsor laboratories met 69% of the requirements, the con-
tract laboratories met 56% of the requirements, and univer-
sity laboratories met only 46% of the requirements.

Requirements in the areas of facilities, animal care, and
personnel were the most often met, while the fewest require-
ments were met in the areas of the quality assurance unit, mix-
ing and storage of the test substances, and record retention.

Ongoing studies showed better adherence (73% of the re-
quirements met) than did completed studies (57%). Animal
care and test substance distribution showed the greatest de-
gree of adherence. Low degrees of adherence were found in
the quality assurance function and protocol-related require-
ments. The comments of the agency investigators indicated
that testing facilities were already making changes in their
ongoing studies to bring them into compliance.

Following publication of the final regulations, a second
survey was conducted to measure compliance against the fi-
nal requirements [9]. The study sample consisted of 17 spon-
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sor laboratories, 10 contract laboratories, and one university
laboratory. The average compliance rate was 88%, with the
deficiencies observed in sponsor and contract laboratories
showing little difference. Compliance was measured both by
the average compliance rate with the requirements of a sec-
tion of the regulations or by the number of laboratories fail-
ing to meet one or more of the section’s requirements. The
following sections showed high compliance by both measure-
ments: personnel, management, study director, general facili-
ties, and facilities for animal care, handling of test and
control articles, laboratory operations, specimen and data
storage, record retention, and personnel and administration.
Areas that showed low compliance by the same measures
were quality assurance units, maintenance and calibration of
equipment, SOPs, animal care (primarily the failure to ana-
lyze feed and water for interfering contaminants), test and
control article characterization, mixtures of articles with car-
riers, study protocol, and study conduct (primarily failure to
sign and date data sheets or to follow the protocol).

The results of these surveys indicated both the practical-
ity of the regulations and the success of the vigorous efforts
that most testing facilities were making to achieve compli-
ance. The record of compliance continued to be good. In its
1984 update of compliance results [10], the FDA reported
that 72% of the inspection reports since 1976 showed few or
no substantial deviations from the regulations and 23%
showed minor to significant deviations that could be cor-
rected voluntarily by the testing facility. Four percent of the
reports, however, showed significant deviations requiring
corrective action within a specified period of time, and stud-
ies are still occasionally rejected because significant devia-
tions render them invalid.

THE PROBLEM FROM EPA’S PERSPECTIVE

The EPA had concerns similar to those of the FDA. Under
section 4 of the Toxic Substances Control Act (TSCA), the
EPA evaluates laboratory data submitted to the agency re-
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garding tests of the health effects of chemical substances and
mixtures. Also, under authority of the Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA), the EPA evaluates
laboratory test data relating to hazards to humans arising
from the use of a pesticide product when the agency evalu-
ates pesticide registration applications.

The EPA was aware of the problems the FDA had uncov-
ered in the mid-1970s relating to unacceptable laboratory
practices. The EPA responded to the FDA’s findings by form-
ing the toxicology auditing program in the agency’s Office of
Pesticide Programs. The EPA also held public hearings to so-
licit comments on how appropriate the agency’s approach was
to data quality assurance for pesticide testing.

In 1978, the EPA and FDA formalized both agencies’
commitment to establish a coordinated quality assurance pro-
gram through an interagency agreement. Under this agree-
ment, the FDA provided assistance during EPA data audits.
Between 1978 and 1979, the agencies performed 65 joint
audits that indicated that some testing facilities did not fol-
low GLPs. The EPA referred some of these facilities to the
Department of Justice for prosecution.

EPA’S PROPOSED REGULATIONS

Like the FDA, the EPA considered different approaches to
assure that data submitted to the agency complied with nec-
essary quality standards.

Licensing or certification of laboratories was considered
impractical for toxicology laboratories because of the
great diversity and range of testing capabilities and
the complex quality control procedures used in toxicol-
ogy testing.

A voluntary standard-setting scheme administered by
the private sector was rejected because such schemes
were considered practically unenforceable.

Like the FDA, the EPA determined that the promulga-
tion of GLP regulations would most effectively handle the
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problem of compliance with adequate control standards, and
the agency published proposed health effects standards for
testing under TSCA on May 9, 1979 [11]. Proposed GLP regu-
lations applicable to laboratory studies submitted to the EPA
in compliance with FIFRA were published on April 18, 1980
[12]. Supplemental GLP standards for the development of
data on physical, chemical, persistence, and ecological effects
of chemical substances for which the EPA requires testing
under section 4 of TSCA were published on November 21,
1980 [13]. The EPA took this action because the previously
published GLPs for health effects testing did not address the
analytical problems associated with physical, chemical, and
persistence testing.

Differences Between EPA Proposed Regulations and
FDA Regulations

When it issued proposed GLP regulations in 1978 and 1980,
the EPA harmonized those regulations that the final GLP
regulations which had been issued by the FDA in 1978. There
were major differences, however, because the two agencies’
approaches to regulating laboratory studies differed. The spe-
cific working of various sections of the EPA’s proposed regu-
lations varied from those of the FDA because of the differing
scope of the authority of each agency.

EPA’s Final Regulations

The EPA’s FIFRA and TSCA GLP regulations were both is-
sued in final form on November 29, 1983 [14]. The FIFRA
GLP regulations were codified as 40 CFR 160, and the TSCA
GLP regulations as 40 CFR 792. In terms of the TSCA GLPs,
the final regulations incorporated the proposed GLPs issued
on May 9, 1979 and November 21, 1980.

GLP REVISIONS IN THE 1980S
FDA Revisions

In 1984, the FDA proposed revising its 1978 GLP regulations.
The rationale for this revision was to clarify, amend, or delete
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provisions of the regulations in order to reduce the regulatory
burden on testing facilities.

During agency inspections, the FDA had found that
most laboratories were complying with the GLP require-
ments—indeed, that the violations it had noted in the mid-
1970s were the exception, rather than the general rule—and
the agency thought that it could streamline the regulations
without compromising the GLP program. The FDA had also
received comments and questions about the GLP regulations
that indicated that several GLP provisions did not signifi-
cantly contribute to the quality and integrity of data submit-
ted to the agency. At the same time, the agency was under-
taking a review of its regulations to minimize regulatory
burdens.

The FDA established a GLP review task team to identify
provisions in the regulations that could be amended or de-
leted, and this team recommended revisions to 36 GLP provi-
sions. Recommendations were issued as a proposed rule on
October 29, 1984 [15]. The proposal made various changes to
definitions to reduce the amount of paperwork required for
nonclinical laboratory studies and to clarify earlier GLP pro-
visions. Similar clarifications were made to the provisions,
delineating the definition and function of the study director
and quality assurance unit.

In the 1984 proposal, changes were also made to inform
collection requirements subject to the Paperwork Reduction
Act of 1980. Modifications were made to the provisions re-
garding animal care, animal supply, and administrative and
personnel facilities. Provisions regarding equipment design,
maintenance and calibration of equipment, SOPs, animal
care, test and control article characterizations, and mixtures
of articles with carriers were changed to allow more flexibil-
ity of laboratory operations. The section on laboratory proto-
cols was amended to eliminate unnecessary entries by allow-
ing laboratories to identify the information applicable to the
articles being tested. The agency also deleted the require-
ments that the selection of the test system be justified in the
protocol. Other changes to the GLP regulations involved revi-
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sions to provisions regulating conduct of laboratory studies
and the storage, retrieval, and retention of records.

The FDA received 33 comments on its proposed GLP re-
visions. After considering these comments, the agency issued
its final GLP provisions on September 4, 1987 [16]. Some of
the comments received by the agency indicated a need to add
new terms to the definition section of the regulations (e.g.,
study initiation and study completion), while others encour-
aged the FDA to retain the original GLP language in certain
provisions rather than make the amendments the agency had
proposed in 1984.

EPA Revisions

Among the comments received by the FDA, eight comments
urged the agency to encourage the EPA to adopt similar revi-
sions to its GLP regulations, which were now more stringent
than the FDA’s regulations. The FDA stated that the agency
consulted with the EPA regarding the changes made to the
FDA’s regulations, and that the FDA would cooperate with
the EPA when the latter agency revised its own GLP regula-
tions. As a result of its own monitoring of GLP compliance,
EPA agreed that its own GLP regulations could be stream-
lined without compromising the integrity of data submitted
to the agency.

The EPA’s proposed revisions to its FIFRA and TSCA
GLP regulations were issued on December 28, 1987 [17]. The
EPA agreed with the FDA that many GLP provisions could
be amended to incorporate the changes that had been made
by the FDA. In addition, the scope of the FIFRA regulations
was expanded to include environmental testing provisions
that already existed in the TSCA GLPs, and to include prod-
uct performance data (efficacy testing). The EPA also pro-
posed changes. Some changes were made to the proposed reg-
ulations in response to these comments, such as exempting
from routine EPA inspections the records of quality assur-
ance unit findings and problems, as well as records of correc-
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tive actions recommenced and taken, except under special
circumstances. The final versions of EPA’s revisions to its
GLPs were issued on August 18, 1989 [18].

The EPA’s proposed GLP revisions basically conformed
to the charges the FDA had made in the latter agency’s final
rule of September 4, 1987. The major differences between the
EPA proposals and the FDA GLPs continued to reflect the
varying needs and responsibilities of each agency and the ex-
panded scope of the EPA’s regulations in light of the testing
and test systems affected under the EPA’s authority to re-
quire test data in support of research or marketing permits
to include ecological effects, environmental and chemical fate,
and efficacy testing in addition to health effects testing.

Other federal agencies, as well as international agencies
and organizations, also developed GLP programs. The Na-
tional Toxicology Program concluded that studies performed
under contract to the program should be performed in compli-
ance with GLPs, and established a quality assurance function
to monitor the laboratories and studies. In 1981, the Organi-
zation for Economic Cooperation and Development (OECD)
developed GLP principles for studies performed for the Euro-
pean Economic Community (EC) countries. Between 1986
and 1988, EC council directives adopted the OECD and re-
quired that all EC countries monitor and verify compliance
with those standards.

In 1982, the Japanese Ministry of Health and Welfare
issued GLP standards for safety studies on drugs. This was
followed in 1984 by GLP standards issued for studies on in-
dustrial chemicals by the Japanese Ministry of International
Trade and Industry and GLP standards for toxicological stud-
ies on agricultural chemicals by the Japanese Ministry of
Agriculture, Forestry, and Fisheries. There are differences in
these regulations and guidelines that pose problems for spon-
sors planning studies to meet the requirements of different
agencies or countries [19].

As a solution to part of this problem, the FDA has devel-
oped memoranda of understanding (MOUs) with Canada
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(1979), Sweden (1979), Switzerland (1985), France (1986),
Italy (1988), Germany (1988), the Netherlands (1988), and
the United Kingdom (1988). These MOUs acknowledge mu-
tual recognition of the adequacy of inspectional programs in
the participating countries and permit the exchange of data
between the countries without need for independent verifica-
tion by the recipient country.
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INTRODUCTION

Proposed good laboratory practice (GLP) regulations were
published in 1976 [1]. Final regulations were published in
1978 [2]. The regulations were revised in 1980 [3] and 1987
[4], twice in 1989 [5,6], and again in 1991 [7].

Good Laboratory Practice regulations [8] are promul-
gated by the commissioner of the U.S. Food and Drug Admin-
istration (FDA) under general authority granted by section
701(a) of the Federal Food, Drug, and Cosmetic (FD&C) Act
[9]. Unlike current good manufacturing practice (CGMP) reg-
ulations [10], which can be referenced back to specific statu-
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tory language [the words current good manufacturing prac-
tice in section 501(a)(2)(B)], the term “good laboratory
practice” does not appear in the FD&C Act; rather, the GLP
regulations are issued under the FDA commissioner’s implied
powers to prescribe standards for the conduct of studies de-
signed to establish the safety of products regulated by the
FDA.

This chapter provides a general discussion of all aspects
of FDA’s GLP regulations, as amended to September 13,
1991. Where appropriate, FDA interpretations are presented
for specific sections of the GLP regulations. For critical parts
of the regulations, a more in-depth discussion is provided, in-
cluding means for implementation and an evaluation of posi-
tive and negative impacts on the conduct of GLP-regulated
studies.

SUBPART A: GENERAL PROVISIONS

§ 58.1: Scope

(a) This part prescribes good laboratory practices for con-
ducting nonclinical laboratory studies that support or are
intended to support applications for research or market-
ing permits for products regulated by the Food and Drug
Administration, including food and color additives, ani-
mal food additives, human and animal drugs, medical de-
vices for human use, biological products, and electronic
products. Compliance with this part is intended to assure
the quality and integrity of the safety data filed pursuant
to sections 406, 408, 409, 502, 503, 505, 506, 507, 510,
512–516, 518–520, 706, and 801 of the Federal Food,
Drug, and Cosmetic Act and sections 351 and 354–360F
of the Public Health Service Act.

(b) References in this part to regulatory sections of the Code
of Federal Regulations are to Chapter I of Title 21, unless
otherwise noted.

This preamble to the GLP regulations [2], the report of
a series of three briefing sessions on the GLP regulations that
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were conducted by FDA on May 1, 2, and 3, 1979 11, and the
collections of responses by Dr. Paul Lepore (FDA spokesman
on GLP issues) to questions about the GLP regulations [12],
have defined the types of studies to which the GLP regula-
tions apply. In general, all of the following conditions must
exist before a study will be regulated by GLP:

1. Study of a product regulated by the FDA (except cos-
metics).

2. In vivo or in vitro study.
3. Study in which the FDA-regulated product is admin-

istered or added to nonhuman animals, plants, mi-
cro-organisms, or subparts of the preceding.

4. Study results submitted or intended to be submitted
to FDA in support of (i.e., as the basis for) the ap-
proval of an application for a research or marketing
permit.

5. Study results may be used to predict adverse effects
of and/or to establish safe use characteristics for the
FDA-regulated product.

The FDA has made it clear that the duration of the
study and the place where the study is conducted do not de-
termine whether or not the study is GLP-regulated. Thus, the
GLPs apply to short-term studies (e.g., median lethal dose
studies and irritation studies) as well as long-term studies
that meet all of the above criteria, and the GLPs apply to
such studies whether conducted in a manufacturer’s labora-
tories, in a university laboratory, or at a contract or subcon-
tract facility. The FDA expects GLP compliance for studies
conducted in foreign countries as well as for those conducted
within the United States.

Without attempting to provide a comprehensive listing,
the following are examples of studies to which the GLPs can
apply:

Ames test
E. Coli mutagenicity
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Sister chromatid exchange
Bone marrow cytogenetic
In vivo cytogenetic
In vitro mutation
In vivo micronucleus
Chromosomal aberration
Median lethal dose (LD50)
Acute dermal toxicity
28-day dermal toxicity
Dermal irritation
Eye irritation
Venous irritation
Muscle irritation
Intra-arterial tolerance
Guinea pig maximization
Phototoxicity
Ototoxicity
Dependency tests on known or suspected addictive drugs
Target animal absorption, distribution, metabolism, and

excretion (ADME)
Subchronic (up to 13 weeks’ duration, multiple dosing,

any route of administration)
Chronic (6 months or longer in duration, multiple dos-

ing, any route of administration)
Study of fertility in early embroyonic development (pre-

viously referenced as segment I)
Perinatal/postnatal (formerly referred to as segment III)

To reiterate, the foregoing list is only intended to illus-
trate the wide range of studies that may be GLP-regulated.

Examples of studies that are not within the scope of the
GLP regulations include the following:

Pharmacology experiments
Basic research
Dose-range finding studies
Studies to develop new methodologies
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Human or animal efficacy studies
Chemical assays for quality control of commercial prod-

ucts
Stability tests on finished dosage forms and products
Tests for conformance to pharmacopeial standards
Exploratory studies on viruses and cell biology
Tests of functionality and/or appropriateness of food ad-

ditives
Tests of extract ability of polymeric materials that con-

tact food
Chemical tests used to derive the specifications of mar-

keted food products
Studies on medical devices that do not come in contact

with or are not implanted in humans
Tests of diagnostic products
Chemical and physical tests of radiation products
Tests conducted for the release of licensed biological

products

The foregoing list is also intended to be illustrative, and
not comprehensive.

A facility that conducts both GLP-regulated and non-
GLP-regulated studies should think carefully about attempt-
ing to maintain a dual standard in any one laboratory or with
any one group of laboratory workers. In the author’s experi-
ence, such a dual standard is very difficult to maintain with-
out carryover of non-GLP standards to GLP-regulated work.
In such a case it may be far better to maintain a general GLP
standard (e.g., data collection, record keeping) for all work in
the laboratory, but perhaps allow exceptions for the non-GLP
studies in areas such as quality assurance (QA) inspections
and analytical requirements for test and control articles and
article/carrier mixtures.

The effective date of the GLP regulations was June 20,
1979. The regulations did not apply retroactively, therefore
studies begun and completed prior to the effective date were
not required to comply with the GLPs even if submitted to
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FDA on or after June 20, 1979. For studies in progress on
June 20, 1979, only those portions of the study done on or
after June 20 were required to be done in compliance with
the regulations. Of course, those studies initiated on or after
the effective date were to be done in full compliance with the
GLPs.

§ 58.3: Definitions

A good understanding of the definitions in section 58.3 is crit-
ical to an interpretation of many of the other sections of the
regulations.

An illustration of the importance of a definition to regu-
latory interpretation can be found in Environmental Protec-
tion Agency (EPA) regulations issued under the Resource
Conservation and Recovery Act (RCRA). Among other things,
these regulations are designed to regulate the disposal of
“solid waste.” Anyone relying on the normal definition of
“solid” in interpreting RCRA requirements would make a
grave error, because solid is defined in RCRA to include solid,
liquid, semisolid, and contained gaseous materials.

Although there is nothing in the definitions section of
the GLP regulations to rival RCRA’s rewriting of the basic
laws of chemistry and physics, a clear understanding of GLP
definitions is essential to a proper interpretation of GLP re-
quirements.

As used in this part, the following terms shall have the
meanings specified:

(a) “Act” means the Federal Food, Drug, and Cosmetic Act,
as amended (secs. 201–902, 52 Stat. 1040 et seq., as
amended (21 U.S.C. 321–392)).

(b) “Test Article” means any food additive, color additive,
drug, biological product, electronic product, medical de-
vice for human use, or any other article subject to regula-
tion under the act or under sections 351 and 354–360F of
the Public Health Service Act.

Note the wide range of FDA-regulated products to which
the GLPs apply.
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(c) “Control article” means any food additive, color additive,
drug, biological product, electronic product, medical de-
vice for human use, or any article other than a test arti-
cle, feed, or water that is administered to the test system
in the course of a nonclinical laboratory study for the pur-
pose of establishing a basis for comparison with the test
article.

The term control article refers to materials that are ad-
ministered or added to the typical control group that is part
of most safety studies. The term includes materials com-
monly referred to as “positive controls” (e.g., a marketed drug
that is administered or added to a positive control group as
part of a study of an investigational drug of the same thera-
peutic category) as well as vehicles, solvents, and other car-
rier materials (other than water and animal diets) when such
materials are given to control groups.

Although the GLP revisions of 1987 excluded animal
feed and water from the definition of control article, it would
appear that such common vehicles as saline solutions and
carboxymethylcellulose solutions still fall within the defini-
tion. Such a strict definition of the term for such innocuous
vehicles as saline solutions is quite burdensome when one
considers the requirements for control articles that are found
in other sections of the GLPs: characterization [§ 58.105(a)],
stability testing [§58.105(b)], sample retention [§ 58.105(d)],
and inventory [§ 58.107(d)]. It does not appear that this com-
prehensive definition is enforced by FDA field investigators
in the course of GLP inspections.

Positive controls (usually known mutagens) used in mu-
tagenicity studies also fall outside the definition of control
article because they are administered to control groups for
the purpose of establishing the ability of the assay to detect
mutagenic activity and not for the purpose of “establishing a
basis for comparison with the test article.”

(d) “Nonclinical laboratory study” means in vivo or in vitro
experiments in which test articles are studied prospec-
tively in test systems under laboratory conditions to de-
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termine their safety. The term does not include studies
utilizing human subjects or clinical studies or field trials
in animals. The term does not include basic exploratory
studies carried out to determine whether a test article
has any potential utility or to determine physical or
chemical characteristics of a test article.

Many of the issues relating to the definition of nonclini-
cal laboratory study were addressed in the discussion of GLP
§ 58.1 (Scope). “Field trials in animals” includes all efficacy
studies of new animal drugs. Such studies are outside the
scope of the GLP regulations. This is consistent with the GLP
exemption for human clinical trials. The exemption for “basic
exploratory studies carried out to determine whether a test
article has any potential utility” would extend to early
screening studies of a test article, the results of which are
used to determine whether a test article merits further devel-
opment or not.

Good Laboratory Practice § 58.105(a) requires that all
test articles be appropriately characterized. Compliance re-
quires documentation that characterization has been done.
The tests conducted to provide this documentation, however,
are not GLP-regulated, although such tests will in many in-
stances be subject to CGMP standards (e.g., when the test
article will also be used in human clinical studies).

The GLP revisions of 1987 modified slightly the defini-
tion of nonclinical laboratory study by changing a few nouns,
verbs, and adjectives from singular to plural. This now per-
mits the conduct of several experiments using the same test
article under a single comprehensive protocol or the concur-
rent test of several test articles using a single common proce-
dure under a single protocol.

(e) “Application for research or marketing permit” includes:
(1) A color additive petition, described in part 71.
(2) A food additive petition, described in parts 171 and

571.
(3) Data and information regarding a substance sub-
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mitted as part of the procedures for establishing
that a substance is generally recognized as safe for
use, which use results or may reasonably be ex-
pected to result, directly or indirectly, in its becom-
ing a component or otherwise affecting the charac-
teristics of any food, described in §§ 170.35 and
570.35.

(4) Data and information regarding a food additive
submitted as part of the procedures regarding food
additives permitted to be used on an interim basis
pending additional study, described in § 180.1.

(5) An “investigational new drug application,” de-
scribed in part 312 of this chapter.

(6) A “new drug application,” described in part 314.
(7) Data and information regarding an over-the-

counter drug for human use, submitted as part of
the procedures for classifying such drugs as gener-
ally recognized as safe and effective and not mis-
branded. Described in part 330.

(8) Data and information about a substance submitted
as part of the procedures for establishing a toler-
ance for unavoidable contaminants in food and
food-packaging materials, described in parts 109
and 509.

(9) Data and information regarding an antibiotic drug
submitted as part of the procedures for issuing,
amending, or repealing regulations for such drugs,
described in § 314.300 of this chapter.

(10) A “Notice of Claimed Investigational Exemption for
a New Animal Drug,” described in part 511.

(11) A “new animal drug application,” described in part
514.

(12) (Reserved)
(13) An “application for a biological product license,” de-

scribed in part 601.
(14) An “application for an investigational device ex-

emption,” described in part 812.
(15) An “application for Premarket Approval of a Medi-

cal Device,” described in section 515 of the act.
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(16) A “Product Development Protocol for a Medical De-
vice,” described in section 515 of the act.

(17) Data and information regarding a medical device
submitted as part of the procedures for classifying
such devices, described in part 860.

(18) Data and information regarding a medical device
submitted as part of the procedures for establish-
ing, amending, or repealing a performance stan-
dard for such devices, described in part 861.

(19) Data and information regarding an electronic prod-
uct submitted as part of the procedures for obtain-
ing an exemption from notification of a radiation
safety defect or failure of compliance of a radiation
safety defect or failure of compliance with a radia-
tion safety performance standard, described in sub-
part D of part 1003.

(20) Data and information regarding an electronic prod-
uct submitted as part of the procedures for estab-
lishing, amending, or repealing a standard for such
product, described in section 358 of the Public
Health Service Act.

(21) Data and information regarding an electronic prod-
uct submitted as part of the procedures for obtain-
ing a variance from any electronic product perfor-
mance standard as described in § 1010.4.

(22) Data and information regarding an electronic prod-
uct submitted as part of the procedures for grant-
ing, amending, or extending an exemption from any
electronic product performance standard, as de-
scribed in § 1010.5.

This section of the GLPs describes the various types of
submissions to FDA that include safety information derived
from studies that must be conducted in accordance with the
GLP regulations.

(f) “Sponsor” means:
(1) A person who initiates and supports, by provision of

financial or other resources, a nonclinical laboratory
study;

(2) A person who submits a nonclinical study to the Food
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and Drug Administration in support of an application
for a research or marketing permit; or

(3) A testing facility, if it both initiates and actually con-
ducts the study.

The definition of sponsor indicates who bears ultimate
responsibility for a nonclinical laboratory study. A sponsor
may assign the job of actual study conduct and/or reporting,
but ultimate responsibility for the study cannot be delegated.
The sponsor must thus assure that a nonclinical laboratory
study is conducted in compliance with GLP standards, and
must supply the statement of GLP compliance or description
of GLP noncompliance (conforming amendments statement)
that must accompany the submission to FDA of the results of
a nonclinical laboratory study (Section XI). The definition
does not preclude joint sponsorship of a study.

(g) “Testing facility” means a person who actually conducts
a nonclinical laboratory study, i.e., actually uses the test
article in a test system. “Testing facility” includes any es-
tablishment required to register under section 510 of the
act that conducts nonclinical laboratory studies and any
consulting laboratory described in section 704 of the act
that conducts such studies. “Testing facility” encom-
passes only those operational units that are being or have
been used to conduct nonclinical laboratory studies.

If a facility conducts nonclinical laboratory studies, it is a
“testing facility” and is subject to inspection by FDA to deter-
mine its GLP compliance status. If a facility conducts nonclini-
cal laboratory studies as well as studies that do not meet the
definition of nonclinical laboratory study, then only those por-
tions of the facility that conduct nonclinical laboratory studies
are subject to a GLP inspection by FDA. The portions of the
facility that conduct studies other than nonclinical laboratory
studies are not subject to inspection by FDA unless FDA has
inspectional authority under some other set of regulations.

(h) “Person” includes an individual, partnership, corpora-
tion, association, scientific or academic establishment,
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government agency, or organizational unit thereof, and
any other legal entity.

This all-encompassing definition of person precludes the
exemption of any person or legal entity from the definition of
sponsor or testing facility if that person or other legal entity
meets the definitions of those two terms.

(i) “Test system” means any animal, plant, microorganism,
or subparts thereof to which the test or control article is
administered or added for study. “Test system” also in-
cludes appropriate groups or components of the system
not treated with the test or control articles.

In most instances the test system will be self-evident
(e.g., the animal to which the test article is administered or
applied). Studies with micro-organisms, however, sometimes
present difficulty in defining the test system. In the case of
the Ames test, for example, the test system is not merely the
colonies of salmonella or yeast, but includes in addition the
culture medium, metabolic activation agent (if any), biotin,
histidine, and buffer (if any). The last sentence of the defini-
tion makes it clear that untreated control groups also meet
the definition of test system even though a test or control ar-
ticle is not administered or applied to such groups.

(j) “Specimen” means any material derived from a test sys-
tem for examination or analysis.

In most instances the specimens will be self-evident
(e.g., samples of blood, plasma, serum, urine, spinal fluid,
aqueous humor, organs, tissues, and tissue fractions that are
taken from a test system with the intention of performing an
examination or analysis). In other instances the definition
may not be as clear. For example, the assay plates used in
the mammalian cell transformation assay and the mamma-
lian point mutation assay are considered specimens even
though they bear many of the attributes of a test system. For
these assays, the originally plated cells plus media and excip-
ients are the test system. After treatment with the test or
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control article, however, the palates are stained and trans-
formed cells are enumerated. The plates then become “mate-
rial derived from the test system for examination or analy-
sis”; in other words, specimens.

Care should be taken to distinguish specimen from “raw
data,” since GLP requirements differ for each. For example,
it is often erroneously stated that a microscopic slide is raw
data when in fact it is a specimen.

(k) “Raw data” means any laboratory worksheets, records,
memoranda, notes, or exact copies thereof, that are the
result of original observations and activities of a nonclini-
cal laboratory study and are necessary for the reconstruc-
tion and evaluation of the report of that study. In the
event that exact transcripts of raw data have been pre-
pared (e.g., tapes that have been transcribed verbatim,
dated, and verified accurate by signature), the exact copy
or exact transcript may be substituted for the original
source as raw data. “Raw Data” may include photo-
graphs, microfilm or microfiche copies, computer print-
outs, magnetic media, including dictated observations,
and recorded data from automated instruments.

Examples of raw data include records of animal receipt,
records of animal quarantine, results of environmental moni-
toring, instrument calibration records, original recordings of
such parameters as animal body weights or food consump-
tion values, handwritten transcriptions to paper records of
information displayed as a digital read-out on automated
equipment, high-performance liquid chromatography (HPLC)
tracings, integrator output from HPLC equipment, recorded
clinical observations, a photograph of a lesion noted at au-
topsy, a pathologist’s written or tape-recorded diagnosis of a
microscopic slide, printed paper tapes containing recorded di-
agnosis of a microscopic slide, printed paper tapes containing
values generated by hematology and blood chemistry equip-
ment, values generated by hematology and blood chemistry
equipment, and electrocardiographic tracings. These are only
examples; the reader could expand the list 10- or 100-fold.
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Microfilm and microfiche copies, carbon copies, or photo-
copies of original raw data may be substituted for the original
raw data as long as they are exact and legible copies.

Cage cards that contain information such as animal
number, study number, and treatment group are not raw
data as long as no original observations are recorded on the
card, nor are transformations of raw data (e.g., calculations
of mean and standard deviation or other statistical values)
considered raw data, because they can always be recalculated
from the original raw data.

In the case of handwritten raw data, the original record-
ing of information on paper constitutes the raw data that
must be retained under § 58.190(a) of the regulations. Any
subsequent transcriptions of this information will not substi-
tute for the originally recorded information. Scientists and
technicians will sometimes record raw data on scraps of pa-
per or even on paper towels. Their intention is to neatly tran-
scribe the information to official data forms at a later time
and to discard the originally recorded data. This practice is
to be discouraged, because the scraps of paper or paper tow-
els are the real raw data and must be retained.

The FDA has indicated that a pathologist’s interim mi-
croscopic diagnoses are not raw data because such diagnoses
are not “necessary for the reconstruction and evaluation of
the report of (a) study.” Only when the pathologist signs off
on a final diagnosis does that diagnosis become raw data.

The provision in the definition of raw data for the substi-
tution of exact transcripts of raw data for the original has
been narrowly construed by FDA. It applies only to the verba-
tim transcription of tape-recorded information (e.g., a pathol-
ogist’s voice recording of a microscopic diagnosis or veterinar-
ian’s voice recording of a clinical observation) that is dated
and verified as accurate by signature. In this case the origi-
nal tape recording need not be retained.

If raw data are transcribed to a computer database, nei-
ther the electronically stored data nor the paper printout can
substitute for the original. Information entered into the com-
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puter by direct data capture offers two options, however. The
laboratory may elect to treat the electronically recorded infor-
mation or a hard copy printout of the information as raw
data. If the hard copy is retained, the magnetic media can be
discarded or reused. If a laboratory elects to treat the mag-
netic media as raw data, it must retain an ability to display
the data in readable form for the entire period during which
that information is required to be retained. (See § 58.195 for
a definition of required retention periods.) If a change in com-
puter systems would entail the loss of the ability to display
electronically stored data, the laboratory should generate
hard copies of the data before the computer systems are
changed.

(l) “Quality assurance unit” means any person or organiza-
tional element, except the study director, designated by
testing facility management to perform the duties relating
to quality assurance of nonclinical laboratory studies.

Note the language “any person . . . except the study di-
rector.” When read in conjunction with GLP § 58.35(a), it is
clear that the person or persons designated to perform QA
functions need not be full-time QA personnel. This flexibility
is provided primarily to accommodate smaller laboratories in
which the volume of GLP-regulated work is not sufficient to
justify a full-time QA person. A person from the pharmacol-
ogy department, for example, can perform the QA function
for toxicology studies on a part-time basis, but spend the rest
of his or her time in the conduct of pharmacology studies.
Where the volume of work is sufficient to justify employing
one or more full-time QA professionals, that is the preferred
arrangement. Such an arrangement provides the degree of
independence that is so important to the success of any qual-
ity program, removes the possibility that the demands of the
part-time QA person’s other responsibilities will interfere
with his or her performance of the QA function, and allows
more time for the development of expert audit and inspection
skills. The author is aware of no major testing facility in the
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United States in which the QA professionals are part-time,
although there are instances in which the full-time QA staff
is supplemented by temporary assignments from other de-
partments.

Issues relating to the “quality assurance unit” (QAU)
will be addressed in greater depth in the later discussion of
GLP § 58.35.

(m) “Study director” means the individual responsible for the
overall conduct of a nonclinical laboratory study.

Note the words the individual. There may be only one
designated study director for any one study at any one time.
It is not permissible, for example, to appoint a study director
and an assistant study director, but it is permissible to name
an alternate study director who will serve as study director
only in the absence of the study director. It is FDA’s intent
that the study director serve as the single point of study con-
trol.

For a detailed description of the study director role, see
the later discussion for GLP § 58.22.

(n) “Batch” means a specific quantity or lot of a test or con-
trol article that has been characterized according to
§ 58.105(a).

The GLP definition of batch differs from that found in
FDA’s CGMP regulations [§ 210.3(b)(2)] [10]. The CGMP defi-
nition relates any one batch to a defined cycle of manufac-
ture. The GLP definition, on the other hand, relates batch to
a characterization process; thus, for example, a GLP batch
may be part of a CGMP batch or may be the result of a combi-
nation of two or more CGMP batches. The only GLP require-
ment is that a batch be characterized as to identity, strength,
purity, and composition or other appropriate characteristics.

(o) “Study initiation date” means the date the protocol is
signed by the study director.

(p) “Study completion date” means the date the final report
is signed by the study director.
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§ 58.10: Applicability to Study Performed Under
Grants and Contracts

When a sponsor conducting a nonclinical laboratory study in-
tended to be submitted to or reviewed by the Food and Drug
Administration utilizes the services of a consulting laboratory,
contractor, or grantee to perform an analysis or other service,
it shall notify the consulting laboratory, contractor, or grantee
that the service is part of a nonclinical laboratory study that
must be conducted in compliance with the provisions of this
part.

The notification required by this section should be in
writing. The form of the writing is not important from a GLP
standpoint, but it may be advantageous to put the notifica-
tion into a legally binding document (e.g., contract). Alterna-
tively, the notification may appear, for example, in a study
protocol signed by the sponsor or in a letter from the sponsor
to the contractor.

High-volume contract laboratories often perform both
GLP-regulated and non-GLP-regulated studies, so it is im-
portant to specify if a study is to be conducted under GLP
conditions.

Some contract laboratories and professional consultants
(e.g., veterinary ophthalmologists and pathologists), may not
be familiar with the GLP regulations. In such cases, mere
notification of a requirement to provide GLP-complying ser-
vices may not be sufficient. It is advisable to spend time with
contractors and professional consultants to review in detail
the GLP requirements that will apply to the work they will
perform. It is especially important to review with them the
GLP requirements for documentation and document reten-
tion.

§ 58.15 Inspection of a Testing Facility

(a) A testing facility shall permit an authorized employee of
the Food and Drug Administration, at reasonable times
and in a reasonable manner. To inspect the facility and
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to inspect (and in the case of records also to copy) all re-
cords and specimens required to be maintained regarding
studies within the scope of this part. The records inspec-
tion and copying requirements shall not apply to quality
assurance unit records of findings and problems, or to ac-
tions recommended and taken.

(b) The Food and Drug Administration will not consider a
nonclinical laboratory study in support of an application
for a research or marketing permit if the testing facility
refuses to permit inspection. The determination that a
nonclinical laboratory study will not be considered in sup-
port of an application for a research or marketing permit
does not, however, relieve the applicant for such a permit
of any obligation under any applicable statue or regula-
tion to submit the results of the study to the Food and
Drug Administration.

All laboratories operating within the United States that
conduct nonclinical laboratory studies are subject to inspec-
tion by FDA. Such inspections may include an inspection of
laboratory facilities, laboratory records, and specimens. The
FDA, however, has no legal authority to conduct such inspec-
tions outside the United States. Such inspections do occur,
but only after a request from the FDA to conduct such an
inspection has received the consent of the laboratory in-
volved. When a sponsor uses the services of a contract labora-
tory, consulting laboratory, contractor, or grantee to conduct
all or any portion of a nonclinical laboratory study, it is advis-
able to obtain the written consent of such groups to submit
to inspection by the FDA on request as a condition of placing
work with the contractor or grantee. This is especially true
in the case of contractors or grantees who do not routinely
conduct nonclinical laboratory studies and may be unaware
of their obligation to permit such inspection; they may not be
inclined to consent to inspection.

If a testing facility refuses to permit an FDA inspection,
none of the nonclinical laboratory studies or parts of studies
conducted by that laboratory will be considered in support of
an application for a research or marketing permit. The re-

Copyright © 2003 Marcel Dekker, Inc.



sults of such studies must be submitted to FDA, but the re-
sults would not be accepted as evidence of the safety of the
test article. Such results could be used by FDA to support a
finding that the test article was not safe, however.

Inspections by the FDA must occur at “reasonable times,”
which is generally defined as during normal business hours.
Inspections must also be conducted in a “reasonable manner,”
which would include adherence by the inspector to all labora-
tory safety policies (e.g., wearing safety goggles) and compli-
ance with normal requirements for donning protective ap-
parel (gown or lab coat, hat, mask, shoe covers, etc.) before
entering animal housing areas.

The inspection authority of the FDA includes the right
to copy records and to collect samples. It is discretionary with
the inspected laboratory whether to charge for copies of re-
cords or to provide them to the inspector free of charge. The
same is true with regard to the inspector’s request for sam-
ples, although requests for samples are rare during GLP in-
spections. In most cases, laboratories will provide samples
and copies of documents free of charge unless FDA requests
for these are excessive.

Quality assurance unit records are exempt from routine
FDA inspection and copying authority on the theory that
such records are more likely to be complete and candid if they
are exempt from review by the FDA. This exemption extends
only to records of QA inspection and audit findings and re-
cords of corrective actions recommended and taken. All other
QA records are subject to inspection and copying by FDA.

The one exception to FDA’s policy of not seeking access
to QA records of findings and problems or of corrective ac-
tions recommended and taken is that FDA may seek produc-
tion of these reports in litigation under applicable procedural
rules. The QAU should therefore seek the advice of house
counsel as to the retention period for such records.

Before 1992 FDA normally provided at least 1 weekly
advance notice of a GLP inspection except in the case of for-
cause inspections, which usually occurred without advance
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notice. Current FDA policy, however, is to conduct all GLP
inspections in the United States without advance notice.
Generally FDA continues to provide advance notice of GLP
inspections outside the United States.

For an excellent discussion of the legal issues surround-
ing FDA’s inspectional authority, see volumes 16 and 52 of
this series [13, 14].

SUBPART B: ORGANIZATION AND PERSONNEL

§ 58.29: Personnel

(a) Each individual engaged in the conduct of or responsible
for the supervision of a nonclinical laboratory study shall
have education, training, and experience, or combination
thereof, to enable that individual to perform the assigned
functions.

(b) Each testing facility shall maintain a current summary
of training and experience and job description for each
individual engaged in or supervising the conduct of a non-
clinical laboratory study.

The FDA has refrained from specifying exactly what
scientific disciplines, education, training, or expertise qualify
individuals to participate in the conduct of a nonclinical labo-
ratory study. These factors vary from study to study, and
FDA has merely indicated that the question of employee
qualifications should be carefully considered by laboratory
management. Laboratory management therefore has consid-
erable latitude to define job qualifications. Any reputable lab-
oratory will find it to be in its own best interest to hire
competent individuals and to provide adequate on-the-job
training to qualify those individuals to perform their as-
signed duties. The FDA is not likely to make an issue of em-
ployee qualifications unless an inspection reveals an obvious
case of employee incompetence.

Documentation of employee qualifications should in-
clude at a minimum an educational history for each em-
ployee, an employee’s employment history to the extent that
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prior employment has a bearing on the employee’s compe-
tence to perform his or her current job assignment, and a de-
scription of any additional on-the-job training provided to the
employee. Any format is acceptable for documentation of em-
ployee qualifications as long as all relevant information is in-
cluded. The degree of detail associated with documentation of
on-the-job training varies widely from laboratory to labora-
tory. Some laboratories document supervisor/trainer sign-off
for completion of training in each element of an employee’s
current job description. Other laboratories merely document
successful completion of an employee’s initial probationary
period. Documentation should be updated periodically to re-
flect changes in educational background and any additional
training provided to the employee.

(c) There shall be a sufficient number of personnel for the
timely and proper conduct of the study according to the
protocol.

The requirement for adequate numbers of personnel was
included in the GLP regulations as a result of FDA’s pre-GLP
inspection of a laboratory that had taken on more work than
its employees could properly perform. The result, according
to FDA, was poor-quality or even fraudulent data.

In FDA’s opinion, a shortage of qualified personnel can
lead to inadequate or incomplete monitoring of a study, de-
layed preparation and analysis of the study, and delayed
preparation and analysis of the study results. The numbers
of personnel conducting a study should be sufficient to avoid
such problems.

Today it is unlikely that a laboratory would be prospec-
tively cited by FDA for inadequate numbers of personnel.
Any citation in this area is more likely to be retrospective
and based on actual evidence of poor quality work related to
inadequate numbers of personnel.

(d) Personnel shall take necessary personal sanitation and
health precautions designed to avoid contamination of
test and control articles and test systems.
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(e) Personnel engaged in a nonclinical laboratory study shall
wear clothing appropriate for the duties they perform.
Such clothing shall be changed as often as necessary to
prevent microbiological, radiological, or chemical contam-
ination of test systems and test and control articles.

Although these sections of the GLPs are designed to pro-
tect test and control articles and test systems, laboratory
management should also take into account federal and state
requirements for the protection of the health and safety of
the employees. The minimum acceptable protective apparel
for employees working with test and control articles and with
animals is a laboratory coat over street clothing. Many labo-
ratories provide uniforms. A sufficient supply of clean ap-
parel should be provided by the company to allow frequent
changes if suggested by the hazards of the materials or if nec-
essary to protect against cross-contamination. The wearing of
hats, gloves, masks, and shoe covers (preferably of the dispos-
able variety) is highly recommended. Enough of these items
should be provided to permit changes when moving between
rooms. Safety glasses or protective goggles will be appro-
priate for some hazardous operations.

A laboratory should have a generic policy for the safe
handling of chemicals plus special policies for work with haz-
ardous materials.

A laboratory should have a generic policy for the safe
handling of chemicals plus special policies for work with haz-
ardous materials.

Refer to NIH publication no. 85–23, Guide for the Care
and Use of Laboratory Animals; NIH publication no. 81–
2385, NIH Guidelines for the Laboratory Use of Chemical
Carcinogens; and the Public Health Service’s Biosafety
Guidelines for Microbiological and Biomedical Laboratories
for additional discussion of these issues.

(f) Any individual found at any time to have an illness that
may adversely affect the quality and integrity of the non-
clinical laboratory study shall be excluded from direct con-
tact with test systems, test and control articles and any
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other operation or function that may adversely affect the
study until the condition is corrected. All personnel shall
be instructed to report to their immediate supervisors any
health or medical conditions that may reasonably be con-
sidered to have an adverse effect on a nonclinical labora-
tory study.

The potential for spreading disease organisms from ani-
mals to humans and vice versa is not obvious to most people.
These so-called zoonotic diseases include agents of all the ma-
jor categories of infectious organisms: viruses, bacteria, para-
sites, and fungi. Infectious hazards are insidious, and there-
fore safe practices should be habitual and strictly enforced.
All employees should be instructed as to the nature of these
hazards and the means to take to protect animals and them-
selves from infection. Employees should also be instructed to
report all personal illnesses to their supervisor. The supervi-
sor can then determine whether or not it would be appro-
priate for the employee to have contact with test and control
articles and test systems.

§ 58.31: Testing Facility Management

For each nonclinical laboratory study, testing facility man-
agement shall

(a) Designate a study director as described in § 58.33, before
the study is initiated.

(b) Replace the study director promptly if it becomes neces-
sary to do so during the conduct of a study.

A study director can be designated for each study in the
study protocol that is approved by management or in sepa-
rate documentation that is signed by management. As men-
tioned in the discussion of GLP definitions, only one person
may be designated as study director. Study codirectors are
not permissible, but an alternate study director may be desig-
nated. If the study director must be replaced, this may be
accomplished by protocol amendment (if the original study
director was designated in the protocol) or by separate docu-
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mentation (if separate documentation was used to appoint
the original study director).

(c) Assure that there is a quality assurance unit as described
in § 58.33, before the study is initiated.

(d) Assure that test and control articles or mixtures have
been appropriately tested for identity, strength, purity,
stability, and uniformity, as applicable.

(e) Assure that personnel, resources, facilities, equipment,
materials, and methodologies are available as scheduled.

(f) Assure that personnel clearly understand the functions
they are to perform.

(g) Assure that any deviations from these regulations re-
ported by the quality assurance unit are communicated to
the study director and corrective actions are taken and
documented.

These duties, which are more administrative than scien-
tific, are the responsibility of management. “Management”
will generally be defined as the person or persons who have
authority within an organization to effect whatever changes
are necessary to assure that these duties are adequately dis-
charged. Identification of such persons will vary, depending
on the structure of each organization. Management may, of
course, delegate these duties to others within the organiza-
tion. Responsibility, however, continues to reside with the
person(s) with the authority to effect change.

The requirement to assure that deviations reported by
the QAU are communicated to the study director and that
corrective actions are taken and documented does not mean
that management itself must communicate the findings and
take appropriate corrective action. An efficient QAU will doc-
ument deviations and the fact that corrective action has al-
ready occurred in reports that are distributed to both man-
agement and the study director. The need for additional
management follow-up will then be necessary only in those
few instances in which corrective action was not adequately
negotiated between the QAU and the scientific staff before
the issuance of the QAU report. When corrective action is un-
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derway but not complete at the time of the QAU report, the
report need only indicate that fact with additional follow-up
provided in subsequent reports.

§ 58.33: Study Director

For each nonclinical laboratory study, a scientist or other
professional of appropriate education, training, and experi-
ence, or combination thereof, shall be identified as the study
director. The study director has overall responsibility for the
technical conduct of the study, as well as for the interpreta-
tion, analysis, documentation and reporting of results, and
represents the single point of study control. The study direc-
tor shall assure that

(a) The protocol, including any change, is approved as pro-
vided by § 58.120 and is followed.

The study director does not approve the protocol but only
makes certain that approval is obtained from sponsor man-
agement.

(b) All experimental data, including observations of unantici-
pated responses of the test system, are accurately re-
corded and verified.

The study director is not required to observe every data
collection event, but should assure that data are collected as
specified by the protocol and the standard operating proce-
dures (SOPs) and that data collection includes the accurate
recording of unanticipated responses of the test system. The
study director should also review data periodically, or assure
that such review occurs, to promote the accurate recording of
data and to assure that data are technically correct.

(c) Unforeseen circumstances that may affect the quality and
integrity of the nonclinical laboratory study are noted
when they occur, and corrective action is taken and docu-
mented.

Systems must be in place to assure that the study direc-
tor is promptly notified of unforeseen circumstances that may
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have an effect on the integrity of the study. The study direc-
tor must then assure that corrective action is taken and docu-
mented in response to those unforeseen circumstances.

(d) Test systems are as specified in the protocol.

The determination of the appropriateness of the test sys-
tem is a scientific decision made by management at the time
of protocol approval. The study director need only assure that
protocol specifications are followed.

(e) All applicable good laboratory practice regulations are fol-
lowed.

This section suggests the need for frequent interaction
between the study director and QA personnel. Deviations
from GLP requirements noted by the QAU must be reported
periodically to management and the study director. If those
reports indicate that corrective action is still needed for any
deviation from regulatory requirements, it is the study direc-
tor’s responsibility to assure that corrective action occurs.

The study director’s role is not simply to react to reports
of regulatory deviations from the QAU, but also to play a pro-
active role to assure that study personnel are aware of GLP
requirements and that deviations from those requirements
do not occur.

(f) All raw data, documentation, protocols, specimens, and fi-
nal reports are transferred to the archives during or at
the close of the study.

Materials may be transferred to the archives as the
study progresses or at the close of the study. Although FDA
has defined the close of the study as the time in which the
final report of the study is signed by the study director, it
will not be a violation of regulatory requirements if materials
reach the archives in a reasonable period of time after the
signature date.

§ 58.35: Quality Assurance Unit
(a) A testing facility shall have a quality assurance unit

which shall be responsible for monitoring each study to
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assure management that the facilities, equipment, per-
sonnel, methods, practices, records, and controls are in
conformance with the regulations in this part. For any
given study the quality assurance unit shall be entirely
separate from and independent of the personnel engaged
in the direction and conduct of that study.

Arguments for maintaining a full-time staff of QA pro-
fessionals have been previously delineated in the discussion
of the definition of the QAU.

(b) The quality assurance unit shall:
(1) Maintain a copy of a master schedule sheet of all

nonclinical laboratory studies conducted at the test-
ing facility indexed by test article and containing the
test system, nature of study, date study was initi-
ated, current status of each study, identity of the
sponsor, and name of the study director.

The FDA believes that maintenance of a detailed master
schedule sheet is essential to the proper functioning of the
QAU. In actual practice few QA groups use the master sched-
ule in the performance of QA functions. Few do more than
maintain a master schedule for the benefit of FDA inspectors,
who use it to gauge the volume of GLP-regulated work being
conducted by a laboratory and to aid in the random selection
of studies for review during an inspection.

There is no requirement for the QAU to prepare the
master schedule. The master schedule may be prepared by
some organizational unit other than the QAU as long as the
QAU maintains a copy in its files.

The FDA has indicated that a study should first appear on
the master schedule on the date the protocol is signed by the
study director. A study may come off the master schedule when
the final report of the study is signed by the study director.

In the preamble (¶ ¶ 8 and 13) to the 1987 GLP revisions
[4] the master schedule was referred to as “raw data.” In a
subsequent clarification, Dr. Paul Lepore indicated that the
term raw data had appeared in quotes in the preamble to
indicate that the term was not being used as defined in § 58.3
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(k) of the regulations; rather, the term was used to emphasize
that copies of the master schedule were subject to the record
retention requirements of §§ 58.190 and 58.195.

Additional language in the preamble (¶ 15) to the GLP
revisions of 1987 [4] as well as enforcement policies of indi-
vidual FDA investigators have broadly interpreted the re-
quirement to include the “current status of each study” on the
master schedule. According to this view, the master schedule
should include such study events as test article-mixture prep-
aration, test system dosing, and in-life observation. Because
such detailed information is usually available in other study
documentation (e.g., protocol, study schedules), most labora-
tories limit a description of current status to broad categories
such as in-life phase, “study terminated,” “report prepara-
tion,” and “report issuance.”

It is permissible to identify the sponsor on the master
schedule by code rather than by name. This allows a contract
laboratory to protect client confidentiality if the master
schedule is examined by one of many clients. The contract
laboratory must, however, make the names of sponsors avail-
able to FDA upon request.

Many laboratories maintain the master schedule on
computer, and find it a helpful tool for the allocation of re-
sources and the scheduling of work. A computerized master
schedule can also provide the index of archive materials re-
quired by § 58.190(e) of the regulations.

(2) Maintain copies of all protocols pertaining to all nonclini-
cal laboratory studies for which the unit is responsible.

A proper discharge of QAU responsibilities requires a
knowledge of protocol requirements. One of the QAU’s re-
sponsibilities is to inspect study conduct to assure that there
are no deviations from protocol requirements. Preparation for
and conduct of those inspections require ready access to a
copy of the protocol and all protocol amendments.

(3) Inspect each nonclinical laboratory study at intervals ad-
equate to assure the integrity of the study and maintain
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written and properly signed records of each periodic in-
spection showing the date of the inspection, the study in-
spected, the phase or segment of the study inspected, the
person performing the inspection, findings and problems,
action recommended and taken to resolve existing prob-
lems, and any scheduled date for reinspection. Any prob-
lems found during the course of an inspection which are
likely to affect study integrity shall be brought to the at-
tention of the study director and management immedi-
ately.

“Inspect” has been defined by FDA to mean an actual
examination and direct observation of the facilities and oper-
ations for a given study while the study is in progress and
not merely a review of the records of a study. The QAU func-
tion is to observe and report on the state of compliance of a
study with the requirements of the study protocol, laboratory
SOPs, and the GLP regulations. The QAU role is not just to
verify the results of a study.

Each QAU may exercise reasonable flexibility and judg-
ment to establish an inspection schedule that it believes is “ad-
equate to assure the integrity of the study.” The FDA has indi-
cated, however, that every study must be inspected in process
at least once. Additional inspections may be randomly sched-
uled in such a way that over a series of studies each phase for
each type of study is inspected. Any random sampling ap-
proach to inspections should be statistically based and should
be described and justified in the QAU’s SOPs.

Under U.S. Department of Agriculture animal welfare
regulations 15, nonclinical laboratory studies in animals must
be reviewed and approved by the testing facility’s Institu-
tional Animal Care and Use Committee (IACUC). The FDA
has indicated that IACUC review is part of the conduct of a
nonclinical laboratory study and therefore IACUC activities
should be periodically inspected by QAU. Because IACUC ac-
tivities are subject to QAU inspection, FDA has indicated
that a member of the QAU may not serve as a voting member
of the IACUC but may serve as a nonvoting member.
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The information to be recorded in QAU inspection re-
cords is straightforward, as is the requirement for the QAU
to immediately report significant problems to management
and the study director.

(4) Periodically submit to management and the study direc-
tor written status reports on each study, noting any prob-
lems and the corrective actions taken.

The frequency of the QAU’s periodic reports to manage-
ment is left to the discretion of the laboratory. Reports at in-
tervals of approximately amonth are fairly standard within
the regulated community. The description of problems noted
during QAU inspections need not be extremely detailed un-
less the problems remain uncorrected. The primary purpose
of the report is to assure management that study quality is
being maintained and that management intervention is not
required.

(5) Determine that no deviations from approved protocols or
standard operating procedures were made without proper
authorization and documentation.

As noted previously, QAU review of adherence to proto-
col requirements and SOP are part and parcel of the inspec-
tion process.

(6) Review the final study report to assure that such report
accurately describes the methods and standard operating
procedures, and that the reported results accurately re-
flect the raw data of the nonclinical laboratory study.

The QAU audit should verify the accuracy and complete-
ness of data and information presented in the final report.
The audit should include the narrative description of materi-
als, methods, and results as well as all tabulated data.

For critical study data (e.g., microscopic pathology data
and data on tumor incidence) a QAU may elect to perform a
100% audit. For other data a random sampling approach to
the audit is perfectly acceptable. Any such random sampling
program should be statistically based [16, 17].
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For reasons described in the discussion of § 58.185(c),
the QAU will normally audit the final draft of the report be-
fore it is signed by the study director.

(7) Prepare and sign a statement to be included with the fi-
nal study report which shall specify the dates inspections
were made and findings reported to management and to
the study director.

The list of inspection dates in the QAU statement may
not be sufficient to reveal the extent of the QAU audit and
inspectional activity for any given study (e.g., when several
inspections of a study occur on the same date). For this rea-
son, some laboratories also list the study phases that were
inspected even though this is not required by the regulations.

When a random sampling approach to the inspection
process is used, it may be desirable to indicate the date(s) of
inspection(s) of similar studies during a period that includes
the time of conduct of the study for which the QAU statement
is being prepared. Any such additional inspections should be
clearly labeled as such.

(c) The responsibilities and procedures applicable to the qual-
ity assurance unit, the records maintained by the quality
assurance unit, the records maintained by the quality as-
surance unit, and the method of indexing such records
shall be in writing and shall be maintained. These items
including inspection dates, the study inspected, the phase
or segment of the study inspected, and the name of the
individual performing the inspection shall be made avail-
able for inspection to authorized employees of the Food
and Drug Administration.

The QA SOP manual should describe QAU audit and in-
spection techniques with attached inspection checklists, if
used. Statistically based methods for random selection of
phases of studies for inspection and for random selection of
data points during final report audits should be described
and justified. Any designation of study phases as “critical” or
“noncritical” used to establish the frequency of study inspec-
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tions should also be described and justified. The SOP manual
should also describe the method for communicating audit and
inspection findings to the study director and management,
including a definition of who receives an copy of the reports.
Finally, the SOP manual should describe QAU record-filing
systems and the method for indexing those records. For filing
and indexing systems, the QAU will find it most efficient to
base its filing system on the study numbering system used
by the safety testing laboratory. It can then utilize the safety
laboratory’s archive index system for indexing QAU records.
The indexing system for QAU records should permit speedy
access to such records in the event of any FDA request to
review those records during an FDA inspection. The FDA
may review and copy any QAU records except those excluded
by § 58.15(a).

(d) A designated representative of the Food and Drug Ad-
ministration shall have access to the written procedures
established for the inspection and may request testing fa-
cility management to certify that inspections are being
implemented, performed, documented, and followed-up in
accordance with this paragraph.
(Collection of information requirements approved by the
Office of Management and Budget under number 0919–
0203)

As previously mentioned, QAU records of findings and
problems and of corrective actions recommended and taken
are exempt from routine FDA inspection. To compensate for
this lack of routine inspectional authority, the FDA has ac-
cess to the QAU’s written procedures. The FDA may review
QAU written procedures to judge the adequacy of inspection
schedules and to determine whether or not systems are in
place for communicating inspection findings to management
personnel. The FDA may also request facility management
to certify in writing that inspections are being implemented,
performed, documented, and followed up in accordance with
GLP requirements.
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SUBPART C: FACILITIES

§ 58.41: General

Each testing facility shall be of suitable size and construction
to facilitate the proper conduct of nonclinical laboratory stud-
ies. It shall be designed so that there is a degree of separation
that will prevent any function or activity from having an ad-
verse effect on the study.

If a testing facility is too small to handle the volume of
work it has set out to do, there may be an inclination to mix
incompatible functions. Examples might include the simulta-
neous conduct of studies with incompatible species (e.g., old
world primates and new world primates) in the same room,
setting up a small office in the corner of an animal housing
area, housing an excessive number of animals in a room, or
storing article/carrier mixtures in an animal room.

The facility should be constructed of materials that facil-
itate cleaning. Heating, ventilation, and air conditioning
(HVAC) systems should be of adequate capacity to produce
environmental conditions that comply with employee and an-
imal health and safety standards and should be designed to
prevent cross-contamination.

The location of a facility (e.g., next to a farm in which
pesticides, herbicides, and fertilizers are frequently used or
next door to a chemical factory that generates noxious fumes)
could have an adverse effect on the conduct of a nonclinical
laboratory study unless the facility is designed to protect
against outside environmental contaminants. Although the
GLP revisions of 1987 eliminated “location” as a consider-
ation in § 58.41, it is still a strong consideration in the design
and construction of nonclinical laboratories.

Facilities should be designed to avoid disturbances such
as intermittent or continuous noise from within or outside
the facility, frequent traffic in and out of animal rooms, ob-
noxious odors (e.g., chemical odors that are carried by venti-
lation systems from laboratories to animal housing areas),
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and animal disturbances, which can be caused by facility de-
sign factors. Extreme care should be taken to design special
protection for those animals (e.g., pregnant animals) that are
especially sensitive to interfering disturbances.

In short, FDA is concerned that a facility be designed
and constructed to ensure the adequacy of the facility for con-
ducting nonclinical laboratory studies and to ensure the qual-
ity and integrity of study data.

§ 58.43: Animal Care Facilities

(a) A testing facility shall have a sufficient number of animal
rooms or areas, as needed, to assure proper: (1) Separa-
tion of species or test systems, (2) isolation of individual
projects, (3) quarantine of animals, and (4) routine or spe-
cialized housing of animals.

Note the words as needed and proper. The facility’s vet-
erinarian in charge should be consulted as to when generally
accepted standards for laboratory animal care require the
separation, isolation, or specialized housing of animals. It is
generally accepted that all newly received animals should un-
dergo a quarantine and acclimation period.

“Isolation” generally connotes a setting apart, by use of
physical barriers, from all other projects. “Separation,” on the
other hand, can be accomplished by spatial arrangements
(e.g., two projects can be assigned to different parts of the
same room).

(b) A testing facility shall have a number of animal rooms or
areas separate from those described in paragraph (a) of
this section to ensure isolation of studies being done with
test systems or test and control articles known to be bio-
hazardous, including volatile substances, aerosols, radio-
active materials, and infectious agents.

A laboratory involved in work with the hazardous mate-
rials described in this section also needs to be familiar with
regulations of the Occupational Safety and Health Adminis-
tration (or state equivalent), the Department of Agriculture,
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and the Nuclear Regulatory Commission, all of which have a
role in the regulation of such materials.

(c) Separate areas shall be provided, as appropriate, for the
diagnosis, treatment, and control of laboratory animal
diseases. Even if the laboratory does not have such a pol-
icy, there may be instances (e.g., non-contagious diseases)
where diseased animals need not be isolated for treat-
ment. Whether or not to treat and whether or not to iso-
late is a scientific decision which should be made by the
study director in consultation with other scientific per-
sonnel.

If a laboratory’s policy is to euthanize all diseased ani-
mals, it need not provide separate areas for the diagnosis,
treatment, and control of laboratory animal diseases. Even if
the laboratory does not have such a policy, there may be in-
stances (e.g., noncontagious diseases) in which diseased ani-
mals need not be isolated for treatment. Whether or not to
treat and whether or not to isolate is a scientific decision that
should be made by the study director in consultation with
other scientific personnel.

If a laboratory intends to treat rather than euthanize
diseased animals, it is best to have an area separate from
other animal housing and holding areas for the isolation of
diseased animals (if this is deemed necessary). A second area
may be needed to treat animals with contagious diseases sep-
arately from those animals being treated for noncontagious
diseases.

(d) When animals are housed, facilities shall exist for the col-
lection and disposal of all animal waste and refuse or for
safe sanitary storage of waste before removal from the
testing facility. Disposal facilities shall be so provided
and operated as to minimize vermin infestation, odors,
disease hazards, and environmental contamination.

A laboratory may dispose of animal waste and refuse on-
site (e.g., incineration) or may use a contract service for
pickup and disposal. Some animal waste and refuse may
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meet EPA’s definition of hazardous waste (e.g., waste or re-
fuse from animals treated with hazardous materials or ani-
mals carrying infectious diseases) and must be disposed of
in compliance with EPA regulations issued under the RCRA.
Waste and refuse from animals treated with radioactive ma-
terials must be disposed of in compliance with regulations of
the Nuclear Regulatory Commission.

Containers with tight-fitting lids should be used for the
temporary storage of animal waste and refuse before disposal
to minimize vermin infestation, odors, disease hazards, and
environmental contamination.

§ 58.45: Animal Supply Facilities

There shall be storage areas, as needed, for feed, bedding, sup-
plies, and equipment.

Storage areas for feed and bedding shall be separated
from areas housing the test systems and shall be protected
against infestation or contamination. Perishable supplies
shall be preserved by appropriate means.

Animal feed and bedding should never be stored in areas
in which animals are housed. It is also contrary to good ani-
mal husbandry practices to store supplies and equipment in
animal housing areas.

Animal feed and bedding should be stored off the floor to
facilitate cleaning. Food storage areas and areas used to store
other perishable supplies should be temperature-controlled to
protect against deterioration of the stored materials.

The first line of defense against vermin should be perim-
eter control, that is, controls to prevent the entry of vermin
into a facility. If vermin control within the facility is neces-
sary, care should be taken to protect supplies of feed and bed-
ding from contamination by vermin control materials.

§ 58.47: Facilities for Handling Test and
Control Articles

(a) As necessary to prevent contamination or mix-ups, there
shall be separate areas for:
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(1) Receipt and storage of the test and control articles.
(2) Mixing of the test and control articles with a carrier,

e.g., feed.
(3) Storage of the test and control article mixtures.

(b) Storage areas for the test and/or control article and test
and control mixtures shall be separate from areas hous-
ing the test systems and shall be adequate to preserve
the identity, strength, purity, and stability of the articles
and mixtures.

The twin goals of § 58.47 are to prevent cross-contamina-
tion and mix-ups. Facility management must provide the nec-
essary degree of separation to meet these goals. Separate
rooms are not required for each of the described functions if
adequate separation can be provided by spatial arrange-
ments within a room, by special air-handling techniques,
and/or by strictly enforced procedural requirements.

Dedicated areas are usually provided for the receipt and
storage of test and control articles. Such articles are usually
stored under lock and key. Areas for weighing test and con-
trol articles are often equipped with special air-handling sys-
tems, sometimes roomwide and other times limited to the
area immediately surrounding the weighing devices. Many
laboratories have a policy for weighing only one test or con-
trol article at any one time in any one area.

Operations with high cross-contamination potential
(e.g., mixtures of test or control articles with animal diets)
are often conducted in small, dedicated, individual cubicles
equipped with special and separate air-handling systems or
are conducted under a fume hood. Special mixing equipment
(e.g., enclosed twin-shell blenders) can be used to reduce the
chance of cross-contamination.

If it is necessary to store test and control article mix-
tures, such materials should be stored entirely separately
from animal housing areas. Special storage conditions (e.g.,
refrigeration and protection from light) must be available if
needed to preserve and maintain the quality and stability of
the mixtures.
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§ 58.49: Laboratory Operation Areas
Separate laboratory space shall be provided, as needed, for the
performance of the routine and specialized procedures re-
quired by nonclinical laboratory studies.

A laboratory must provide adequate and, if necessary,
separate space for the performance of routine and specialized
procedures. Examples of specialized procedures include asep-
tic surgery, necropsy, histology, radiography, handling of bio-
hazardous materials, and cleaning and sterilizing of equip-
ment and supplies.

§ 58.51: Specimen and Data Storage Facilities
Space shall be provided for archives, limited to access by au-
thorized personnel only, for the storage and retrieval of all raw
data and specimens from completed studies.

A laboratory that conducts nonclinical laboratory studies
must provide space for the storage of raw data and specimens
from such studies. Access to the archives must be controlled.
This is best accomplished by providing a lockable area and by
defining in the laboratory’s SOPs who has access to archive
materials and under what conditions (e.g., use only within
the archives or “check-out” rights).

Raw data and specimens need not be transferred to the
archives until the completion of the study. Many laboratories
elect to transfer material to the archives as it is completed,
however, to provide greater data security. The FDA has
stated that all materials must be transferred to the archives
within a reasonable period of time after the study director
signs the final report.

See the discussion of § 58.190 for other archive require-
ments.

SUBPART D: EQUIPMENT

§ 58.61: Equipment Design
Equipment used in the generation, measurement, or assess-
ment of data and equipment used for facility environmental
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control shall be of appropriate design and adequate capacity
to function according to the protocol and shall be suitably lo-
cated for operation, inspection, cleaning, and maintenance.

Equipment used to generate, measure, or assess data
should undergo a validation process to ensure that such equip-
ment is of appropriate design and adequate capacity and will
consistently function as intended. Examples of such equip-
ment include scales; balances; analytical equipment (HPLC,
GC, etc.); hematology, blood chemistry, and urine analyzers;
computerized equipment for the direct capture of data; and
computers for the statistical analysis of data. Because the
data generated, measured, or assessed by such equipment
are the essence of a nonclinical laboratory study, the proper
functioning of such equipment is essential to valid study re-
sults.

Safety assessment scientists and technicians and even
QA personnel sometimes overlook the importance of environ-
mental control equipment to valid study results. Animals
stressed by extremes of temperature or humidity may yield
spurious data; reproductive toxicology studies may be com-
promised by malfunctioning timers for the control of light/
dark cycles; inadequate air filtration may expose experimen-
tal animals to environmental contaminants that confound ex-
perimental results.

All equipment described in § 58.61 should be located in
such a manner as to promote proper operation, inspection,
cleaning, and maintenance.

§ 58.63: Maintenance and Calibration of Equipment

(a) Equipment shall be adequately inspected, cleaned, and
maintained. Equipment used for the generation, mea-
surement, or assessment of data shall be adequately
tested, calibrated and/or standardized.

The need for regular inspection, cleaning, and mainte-
nance of equipment is well recognized in the scientific com-
munity. A laboratory should establish schedules for such op-
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erations based on the manufacturer’s recommendations and
laboratory experience. In most instances these schedules will
be defined as to periodicity, although in some cases an “as
needed” schedule will be acceptable.

The terms test, calibration, and standardization are in-
terrelated. Each term has a special meaning, but there is
some overlap of the terms.

Test can be defined as an examination of an item or sys-
tem to determine compliance with its specifications. Under
this definition test would include operations to calibrate or
standardize but would also include the process of total sys-
tem validation.

Calibration has been defined as a comparison of a mea-
surement standard or instrument of known accuracy with an-
other standard or instrument to detect, correlate, report, or
eliminate by adjustment any variation in the accuracy of the
item being compared [18].

Standardization is a comparison with a standard of
known and accepted value. Standards may be of several
sources: primary standards [prototype state-of-the-art stan-
dards found at NIST; the National Institute of Standards and
Technology (formerly known as the National Bureau of Stan-
dards; (NBS), or national equivalent outside the United
States]; secondary, working standards (standards calibrated
to primary standards, which are used for working tools and
instruments); and in-house-developed or interim standards
(standards developed and used by a particular facility when
no primary standard is available).

Scales and balances should be calibrated at regular in-
tervals, usually ranging from 1 month to 12 months, depend-
ing on manufacturers’ recommendations, laboratory experi-
ence, and the extent of use. Intervals should be selected with
a recognition that if a scale or balance is found to be out of
calibration, it will cast doubt on the accuracy of every weight
measured by that scale or balance since the last calibration.
Scales and balances should also be standardized with a range
of standard weights at frequent intervals. Many laboratories
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standardize scales and balances before each use, and some
also standardize at periodic intervals during each use. The
range of standard weights should bracket the expected exper-
imental values. Standard weights should be traceable to
NIST standards and should themselves be periodically cali-
brated.

The use of standard solutions, reference standards, and
quality control samples, whether prepared by the laboratory
or purchased commercially, is essential to valid analyses of
test and control article/carrier mixtures and biological fluids
(blood, serum, plasma, etc).

A Ph meter should be standardized before each use ac-
cording to directions in the manufacturer’s manual.

Electrocardiographs usually have a built-in facility for
generating an electrical impulse of known intensity. This fa-
cility should be used during the recording of electrocardio-
grams to check periodically on the proper functioning of the
equipment.

Heating, ventilation, and air conditioning equipment
should be regularly inspected and maintained. Filters on en-
vironmental control equipment should be inspected on a reg-
ular basis and changed as needed.

(b) The written standard operating procedures required un-
der § 58.81(b)(11) shall set forth in sufficient detail the
methods, materials, and schedules to be used in the rou-
tine inspection, cleaning, maintenance, testing, calibra-
tion and/or standardization of equipment, and shall spec-
ify, when appropriate, remedial action to be taken in the
event of failure or malfunction of equipment. The written
standard operating procedures shall designate the person
responsible for the performance of each operation.

All aspects of a laboratory’s program for the routine in-
spection, cleaning, maintenance, testing, calibration, and/or
standardization of equipment must be in writing (i.e., SOPs,
supplemented as necessary by equipment manuals). This
would include a description of cleaning materials; inspection,
cleaning, and maintenance methods and schedules; calibra-
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tion and standardization methods and parameters; and the
job title of personnel responsible for the performance of each
operation. Specification of remedial actions to be taken in re-
sponse to equipment failure or malfunction should be as com-
prehensive as possible. Common troubleshooting problems
with appropriate remedial action are frequently included in
equipment manufacturers’ manuals, which can be cited in
the SOPs. For other types of problems, it will generally be
sufficient to indicate in the SOPs that professional assistance
will be enlisted (e.g., manufacturers’ repair services).

Copies of equipment SOPs must be easily and readily
accessible by laboratory personnel.

“When appropriate” means that a laboratory only need
specify remedial action in response to equipment failure or
malfunction when remedial action is appropriate to the piece
of equipment. A laboratory may elect to discard rather than
repair faulty equipment; however, records for the discarded
equipment, including records of previous maintenance and
calibration, must be retained for the length of time described
in § 58.195(b) and (f).

(c) Written records shall be maintained of all inspection,
maintenance, testing, calibrating and/or standardizing
operations. These records, containing the date of the oper-
ation, shall describe whether the maintenance operations
were routine and followed the written standard operating
procedures. Written records shall be kept of non-routine
repairs performed on equipment as a result of failure and
malfunction. Such records shall document the nature of
the defect, how and when the defect was discovered, and
any remedial action taken in response to the defect.
(Collection of information requirements approved by the
Office of Management and Budget under number 0919–
0203)

As with any activity required by regulation, records must
be maintained of all equipment inspection, maintenance,
testing, calibrating, and/or standardizing operations. The re-
cords required by this section of the regulations are necessary
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to the reconstruction of a study and provide the FDA with
added assurance as to the validity and integrity of data. The
FDA has indicated, however, that it is not necessary to main-
tain records of cleaning operations on the theory that the
costs of maintaining such records exceeds the benefits.

Records of routine maintenance operations may refer-
ence the SOPs for a description of the operations. For nonrou-
tine repairs in response to equipment failure or malfunction,
repair records must contain the following detailed informa-
tion: nature of the defect, how the defect was discovered,
when the defect was discovered, and remedial action taken in
response to the defect. Remedial action should include a re-
view of possible effects on data generated before the defect
was discovered. Because repairs are likely to involve repair-
men from outside the laboratory, care must be taken to en-
sure that such persons provide full documentation of the na-
ture of the problem and remedial action taken in response to
the problem.

Equipment inspection, maintenance, and repair records
can be recorded in a logbook especially designed for that pur-
pose. For equipment that is moved from laboratory to labora-
tory, the logbook should accompany the equipment when it is
moved. Documentation of calibrating or standardizing opera-
tions, on the other hand, may be more efficiently recorded
with the associated records of the data acquisition activities.

SUBPART E: TESTING FACILITIES OPERATION

§ 58.81: Standard Operating Procedures

(a) A testing facility shall have standard operating proce-
dures in writing setting forth nonclinical laboratory study
methods that management is satisfied are adequate to
insure the quality and integrity of the data generated in
the course of a study. All deviations in a study from stan-
dard operating procedures shall be authorized by the
study director and shall be documented in the raw data.
Significant changes in established standard operating
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procedures shall be properly authorized in writing by
management.

Preparation of written SOPs was a major undertaking
for most GLP-regulated laboratories. Keeping SOP manuals
up to date continues to be a major effort for these labs. To
assure that SOP manuals remain up to date, many labora-
tories have a policy for mandatory, periodic review (and up-
date, if necessary) of all SOPs.

Study protocols define “what” is to be done during the
course of a study; SOPs define “how” to carry out protocol-
specified activities.

There are many acceptable formats for SOPs. The au-
thor prefers an activity-oriented format, written in playscript
style and including a designation of the actor (i.e., who is re-
sponsible for the activity) and a chronological listing of action
steps (i.e., of what the activity consists) [19]. (See Fig. 1 for a
sample of an SOP in this format.) Prime consideration should
be given to making the SOP manual user-friendly so that it
is a document which invites rather than discourages routine
usage by those responsible for performing tasks in compli-
ance with the SOP.

In the preparation and revision of SOPs, a major consid-
eration is the degree of detail to be incorporated into SOPs.
As a general rule, SOPs should be detailed enough to provide
meaningful direction to study personnel for the conduct of
routine laboratory activities. In determining the level of de-
tail, it is acceptable to take into consideration the education,
training, and experience of the personnel who will be respon-
sible for those activities. For example, an analytical proce-
dure to be carried out by a trained chemist would instruct
the chemist to pipette 5 ml of a reagent, but need not provide
detail of how to pipette. It is generally not advisable to spec-
ify suppliers of materials in SOPs because suppliers may
change frequently. It is always advisable to allow for a range
of acceptable approaches to any procedure if a more specific,
restrictive, and defined activity is not necessary to assure
study quality. If written too restrictively, SOPs are fre-
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Figure 1 Sample SOP.

quently in need of revision. On the other hand, if insufficient
detail is included in the SOPs, they fail to provide adequate
direction to study personnel. With experimentation and expe-
rience a laboratory can strike a reasonable balance between
too much and not enough detail. It is always a good idea to
solicit comments from those who use the SOP manual (the
workers at the bench) in striking this balance.
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If an exception to a SOP is to be made for an individual
study, that exception must be authorized in writing by the
study director, and the written authorization must be main-
tained with the raw data for the study. If a change in proce-
dure represents a new standard way of doing things, then the
SOP should be revised, and the revision approved (e.g., by
signature) by laboratory management.

(b) Standard operating procedures shall be established for,
but not limited to, the following:

(1) Animal room preparation.
(2) Animal care.
(3) Receipt, identification, storage, handling, mixing,

and method of sampling of the test and control arti-
cles.

(4) Test system observations.
(5) Laboratory tests.
(6) Handling of animals found moribund or dead dur-

ing study.
(7) Necropsy of animals or postmortem examination of

animals.
(8) Collection and identification of specimens.
(9) Histopathology.

(10) Data handling, storage, and retrieval.
(11) Maintenance and calibration of equipment.
(12) Transfer, proper placement, and identification of

animals.

As suggested by “but not limited to,” the list of SOP top-
ics in § 58.81 (b) should be considered illustrative, not com-
prehensive. Many of the topics (e.g., laboratory tests) might
involve 100 or more individual SOP titles. The range of topics
for which SOPs are required will be governed by the variety
of studies routinely conducted in the laboratory. For each
procedure required by each type of study, the laboratory
should prepare an SOP describing how that procedure should
be performed. If a study activity is not yet “standard” or is
intended to be a one-time event, it is acceptable to incorpo-
rate a detailed description of the “how-to” for that activity in
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the study protocol or in a laboratory notebook. If such activi-
ties become routine, however, an SOP should be prepared.

In the foregoing discussion of § 58.35(b)(3) it was indi-
cated that FDA considers an IACUC review of nonclinical
laboratory studies in animals to be part of the conduct of
those studies. The FDA has also indicated that IACUC
functions should be described in SOPs (even though the
U.S. Department of Agriculture regulations [15] that
mandate IACUC review do not require that IACUC func-
tions be described in written SOPs!). The FDA has specifi-
cally stated [20] that IACUC SOPs should include the fol-
lowing:

A document from a high-ranking laboratory official that
states that the laboratory does not condone or support
inhumane treatment of animals and that it is the pol-
icy of the laboratory to maintain, hold, and use ani-
mals in compliance with all applicable regulations,
guidelines, and policies

A description of committee members (including the chair),
the number of members and their terms of office, and
the procedure for replacing committee members

A definition of a quorum for committee activities
A description of how the committee makes decisions
A description of committee documents, including what

items go out with a meeting agenda and what items
should be describe in meeting minutes

Some laboratories establish a hierarchy of documents
and specify that SOPs describe the approved method for
study conduct unless an alternate methodology is described
in a study protocol. In such a case, the alternate methodology
would only be applicable for a study in which the protocol so
provides. Because the study director must sign the protocol,
such a system provides an easy method for compliance with
§ 58.81(a), which requires the study director to authorize all
deviations from SOPs in a study.
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(c) Each laboratory area shall have immediately available
laboratory manuals and standard operating procedures
relative to the laboratory procedures being performed.
Published literature may be used as a supplement to
standard operating procedures.

If SOPs are to provide guidance to study personnel on
accepted methods for the conduct of routine study proce-
dures, it follows that they must be readily available to the
personnel performing those activities. The SOPs should be
available in or near the room in which the activities will oc-
cur. The requirement for “immediately available” SOPs is not
met if an employee must travel some distance in order to con-
sult the SOP manual. In such a case the employee is more
likely to guess, and perhaps guess wrongly, about the proper
method for study conduct.

The entire SOP manual need not be immediately avail-
able as long as those SOPs that describe procedures to be
performed are available.

Published literature (and manufacturers’ equipment
manuals) may supplement SOPs, but will as a general rule
not be an acceptable substitute for SOPs.

Well-prepared SOPs will serve as a good training tool for
new employees and will provide a handy “crutch” for experi-
enced personnel whose memory of study methods may need
some refreshing. Although not a GLP requirement, many lab-
oratories provide each employee with a complete copy of the
SOP manual in addition to providing the mandatory “work-
ing copies” of individual SOP titles in each work area.

To meet the requirement for “standard” operating proce-
dures, the laboratory is advised to develop a system to ensure
that all working copies of the SOPs are identical. When SOP
revisions are distributed, all holders of the manual should be
instructed at a minimum to destroy the outdated version of
the procedure. A better approach is to require the outdated
version to be returned to and accounted for at a central loca-
tion. Follow-up should then be provided to ensure the return
of all copies of the outdated procedure. Ideally each distrib-
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uted copy of the SOPs should be uniquely numbered, and
employees should be instructed not to make copies of any in-
dividual SOP. This provides better control over the distribu-
tion process and helps ensure that all outdated versions of
SOPs are destroyed.

With the advance in computer technology and the in-
creased use of computer networks, many laboratories are
making SOPs available in electronic form via read-only cen-
tral computer files. Electronic SOPs help ensure that all per-
sonnel are using the current version of an SOP, reduce or
eliminate the need for distribution of paper copies of the
SOPs, and reduce or eliminate the need for follow-up to en-
sure that SOP manuals are updated properly. A master, hard
copy version of the SOPs that is authorized, signed, and
dated by management still must be retained in the archives,
and the historical file of SOPs should also contain hard copy
versions that have been authorized, signed, and dated by
management. Like hard copy SOPs, electronic SOPs must be
readily available to study personnel.

(d) A historical file of standard operating procedures, and all
revisions thereof, including the dates of such revisions,
shall be maintained.

The historical file of SOPs documents what SOPs were
in effect at any time during a laboratory’s history. Because
FDA inspection of a study often occurs years after the com-
pletion of that study, the historical file of SOPs will be of spe-
cial use to an FDA inspector. Including the effective date on
the SOP itself will aid in maintenance of the historical file
and will also make it easier to ascertain if any one SOP man-
ual contains the current version of any individual SOP. Ac-
cessory documentation of effective dates (e.g., in the trans-
mittal memo for the distribution of SOPs) is permissible but
not recommended.

§ 58.83: Reagents and Solutions
All reagents and solutions in the laboratory areas shall be la-
beled to indicate identity, titer or concentration, storage re-
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quirements, and expiration date. Deteriorated or outdated re-
agents and solutions shall not be used.

Good laboratory technique has always included proper
labeling of reagents and solutions. Many laboratories provide
supplies of standard labels, which prompt laboratory person-
nel to include the four pieces of information mandated by the
GLPs. “Identity” and “titer or concentration” present no prob-
lems. For “storage requirements” it is acceptable for labora-
tory SOPs to indicate that reagents and solutions may be
stored at ambient room temperature unless otherwise indi-
cated on the label. The standard label would then provide a
space for “special storage conditions” (e.g., “refrigerate,” “pro-
tect from light”) The requirement to include an expiration
date sometimes is resisted by laboratory personnel, especially
for materials such as powder forms of histologic stains and
crystalline sodium chloride. For such materials there is no
known expiration date, and it is acceptable to indicate “NONE”
or “N/A” (not applicable) on the label for expiration date. The
laboratory must, however, be prepared to justify this designa-
tion. For other materials an expiration date should always be
indicated on the label. The FDA has indicated that formal sta-
bility studies are not required to justify assigned expiration
dates; it is sufficient to assign expiration dates based on litera-
ture references and/or laboratory experience.

The best guarantee that outdated reagents and solutions
will not be used is a strictly enforced policy for discard of such
materials, although that is not a GLP requirement. The
GLPs require only that outdated materials not be used.

Official FDA enforcement policy requires adherence to
GLP labeling requirements for all reagents and solutions in
a laboratory in which GLP-regulated work is conducted even
if some of those reagents and solutions are used for work that
is not GLP-regulated. The FDA’s concern is that reagents and
solutions that are not adequately labeled, even if not in-
tended for use in GLP-regulated studies, may have an ad-
verse effect on laboratory work that is GLP-regulated.
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§ 58.90: Animal Care

(a) There shall be standard operating procedures for the
housing, feeding, handling, and care of animals.

This is simply a reiteration of the requirements of § 58.81.

(b) All newly received animals from outside sources shall be
isolated and their health status shall be evaluated in ac-
cordance with acceptable veterinary medical practice.

Isolation is the separation of newly received animals
from those already in the facility until the health of the newly
received animals has been evaluated. Effective isolation min-
imizes the introduction of disease-causing agents into estab-
lished animal colonies. It also allows time for the expression
of clinical signs of disease, which will permit culling of ani-
mals before they are placed on study.

Quality control by the animal vendor and a knowledge
of the history of the animals are acceptable parts of an insti-
tution’s isolation procedures. This information may limit the
isolation period for rodents to the time necessary for inspec-
tion upon arrival; however, all newly received animals should
be allowed a stabilization period prior to their use [21].

Isolation may occur in the same room in which the study
will be conducted; it is not necessary to provide separate, ded-
icated isolation areas. Laboratory personnel should solicit the
expert advice of the veterinary staff in the establishment of
isolation procedures.

(c) At the initiation of a nonclinical laboratory study, ani-
mals shall be free of any disease or condition that might
interfere with the purpose or conduct of the study. If, dur-
ing the course of the study, the animals contract such a
disease or condition, the diseased animals shall be iso-
lated, if necessary. These animals may be treated for dis-
ease or signs of disease provided that such treatment does
not interfere with the study. The diagnosis, authoriza-
tions of treatment, description of treatment, and each
date of treatment shall be documented and shall be re-
tained.
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Good science has always mandated the use of high-qual-
ity, disease-free animals to reduce extraneous factors that
might complicate the interpretation of experimental results.

The GLPs permit the treatment of diseases or conditions
that develop during the course of a study. Any animal so
treated should be isolated from other animals if necessary to
protect against adverse effects on a study. Laboratories may
elect to euthanize diseased animals rather than provide
treatment.

If a laboratory elects to treat diseased animals, the GLPs
specify documentation requirements for such treatment.
These documentation requirements are straightforward and
consistent with accepted veterinary medical practice.

(d) Warm-blooded animals, excluding suckling rodents, used
in laboratory procedures that require manipulations and
observations over an extended period of time or in studies
that require the animals to be removed from and re-
turned to their home cages for any reason (e.g., cage
cleaning, treatment, etc.) shall receive appropriate identi-
fication. All information needed to specifically identify
each animal within an animal-housing unit shall appear
on the outside of that unit.

There is no perfect system for identification of animals.
Tattoos and color codes frequently fade and may need to be
redone after 3 to 5 months. Toe clips and ear punches are
occasionally obliterated by self-mutilation or mutilation by
cage mates. Ear tags and collars fall off and need to be re-
placed. Cage cards can be lost or destroyed. Whatever system
or combination of systems of animal identification are se-
lected by a laboratory, the shortcomings of the selected sys-
tem(s) must be recognized, and procedures must be developed
to address those shortcomings.

Identification other than a cage card is not required for
short-term studies in which an animal is never taken from
and returned to its cage during the course of a study. The
preamble (¶ 35) to the GLP revisions of 1987 [4] also indi-
cates that when animals are housed individually in cages,
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cage cards plus detailed animal-handling SOPs designed to
prevent animal mix-ups will constitute an adequate animal
identification system.

Any system of animal identification should provide an
appropriate means for distinguishing one animal from all
other animals housed in the same room. Each animal’s iden-
tification only needs to be unique in the room in which it is
housed; it need not be unique to all studies ever conducted
with that species in the laboratory.

Identification of suckling rodents might lead to cannibal-
ization by the mother, therefore FDA has exempted suckling
rodents from the identification requirements of this section.
There are other unique situations in which placing identify-
ing features on an animal has the potential of jeopardizing
the validity of the study. One such type of study is the guinea
pig sensitization study, in which metal ear tags, plastic col-
lars, or the dyes in tattoos and other color markings may
themselves produce a sensitization response; ear punching
may produce inflammation that could jeopardize test results;
and toe clipping may lead to excessive bleeding. As previously
mentioned, a laboratory may elect to identify such animals
by cage card only. The animals must be singly housed, how-
ever, and animal-handling SOPs should provide specialized
procedures for preventing animal mix-ups.

(e) Animals of different species shall be housed in separate
rooms when necessary. Animals of the same species, but
used in different studies, should not ordinarily be housed
in the same room when inadvertent exposure to control
or test articles or animal mixup could affect the outcome
of either study. If such mixed housing is necessary, ade-
quate differentiation by space and identification shall be
made.

Physical separation of animals by species is generally
recommended to prevent interspecies disease transmission
and to reduce anxiety due to interspecies conflict. In some
situations it might be appropriate to house different species
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of rodents in the same room, such as when they are to be
used for tests of the same test article and have a similar
health status or when special containment is provided within
rooms (e.g., laminar flow cabinets or filtered or microisolation
cages). It is not uncommon for animals from one supplier to
harbor microbial agents not found in animals of the same
species from another supplier, therefore intraspecies separa-
tion is advisable when animals obtained from multiple
sources differ in microbiological status [21].

The best rule is only one species from a single supplier
in any one room and only one study per room. If mixed hous-
ing is absolutely necessary, the laboratory must provide ade-
quate differentiation by space and identification and must
take steps to minimize the possibility for disease transmis-
sion or cross-contamination.

(f) Animal cages, racks and accessory equipment shall be
cleaned and sanitized at appropriate intervals.

The National Institute of Health’s (NIH) Guide for the
Care and Use of Laboratory Animals [21] recommends that
animal cages be sanitized before use, and further, that solid-
bottom rodent cages be washed once or twice a week and cage
racks at least monthly. It is recommended that wire-bottom
cages and cages for all other animals be washed at least ev-
ery 2 weeks. Water bottles, sipper tubes, stoppers, other wa-
tering equipment, and feeders should be washed once or
twice a week.

The rinse cycle for washing all equipment should use
water of at least 82.2°C (180°F), or higher for a period long
enough to ensure destruction of vegetative pathogenic organ-
isms. Chemical treatment is an alternative method of disin-
fection. If chemicals are used, equipment should be rinsed
free of chemicals prior to use. Periodic microbiologic monitor-
ing is useful to determine the efficacy of disinfection or steril-
ization procedures.

(g) Feed and water used for the animals shall be analyzed
periodically to ensure that contaminants known to be ca-
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pable of interfering with the study and reasonably ex-
pected to be present in such feed or water are not present
at levels above those specified in the protocol. Documen-
tation of such analyses shall be maintained as raw data.

This GLP section was included as a result of FDA ex-
perience with toxicology studies of pentachlorophenol and
diethylstilbestrol. In those studies the feeds used as carriers
of the test article were found to contain varying quantities of
pentachlorophenol and estrogenic activity. These contami-
nants invalidated the studies by producing erratic results.

Contaminant analysis of food and water for each and ev-
ery study is not a requirement of § 58.90(g), nor is analysis
for a laundry list of contaminants. What § 58.90(g) does re-
quire for every study is careful scientific consideration to de-
termine whether or not there are any potential contaminants
in the feed and water that are capable of interfering with test
results. The study director and associated scientists from tox-
icology and other disciplines should consider each study in
the light of its length, the expected toxicologic endpoints and
pharmacologic activity of the test article, the test system, the
route of administration, and other relevant factors to deter-
mine what contaminants could reasonably be expected to
interfere. These considerations—coupled with scientific liter-
ature, experience, and anticipated levels of contamination–
should be used to determine which, if any, contaminants
should be controlled and analyzed. The FDA has said that it
is unlikely that a blanket analysis conducted either by feed
manufacturers or water authorities would be sufficient be-
cause such analyses would either provide data on contami-
nants that would not be expected to interfere or neglect to
provide data for certain interfering contaminants.

Despite the foregoing, most labs rely on blanket analyses
by feed manufacturers and water authorities, occasionally
supplemented by analyses for a few additional contaminants
also using a blanket approach (i.e., the same analyses for ev-
ery study). It is likely that the type of scientific review ex-
pected by the FDA is simply not possible given the state of
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knowledge about test articles at the time safety studies are
conducted.

Blanket analyses at least guard against the presence in
the feed and water of known carcinogens (e.g., aflatoxin) that
could interfere with the evaluation of a carcinogenicity study.
Blanket analyses also assure that toxic materials (e.g., heavy
metals, pesticides, Cominform bacteria) will not compromise
the results of longer-term toxicity studies. Additional con-
taminant analyses should be conducted when the potential of
interference by contaminants is known (e.g., tests for biva-
lent metal ions in the drinking water during the study of a
tetracycline antibiotic and an analysis for estrogenic activity
in the feed used during the study of an estrogen product).

The use of certified feeds for short-term studies is proba-
bly not justified unless a laboratory maintains only stocks of
certified feeds to ensure that such feeds are used in longer-
term studies. Such a policy also eliminates the need to main-
tain inventories of two types of feed for each species of animal.

When analyzing the animals’ drinking water for possible
interfering contaminants, representative water samples should
be drawn at the point of use by the animals to detect any possible
contamination of the water by the delivery system.

Most laboratories describe their blanket analyses for
contaminants in SOPs, which provide a full listing of the con-
taminants analyzed and the acceptable levels for each. Study
protocols in such cases merely make reference to the SOPs.
If there is any analysis for contaminants not listed in the
SOPs, the protocol should describe the additional contami-
nants and the acceptable levels for each.

(h) Bedding used in animal cages or pens shall not interfere
with the purpose or conduct of the study and shall be
changed as often as necessary to keep the animals dry
and clean.

Bedding should be absorbent, free of toxic chemicals or
other substances that could injure animals or personnel, and
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of a type not readily eaten by animals. Bedding should be suffi-
cient to keep animals dry between cage changes without coming
into contact with watering tubes. Aromatic hydrocarbons from
cedar and pine bedding materials can induce the biosynthesis of
hepatic microsomal enzymes, therefore, such beddings are not
appropriate for use in nonclinical laboratory studies.

Bedding can be purchased that is guaranteed to be free
of potentially interfering contaminants. In the absence of
such a guarantee, the laboratory may wish to consider its
own periodic analysis of bedding for contaminants.

Bedding used in cages or pens should be changed as of-
ten as is required to keep the animals dry and clean. For
small rodents (e.g., rats, mice, and hamsters) one to three
bedding changes per week will generally suffice. For larger
animals (e.g., dogs, cats, and nonhuman primates) bedding
should be changed daily.

Soiled bedding should be emptied from cages and pans
under conditions that minimize exposure of animals and per-
sonnel to aerosolized wastes.

(i) If any pest control materials are used, the use shall be
documented. Cleaning and pest control materials that in-
terfere with the study shall not be used.

The most effective pest control program prevents entry
of vermin into a facility by screening openings, sealing
cracks, and eliminating breeding and refuge sites. With the
exception, perhaps, of boric acid or drying substances (e.g.,
silica gel), there are few pest control materials that are free of
serious toxic properties, therefore the best policy is one that
prohibits the use of toxic pesticides in rooms in which ani-
mals are housed. If pest control materials are used in empty
rooms, the room should not be used to house animals until
the risk to animals has passed. This requires a knowledge of
the degradation properties of the pesticide.

Application of pesticides must be recorded. The applica-
tion must comply with federal, state, and local legal and reg-
ulatory requirements.
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SUBPART F: TEST AND CONTROL ARTICLE

§ 58.105: Test and Control Article Characterization

(a) The identity, strength, purity, and composition or other
characteristics which will appropriately define the test or
control article shall be determined for each batch and
shall be documented. Methods of synthesis, fabrication,
or derivation of the test and control articles shall be
documented by the sponsor or the testing facility. In
those cases where marketed products are used as control
articles, such products will be characterized by their la-
beling.

The definition of “appropriate” characterization of test
and control articles will vary, depending on the stage of de-
velopment of the articles. The amount of information on the
first milligram quantity of material that is synthesized in the
research laboratory will be much less than that available
later in development when methods of synthesis have been
scaled up to produce kilogram quantities. For test and control
articles used in nonclinical laboratory studies, laboratory
management should establish acceptable characteristics that
are reasonably related to the stage of development.

Tests to characterize a test or control article as to its
“identity” may be postponed until initial toxicology studies
show a reasonable promise of the article’s reaching the mar-
ketplace. The FDA has indicated, however, that information
on “strength” and “purity” should be available prior to the
use of the article in a nonclinical laboratory study.

Methods of synthesis, fabrication, or derivation as well
as identity (if established), strength, and purity characteris-
tics of the material must be documented. Copies of this docu-
mentation must be included with study records and must be
available for FDA inspection. In the case of contract testing
facilities in which for proprietary reasons the sponsor may
not wish to release such information to the contract lab, the
contract facility should have written assurance from the
sponsor that such documentation exists.

Copyright © 2003 Marcel Dekker, Inc.



Tests to establish the identity, strength, and purity of
the test and control articles need not comply strictly with
GLP requirements (e.g., protocol, QAU inspection require-
ments), but good documentation of analytical test results
(usually in a laboratory notebook) and retention of raw data
for such tests is a good practice. As the development process
proceeds and the same material is used in both nonclinical
and clinical studies, CGMP principles will apply to the pro-
duction and characterization processes.

When marketed products are used as control articles, a
copy of product labeling should be included with the study
records.

(b) The stability of each test or control article shall be deter-
mined by the testing facility or by the sponsor either: (1)
Before study initiation, of (2) concomitantly according to
written standard operating procedures, which provide for
periodic analysis of each batch.

In most cases the stability of test articles will not be es-
tablished before the initiation of a study. In such cases labo-
ratory SOPs should describe a policy for periodic reanalysis
of each batch of the test article. Analytical methods for re-
analysis must be stability-indicating. The periodicity of the
reanalysis is left to the discretion of the laboratory. Generally
analyses are conducted at 3- to 6-month intervals during the
period of test article use. In establishing the analysis interval
the laboratory will want to weight the risk of loss of a study
because of test or control article instability against the costs
of the periodic reanalyses.

The periodic stability reanalyses must be conducted in
full compliance with the GLP regulations.

(c) Each storage container for a test or control article shall
be labeled by name, chemical abstract number or code
number, batch number, expiration data, if any, and,
where appropriate, storage conditions necessary to main-
tain the identity, strength, purity, and composition of the
test or control article. Storage containers shall be as-
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signed to a particular test article for the duration of the
study.

Labeling requirements in § 58.105(c) are not controver-
sial and are the minimum to ensure against mix-up of test or
control articles. The Expiration date needs to be included on
the label only if one has been established. Some laboratories
include a retest date on the label as a reminder of the need
for periodic stability analyses. Only special storage conditions
(e.g., “refrigerate,” “protect from light,” “protect from freez-
ing”) need to be included on the label.

In the preamble (¶ 38) to the 1987 GLP revisions [4],
FDA declined to eliminate the storage container provision in
§ 58.105(c). Dr. Paul Lepore has indicated that ¶ 38 referred
only to the original storage container. According to the sce-
nario envisioned by FDA, a lot of test or control article is se-
lected for testing, characterized, and placed in a properly la-
beled storage container. This storage container must be
retained for the duration of the test. Aliquots or samples of
test article may be removed from this storage container and
placed in intermediate “working” containers that are also
properly labeled. However, these “working” containers need
not be retained.

(d) For studies of more than 4 weeks’ duration, reserve sam-
ples from each batch of test and control articles shall be
retained for the period of time provided by § 58.195. (Col-
lection of information requirements approved by the Office
of Management and Budget under number 0910–0203)

The FDA has indicated that “study initiation date” (de-
fined in § 58.3(o)) and “study completion date” (defined in §
58.3(p)) are administrative dates and should not be used to
determine whether or not a study is “of more than 4 weeks’
duration.” Instead, terms-of-the-art (e.g., 14-day acute study,
28-day repeated dose study, etc.) will determine whether re-
serve samples are required under § 58.105(d).

Reserve sample size should be at least twice the quan-
tity necessary to perform all tests to determine whether the
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test or control article meets its established specifications for
identity, strength, quality, purity, and stability. By retaining
twice the quantity necessary to perform all tests, the labora-
tory will be able to supply a sample to the FDA, if requested,
and still retain sufficient material to conduct its own tests.

§ 58.107: Test and Control Article Handling

Procedures shall be established for a system for the handling
of the test and control articles to ensure that

(a) There is proper storage.
(b) Distribution is made in a manner designed to preclude

the possibility of contamination, deterioration, or damage.
(c) Proper identification is maintained throughout the distri-

bution process.
(d) The receipt and distribution of each batch is documented.

Such documentation shall include the date and quantity
of each batch distributed or returned.

The general goals of § 58.107 are to maintain the integ-
rity of and to provide accountability for the test and control
articles throughout the period of use.

Integrity is maintained by ensuring that all containers
of the articles are labeled properly, by storing all supplies of
the articles in conformance with their labeling, and by ensur-
ing that the articles are distributed, handled, and used in a
manner that precludes the possibility of contamination, dete-
rioration, or damage.

The accountability provisions of § 58.107(d) are met by
records showing the date and quantity of test and control ar-
ticles distributed from central stores for use in a study or se-
ries of studies and the date and amount of material returned
to central stores at the end of a study or amount of material
returned to central stores at the end of a study or series of
studies. To this should be added a system for documenting
the date and quantity for each use of a test or control article
during the course of each study. A running inventory of test
and control articles is not required but does provide an easy
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mechanism for periodically verifying the accuracy of test and
control article usage.

§ 58.113: Mixtures of Articles with Carriers

(a) For each test or control article that is mixed with a car-
rier, tests by appropriate analytical methods shall be con-
ducted:
(1) To determine the uniformity of the mixture and to

determine, periodically, the concentration of the test
or control article in the mixture.

(2) To determine the stability of the test and control ar-
ticles in the mixture as required by the conditions
of the study either (i) before study initiation, or (ii)
concomitantly according to written standard operat-
ing procedures which provide for periodic analysis of
the test and control articles in the mixture.

The requirements of § 58.113(a) substantially changed
the state of the art for the conduct of nonclinical laboratory
studies. Prior to the promulgation of GLP regulations, analyti-
cal tests to establish the homogeneity and stability of article/
carrier mixtures were not routine, nor were tests to determine
the concentration of test and control articles in the mixtures
used to deliver test and control articles to test systems.

There is no exemption from § 58.113(a) for short-term
studies. If a study meets the definition of a nonclinical labo-
ratory study all analytical requirements apply.

If a test or control article is administered in solution,
homogeneity (uniformity) tests need not be conducted. For
nonsolutions (e.g., suspensions and mixtures with diet), once
the uniformity has been established for a given set of mixing
conditions, it is not necessary to establish the uniformity of
each subsequent batch that is mixed according to the same
specifications. In taking samples for homogeneity testing, one
must ensure that the samples are truly representative of the
batch and that the total number of samples is adequate to
prove uniformity. Typically samples are drawn from the top,
middle, and bottom of the batch or according to a random
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sampling schedule. The number of samples from any one
batch usually ranges from 6 to 9.

Stability of the article/carrier mixture can be established
in conjunction with the homogeneity assays of nonsolutions.
Separate stability tests will, of course, be required for solu-
tions. Formal stability trials sufficient to show long-term sta-
bility of the mixtures are not required; rather, stability should
be established for a period that encompasses the period of use
of the article/carrier mixture. Period of use should be defined
as whichever of the following two time periods is longer, the
time between preparation of the mixture and final administra-
tion of that mixture to the test system, or the time between
preparation of the mixture and the analysis of the mixture as
required by § 58.113(a)(2). Often the period between prepara-
tion and analysis may be longer than the period between prep-
aration and last administration to the test system.

Homogeneity and stability assays may be conducted be-
fore a study begins or may be conducted concurrently with
the study. If the latter, poor assay results may, or course,
result in invalidation of the study.

There are no established guidelines with regard to the
frequency of periodic concentration assays. Some laboratories
randomly select a sample from one concentration of article/
carrier mixture per study per week. Other laboratories con-
duct an analysis of all concentrations of article/carrier mix-
tures on a monthly or quarterly basis.

When article/carrier mixtures are prepared by serial di-
lution of the highest concentration, FDA has suggested that
it would be appropriate to perform an assay on the lowest
concentration because this would confirm the accuracy of the
dilution process. This is not a GLP requirement, however,
and there is no prohibition on the analysis of any of the other
concentrations. Analytical methods may not be sensitive
enough for valid assays of the lowest concentration.

Although some laboratories do not use any article/car-
rier mixture until satisfactory analytical results are obtained
from a concentration assay of the mixture, this is not a GLP
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requirement. The concentration assays provide periodic as-
surance that test systems are being exposed to the amounts
and types of test and control articles that are specified in the
protocol, therefore the results of the periodic concentration
assays must be reviewed critically and promptly. Analytical
results outside a pre-established acceptable range (as defined
by laboratory SOPs) will require follow-up. Follow-up should
attempt to determine the cause of poor analytical results
(e.g., improper preparation of the article/carrier mixture,
sample mix-up, poor analytical technique, equipment mal-
function). Corrective action should then be provided as neces-
sary. Usually analytical results in excess of 10% above or be-
low expected values will require follow-up.

Tests to establish the stability and homogeneity of arti-
cle/carrier mixtures as well as the periodic concentration
analyses of the mixtures must be conducted in full compli-
ance with the GLP regulations.

(b) (Reserved)
(c) Where any of the components of the test or control article

carrier mixture has an expiration date, that date shall be
clearly shown on the container. If more than one component
has an expiration date, the earliest date shall be shown.

A reasonable interpretation of § 58.113(c) should not re-
quire expiration dating of containers of article/carrier mixtures
when the mixtures will be used on the date of preparation unless
a component of the mixture has an extremely short (e.g., less
than 8 hr) period of stability. This section does not require that
an expiration date appear on feeders that are filled with article/
diet mixtures on the date the mixture is prepared and are pre-
sented to the test animals on that same day.

SUBPART G: PROTOCOL FOR AND CONDUCT OF
A NONCLINICAL LABORATORY STUDY

§ 58.120: Protocol

(a) Each study shall have an approved written protocol that
clearly indicates the objectives and all methods for the
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conduct of the study. The protocol shall contain, as appli-
cable, the following information:

The requirement to indicate “all methods for the conduct
of the study” does not mean that all laboratory SOPs must be
reiterated in the protocol; it is sufficient if the protocol indi-
cates “what” will be done and “when” it will be done. Labora-
tory SOPs describe “how” each study activity is to be per-
formed. If exceptions from SOPs will apply for the study, then
those exceptions should be described in the protocol. The
FDA has indicated that the protocol should list the SOPs
used in a particular study, but the author suggests that a
simple stipulation in the protocol that “the study will be con-
ducted in accordance with current standard operating proce-
dures” is sufficient. Listing each SOP in the protocol could
cause problems if SOP identifying numbers or titles change
during the course of a study.

All of the following items, if relevant, must be included
in the protocol:

1. A descriptive title and statement of the purpose of
the study.

2. Identification of the test and control articles by
name, chemical abstract number, or code number.

3. The name of the sponsor and the name and address
of the testing facility at which the study is being con-
ducted.

4. The number, body weight range, sex, source of sup-
ply, species, strain, substrain, and age of the test
system.

5. The procedure for identification of the test system.
6. A description of the experimental design, including

the methods for the control of bias.
7. A description and/or identification of the diet used in

the study as well as solvents, emulsifiers, and/or
other materials used to solubilize or suspend the test
or control articles before mixing with the carrier.
The description shall include specifications for ac-
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ceptable levels of contaminants that are reasonably
expected to be present in the dietary materials and
are known to be capable of interfering with the pur-
pose or conduct of the study if present at levels
greater than established by the specifications.

If a laboratory conducts a blanket analysis for contami-
nants, the protocol can make reference to a description of
those analyses in laboratory SOPs. Any additional analyses
that are specific to the study should be described in the pro-
tocol.

8. Each dosage level, expressed in mg per kg of body
weight or other appropriate units, of the test or
control article to be administered and the method
and frequency of administration

9. The type and frequency of tests, analyses, and mea-
surements to be made

10. The records to be maintained
11. The date of approval of the protocol by the sponsor

and the dated signature of the study director
12. A statement of the proposed statistical methods to

be used

It is important to describe statistical methods in the pro-
tocol. This will avoid suspicions that statistical methods were
selected after study data were available and that selection
was based on a desired end result.

A protocol is required for each nonclinical laboratory
study. Usually a single protocol will cover only one experi-
ment with a single test article in a single type of test system.
It is permissible, however, to conduct several experiments us-
ing the same test article under a single comprehensive proto-
col. It is also permissible to study several test articles concur-
rently using a single common procedure under one protocol.

The intent of § 58.120 is to provide all study personnel
with clear directions as to the objectives of a study and all
operations needed to fulfill those objectives, therefore even
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though not required by § 58.120, it is important that all per-
sonnel involved with a study have access to a copy of the pro-
tocol and all amendments. Such access best assures that
study procedures will be done as and when intended.

(b) All changes in or revisions of an approved protocol and
the reasons therefore shall be documented, signed by the
study director, dated, and maintained with the protocol.
(Collection of information requirements approved by the
Office of Management and Budget under number 0919–
0203)

Documentation of protocol changes or revisions and the
reason for them is best accomplished by issuing formal proto-
col amendments, which must be dated and signed by the
study director and should be attached to the front of all copies
of the protocol. Such attachments immediately alerts study
personnel to protocol changes and help prevent study person-
nel from overlooking amendments that are “hidden” at the
back of the protocol.

If deviations from a protocol are intended to be perma-
nent, a protocol amendment should be issued to document
the change. If a deviation from the protocol is an error, the
deviation should be promptly corrected and should be docu-
mented in the study records and described in the final report.

To the extent possible, protocol amendments should be
prospective; that is, issued and distributed before the change
is intended to occur. In some circumstances (e.g., an emer-
gency decision to lower test article dose levels in a chronic
study because of an unexpected toxic response to protocol-
specified doses or a decision to collect additional tissue speci-
mens where that decision is made on the basis of findings
during the course of an autopsy) prospective distribution of a
protocol amendment may not be possible. In such cases, a
protocol amendment should be issued as soon as possible.

The question frequently arises as to what date should
appear on a protocol amendment. The author is of the opinion
that an effective date, whether prospective or retrospective,
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should be included. An effective date will alert personnel to
the date when the amendment goes into effect and will also
provide a historical record of the time period during which
the amendment was in effect. It may also be helpful to in-
clude an issue date.

§ 58.130: Conduct of a Nonclinical Laboratory Study

(a) The nonclinical laboratory study shall be conducted in ac-
cordance with the protocol.

(b) The test systems shall be monitored in conformity with
the protocol.

Sections 8.130(a) and (b) should not be regarded as a
straitjacket that prevents scientifically justified changes in
research as a study progresses. Any changes in the research
can occur as long as they are properly documented in the
form of protocol amendments. There is no limit on the num-
ber of amendments.

(c) Specimens shall be identified by test system, study, na-
ture, and date of collection. This information shall be lo-
cated on the specimen container or shall accompany the
specimen in a manner that precludes error in the record-
ing and storage of data.

The proper identification of specimens is of obvious im-
portance to the validity of a study. Because of the size or na-
ture of the material, some types of specimens (e.g., paraffin
blocks and microscopic slides) do not lend themselves to la-
beling for all the items listed in § 58.130(c). In such cases the
use of an alternative identification (e.g., accession numbers)
is acceptable as long as the alternate identification can be
translated into the required information.

In some instances, failure to include the “nature” of the
specimen will not be contrary to the intent of the regulations.
For example, a microscopic slide that contains liver tissue
need not have “liver” written on the slide since the end user,
the diagnosing pathologist, will not need the label to identify
the tissue as liver. On the other hand, sections of tumor from
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a multiple tumor-bearing animal should be clearly labeled to
indicate from which tumor the sections were taken.

“Shall accompany the specimen” need not be strictly in-
terpreted in the case of archive material. For example, a spec-
imen labeled with an accession number can be stored in the
specimen archives while the document that translates the ac-
cession number into the additional label information is stored
in a separate document archive. As long as both the specimen
and the associated document are readily retrievable, the in-
tent of the regulations is met.

(d) Records of gross findings for a specimen from postmortem
observations should be available to a pathologist when
examining that specimen histopathologically.

To better ensure that the pathologist will be prompted
to provide microscopic follow-up to all grossly observed le-
sions, it is important that information on gross findings be
available to the diagnosing pathologist.

There may be occasions when study design requires that
information on gross findings be withheld from the diagnos-
ing pathologist (e.g., in the case of totally blinded slide read-
ing). This is permissible, but FDA does not believe that “blin-
ding” is a preferred practice in histopathologic evaluation.

(e) All data generated during the conduct of a nonclinical
laboratory study, except those that are generated by auto-
mated data collection systems, shall be recorded directly,
promptly, and legibly in ink. All data entries shall be
dated on the day of entry and signed or initialed by the
person entering the data. Any change in entries shall be
made so as not to obscure the original entry, shall indi-
cate the reason for such change, and shall be dated and
signed or identified at the time of the change. In auto-
mated data collection systems, the individual responsible
for direct data input shall be identified at the time of data
input. Any change in automated data entries shall be
made so as not to obscure the original entry, shall indi-
cate the reason for change, shall be dated, and the respon-
sible individual shall be identified.
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(Collection of information requirements approved by the
Office of Management and Budget under number 0919–
0203)

All data must be recorded promptly (defined by Webster
as “immediately”). Hand-recorded data must be recorded in
ink (to prevent improper erasures and corrections).

A signature (or initials) and date are not required for ev-
ery individual piece of data. It is sufficient, for example, to pro-
vide one signature (or initials) and date for all data collected
during a single data collection session. The purpose of the sig-
nature or initials is to provide accountability for the data.

The CGMP regulations [10] require certain activities
(e.g., charge-in of components) to be performed by one indi-
vidual and witnessed and verified by a second individual.
There is no similar requirement in the GLP regulations, but
some laboratories voluntarily elect to have certain critical op-
erations (e.g., test article weighings) witnessed and verified
by a second individual.

With the exception of automated data collection systems,
all changes in data should be made by drawing a single line
through the data being changed, recording the corrected or
changed information and the date of change, and indicating
a reason for the change. The person making the change
should be identified by signature or initials. The explanation
of the change need not be elaborate. For example, “number
transposition” or “entered in wrong column” can suffice as an
explanation. Simply indicating “error” is seldom an adequate
explanation. A coded system (e.g., number or letter) of record-
ing the reasons for data changes is acceptable if the code is
translated on the data form or in laboratory SOPs. The need
to document reasons for changes in data must be constantly
reinforced with study personnel.

Special rules apply in the case of automated data collec-
tion systems; the person responsible for data collection must
be identified at the time of data input. Changes in automated
data entries must be made in such a way that the original
entry is saved, and the person responsible for making the
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change must be identified. The other requirements for data
changes, recording the reason for the change and the date
the change was made, also apply to automated data collection
systems. The audit trail for changes in automated data en-
tries may be recorded on paper or on computer.

SUBPARTS H–1: (RESERVED)

SUBPART J: RECORDS AND REPORTS

§ 58.185: Reporting of Nonclinical Laboratory
Study Results

(a) A final report shall be prepared for each nonclinical labo-
ratory study and shall include, but not necessarily be lim-
ited to, the following:

With the exception of the second sentence of item 7, all
of the following topics must be addressed in the final report.
Unlike § 58.120(a), the words “as applicable” do not appear
in § 58.185(a), thus for example, the report must address the
issue of statistical analysis even if no statistical analysis was
required or done.

(1) Name and address of the facility performing the study
and the dates on which the study was initiated and com-
pleted.

The FDA requires the name and address of the testing
facility to appear in the report so that when the report is sub-
mitted in support of a research or marketing permit the labo-
ratory can be added to FDA’s inventory of laboratories that
are scheduled for GLP inspection. The name and address
may also be used by FDA to establish the site for any directed
audit of the report.

(2) Objectives and procedures stated in the approved proto-
col, including any changes in the original protocol.

(3) Statistical methods employed for analyzing the data.
(4) The test and control articles identified by name, chemical

abstracts number or code number, strength, purity, and
composition or other appropriate characteristics.
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(5) Stability of the test and control articles under the condi-
tions of administration.

The “stability . . . under the conditions of administra-
tion” will in most cases be the stability of the article/carrier
mixtures determined under § 58.113(a)(2). If a drug is admin-
istered as a powder (e.g., by capsule), the stability of the bulk
drug determined under § 58,105(b) will be reported.

(6) A description of the methods used.
(7) A description of the test system used. Where applicable,

the final report shall include the number of animals used,
sex, body weight range, source of supply, species, strain
and substrain, age, and procedure used for identification.

(8) A description of the dosage, dosage regimen, route of ad-
ministration, and duration.

(9) A description of all circumstances that may have affected
the quality or integrity of the data.

Under § 58.33(c) the study director is responsible for doc-
umenting all circumstances that may affect the quality and
integrity of the study. Such circumstances must be described
in the final report.

(10) The name of the study director, the names of other sci-
entists or professionals, and the names of all supervi-
sory personnel, involved in the study.

Only the names of study personnel need be listed in the
report. The signatures required are those of the study direc-
tor and those individuals described in § 58.185(a)(12). A labo-
ratory is permitted some discretion in the listing of names.
The names of technicians and animal-care workers need not
be listed. The list of names is usually limited to senior scien-
tific or supervisory staff.

(11) A description of the transformations, calculations, or op-
erations performed on the data, a summary and analysis
of the data, and a statement of the conclusions drawn
from the analysis.

(12) The signed and dated reports of each of the individual
scientists or other professionals involved in the study.
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In the preamble ({{paragraph}} 48a) to the 1987 GLP re-
visions [4], FDA rejected a request to modify § 58.185(a)(12)
to permit combined reports signed by the principal scientists
(e.g., clinical veterinarian, clinical pathologist, histopatholo-
gist). The FDA stated that each individual scientist involved
in a study must be accountable for reporting data, informa-
tion, and views within his or her designated area of responsi-
bility and that combined reports would obscure the individu-
al’s accountability for accurate reporting.

Prior to publication of the 1987 GLP revisions, many lab-
oratories prepared combined reports, and the author knows
of no instance in which the FDA rejected a study for failure
to provide signed and dated reports from each of the scien-
tists or other professionals involved in the study. For such
laboratories it is probably advisable to reconsider prior policy
on report preparation. The intent of the regulation (to provide
accountability) can be met with the format of a combined re-
port, but with an indication on the signature page of the por-
tion of the report prepared by each signatory.

It is customary to append the signed reports of consul-
tants (e.g., consulting ophthalmologists, consulting patholo-
gists) to the reports submitted to FDA.

(13) The location where all specimens, raw data, and the fi-
nal report are to be stored.

In most cases these materials will be stored in the ar-
chives of the testing facility, and the report will so indicate.
In the case of contract safety testing, however, a sponsor will
sometimes ask that raw data, documentation, and specimens
be sent to the sponsor for storage in the sponsor’s archives.
In other cases a laboratory may store some or part of the ar-
chival material at an off-site location. In either case the final
report should reference the actual storage site(s).

(14) The statement prepared and signed by the quality as-
surance unit as described in § 58.35(b)(7).
(b) The final report shall be signed and dated by the

study director.
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(c) Corrections or additions to a final report shall be in
the form of an amendment by the study director.
The amendment shall clearly identify that part of
the final report that is being added to or corrected
and the reasons for the correction or addition, and
shall be signed and dated by the person responsible.

A report becomes “final” when it is signed by the study
director. Any changes in the report after it is signed by the
study director must be in the form of an amendment that
meets the requirements of

§ 58.185(c). To avoid the necessity for many report
amendments, the report should not be signed by the study
director until it has been reviewed by the scientists involved
in the study and has been audited by the QAU and after all
changes and corrections occasioned by that review and audit
have been made.

The purpose of § 58.185(c) is to guard against inappro-
priate or unwarranted changes being made in the report
without the knowledge and concurrence of the study director.

§ 58.190: Storage and Retrieval of Records and Data

(a) All raw data, documentation, protocols, final reports and
specimens (except those specimens obtained from muta-
genicity tests and wet specimens of blood, urine, feces,
and biological fluids) generated as a result of a nonclini-
cal laboratory study shall be retained.

(b) There shall be archives for orderly storage and expedient
retrieval of all raw data, documentation, protocols, speci-
mens, and interim and final reports. Conditions of stor-
age shall minimize deterioration of the documents or
specimens in accordance with the requirements for the
time period of their retention and the nature of the docu-
ments or specimens. A testing facility may contract with
commercial archives to provide a repository for all mate-
rial to be retained. Raw data and specimens may be re-
tained elsewhere provided that the archives have specific
reference to those other locations.
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Any laboratory that conducts nonclinical laboratory
studies must provide dedicated space for the storage of raw
data, documentation, protocols, specimens, and interim and
final reports from completed studies. The laboratory must
have an orderly system for storing such material, and that
system must provide an expedient method for retrieving of
archived materials (e.g., on the request of an FDA inspector).

Storage conditions (e.g., temperature, humidity) in the
archives should be reasonably related to the nature of the
stored documents, specimens, and samples. For example, wet
tissues and paraffin blocks should be protected against ex-
tremes of high temperature, paper documents should not be
subjected to long periods of high humidity, and reserve sam-
ples of test and control articles should be stored in accordance
with label requirements. The FDA has indicated that “heroic”
measures need not be taken to preserve materials in the ar-
chives, but storage conditions that foster accelerated deterio-
ration should be avoided. Storage conditions should be moni-
tored so that deviations from proper storage conditions can
be promptly rectified.

If an off-site area is used to house the archives, whether
owned or rented by the testing facility or operated by a com-
mercial archival service, the on-site archives must contain
specific reference to the materials that are stored off-site and
the location of the alternate storage site(s).

(c) An individual shall be identified as responsible for the ar-
chives.

Similar to the requirements for a study director, a non-
clinical testing laboratory must designate a single individual
to be responsible for the archives. It is permissible to desig-
nate an alternate archivist to serve in the absence of the des-
ignated archivist.

(d) Only authorized personnel shall enter the archives.

Laboratory SOPs should define the personnel who may
enter the archives. This need not be a list of names of individ-
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uals, but should provide adequate guidance to archive per-
sonnel as to who may enter the archives. Many laboratories
allow only archive personnel to enter the archives but allow
authorized personnel to check out archive material. If materi-
als are removed from the archives for any reason, a record
should be kept of what is removed and by whom. Follow-up
should be provided by archive personnel to ensure prompt re-
turn of materials to the archives.

(e) Material retained or referred to in the archives shall be
indexed to permit expedient retrieval.
(Collection of information requirements approved by the
Office of Management and Budget under number 0910–
0203)

Any indexing system for material in the archives is ac-
ceptable as long as the system permits rapid retrieval of ar-
chived materials.

§ 58.195: Retention of Records

(a) Record retention requirements set forth in this section do
not supersede the record retention requirements of any
other regulations in this chapter.

If the record retention requirements of § 58.195 are in-
consistent with those of any other part of 21 CFR, the other
parts of 21 CFR will take precedence.

(b) Except as provided in paragraph (c) of this section, docu-
mentation records, raw data and specimens pertaining to
a nonclinical laboratory study and required to be made
by this part shall be retained in the archive(s) for which-
ever of the following periods is shortest:
(1) A period of at least 2 years following the date on

which an application for a research or marketing
permit, in support of which the results of the non-
clinical laboratory study were submitted, is ap-
proved by the Food and Drug Administration. This
requirement does not apply to studies supporting
investigational new drug applications (IND’s) or ap-
plications for investigational device exemptions
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(IDE’s), records of which shall be governed by the
provisions of paragraph (b)(2) of this section.

(2) A period of at least 5 years following the date on
which the results of the nonclinical laboratory study
are submitted to the Food and Drug Administration
in support of an application for a research or market-
ing permit.

(3) In other situations (e.g., where the nonclinical labo-
ratory study does not result in the submission of the
study in support of an application for a research or
marketing permit), a period of at least 2 years fol-
lowing the date on which the study is completed, ter-
minated, or discontinued.

Records, raw data, and specimens from a nonclinical lab-
oratory study must be retained for whichever of the three
time periods indicated above is shortest. An exception is
made for those nonclinical laboratory studies that support an
application for an IND or an IDE, for which records must be
retained for a minimum of 5 years after the results of those
studies are submitted to FDA.

Most companies take a more conservative approach and
retain documents, microscopic slides, and paraffin blocks in-
definitely. Materials that take up more storage space, such
as wet tissues, are generally the first materials to be dis-
carded. Paper documents may be discarded at any time if
they have been converted to microfilm or microfiche.

(c) Wet specimens (except those specimens obtained from
mutagenicity tests and wet specimens of blood, urine, fe-
ces, and biological fluids), samples of test or control arti-
cles, and specially prepared material which are relatively
fragile and differ markedly in stability and quality during
storage, shall be retained only as long as the quality of
the preparation affords evaluation. In no case shall reten-
tion be required for longer periods than those set forth in
paragraphs (a) and (b) of this section.

If a laboratory elects to discard fragile materials before
the expiration of the applicable time period of § 58.195(b),
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the date of discard and the justification for discard should be
recorded, and the documentation should be retained in the
archives.

Examples of “specially prepared material” were listed in
the GLP regulations prior to the 1987 revisions. These in-
cluded histochemical, electron microscopic, blood mounts,
and teratological preparations. These examples are illustra-
tive and not comprehensive.

(d) The master schedule sheet, copies of protocols, and re-
cords of quality assurance inspections, as required by
§ 58.35(c) shall be maintained by the quality assurance
unit as an easily accessible system of records for the pe-
riod of time specified in paragraphs (a) and (b) of this
section.

The records and documents required to be maintained
by the QAU are also subject to the record retention require-
ments of § 58.195(b). Spokesmen for the FDA have stated on
occasion that these QA records should be stored in the ar-
chives described in § 58.190(b). This is an option that can be
considered by the QAU, but there is no stipulated require-
ment in the GLP regulations for such storage. In fact, it could
be argued that the requirement of § 58.35(a) for the QA func-
tion to be independent of nonclinical laboratory study person-
nel militates against storage of QA records in the archives.

(e) Summaries of training and experience and job descrip-
tions required to be maintained by § 58.29(b) may be re-
tained along with all other testing facility employment
records for the length of time specified in paragraphs (a)
and (b) of this section.

Rather than storing summaries of training and experi-
ence and job descriptions in the GLP archives, a laboratory
may elect to store such records together with other employ-
ment records (e.g., in the personnel department). If such al-
ternative storage of these records is elected, care should be
taken that the personnel responsible for the alternate records
storage are aware of GLP record retention requirements. Be-
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fore electing such alternate storage, a system should be es-
tablished to preserve the confidentiality of the personnel re-
cords (other than summaries of training and experience and
job descriptions) at the time of FDA or QA inspections.

(f) Records and reports of the maintenance and calibration
and inspection of equipment, as required by § 58.63(b) and
(c), shall be retained for the length of time specified in
paragraph (b) of this section.

Records of the maintenance, calibration, and inspection
of equipment are also subject to the record retention require-
ments of the regulations. Often a facility has its own metro-
logy group or contracts with an outside group to handle main-
tenance and calibration of equipment. In such cases the
records of these activities may include records for equipment
used in both GLP and non-GLP archives. This is not contrary
to GLP requirements as long as the regular GLP archives
makes reference to the alternate storage place and as long as
the alternate storage meets the GLP requirements for secure
and orderly storage, expedient retrieval of records, limited ac-
cess to the records storage area, and responsibility for storage
under the control of a single individual.

(g) Records required by this part may be retained either as
original records or as true copies such as photocopies, mi-
crofilm, microfiche, or other accurate reproductions of the
original records.

The 1987 GLP revisions added § 58.195(g) to re-empha-
size long-standing FDA policy that a laboratory may retain
either original records or accurate reproductions of them. It
should be noted that magnetic media may qualify as either
original records or accurate reproductions of same.

(h) If a facility conducting nonclinical testing goes out of
business, all raw data, documentation, and other mate-
rial specified in this section shall be transferred to the
archives of the sponsor of the study. The Food and Drug
Administration shall be notified in writing of such a
transfer.
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Going out of business is often a sudden and unplanned
event for a laboratory. Under such circumstances, personnel
from the lab ceasing operations may not show proper concern
for complying with regulatory requirements. The party with
the greatest stake in preserving the records of a study,
namely the sponsor, may therefore have to assume responsi-
bility for the preservation and transfer of the records to the
sponsor’s location and for notifying FDA of the transfer.

There was an instance in which a laboratory that had
conducted a number of studies for EPA regulatory purposes
went out of business and the records relating to studies the
laboratory had conducted were lost. In this case EPA re-
quired many of the studies to be repeated. The lesson to be
learned from this experience is that a sponsor should be very
careful in the selection of contract facilities and should peri-
odically check with the contract lab to ensure that the labora-
tory continues to operate and that study records continue to
be maintained. Some sponsors obtain the specimens and/or
originals or copies of all raw data for contracted studies for
storage in their own archives to protect against the loss of
raw data at the contract laboratory.

SUBPART K: DISQUALIFICATION OF
TESTING FACILITIES

§ 58.200: Purpose

(a) The purposes of disqualification are: (1) To permit the ex-
clusion from consideration of completed studies that were
conducted by a testing facility which has failed to comply
with the requirements of the good laboratory practice reg-
ulations until it can be adequately demonstrated that
such noncompliance did not occur during, or did not affect
the validity or acceptability of data generated by, a par-
ticular study; and (2) to exclude from consideration all
studies completed after the date of disqualification until
the facility can satisfy the Commissioner that it will con-
duct studies in compliance with such regulations.
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Disqualification is the most severe penalty that FDA
can apply for failure to comply with GLP requirements. If a
laboratory is disqualified, the completed or future studies
conducted by that laboratory may not be accepted by FDA
in support of an application for a research or marketing per-
mit. It is even possible for prior FDA approval of a marketed
product to be withdrawn if that approval was based in part
on the study or studies conducted by a disqualified labora-
tory.

(b) If a sponsor is actively pursuing a research or marketing
permit for a test article and if a disqualified laboratory
has conducted a nonclinical laboratory study on that test
article, the sponsor is still obligated to submit the results
of such a study to the FDA. As indicated in paragraph
(a), FDA will not consider the results of that study in sup-
port of the research or marketing permit, but FDA may
use the results of the study in reaching a conclusion that
the research or marketing permit should not be approved.
Thus the results of a study conducted by a disqualified
laboratory can never work to the sponsor’s advantage but
may work to the sponsor’s disadvantage.

§ 58.202: Grounds for Disqualification

The commissioner may disqualify a testing facility upon find-
ing all of the following:

(a) The testing facility failed to comply with one or more of
the regulations set forth in this part (or any other regula-
tions regarding such facilities in this chapter);

(b) The noncompliance adversely affected the validity of the
nonclinical laboratory studies; and

(c) Other lesser regulatory actions (e.g., warnings or rejec-
tion of individual studies) have not been or will probably
not be adequate to achieve compliance with the good labo-
ratory practice regulations.

It is important to note that the FDA must find all three
conditions, as indicated in paragraphs (a), (b), and (c) above,
before it can disqualify a laboratory.
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Since the effective date of the GLP regulations, no labo-
ratory has been disqualified. The FDA has, however, issued
many warnings and has rejected individual studies for rea-
sons of GLP noncompliance.

There are instances in which laboratories have gone out
of business “voluntarily” because they lack the desire or abil-
ity to comply with GLP requirements.

With the exception of § 58.217, the balance of subpart K
describes the legal and administrative procedures that gov-
ern the disqualification process. The remaining sections of
subpart K are reprinted for the sake of completeness but will
not be commented on, with the exception of § 58.217.

§ 58.204: Notice of and Opportunity for Hearing on
Proposed Disqualification

(a) Whenever the Commissioner has information indicating
that grounds exist under § 58.202 which in his opinion
justify disqualification of a testing facility, he may issue
to the testing facility a written notice proposing that the
facility be disqualified.

(b) A hearing on the disqualification shall be conducted in
accordance with the requirements for a regulatory hear-
ing set forth in Part 16.

§ 58.206 Final Order on Disqualification

(a) If the Commissioner, after the regulatory hearing, or
after the time for requesting a hearing expires without a
request being made, upon an evaluation of the adminis-
trative record of the disqualification proceeding, makes
the findings required in § 58.202, he shall issue a final
order disqualifying the facility. Such order shall include
a statement of the basis for that determination. Upon is-
suing a final order, the Commissioner shall notify (with
a copy of the order) the testing facility of the action.

(b) If the Commissioner, after a regulatory hearing or after
the time for requesting a hearing expires without a re-
quest being made, upon an evaluation of the administra-
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tive record of the disqualification proceeding, does not
make the findings required in § 58.202, he shall issue a
final order terminating the disqualification proceeding.
Such order shall include a statement of the basis for that
determination. Upon issuing a final order the Commis-
sioner shall notify the testing facility and provide a copy
of the order.

§ 58.210: Actions upon Disqualification
(a) Once a testing facility has been disqualified, each applica-

tion for a research or marketing permit, whether ap-
proved or not, containing or relying upon any nonclinical
laboratory study conducted by the disqualified testing fa-
cility may be examined to determine whether such study
was or would be essential to a decision. If it is determined
that a study was or would be essential, the Food and
Drug Administration shall also determine whether the
study is acceptable, notwithstanding the disqualification
of the facility. Any study done by a testing facility before
or after disqualification may be presumed to be unaccept-
able, and the person relying on the study may be required
to establish that the study was not affected by the cir-
cumstances that led to the disqualification, e.g., by
submitting validating information. If the study is then
determined to be unacceptable, such data such [sic] be
eliminated from consideration in support of the applica-
tion; and such elimination may serve as new information
justifying the termination or withdrawal of approval of
the application.

(b) No nonclinical laboratory study begun by a testing facil-
ity after the date of the facility’s disqualification shall be
considered in support of any application for a research or
marketing permit, unless the facility has been reinstated
under § 58.219. The determination that a study may not
be considered in support of an application for a research
or marketing permit does not, however, relieve the appli-
cant for such a permit of any obligation under any other
applicable regulation to submit the results of the study to
the Food and Drug Administration.

Copyright © 2003 Marcel Dekker, Inc.



§ 58.213: Public Disclosure of Information
Regarding Disqualification

(a) Upon issuance of a final order disqualifying a testing fa-
cility under § 58.206(a), the Commissioner may notify all
or any interested persons. Such notice may be given at
the discretion of the Commissioner whenever he believes
that such disclosure would further the public interest or
would promote compliance with the good laboratory prac-
tice regulations set forth in this part. Such notice, if
given, shall include a copy of the final order issued under
§ 58.206(a) and shall state that the disqualification con-
stitutes a determination by the Food and Drug Adminis-
tration that nonclinical laboratory studies performed by
the facility will not be considered by the Food and Drug
Administration in support of any application for a re-
search or marketing permit. If such notice is sent to an-
other Federal Government agency, the Food and Drug
Administration will recommend that the agency also con-
sider whether or not it should accept nonclinical labora-
tory studies preformed by the testing facility. If such no-
tice is sent to any other person, it shall state that it is
given because of the relationship between the testing fa-
cility and the person being notified and that the Food and
Drug Administration is not advising or recommending
that any action be taken by the person notified.

(b) A determination that a testing facility has been disquali-
fied and the administrative record regarding such deter-
mination are disclosable to the public under Part 20.

§ 58.215: Alternative or Additional Actions
to Disqualification

(a) Disqualification of a testing facility under this subpart is
independent of, and neither in lieu of nor a precondition
to, other proceedings or actions authorized by the act. The
Food and Drug Administration may, at any time, insti-
tute against a testing facility and/or against the sponsor
of a nonclinical laboratory study that has been submitted
to the Food and Drug Administration any appropriate ju-
dicial proceedings (civil or criminal) and any other appro-
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priate regulatory action, in addition to or in lieu of, and
prior to, simultaneously with, or subsequent to, disquali-
fication. The Food and Drug Administration may also re-
fer the matter to another Federal, State, or local govern-
ment law enforcement or regulatory agency for such
action as that agency deems appropriate.

(b) The Food and Drug Administration may refuse to con-
sider any particular nonclinical laboratory study in sup-
port of an application for a research or marketing permit,
if it finds that the study was not conducted in accordance
with the good laboratory practice regulations set forth in
this part, without disqualifying the testing facility that
conducted the study or undertaking other regulatory ac-
tion.

§ 58.217: Suspension or Termination of a Testing
Facility by a Sponsor

Termination of a testing facility by a sponsor is independent
of, and neither in lieu of nor a precondition to, proceedings or
actions authorized by this subpart. If a sponsor terminates or
suspends a testing facility from further participation in a non-
clinical laboratory study that is being conducted as part of any
application for a research or marketing permit that has been
submitted to any Center of the Food and Drug Administration
(whether approved or not), it shall notify that Center in writ-
ing within 15 working days of the action; the notice shall in-
clude a statement of the reasons for such action. Suspension or
termination of a testing facility by a sponsor does not relieve it
of any obligation under any other applicable regulation to sub-
mit the results of the study to the Food and Drug Administra-
tion.

Under the provisions of § 58.217, if a sponsor for any
reason terminates or suspends a testing facility from further
participation in a nonclinical laboratory study and if the test
article in that study is the subject of any application to FDA
for a research or marketing permit, then the sponsor must
notify FDA, in writing and within 15 working days, of the
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termination or suspension. The notice to FDA must also in-
clude the reason for the termination or suspension.

§ 58.219: Reinstatement of a Disqualified
Testing Facility

A testing facility that has been disqualified may be reinstated
as an acceptable source of nonclinical laboratory studies to be
submitted to the Food and Drug Administration if the Com-
missioner determines, upon an evaluation of the submission
of the testing facility, that the facility can adequately assure
that it will conduct future nonclinical laboratory studies in
compliance with the good laboratory practice regulations set
forth in this part and, if any studies are currently being con-
ducted, that the quality and integrity of such studies have not
been seriously compromised. A disqualified testing facility
that wishes to be so reinstated shall present in writing to the
Commissioner reasons why it believes it should be reinstated
and a detailed description of the corrective actions it has taken
or intends to take to assure that the acts or omissions which
led to its disqualification will not recur. The Commissioner
may condition reinstatement upon the testing facility being
found in compliance with the good laboratory practice regula-
tions upon an inspection. If a testing facility is reinstated, the
Commissioner shall so notify the testing facility and all orga-
nizations and persons who were notified, under § 58.213 of the
disqualification of the testing facility. A determination that a
testing facility has been reinstated is disclosable to the public
under Part 20.

CONFORMING AMENDMENTS

At the time of Federal Register publication of final GLP regu-
lations, FDA also made amendments to a multitude of other
sections of 21 CFR. These so-called conforming amendments
all require that a statement be included with respect to each
nonclinical laboratory study submitted to FDA in support of
an application for a research or marketing permit. The con-
forming amendment statement can be in either of two forms.
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If the study was conducted in full compliance with GLP
requirements, the conforming amendments statement will so
indicate. If not, then the conforming amendments statement
must contain a brief statement of the reason for the noncom-
pliance.

The FDA has required a conforming amendments state-
ment for all nonclinical laboratory studies submitted to FDA
after June 20, 1979, the effective date of the GLP regulations.
A conforming amendments statement was thus required for
studies completed prior to June 20, 1979, if the results of the
studies were submitted to FDA after that date.

When several nonclinical laboratory studies are con-
tained in a single submission to FDA, a single conforming
amendments statement may be included with the submis-
sion, or the sponsor may elect to prepare individual state-
ments for each study.

Preparation of the conforming amendments statement is
the responsibility of the sponsor of the study even if the study
was conducted by someone other than the sponsor. This is
consistent with FDA’s view that ultimate responsibility for a
study rests with the sponsor. In the case of contracted stud-
ies, the sponsor should ask the contractor to supply the infor-
mation necessary to enable the sponsor to prepare a proper
conforming amendments statement. The FDA has not speci-
fied who should sign the conforming amendments statement.
Generally it will be the same individual who signs the official
application for a research or marketing permit. If a state-
ment is included with the report of each study submitted to
the FDA, however, the statement may be signed by the study
director, laboratory management, QA personnel, or a combi-
nation of those individuals.

The FDA has indicated that the conforming amend-
ments statement can be brief for studies, such as preliminary
exploratory studies and studies conducted prior to the effec-
tive date of the GLP regulations, which are exempt from GLP
requirements. In such cases the statement need only indicate
the GLP-exempt status of the studies.
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Good Laboratory Practice deviations that were of a con-
tinuing nature throughout the course of a study will require
a conforming amendments statement of the reason for the
noncompliance. One-time deviations from GLP requirements
should be documented in study records and should be de-
scribed in the final report but will not require a conforming
amendments statement of the reason for the noncompliance.

Care should be taken in the preparation of the conform-
ing amendments statements. While failure to comply with
GLPs is only subject to administrative sanctions (e.g., disal-
lowance of a study or disqualification of a testing facility),
knowingly submitting a false statement to the FDA is a crim-
inal offense punishable by fine and/or imprisonment.
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Applying 21 CFR Part 11 to the
Laboratory Environment

SANDY WEINBERG

Muhlenberg College, Allentown,
Pennsylvania, U.S.A.

BACKGROUND

Food and Drug Administration (FDA) regulation 21 CFR
Part 11 does not apply specifically to laboratory environ-
ments, and does not explicitly modify the good laboratory
practices (GLPs). It is difficult to conceive, however, of a labo-
ratory not fundamentally affected by Part 11, and it is all but
impossible for a laboratory to interpret and comply with the
GLPs without considering Part 11 as a critical context for in-
terpretation. In short, Part 11 has defined the obligations of
management in any environment—laboratory, research, pro-
duction, or clinical testing—in which automated systems are
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a critical part of the mix. No doubt there is somewhere a labo-
ratory that does not rely on a computer-controlled testing
component, does not record information into a database, does
not use a statistical analysis software package, and does not
rely upon any automation. Increasingly, however, such labo-
ratories are fading into extinction. In all modern facilities,
Part 11 becomes a major part of the regulatory mix.

The Part 11 regulations began as a response to the need
to accept electronic signatures on computer documents. As
hospital and physician records were automated and as elec-
tronic identifiers were increasingly accepted in the financial
and legal worlds, industry began to agitate for guidelines
that would permit electronic approvals of clinical records,
standard operating procedures (SOPs), and other documents.

As an FDA–industry task group began to grope with the
signature issue, other related guidelines emerged. As finally
formulated and disseminated in the late 1990s Part 11 deals
with the full range of automation issues, including validation,
record retention and storage, auditing trails and change con-
trol, access control, equipment configuration, data control, and
electronic signatures. Some of the inclusions are simply a for-
malization and codification of less formal guidelines, as in the
validation requirements; other sections represent original re-
quirements, as with the signature, audit trail, and record re-
tention issues. Also, as with any FDA guidelines, it is reason-
able to expect further evolution through field interpretations,
technological innovations, and transitional solutions.

The Part 11 requirements are fully compatible with the
GLPs (perhaps with the slight mental gymnastic of reinter-
preting a requirement for a “signature” as an “individual spe-
cific approval identification”). The prudent laboratory man-
ager will utilize the Part 11 guideline as an interpretation
and overlay of the GLPs. The following checklist and com-
mentary will provide a tool for understanding and utilizing
21 CFR Part 11, and for applying that requirement to a labo-
ratory environment.
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CHECKLIST: 21 CFR PART 11

Electronic Records–Electronic Signatures

System is used in support of drug-related research, labo-
ratory analysis, clinical research, manufacturing, pro-
duction, and/or tracking. Any computerized labora-
tory equipment, Laboratory Information Management
System (LIMS), database system, or other automated
system utilized in a laboratory environment is now
subject to both GLP requirements and to the Part 11
overlay guidelines. Note that equipment that does not
store, interpret, analyze, categorize, or record approval
may be exempt from Part 11 issues: it is possible for a
laboratory to use even an automated system as an “elec-
tronic typewriter,” retaining and manually approving
paper copies of all records. With these rare (and some-
what antiquated) exceptions, however, Part 11 should
be considered an integrated addition to the GLPs.

Record and/or signature system has been subjected to an
appropriate and thorough system validation audit. In
effect the system validation requirement has been ex-
tended to all systems, with the record and signature
systems explicitly designated. Some guidelines for
validation procedures are included in Part 11. Specifi-
cally, a facility is required to establish a specific
validation protocol or procedure for its use. That pro-
cedure must include: documentation of system devel-
opment or selection working from a pre-established set
of guidelines; both boundary and norm case testing;
and utilization of a trace matrix or equivalent tool to
tie system requirements to testing. The system must
include management controls for change, retention
and archiving, and use.

System validation documentation has been collected, in-
cluding evidence of requirements and design approv-
als, testing, and implementation. Emphasis is placed
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upon the sequence, requiring prior approval of system
requirements before design of selection; of the design
or selection prior to testing and of the testing process
prior to implementation. While there is likely to be
some flexibility in the first years of Part 11 implemen-
tation it should be noted that this requirement implic-
itly eliminates the possibility of retroactive validation:
that is, the assumption is made that all systems in
current use have been validated and the possibility of
validating systems in prior use has not been incorpo-
rated in Part 11.

Records are retained for an appropriate length of time
(generally 10 years or two generations over treatment
duration) in machine-readable form. This is perhaps
the most technologically controversial provision. While
it is theoretically possible to retain machine-readable
records (ASCII, e.g.—the alphanumeric code—is sev-
eral decades old), the likelihood that a formatted elec-
tronic document will be physically readable several
years later is remote. Consider, for example, the 51⁄4-
in. floppy disks of 10 years ago and the fact that new
sizes of CDs are currently being introduced.

Retaining records on magnetic tape seems to have
some longevity, but the life expectancy of the tape it-
self is limited. After 5 to 7 years the Mylar substrate
becomes brittle, and reading becomes problematic.

Perhaps the safest retention method is pictorial, as
with microfiche or microfilm.

Records are retained for an appropriate length of time
(generally 10 years or two generations over treatment
duration) in human-readable form. Perhaps in recog-
nition of the difficulties described above, this require-
ment assures redundancy. Paper or alternate forms of
human records must also be retained, presumably in
an appropriate secure environment.

Records are retained in a heatproof, fireproof, flood-pro-
tected environment; are appropriately labeled; and can
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be restored in a reasonable (generally 72 hr) time. Two
subissues beg explanation. Note that the “flood-pro-
tected” environment referred to in this interpretation
of the requirement is not restricted to places in which
a rising creek might threaten retention; the most com-
mon cause of flooding is leaking pipes. Certain reten-
tion provisions may be necessary, particularly where
local fire codes require overhead sprinkler systems.
Second, the definition of “reasonable time” for recovery
is extremely fluid. A 72-hr guideline has generally
been excepted, but there is no uniform industry stan-
dard. Laboratories are urged to define recall periods
(with sufficient “wiggle room” to cover the unexpected)
in their internal SOPs.

Procedures are in place to restrict access to data and re-
cords to appropriately authorized persons. Confiden-
tial patient records, of course, dictate their own secu-
rity standards. This form of confidentiality is largely
an issue in clinical research, but may impact upon
some laboratory environments. Of greater concern
here are issues of access related to the potential to
modify or delete laboratory records, either through ac-
cident or fraudulent intent. A combination of protected
audit trails (see below) and “read-only” electronic con-
trols can assure appropriate restriction.

Attention should also be directed to facility security,
particularly in laboratories in which controversial ani-
mal testing is involved. Visitor identification and re-
striction in accordance with written policy is appro-
priate as a protection of both the data that are the
focus of Part 11 and of equipment and animal subjects.

Operations checks of the system have been designed in to
assure appropriate functioning of hardware and soft-
ware. The installation qualification (IQ), confirming
proper setup of system hardware and software, and
the operational qualification (OQ), confirming func-
tionality, have long been included in system valida-
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tion. While the terms derive from the manufacturing
section, these processes are appropriate to and com-
mon in laboratory environments as well.

Particular attention is appropriately paid immedi-
ately following a system failure or problem. There is
concern that improperly close files may result in cor-
ruption of existing data, or in misallocation of newly
entered data. Most automated laboratory equipment
and systems have built-in operational checks and tests
to guard against problems. This requirement calls for
confirmation of the existence or IQ/OQ features and
for the creation of supplemental checks when auto-
mated diagnostics are inadequate or absent.

Audit trails (preferably electronic and protected; alter-
nately manual and carefully monitored) have been
built into the system to detect and identify data changed,
including tracking of time and date of change, change
agent; and reason for authorized change. In the “pre-
automation” days of manual laboratory systems a
bound laboratory notebook provided excellent data se-
curity. Authorized changes in data points were re-
corded with a cross-out and explanatory note. All mod-
ifications could be reviewed, and any unauthorized
data changes were clearly apparent.

With automated databases it is possible to replace a
data point with an alternate value without leaving
any apparent record of the change. To avoid possible
fraud or error and restore the same level of data secu-
rity, Part 11 requires the inclusion of an audit trail.
An automated audit trail will record any change in
data values and provide a field for recording the rea-
son, date, and authorization for the change.

There has been a general field acceptance of a man-
ual audit trail (in effect, a duplicate lab notebook) for
established systems that were developed prior to the
audit trail requirement. Presumably, however, this ac-
ceptance of a manual trail is a short-term alternative.
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Electronic signatures are utilized only in systems with
dual-level unique identifier authorizations. Early
drafts of Part 11 and its antecedent documents have
confused this issue. Complex biologic identifiers (DNA
readers, retinal scans, fingerprint readers, etc.) are
not required here. A dual password system, in which
a user logs on first to generate a signature and a sec-
ond time (with a different password) to confirm or affix
that signature, is sufficient. There are four general
tests of such a system: that all users keep their pass-
words personal and secret; that passwords are
changed with sufficient frequency (perhaps every 3 or
4 months) to maintain that secrecy; that there is a
method for controlling override access by system secu-
rity officers; and that there is a password control sys-
tem to disable access for ex-employees.

Electronic signatures are utilized only in systems with in-
ternal procedures to assure that approved documents
have not been modified (without authorization) from a
specified date and time. Once an electronic signature
has been affixed to a document the content of that doc-
ument is “frozen,” just as the content of a written let-
ter cannot be changed (without evidence of tampering)
once it is formally signed. This “locking” is generally
accomplished by designating the signed file as read
only.

The major complication arises when a global com-
pany relies on an electronic signature system. It is
possible to electronically sign and close a document in
one time zone and to open, read, and perhaps modify
that same document a few minutes later in another
time zone. Because of time zone differences and the
international date line a document may be approved
on, for example, January 1 at 11:00, but be based on
data not generated until January 2 at noon. These
time zone confusions can be controlled by adopting one
of three strategies: (1) internally adopting a time/date
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system based upon an international standard (Green-
wich mean time, GMT, most commonly); (2) adopting
an internal corporate standard time/date system, per-
haps based upon the location of the corporate head-
quarters (generally referred to as “Zulu time”); or (3)
affixing a location indicator (time zone) filed to every
dated and timed document.

A methodology has been implemented to assure the valid-
ity of input data. Such methodologies might include
dual confirmation of input, the use of check digits, in-
ternal norm confirmations, or other techniques. There
has generally been a regulatory acceptance of the va-
lidity are entered data: validation concerns itself with
maintaining integrity once data is entered. Problems
with human blood processing systems, however, have
underscored the dangers of a data misentry. This ele-
ment of Part 11 requires adoption of a strategy to cope
with that danger.

In some systems data are entered, then re-entered
to confirm. Most computer systems use such a check
when users first establish (or change) a password.
The user enters the new password, then enters it
a second time to confirm accuracy. In the same way a
data field can be designed to required dual entry con-
firmation.

Alternate strategies may include electronic confir-
mations, such as the use of check digit (your credit
cards contain a check digit—usually a factor of two or
more other digits—that allows a merchant to quickly
confirm the legitimacy of your card number). In other
systems, a “norm” violation may signal a possible data
error. For example, a system may signal for a data
check if a lab animal’s weight falls well beyond normal
expectations.

Other strategies, idiosyncratic to the situation, can
be devices to provide a confirmation of data as they
are entered by a human or electronically.
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Systems users and administrators have received appro-
priate regulatory and functional training. Training in
job performance and appropriate regulations, includ-
ing GLP training, is an integral requirement of all lab-
oratory personnel. Part 11 adds to the list of training
topics issues of system management and control, in-
cluding data integrity protection, system use, change
control, archiving, and security issues.

System users and administrators have ready and con-
stant access to appropriately comprehensive, clear,
applicable, timely, and management-approved SOPs.
Standard operating procedures are intended to ad-
dress two complimentary needs. First, they provide job
performance instruction and training reviews to assist
all workers in fulfilling their responsibilities. Second,
SOPs provide an opportunity for responsible manage-
ment to periodically review those procedures and to
assure that the tasks and methods specified in the
SOPs are appropriate, accurate, timely, and complete.
Part 11 implies the need for SOPs for validation, secu-
rity, archiving, training, signature review, data pro-
tection, change control, system use, and related topics.

All aspects of the electronic records and electronic signa-
ture systems in place have been designed to provide a
level of security and control equal to or exceeding the
equivalent controls inherent to manual (paper) sys-
tems. This “equivalency principle” provides evaluative
criteria for all electronic signatures. There is not a
mandate to make a system perfect, error-free, or com-
pletely “hacker-proof,” although these are all appro-
priate ultimate goals; rather, sufficient controls are re-
quired to assure that an electronic system is as secure
or more secure than an equivalent manual system.

Consider again the laboratory notebook. Auditing
can be accomplished with ease by checking for era-
sures, cross-outs, overwrites, and other data point
changes. Approval is designated with a human signa-
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ture (which provides a dual level of confirmation: the
approver’s name and the unique characteristics of the
approver’s signature graphic). A fireproof file cabinet,
properly indexed, permits data archiving and ready
retrieval.

The goal of Part 11 is to assure the same level of
control in a fully automated laboratory (or other) envi-
ronment.

COST EFFECTIVE IMPLEMENTATION

Food and Drug Administration regulation 21 CFR Part 11
defines significant and wide-ranging requirements for auto-
mated systems used in laboratories (and in other regulated
settings). Compliance with the regulation is both mandated
and an appropriate representation of good management prac-
tices. Unless carefully planned, however, Part 11 compliance
can be a cumbersome and expensive—though necessary—
process. With appropriate planning strategies, however, labo-
ratory Part 11 compliance can be a smooth, seamless, and
cost-effective process.

The modern investigatory, quality control, preclinical, or
other laboratory generally requires a highly automated envi-
ronment. Computer models may be used for preliminary
screening; separation technologies are software-driven, and
preliminary and preclinical testing involves computer reci-
pes, LIMS networks, and statistical analysis programs. In
such an environment compliance with Part 11 and related
GLP requirements is not only good science, it is also good
business. In a budget-conscious world, however, the business
pressures on laboratory management require consideration of
cost-effective criteria The well-managed laboratory must
comply with the spirit and letter of the regulatory require-
ments and with extraregulatory concerns related to health
and safety, but raising the bar above that which is both re-
quired and safety-necessitated adds expense, which ulti-
mately may drive drug and biologic prices beyond affordabil-
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ity for patients in need. Good management, then, calls for
cost-effective compliance.

There are four specific strategies for cost-effective compli-
ance with Part 11 in laboratory environments. These strate-
gies include: (1) adopting a multitier validation standard; (2)
conducting inexpensive internal compliance audits to identify
and focus on key areas of weakness; (3) adopting existing audit
strategies to building an internal audit trail; and (4) building
compliance into the system selection and adaptation process.

The multitier validation strategy is discussed in depth in
the chapter on system validation. In short, all too many com-
panies establish the most stringent of validation standards
and apply them uniformly to all systems regardless of actual
risk. Adopting a multilevel validation and Part 11 compliance
protocol and calling for more rigid controls in high-risk envi-
ronments is appropriate, accepted, and cost-controlling.

That multitier approach can be effectively married with
a strategy of utilization of internal preaudits to identify key
deficiencies and areas of real risk. Rather than adopting a pol-
icy of implementing controls across the board, the preaudit
allows cost-neutral continuation of existing controls where no
real problems are found, and allocation of energy and funds to
those areas in greatest need of compliance and control.

Third, one of the most expensive changes dictated by
Part 11 refers to audit trails. If an electronic audit trail was
not designed into an existing LIMS, for example, adding such
a trail or replacing the LIMS with a compliant alternative
may be a very expensive strategy. Alternately, it is often pos-
sible to utilize internal audit procedures, including careful
SOPs requiring and assuring the use of a manual audit trail
document, to achieve the same level of interim control at a
fraction of the expense. Cost is not an excuse for noncompli-
ance, but at the same time compliance does not require choos-
ing the most expensive alternatives.

Finally, clearly reviewing the Part 11 (and other GLP)
requirements in preparation for a request for proposal and
selection of a new LIMS or other laboratory system can result
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in cost-efficient building of compliance requirements into an
initial system. Again, the audit trail requirement serves as
an effective example; building in a secure audit file is a rela-
tively inexpensive addition to the development of a LIMS (or
equivalent) file management system. Adding such a feature
on after design is a much more expensive process. Maximum
cost efficiency can be achieved by using the Part 11 require-
ments as a part of the selection or design template in pur-
chasing any new automated laboratory components.

With these four strategies compliance with Part 11 can
be cost-effectively integrated into the management of any au-
tomated laboratory, and while primary consideration must be
paid to compliance with requirements and to adding safety
controls as necessary beyond those requirements, cost-effec-
tiveness can appropriately be utilized as a third-level crite-
rion in laboratory system selection, design, and management.

SUMMARY

The requirements of 21 CFR Part 11 apply well beyond the
laboratory environment, but do stand as supplemental to and
interpretative of the GLP in automated laboratory environ-
ments. Compliance requires an understanding of the key ele-
ments of the Part 11 document, and the formulation of a
strategy that assures safety, regulatory acceptance, and cost-
effective management.

As the Part 11 requirements are subject to interpreta-
tion through field review they will no doubt be modified. Ad-
ditional changes will result from technological innovation
and from the integration of innovative requirements (dual
signature approvals, e.g.) into norms of system design, but
the intent of Part 11 is critical and permanent.

In a modern laboratory the general guidelines encom-
passed in good laboratory practices require careful interpre-
tation when applied to a laboratory that relies heavily on au-
tomated documentation, data files, and electronic signatures;
21 CFR part 11 provides that interpretation.
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The Good Automated
Laboratory Practices

GERALD J. WHARTENBY, PAUL L. ROBINSON,
and SANDY WEINBERG

Muhlenberg College, Allentown,
Pennsylvania, U.S.A.

The good laboratory practices (GLP) predate widespread reli-
ance on automated laboratory systems. While the FDA’s Part
11 regulations (see Chap. 3) provide additional guidance
in part, the U.S. Environmental Protection Agency (EPA)
has taken the GLPs a step further. The EPA has authored
and released its own good automated laboratory practices
(GALPs), providing detailed guidelines for all automated sit-
uations. While the GALPs refer specifically to EPA contract
labs, they also provide important recommendations for con-
sideration by managers of all regulated laboratories, includ-
ing FDA GLP labs.
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The essential objective behind most data management is
control. As such, it is the EPA’s ultimate issue in extending
its GLP requirements to automated laboratories through the
GALPs. The effectiveness of an automated laboratory cannot
be assured unless the use and design of the automated sys-
tems in that laboratory are consistent with standards in-
tended to assure system control.

The foundation of the GALP standards comprises six
principles inherent in the EPA’s GLP requirements and its
data management policies. These principles define the con-
trol issues that caused the development of the GALPs and
serve two functions. First, they are the guideposts to under-
standing the reason behind the GALP requirements and
their interpretation. Also, because there are wide variations
in the design, technologies, laboratory purposes, and applica-
tions of computer systems, the application of these systems
is likely to create situations in which appropriate and suc-
cessful control strategies could evolve that are not antici-
pated in GALPs. The six principles are thus guidelines for
evaluating equivalent options for complying with GALP spec-
ifications.

The six principles are

1. The system must provide a method of assuring the
integrity of all entered data. There is no assumption
of system accuracy and performance; rather, a sys-
tem of demonstrating, presumably through testing,
must be in place to provide affirmative evidence of
control.

2. The formulas and decision algorithms employed by
the system must be accurate and appropriate. That
demonstration of accuracy must include the opera-
tions—the decisions, sortings, and other actions—of
the system.

3. An audit trail must track data entry and modifica-
tions to the responsible individual. As with Part 11,
this provision is intended to provide a level of control
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equivalent to a paper database. The audit trail
should allow analysis of any data changes, including
identification of both the reason for the change
and the person making the authorization for the
change.

4. A consistent and appropriate change control proce-
dure must be capable of tracking the system opera-
tion and application software. The controls on data
are extended to the system of hardware and soft-
ware that manipulates that data. Here the primary
tool for control is a clear and appropriate change
control procedure.

5. Appropriate user procedures must be followed. Stan-
dard operating procedures (SOPs) should provide
user guidance and control and should be rigorously
followed.

6. Alternative plans for system failure, disaster recov-
ery, and unauthorized access must be developed. A
problem–response system should provide controls in
the event of a significant system failure.

These basic GALP principles have led to the development of
a list of specific requirements that provide an appropriate
template for effective management and operations of an auto-
mated laboratory.

GALP REQUIREMENTS

The purpose of the GALP is to provide a vehicle for demon-
strating system control. Control is best exemplified through
conscientious adherence to four requirements—documenta-
tion, system performance, security, and validation.

Documentation

In general, six types or categories of documents are specified
and required for compliance with GALP guidelines. They are
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1. Personnel
a. Quality assurance (QA) reports on inspections

demonstrate QA oversight.
b. Personnel records help support the competency

of various employees assigned to system respon-
sibilities.

2. Equipment
a. A hardware description log records and identifies

which hardware is currently in use for a system.
b. A record of acceptance testing demonstrates the

initial functioning of the hardware.
c. Maintenance records help ensure the continuing

operational integrity of the hardware.

3. Operations
a. A security risk document identifies likely and

possible risks to the security of computer-resi-
dent data.

b. SOPs ensure the consistent, controlled use of the
system.

4. Facilities
a. Written environmental specifications guard against

data loss or corruption from various environmen-
tal threats.

5. Software
a. A software description records and identifies

which software is currently in use for a system.
b. Software life documentation helps ensure the op-

erational integrity of the software.

6. Operational logs
a. Backup and recovery logs and drills help guard

against data loss or corruption.
b. A record of software acceptance testing and soft-

ware maintenance or change control documents
also ensures future software integrity.
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General Criteria for SOPs

An SOP must establish guidelines for the specific activities,
procedures, and records required to demonstrate and main-
tain control over the system. Certain criteria must be consid-
ered when developing and implementing these procedures.

1. Accessibility
2. Currency
3. Practice
4. Comprehensiveness
5. Credibility

SOPs Specified in GALPs

An automated laboratory requires written SOPs to demon-
strate adequate control over automated data collection sys-
tems. The minimum SOP topics are

1. Security
a. System access security and physical security.
b. Focus: primarily on the computer room and any

related workstations.
c. Physical security: primarily the computer room.
d. Access security

1. Access into the computer system.
2. Modem usage.

2. Raw data
a. Working definition used within the laboratory.
b. Restricted access to the raw data archive and the

uncorrupted restoration of the data from the ar-
chive are prime considerations.

3. Data entry
a. Identification of person entering data.

4. Data verification
a. Verification of input data.
b. Three methods:
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1. Double-blind method.
2. Double-key method.
3. Program-edit method.

5. Error codes
a. Interpretation of codes and corrective action.

6. Data change control
a. Directed toward minimizing the risk of any un-

wanted or untested changes taking place within
a system.

Safeguards to protect against unauthorized changes and
the traceability of authorized changes include

Documentation of how authorized changes have been
tested

Proof that the changes do not represent changes that
could lead to loss or corruption of data

Cost, scheduling, and impact statements

Must specify the contents of the audit trail and the pro-
cedures for printing, reviewing, and archiving the audit log.

The SOPs on software change control and data change
control must be written in a coordinated fashion to avoid con-
flicting requirements.

7. Data archiving
Must
a. Be able to store data in a clear, logical, repeat-

able manner.
b. Be able to retrieve stored or archived data in a

useable, unaltered manner for further processing
or analysis.

c. Specify the detailed methods used to store data,
including the frequency of storage, media used,
and persons responsible for the storage routine.

d. Have an indexing system for stored data that
provides easy access and record keeping.
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e. Specify procedure for retrieving stored data, the
authorization process, and procedures for load-
ing it back.

8. Backup and recovery
a. Focus: to ensure the integrity and availability of

stored data in the event of a serious breach in
security or a systemwide failure.
Specifies

b. Procedures for making and storing backup copies
of system data and software.

c. Assigned individual to complete, deliver, and re-
cycle backup copies.

d. Frequency of data backups and the sequence of
complete or incremental backups.

e. Types of storage media.
f. Limit to the number of media recycle times and

frequency.
g. On-site and off-site backup media storage facili-

ties, again with a delivery and retrieval schedule.
h. Data recovery drill schedules, the dates, people

involved, and procedures followed.

9. Hardware maintenance
a. Maximizes the likelihood that hardware will con-

tinue to function reliably.
b. If maintenance performed in-house, a responsible

person (RP) must be assigned for following sched-
ule and procedure for documenting the perfor-
mance.

c. If vendor is responsible, an RP must be assigned
to document that the maintenance was per-
formed on schedule.

10. Electronic reporting
Specifies:
a. The standards, protocols, and procedures used in

data collection and analysis.
b. Format used for reporting data and results.
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Additional SOP Requirements

In addition to the SOP topics outlined above, the GALPs
specify two other SOP requirements.

1. Each laboratory or study area must have copies of
relevant SOPs easily available.

2. All revisions of SOPs and all expired SOPs must be
maintained in a historical file, which must also indi-
cate the effective dates of the individual SOPs.

LOGS AND RELATED FORMS

System Backup Log

Used to document regular, incremental, or complete sys-
tem backups performed in order to safeguard existing
data to minimize the future loss of data in the event
of a system or application failure

Records the serial or code number of the backup tape,
the date of the backup procedure, and the initials of
the backup technician

Part of the backup and recovery SOP

Routine Software Testing Log

Records the software change identification code or date,
the tester’s initials, the date and scope of testing, and
a pass/fail judgment.

Part of the software change SOP or the inclusive change
control SOP

Software Change Control Log

Used to record all changes made to the system software.
Records the work request code number, the change re-

quest date, the system experiencing the change, and a
description of the change. It also records testing sta-
tus, start and close dates, and the programmer’s ini-
tials.

Part of the software change control SOP.
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User Problem Log

Used to record user-reported problems with the system
or related software

Records the date and problem description, the repair de-
scription, and the initials of the repair technician or
tester

Part of the problem report SOP

System Maintenance Log

Used to record the preventative maintenance completed
on particular hardware

Records the date of maintenance, the type of mainte-
nance performed, and the initials of the maintenance
person

Part of the hardware maintenance SOP

Training Log

This is used to document all user training, including

Orientation training for new users of existing systems
Orientation training for individuals or groups of users of

new systems or new versions of existing systems, on-
going training for experienced users

Record of the names and departments of trained users,
the date of completed training, the initials of the em-
ployee’s supervisor, the date of testing or skill review,
and the testing supervisor’s initials

Part of the training SOP

System Operator’s Log

Used to record all activities related to the operation of a
system

Records the date of activity, a description of the proce-
dure or function performed, and the initials of the op-
erator

Is part of the physical security SOP
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Security Log

Used to track and identify visitors, consultants, contrac-
tors, and other nonemployees who are currently on the
premises

Records the date and name of the visitor, the visitor’s
company, and the times checked in and out

Is part of the physical security SOP

Password Control Log

Used to track which users have access to the various
clearance levels within the system and to monitor the
passwords of all authorized visitors

Records the employee’s name and password, the date
that password/security training was given, the secu-
rity level or clearance associated with the employee,
the date any entries or changes were made to the log,
and the security supervisor’s initials

Is part of the access security SOP

Data Change Log

Used to record all changes made to data resident in the
system

Records the date and time of a change, the system or file
involved, the data values before and after the change,
the reason for the data change, the initials of the users
making the change, and any required approval signa-
tures

Is part of the data change control SOP

TRAINING DOCUMENTATION

The GALPs require that a current summary of personnel
training, experience, and job description be available for all
laboratory personnel involved in the design or operation of an
automated system.
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The comprehensive and complete training of all person-
nel interfacing with the automated data collection system
must be delineated in a laboratory policy.

A comprehensive employee training program must be es-
tablished. Documentation must be available that identifies
not only the quantity of training each laboratory employee
receives, but also the quality of that training.

Training programs must fully document all phases of
normal system function as they pertain to the particular us-
er’s responsibilities so that each user clearly understands the
functions within their responsibility. All training procedures
must undergo review at least yearly, as well as whenever
new or upgraded equipment or methodologies are installed.

Complete, accurate, appropriate, and available docu-
mentation is a necessity for automated laboratory opera-
tions.

Personnel

Backgrounds, including education, training, and experience,
should be documented and available to laboratory manage-
ment. Pertinent knowledge of and experience with systems
design and operations should be indicated. The important is-
sue is to provide sufficient evidence of training and experi-
ence that indicates knowledge suited to job requirements. In
light of the need for auditors to verify the qualifications of
laboratory personnel, laboratories may consider a separate
education and training file for each employee.

Laboratory Management

It is important for laboratory management to

Develop an organizational plan to document and define
lines of communication and reporting within the labo-
ratory structure

Develop a work plan for any particular study
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Laboratory management is responsible to assure that
deviations from the GALP standards are reported and that
corrective actions are taken and documented.

Responsible Person

The RP must ensure that system documentation in general
is comprehensive, current, and readily available to users. In
terms of the RP’s responsibility for assuring adequate accep-
tance procedures for software and hardware changes, docu-
mentation of acceptance testing can be a part of the approval
process preceding the integration of new or changed software
into laboratory production. Test data, with anticipated and
actual results, should be permanently filed.

Documentation of procedures assuring that data are ac-
curately recorded to preserve data integrity should include
audit trail reports indicating all data entered, changed, or de-
leted. These reports should be reviewed thoroughly by the ap-
propriate personnel.

The laboratory should maintain a written problem-solv-
ing procedure, and problems with the automated system that
could affect data quality or integrity should be entered on
forms or a log following that procedure.

To assure that all applicable GALPs are being followed,
the RP should ensure that copies of GALPs are easily accessi-
ble, usually in a designated area, to laboratory personnel.

Quality Assurance Unit

A major function of the QA unit is to provide proof that the
laboratory’s automated data collection system(s) operate in
an accurate and correct manner, consistent with the recom-
mended function.

The QA unit must

Have a complete and current set of SOPs available and
accessible at all times

Have access to the most current and version-specific set
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of operations technical manuals or other documenta-
tion

Sign off all documentation of inspections
Maintain all records and documentation pertaining to its

activities, methodologies, and investigations, includ-
ing results

Facilities and Equipment

The GALP standards require that a written description of the
system’s hardware be maintained. Overall descriptions of the
purpose and use of the system and specific listing of hard-
ware and software involved in data handling are required.

The systems manufacturer’s site preparation manual
should be available and the specifications within it must be
followed.

Formal written acceptance test criteria should be devel-
oped and reviewed before systems are used in production
mode.

Specific responsibilities for testing, inspecting, cleaning,
and maintaining equipment must be assigned in writing and
should distinguish between various hardware devices in the
laboratory site.

For each type of hardware device

1. Appropriate testing should be conducted.
2. Written procedures must be followed.
3. A log must be maintained with

a. Names of persons who conducted tests.
b. Dates tests were conducted.
c. indications of test results.
d. Documentation of any deviations from proce-

dures.
e. Signatures of management and RP who reviewed.
f. Testing and results of preventive maintenance

by outside vendors.
g. A list of all repairs of malfunctioning or inopera-

ble equipment.
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This must be permanently retained for subsequent refer-
ence, inspection, or audit.

Security

Laboratories using automated data collection systems must

Provide security for the systems
Institute a procedure of documented authorization
Establish security files
Appoint a security administrator
Use a visitors’ log

Software Performance

Methods for determining that software is performing its func-
tions properly must be documented and followed. User sur-
veys and postimplementation reviews of software perfor-
mance can be required to evaluate whether or not software is
performing its functions as documented.

For all new systems to be used in the conduct of an EPA
study, laboratories must establish and maintain documenta-
tion for all steps of the system’s life cycle, in accordance with
the EPA System Design and Development Guidance (June
1989) and Section 7.9.3 of the GALP standards.

As far as possible, systems existing in a production mode
prior to the effective date of the GALP standards, as well as
purchased systems, should be documented in the same way
as systems developed in accordance with the EPA System De-
sign and Development Guidance and Section 7.9.2 of the
GALPs. Documentation relevant to certain phases of the sys-
tem life cycle, such as validation, change control, acceptance
testing, and maintenance, should be similar for all systems.

A written system description, providing detailed infor-
mation on the software’s function, must be developed and
maintained for each software application in use in the labora-
tory.

Written documentation of software development stan-
dards must be maintained.
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All algorithms or formulas used in programs, including
user-developed programs and purchased software packages
that allow user entry of formulas or algorithms, must be doc-
umented and retained for future reference and inspection.
The intent is to establish a source for easily locating such
algorithms and formulas.

Acceptance testing of software must be conducted and
documented.

Written documentation of change control procedures
must exist to provide a reference and guidance for manage-
ment of the ongoing software change and maintenance pro-
cess. All steps in this process should be explained or clarified,
and the procedures should be available to all system users.

The GALP standards require procedures that document
the version of software used to create or update data sets.
This requirement is normally met by ensuring that the date
and time of generation of all data sets is documented and
that the software system generating the data set is identifi-
able.

Files of all versions of software programs must be cre-
ated and maintained so that the history of each program is
evident. Differences between the various versions and the
time of their use should be clearly indicated.

All written SOPs or other documentation relating to
software should be available in their work areas to system
users or persons involved in software development or mainte-
nance.

Data Entry

Written procedures and practices must be in place within the
laboratory to verify the accuracy of manually entered and
electronically transferred data collected on automated sys-
tems. The primary documentation for data entry require-
ments is an audit trail. Laboratories must ensure that an
audit trail exists and is maintained. This audit trail must
indicate date and time stamps for each record transmitted
and the source instrument for each entry.
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When data in the system are changed after each initial
entry

An audit trail must exist that indicates the new value
entered.

The old value.
A reason for the change.
The date of the change.
The person who entered the change.

Raw Data

The operational definition of raw data for the laboratory, es-
pecially as they relate to the automated data collection sys-
tems used, must be documented by the laboratory and made
known to employees.

Reporting

When a laboratory reports data from analytical instruments
electronically to the EPA, those data must be submitted on
standard magnetic media—tapes or diskettes—and conform
to all requirements of EPA order 2180.2, “Data Standards for
Electronic Transmission of Laboratory Measurement Re-
sults.”

If laboratories electronically report data other than
those from analytical instruments, those data must be trans-
mitted in accordance with the recommendations made by the
electronic reporting standards workgroup.

Records and Archives

In addition to specific documentation described above, labora-
tories must retain all schedules, logs, and reports of system
backups, system failures, and recoveries or restores.

All raw data, documentation, and records generated in
the design and operation of the automated data collection
system must be archived in a manner that is orderly and fa-
cilitates retrieval. If stored on the system, such data must be
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backed up at intervals appropriate to the importance of the
data and the potential difficulty of reconstructing it, and the
backups must be retained.

Adequate storage space must be available for raw data
to be retained in hard copy format or on magnetic media.
Storage for system-related records, both electronic and hard
copy, must be sufficient to allow orderly conduct of laboratory
activities, including complying with reporting and records re-
tention requirements. For the system, this pertains to both
on- and off-line storage. Physical file space requirements
must be properly planned and managed to meet laboratory
needs and responsibilities.

Access to all data and documentation archived in accor-
dance with the GALP standards must be limited to personnel
with documented authorization.

Raw data and all system-related data or documentation
pertaining to laboratory work submitted in support of health
or environmental programs must be retained by the labora-
tories for the period specified in the contract or by EPA
statute.

System Performance

Laboratories utilizing automated data collection systems
must provide such control of those systems that current and
future system performance can be assured and that data in-
tegrity can be maintained. Consistent, accurate, and reliable
system performance depends on the control of laboratory
facilities and equipment requirements, as well as software re-
quirements. Functional testing, a requirement for both
equipment and software, and source code review of software
are also required to provide control of system performance.

Facilities and Equipment

The system must be provided with the environment it needs
to operate correctly. This requirement applies to all environ-
mental factors that might impact data loss, such as proper
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temperature, freedom from dust and debris, adequate power
supply, and grounding.

Storage capacity and response time must meet user
needs.

The RP must ensure that a hardware change control
procedure, involving formal approvals and testing, is followed
before hardware changes are implemented.

Hardware must be maintained, tested, and cleaned on a
schedule that will minimize downtime and problems due to
data loss or corruption.

Software Requirements

Each software application in use in the laboratory must per-
form its functions properly. Determination of continued func-
tionality is related to

1. Acceptance testing—This involves responsible users
testing new or changed software to determine if it
performs correctly and meets their requirements.

2. Backup—Applications.
a. Software and systems software must be backed up

to prevent complete loss due to a system problem.
b. Procedures for backups and restores must be es-

tablished, and reasons should be indicated for
which backups other than initial ones should be
made, such as changes to software.

c. Personnel responsible for performing these tasks
must be properly trained.

3. Change control procedures—This must be controlled
(by the RP) to prevent any changes that have not
been properly documented, reviewed, authorized,
and accepted in writing.
a. Variances from any instructions relevant to the

system must first be authorized before instituted.
4. Code review—The formulas and decision algorithms

employed by the automated data collection system
must be accurate and appropriate.
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a. Those formulas must be inspected and verified.
b. All algorithms or formulas used in programs run

at the laboratory—including user-developed pro-
grams and purchased software packages that
allow user entry of formulas or algorithms—
must be documented, retained for reference and
inspection, and be easily located.

5. Audit trails—The laboratory must establish an
audit trail so that the software version in use at the
time each data set was created can be identified.

Security

Security of automated data collection systems is a major fac-
tor in maintaining data integrity. It involves the following
three major elements.

Data Protection

Laboratories using automated data collection systems must
evaluate the need for systems security by determining
whether or not their systems contain confidential data to
which access must be restricted. If it is determined that ac-
cess should be restricted, security procedures must be imple-
mented.

Security must be instituted on automated data collec-
tions systems at laboratories if data integrity is deemed to be
an area of exposure and potential hazard.

Security must also be instituted if the systems are used
for time-critical functions of laboratory studies or reporting
of study results.

Physical security of the system is required when it stores
data that must be secured. All necessary and reasonable
measures of restricting logical access to the system should be
instituted to prevent loss or corruption of the secured data.
The laboratory must establish a hierarchy of passwords that
limit access, by function, to those properly authorized indi-
viduals who need such functions in the performance of their
jobs. Security must be structured in a way that allows access
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to needed functions and restricts access to functions not
needed or authorized.

The laboratory must also establish procedures protect-
ing the system against software sabotage in the form of in-
tentionally introduced software bugs that might corrupt or
destroy programs. data, or system directories.

Archiving and Disaster Recovery

The laboratory must establish and follow procedures for sys-
tem backup and recovery.

The laboratory should develop procedures for applying
“work arounds” in case of temporary failure or inaccessibility
of the system.

All schedules, logs, and reports of system backups, sys-
tem failures, and recoveries or restores must be retained by
the laboratory.

Transmission

See the section on reporting.
The EPA order also provides the formats for six different

types and gives other important definitions and information
that must be noted and followed by all laboratories submit-
ting data electronically.

If laboratories electronically report data other than
those from analytical instruments, those data must be trans-
mitted in accordance with the recommendations made by the
electronic reporting standards workgroup.

Validation

Laboratories using computer technology must assure that
they have adequate controls in their delivery of data to the
EPA. Computer system validation is the process by which a
computer system is shown to consistently do what it is sup-
posed to do and only what it is supposed to do. In effect, the
validation study confirms and documents the areas of control
and the specifications contained in the GALP requirements.
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SUMMARY

While the GALPs apply only to the EPA laboratories, and
specifically only to EPA contract labs, they provide impor-
tance guidance for the manager of any automated regulated
lab. Coupled with the specifications of 21 CFR Part 11 the
GALPs can serve as important interpretive material in apply-
ing the content and principles of the GLPs to the realities of
the modern automated laboratory.
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Implementing GLPs in a Non-GLP
Analytical Laboratory

STEPHANIE A. OLEXA

Benchmark Analytics, Center Valley,
Pennsylvania, U.S.A.

INTRODUCTION

Good laboratory practice (GLP) standards were initially de-
scribed in the late 1970s as a set of rules to provide stringent
regulatory requirements for research testing of products that
fall under the guidance of the Environmental Protection
Agency (EPA) and the Food and Drug Administration (FDA).
In 1989 the rules were codified by EPA as 40 CFR parts 160
and 792 for FIFRA (Federal Insecticide, Fungicide, and Ro-
denticide Act) and TCSA (Toxic Substances Control Act) and
by FDA in 21 CFR part 58. Currently, these GLP standards
differ only to the extent necessary to reflect the agencies’ dif-
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ferent statutory responsibilities. The standards address
nonclinical or preclinical studies in laboratories that do
chemical, animal, or field studies in support of applications
for research or marketing permits. Compliance has been
monitored through a program of laboratory inspections and
data audits coordinated between EPA and FDA, with FDA
carrying out inspections at laboratories that conduct health
effects testing and EPA inspecting laboratories that conduct
health effects, chemical characterization, and environmental
fate studies. Good Laboratory Practice standards have also
been established in over 31 countries across the world, mak-
ing these standards a universal language of quality assur-
ance (QA).

This chapter will focus on the issues that need to be ad-
dressed when setting up GLP standards in an analytical lab-
oratory that does primarily non-GLP work. For most analyti-
cal laboratories, either captive (in-house) or independent
(contract) facilities, it is likely that only a small portion of the
analytical work will fall under the requirements of the GLP,
so the decision to implement these standards must be re-
viewed carefully. Successful implementation of the standards
requires a major management commitment of time and re-
sources. Underestimating the challenge of becoming fully
compliant is asking for trouble.

WHAT ARE THE GLPs?

Quite simply, the GLPs are a set of rules that are designed
to ensure that the data generated by a laboratory support the
conclusions that are made. In addition to the published rules,
the agencies have provided the advisories that give addi-
tional information to help labs understand the application of
the rules. The advisories are in question and answer form
and address interpretations of the rules. If a laboratory
claims to be in compliance with the GLPs the management is
stating that the lab staff understands and has implemented
all of the GLPs without exception.
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WHY DO GLPs?

To comply with GLP regulations is to assure that work is be-
ing performed by qualified personnel, under appropriate di-
rection, in adequate facilities, with calibrated and main-
tained equipment, using standard operating procedures,
documenting raw data, having in-process work inspected,
and providing reports that are reviewed by a QA professional.
This very long sentence sums up all of the key elements of
the standards and can be used as the mission statement or
motto for a group attempting to set up GLPs.

Until recently, the GLP standards were unique in that
they provided a set of guidelines for analytical laboratories
that were descriptive and practical. Implementing these
guidelines gave the laboratory management and the clients
confidence that testing was conducted in a manner that
would support the associated conclusions. In the past few
years, The International Organization for Standardization
(ISO) Guide 25 and NELAP (National Environmental Labo-
ratory Accreditation Program) standards have been promul-
gated. These guidelines mesh with and complement the GLP
standards, therefore for an analytical laboratory striving to
reach a high level of technical excellence, the GLP guidelines
provide an added tool. Is it appropriate and cost-effective,
however, to take on another set of rules?

OVERALL IMPLEMENTATION OR ISOLATED
GLP-COMPLIANT GROUPS?

When considering implementation of GLP standards, the
first decision for management is whether the guidelines
should be implemented across the organization or only in a
smaller group of technical areas. Although there are advan-
tages and disadvantages of each, both approaches can be im-
plemented successfully.

If the decision is to implement the GLP system across
the organization the cost and time commitment is signifi-
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cantly larger. Training, QA audits, and the general increase
in the level of required documentation may involve a major
overhaul of the organization with significant disruptions in
the normal work flow. This approach provides the advantage
that all staff and equipment can be focused on GLP projects
when needed, however, giving management flexibility in ac-
cepting and scheduling projects.

Implementing GLP standards in a single team or group
may be less expensive and faster, but may cause issues if
problems arise during a GLP study. For example, if a piece
of equipment is validated for GLP standards and appropriate
records are kept but the instrument breaks down during a
study, a nonvalidated backup unit cannot be substituted.
Similarly, if some personnel are trained in GLP standards,
other untrained staff cannot participate during a time of an
increased workload. Management may also run into problems
with a two-tiered staff. In a small organization, keeping the
efforts separate may be difficult.

The decision to isolate the GLP units or to integrate the
entire organization will depend on the projected amount of
GLP projects to be done, the diversity of those projects, the
similarity of the GLP standards to other certifications held
by the facility, the size of the organization, and the economic
impact. Management must consider all the factors before pro-
ceeding on a path.

IMPLEMENTING GLPs IN A CONTRACT
ANALYTICAL LABORATORY

For a contract analytical laboratory, participating in GLP
projects may be a significant diversion from the ongoing busi-
ness but may allow the company to enter a unique market
niche. Many contract analytical labs routinely handle high
volumes of samples tested with standardized procedures.
Most of the tests are single isolated analyses or groups of
analyses, each with a standard operating procedure (SOP)
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that will apply to a wide range of sample types. The lab gen-
erally does not draw conclusions from the tests; it simply re-
ports the values. Audits are usually conducted on methods
rather than on a project basis. Customers will range in levels
of expertise from highly sophisticated to completely nontech-
nical. It is not unusual for the technical staff in a contract
analytical lab to be unfamiliar with the customer, the history
of the sample, or the way the data will be used. The customer
may not interact with the lab at all, and may simply be the
name on the check. Emphasis is on streamlining and stand-
ardizing procedures to get rapid turnaround but reliable and
defensible results. Good Laboratory Practice projects require
a complete change in mindset and organization. Management
and staff should be prepared for culture shock.

The four biggest differences between the routine con-
tract work and GLP projects are

1. The focus on the project rather than on a single
method. The project may include a single test or many
different types of tests, but it includes all of the test-
ing necessary to reach a conclusion on the test mate-
rial. This will be completely detailed in the protocol
and supported by method and system SOPs. The pro-
tocol will be reviewed by the QA auditor and signed
by the study director and the sponsor before the proj-
ect begins. The study director is responsible for all as-
pects of the project and for formulating the scientific
conclusions. Management will have to assign a study
director who has the technical capability to oversee
all the required tests and to make sound scientific
judgments. In many contract laboratories, it may be
difficult to identify personnel with the training
needed to fulfill the role of study director. The partici-
pating staff members will have to coordinate their ef-
forts on the whole project and work less in isolation.

2. The extent of the QA participation in the project.
The QA Auditor plays a key role throughout the GLP
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project. This person reviews raw data, maintains
training records of the staff, reviews the final report
and conclusions, and must conduct in-process audits
during critical points of the project. The sponsor or
client may also assign a QA auditor to the project.
Audits will include data review and protocol review,
but also in-process audits. The technical staff in a
contract lab may not be used to this level of over-
sight and could see it as intimidating. They may find
it stressful to have an auditor watch as the experi-
ments are being done. Management will have to
smooth the communication between the QA auditors
and the technical staff so that QA personnel can
achieve their goals and the technical staff accepts
the input as valuable and helpful.

3. The close relationship with the sponsor. Generally,
the sponsor or client of the GLP project is also very
involved. Many sponsors will conduct a complete
audit before contracting with an independent lab.
They may also have their own QA auditors conduct
site visits and audits during the study. Copies of the
raw data and final report must be given to the spon-
sor for review. Management will face many issues
because of this closer relationship. Some sponsors
tend to micromanage their projects, which may lead
to mixed signals to the staff. When sponsors spend
time at the laboratory, management must be cau-
tious to maintain the confidentiality of other clients,
whose work may also be in process at the time. Hav-
ing the sponsor or the sponsor’s QA representative
underfoot, sometimes during the busiest time of a
project, can strain even the best professional rela-
tionships.

4. The need to formulate a scientific conclusion from
the data. Most contract laboratories conduct analy-
ses and report the information to the client without
providing interpretations of the data. In a GLP
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study, the study director is responsible for formulat-
ing the scientific conclusions from the data. The con-
clusions must be based solely on the data, taking
into consideration the reliability of each data point.
Management must support the efforts of the study
director and protect him or her from undue influ-
ence, including from the sponsor.

Why should a contract lab participate in GLP studies?

Meeting GLP standards improves the overall quality of
the work produced by the contract lab and makes
meeting other accreditation standards easier.

The work is scientifically challenging and offers the
technical staff a chance to excel.

The projects are generally larger and may be more prof-
itable than routine analysis.

The client—lab relationship is closer, leading to a more
stable work flow.

Successful completion of projects can allow the lab to ac-
cess customers nationally and internationally.

What are the risks?

Submission of a project under GLP may trigger an audit
from EPA or FDA. Audits are time-consuming and
stressful. Both EPA and FDA regulations address the
effect of noncompliance with the standards. If a lab
submits a study that is found to be in noncompliance,
it can lead to a rejection of the study, suspension or
cancellation of the permit, and a possible criminal
and/or civil penalty. If a test substance characteriza-
tion is found to be erroneous the consequences can be
costly.

Building a reputation and client base in GLP studies can
take a long time. Maintaining compliance during that
slow growth period can be expensive and difficult.

Keeping a trained QA auditor on staff is expensive. If
the lab does not have a full range of GLP projects it
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may also be difficult to keep the QA auditor chal-
lenged and productive. A turnover of QA staff can be
detrimental to the quality of the projects.

In conclusion, implementing GLPs in a contract labora-
tory can be successful and rewarding for the company. There
must be a strong management and staff commitment to
achieve and maintain compliance, however.

IMPLEMENTING GLPs IN A CAPTIVE OR
CORPORATE ANALYTICAL LABORATORY

The decision to implement GLPs in a captive or corporate lab-
oratory is not very different from the decision in a contract-
independent laboratory, especially if the lab is run as a sepa-
rate business unit or profit center. In making the decision,
however, management must take additional factors into ac-
count.

1. A corporate GLP-compliant analytical laboratory
may facilitate the characterization and testing of
samples used in efficacy studies. The coordination
between the analytical and clinical or field studies
may shorten the time to market, giving a significant
advantage to the company.

2. Since the GLP projects are more technically chal-
lenging and can be more integrated into the overall
organization, employee job satisfaction can be im-
proved. This may result in retention of employees in
the analytical lab, reducing turnover and decreasing
recruitment and training costs.

3. Incorporating global GLP standards into the corpo-
rate analytical lab may help the company compete
internationally.

A corporate or captive laboratory faces many of the same
risks as the contract laboratory. Getting and maintaining
management commitment may be more difficult, however, es-
pecially in larger organizations.
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Again, establishing GLPs and successfully conducting
projects in corporate analytical laboratories can be done.

GETTING STARTED IN GLPs

The key element of establishing the GLPs in an analytical
laboratory is to set up the quality systems to establish ac-
countability and reconstructability Accountability includes
defining the responsibilities of the technical staff, the man-
agement, the study directors, and the QA auditors to ensure
that they understand and accept the consequences of their
actions. Reconstructability means that the systems allow the
conclusions to be reproduced from the raw data by another
investigator at another time or place.

The quality system includes

1. Management commitment
2. Establishment of a QA unit
3. Adequate facilities and equipment
4. Personnel training
5. Documentation of procedures
6. Record retention and storage

The quality system should be documented in a QA pro-
gram manual that outlines all the quality policies and proce-
dures for the laboratory. This manual should be considered
the handbook for all employees. New employees should be-
come familiar with the document so that they can use it to
answer questions that may arise in their work. New or re-
trained employees should sign a form documenting that they
have read and understood the manual. This form should be
kept in the personnel files.

MANAGEMENT COMMITMENT

The GLP standards state that the responsibilities of the man-
agement are

1. To designate a study director before the study is ini-
tiated
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2. To replace the study director promptly, if necessary
3. To assure that there is a QA unit that is separate

from the study director
4. To assure that test, control, and reference sub-

stances or mixtures have been appropriately tested
for identity, strength, purity, stability, and unifor-
mity, as applicable

5. To assure that personnel, resources, facilities, equip-
ment, materials, and methodologies are available as
scheduled

6. To assure that personnel clearly understand their
functions

7. To assure that any deviations from the GLP stan-
dards reported by the QA unit are communicated to
the study director and corrective actions are taken
and documented

Basically, this means that management is responsible
for everything but does not do everything. Who is defined as
management, however? In a small contract lab, that may be
obvious—the president or technical director of the lab. In a
Fortune 500 company, is management the vice president of
research or the corporate chairman? The GLP advisories shed
some light on this issue by defining management as the high-
est-ranking technically competent person.

Another dilemma for the management of the analytical
laboratory is the establishment of a QA auditor who is sepa-
rate from the study director. In smaller laboratories, the
president or laboratory director may be the only individual
with broad-based technical skills. This person would be de-
fined as management, however, and as such, cannot act as a
study director or QA auditor. The GLP advisories are very
clear in establishing that even in a very small contract labo-
ratory, the study director and QA auditor must be separate,
with each reporting to management.

For a non-GLP facility to implement these standards,
management must therefore commit to hire or train staff who
can function as study directors and must have a separate,

Copyright © 2003 Marcel Dekker, Inc.



independent, trained QA unit. Management must take the
time to fully understand the regulations and take the leader-
ship role in formulating and implementing the QA policies.

ESTABLISHMENT OF A QUALITY ASSURANCE UNIT

The QA unit can be organized in a way that best suits the
individual laboratory as long as the requirement for indepen-
dence can be met. Some laboratories have a single individual
responsible for all QA functions. Others form a committee
made up of members from several technical areas. Some
small companies may use outside sources to supplement their
internal staff. However it is arranged, the QA unit and the
QA auditor assigned to a GLP study must be independent of
the study director and must report directly to management
for this function. These individuals may have other responsi-
bilities in the laboratory as long as management can show
that the other duties do not interfere with the GLP work.
Training of the QA personnel must be clearly documented to
prove that each individual understands both the GLPs and
the technical aspects of the project.

PROVIDE ADEQUATE FACILITIES AND EQUIPMENT

As mentioned earlier, when establishing GLP standards in a
non-GLP lab, the first decision is whether or not to imple-
ment the requirements across the entire organization or only
in some technical areas. A key element of compliance with
GLP is that adequate facilities and equipment are available
for the projects, so the laboratory may face a chicken and egg
dilemma, particularly when venturing into GLP projects for
the first time.

For a laboratory that will conduct GLP and non-GLP
work at the same time, the standards require that the work
is kept separate so that the integrity of the GLP study is not
compromised. For example, separate analytical standards
that are not used in non-GLP studies should be available.
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Similarly, a GLP study on the fate of a pesticide should not
be conducted using the same equipment as routine analysis
of pesticides in soils. Stability studies must be set up in a
way that routine work in the lab will not contaminant the
test materials.

Equipment used in GLP studies must be validated for
appropriateness. Each piece of equipment must have SOPs
for operation, calibration, and routine maintenance. All rou-
tine and nonroutine maintenance must be documented. What
is the definition of a piece of equipment? Any item that can
have an impact on the results of an analytical procedure. In
the typical non-GLP laboratory, records are kept on analyti-
cal equipment such as spectrophotometers or gas chromatog-
raphy units. Under GLP, however, the definition expands to
include items such as pipets, thermometers, incubators, re-
frigerators, and mixing devices, as long as it is possible that
the use of the item can affect the outcome of the test. For the
non-GLP lab, implementation of this standard will dramati-
cally increase the number of equipment-related SOPs.

PERSONNEL

The GLP standards require that an adequate number of
trained personnel are available for the study. Typical analyti-
cal laboratories keep minimal records on the training of per-
sonnel, assuming that the quality control results in the indi-
vidual tests speak for the capability of the analyst. Under
GLP standards additional records must be kept and be avail-
able for audit. This includes at a minimum

1. The resume of the individual, documenting educa-
tion, prior job history, publications, presentations,
patents, attendance at technical courses, and mem-
berships in technical organizations. The resume
must be updated during the course of employment to
document additional training and changes in respon-
sibilities. This document should be a brief history of
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the employee throughout his or her professional ca-
reer and current to the time of the GLP study.

2. Training records in the organization. The personnel
record should include documentation of training, in-
cluding safety training, training in GLP regulations,
and test-specific training. The records must include
when the training was completed, and the topics cov-
ered, along with the signatures of the trainer and
trainee.

3. A thorough job description for each employee and an
organization chart showing the relationship of an in-
dividual to the rest of the staff must be documented.

4. All personnel records must be archived and avail-
able for audit even if the audit takes place after that
individual is no longer with the organization.

DOCUMENTATION OF PROCEDURES

The GLP standards specify that the laboratory must have
SOPs for particular activities at a minimum. Most labora-
tories find that implementation of GLPs will cause a dra-
matic increase in the number of SOPs used by the facility.
They are an effective and easy way to document a procedure
and to ensure that the staff is trained in the correct proce-
dure. Standard Operating Procedures are living documents
and require care and maintenance however.

The first SOP that should be written is the SOP for writ-
ing SOPs. This SOP should contain the guidance for the con-
tent of each SOP, the numbering system for SOPs, and the
system for review, revision, and acceptance of SOPs. Take the
time to plan the system so it can grow with the lab and not
become too cumbersome.

Standard Operating Procedures should be written by the
people who will use them. They should document a procedure
with sufficient detail that another individual could recreate
the procedure, but not so tightly defined that the analyst will
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frequently deviate from the procedure. For example, the SOP
for an analytical method should specify how standards are
made but should allow some leeway for the analyst to use the
recipe efficiently on a day-to-day basis. The recipe to make
100 ml of a 50-mg/liter standard needs to be modified with a
sentence that allows the analyst to make 50 ml or 200 ml of
the standard by adjusting all volumes appropriately.

The original signed SOPs must be in a controlled loca-
tion, but they must be accessible to all analysts. Paper copies
or electronic copies can be used to make the SOPs available.
It is very important, however, that the laboratory has a sys-
tem in place to guarantee that only the most recent revision
is in use. All older revisions of the SOPs must be archived so
the laboratory has a complete history of the procedure.

RECORD RETENTION AND STORAGE

The GLP standards state that all raw data, documentation,
records, protocols, specimens, and final reports generated as
a result of a study shall be retained. Specimens do not need
to be retained after QA verification. Storage conditions must
allow for expedient retrieval with an indexing system. Access
to the archived records must be limited to authorized per-
sonnel.

For the analytical laboratory in the process of imple-
menting GLPs, the standards will require some changes in
record retention and storage policies.

1. Specimen and container retention during and after
a GLP study is described in the advisories. The labo-
ratory needs to review these rules and develop an
SOP for their facility.

2. The length of document retention and the require-
ment to provide long-term care for the records in
case the laboratory closes must be addressed with a
plan.
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3. The definition of raw data under GLP is more expan-
sive than in non-GLP work. It includes correspon-
dence, notes, phone records, and any document that
relates to the interpretation or evaluation of the
data. No raw data can be destroyed under any cir-
cumstances.

CONCLUSION

The GLP standards can be successfully implemented in a
non-GLP analytical laboratory. The key to success is for man-
agement and staff to fully understand the ramifications of
the decision and to set in motion a plan to achieve compli-
ance. The plan should include a time line, assignment of re-
sponsibilities, and self-audits. The outcome will be an im-
provement in the overall quality of the analytical work
produced by the lab and the ability to participate in a special-
ized analytical market niche.
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INTRODUCTION

The good laboratory practices (GLPs) provide valuable guid-
ance for the organization and operation of a laboratory.
Increasingly the real functionality of that laboratory is
dependent upon the accuracy and reliability of a series of au-
tomated devices that control instrumentation, data manage-
ment, archiving, interpretation, and reporting. If those auto-
mated systems fail to properly analyze, receive, store,
interpret, summarize, or organize data, the integrity of the
laboratory can be significantly compromised.

Unfortunately, a combination of poor quality control in
the computer software industry, generally inadequate user
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controls, and the very complexity of the systems themselves
have combined to erode confidence in the accuracy and reli-
ability of computer systems. Horror stories proliferate, legiti-
mate regulatory and managerial concerns are common, and
the reputation of computerized systems is such that a pre-
sumption of confidence is no longer a norm. As in so many
regulated areas of laboratory practices, skepticism prevails
until support evidence is provided; proof of system control is
now required.

That supporting proof of control is termed validation. In
this context, validation is the demonstration and proof of con-
trol of automated laboratory systems, including computerized
instrumentation, laboratory information management sys-
tems (LIMS), data management systems, and sample control
systems. Specific guidelines for the validation of laboratories
have not been issued by the U.S. Food and Drug Administra-
tion (FDA), though an industry and agency consensus has
provided a common understanding of the kinds of supporting
evidence required. The U.S. Environmental Protection
Agency (EPA) has codified that consensus in a draft guidance
document titled “Good Automated Laboratory Practices”
(GALPs), which serves as an excellent summary document of
the current state of validation throughout the FDA- and
EPA-regulated industries.

While the FDA has never endorsed the GALPs (largely
for administrative reasons), and while the GALPs do not
have the force of EPA regulation, they do provide valuable
interpretive guidance and have been widely used by both in-
vestigators and field managers. The need for validation of
good laboratory practice (GLP) systems has been clearly es-
tablished, and the GALPs represent a practical, operational,
functional definition of that validation proof. For a system to
be compliant with specified GALP guidelines, a wide range
of controls must be present. The GALPs summarize those
tests and controls, with sufficient room for interpretation to
meet the varying exigencies of wide-ranging laboratory de-
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signs, purposes, and applications. For a system to meet the
GALP validation requirements, however, those controls must
not only be present; they must be proven. The GALPs not
only define appropriate procedures for validation, but also
provide criteria for establishing the proof of those validation
controls.

The skepticism underlying a demand for proof is not
alien to either the scientist or the regulatory professional, yet
somehow often emerges as a personal affront when represen-
tatives from the two camps interact. Perhaps this resentment
emerges from history; the scientist has seen regulatory de-
mands grow beyond reasonable levels, while the regulator
has seen behind too many hollow facades claiming to be solid
evidence.

In the computer automation field that skepticism may
graduate into full-scale cynicism. Technical complexities may
exceed the expertise of both scientists and regulators, who
have grown increasing uncomfortable with the jargon-filled
nonexplanations of the computer professionals. Those com-
puter professionals contribute to the atmosphere, too, with
their resentments; their world has never previously had to
surrender the shroud of authority for the ego-reducing disci-
pline of double-check and confirmation. Finally, experience
has created the need for supporting evidence; too many sys-
tems have failed in the past despite all the best promises of
control and safeguard.

The result of this combination of history, reality, and at-
titude is a general regulatory dismissal of any presumption
of system control. The “default situation,” the unproven norm
expectation, is that a system is not adequately controlled.
Until firm evidence of that control is provided, an automated
laboratory is considered to be without appropriate controls,
and both the management and the data of that laboratory are
suspect. The GALPs define the controls that are appropriate,
and the validation portion of those GALPs define the proof
that is necessary to establish compliance.
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THE NATURE OF PROOF

Of the classic Aristotelian tripart definition of proof, only two
techniques are relevant here. Logos, the logical component
exemplified in laboratory systems by actual code and function
tests, provides important confirmation of compliance. That
logos can be verified, tested, and examined. It is the “hard”
evidence on which a regulator, or manager, can rely. Included
in this category would be the actual logs, test records, and
original documents, and similar concrete findings.

Similarly, ethos, the testimonial dependent upon the ex-
pertise and credibility of the witness, is critical. Evidence
supplied by an impartial and credentialed observer may
establish compliance with control standard operating proce-
dures (SOPs), accuracy of documentary evidence, and suit-
ability of code design. Whereas the accuracy of logos tran-
scends its interpretation, however, ethos proof must be
evaluated on the basis of its source. “Who said so?,” “How
does he or she know?,” and “Why should he or she be trus-
ted?” become the key questions. It is upon the importance of
ethos that the important issues of independent, “quality as-
surance” (QA), and confirmatory investigation lies. Most
ethos testimony takes the form of reports, observational re-
cords, and certifications.

Pathos, however, the passionate belief of faith, does not
apply. A programmer may “know” his code is sound; a man-
ager may be confident her workers are well trained; a super-
visor may be convinced the system is reliable. These beliefs
are critical, and are not to be disparaged; effective control
would not be possible without ultimate reliance upon such
well-placed and reality tested faith. Pathos is nonevidentiary,
however; it cannot be evaluated independently and falls be-
yond the realm of science or regulation. Validation must rely
on proof; confidence may point to the path toward obtaining
such evidence, but is not a substitute for it.

While this may seem a self-evident conclusion, the sub-
tlety of pathos is pervasive. How do we know the system is
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functioning? The self-diagnostics tell us so. How do we know
those diagnostics are accurate? Ultimately, we must rely
upon faith, but that faith is not acceptable regulatory evi-
dence, regardless of the passion behind it. Effective evidence,
though, buttresses that faith with varying levels of confirma-
tory evidence: the oscilloscope is calibrated; the testing tool is
independently tested; the observer passes the test of indepen-
dence. Without such checks, data generated by systems cannot
be consistently trusted in any scientific sense, and an endless
spiral of insupportable claims are left devoid of control.

In the earliest days of computer systems highly inflated
estimates of the power, potential, and accuracy of systems
created a strong pathos of proof. The “computer says so” be-
came the rallying cry and defense of billing agents, govern-
ment clerks, and bureaucrats the world over. As stories of
enormous and humorous computer errors flooded popular
culture in later years, however, a “computer error” became as
common a punch line as the “check is in the mail”; computer
professionals fell from godlike status to a reputation probably
far below the reasonable norm of accurate and reliable system
function. The result was, and is, an appropriate demand for
controls, even as most reviews demonstrate that those controls
are preventive rather than corrective of real problems.

In the appropriately skeptical world of interaction be-
tween laboratory scientists and the regulators who must rely
upon their conclusions, proof of control must flow from the
evidence of logos and ethos. In effect a past history of poorly
designed, implemented, and controlled systems has destroyed
any pathos to which computer professionals may have other-
wise been entitled.

VALIDATION EVIDENCE

Exactly what kind of evidence of validation is required? How
much evidence is sufficient to establish clear control? These
questions can be answered through an examination of two
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dimensions. Validation evidence falls into six broad issue cat-
egories, further defined by two cross matrices of risk and ap-
plication. Before defining these two cross-matrix dimensions,
though, a detailed description of the issue categories will be
helpful.

Evidence of Design Control

Evaluation of any automated laboratory system ultimately
involves an assessment of the appropriateness of that system
to the job for which it was intended. Regardless of elegance
and accuracy, the system is useless if it does not meet the
parameters of its application. A bar code system may be in-
tended for tracking samples. No matter how well the soft-
ware functions, that bar code system is worthless if it does
not assign unique numbers and hence fails to allow unambig-
uous tracking. While such a match seems a self-evident re-
quirement, incompletely considered or changing needs often
resulted in systems being used in situations inappropriate to
their design.

The key to matching design with system is an effective
and up-to-date needs analysis. This process of clearly defin-
ing and documenting purpose not only serves to assist in the
process of selecting or building systems, but also as a post
facto template for managerial and regulatory evaluation of a
system. Without a clear statement of exactly what a system
is intended to accomplish it is impossible to determine
whether or not that (non-) goal is met.

Formal needs analysis approaches often use sophisti-
cated survey and data flow analytical tools to produce a de-
tailed request for proposal from vendors or a comparison
model for purchase evaluation. Even the least formal needs
analysis must provide three kinds of critical information.

First, the outputs or end results of the system must be
clearly defined. In many environments both the format and
content of that output is critical. For example, a specific EPA
water-testing project may require reporting of lead values,
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and may also require that those values be printed in a spe-
cific location block on a specified form. All outputs should be
unambiguously defined, generally through modeling the ac-
tual reports or screens that will be required.

Second, the sources of those output elements must be
specified. Some outputs are user- (or related system-) en-
tered. For example, a LIMS may receive the water lead levels
from a chromatography system. Other outputs may be de-
rived from entered data, perhaps through reformatting the
reported lead levels. Finally, some data may be system-gen-
erated, perhaps through comparing the received lead level to
the average of all other samples and making the determina-
tion of whether or not to label a given sample outside the
norms.

Finally, the dimensions or ranges of all variables (the
outputs and their sources) must be specified. If a system is
intended to handle 500 samples per day and can only accom-
modate 200, it is appropriately criticized. If lead levels are
required to three decimal points, a system limited to two deci-
mals is inappropriate. The range of variables is an important
specification of system user needs.

These three kinds of information, along with other sup-
porting documentation, must be provided as evidence (logos)
of the system design. The review that documentation, assur-
ing its appropriateness, thoroughness, and the degree to
which it was followed, provides the additional evidentiary
support (ethos) for the system validation.

Evidence of Functional Control

When a system is first installed or utilized, it should be sub-
ject to detailed and thorough user testing, including use in
parallel to previous systems for a specified period of time.
Only when the existing system and new system have pro-
duced consistently matching results or when some other com-
parison process has been used should the new system be con-
sidered acceptable. Even so-called standardized software
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should be subject to this rigor of testing, since unique applica-
tion or configuration parameters may affect the functionality
of the system.

Postacceptance periodic retesting is prudent, and retest-
ing after modification, crash, or problem is all but mandatory.
Most of these acceptance and confirmatory tests are user-
designed and -implemented, however, providing only limited
value as confirmatory evidence. While the tests themselves
stand as evidence, the review and analysis of those tests and
the review of the test designs require user, developer, and
vendor independence for the establishment of credibility.

The validation process provides that ethos by reviewing
all test protocols and scripts for thoroughness, appropriate-
ness, and applicability; by replicating a sample of tests to
confirm functionality; and independently analyzing the re-
sults to arrive at conclusions of acceptable significance levels.

The user tests and validation tests fall into two overlap-
ping divisions: within range (normal function) and out-of-
range (stress or challenge) tests. The normal tests evaluate
system functionality in expected use. The challenge tests ex-
amine performance when parameters of variable, range, and
dimension are violated. Ideally, norm tests should show re-
sults matching to independent confirmatory sources. Chal-
lenge tests should show system rejection of inappropriate
data and system maintenance of database integrity despite
stresses. Because of the potential for data corruption, chal-
lenge tests in particular should be performed on nonlive (li-
brary or test) systems.

Evidence of Operational Control

If systems are inappropriately used, the results of those sys-
tems are questionable at best. Validation review of a system
must include an analysis of proper use and an evaluation of
the degree to which normal user behavior falls within those
proper use norms.

Norms are established through the development of
SOPs, technical operating procedures (TOPs), and working
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guides (such as help screens and manuals). Those procedures
are communicated to users through a combination of memos,
manuals, training, and support.

The formal SOPs shall be discussed in further detail in
the next section (Evidence of Managerial Control), since
they represent the high-level policy decisions of laboratory
and system managers. The implementation of those policies
is generally specified in the TOPs that detail user activi-
ties.

Some laboratories may combine SOPs and TOPs in sin-
gle documents consisting of a policy and the detailed direc-
tions for carrying out that policy. Such a documentary combi-
nation is acceptable but not recommended, since it requires a
lengthy and unnecessarily complex review process for even
the most minor modifications. For example, an SOP may call
for safe storage of backup system tapes. A TOP may specify
the room to be used for that storage and the inventory proce-
dures for maintaining that room. Should the number of tapes
necessitate moving to a second or larger storage room, the
TOP can be amended efficiently. If the same change is re-
quired within an SOP, a much more complex managerial re-
view process may be required.

The documentation of procedures to be followed, includ-
ing training outlines and manuals, are an important part of
the validation evidence. Accompanying that documenta-
tion should be an expert review for appropriateness and a
confirmatory observation to determine the degree to which
those documented procedures reflect the realities of the labo-
ratory.

Evidence of Managerial Control

In small laboratories the lines of control are simple and
straightforward; often the manager and lab technician may
be the same person. As laboratories grow in size and com-
plexity, however, the potential increases for a communication
problem between the manager of that laboratory and the peo-
ple involved in basic laboratory activities.
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In the regulatory world the manager of a laboratory has
a unique role; He or she assumes formal responsibility for
the activities and results of that lab. That responsibility is
predicated upon the assumption of clear and unambiguous
two-way communication; the manager has clearly provided
instructions to the lab technician, and the technician has pro-
vided effective feedback concerning those directions to the
manager. These control issues are significant regardless of
the degree of automation in the laboratory. If the laboratory
is computerized; however, the control becomes more complex,
since the computer in effect becomes an intermediary in the
chain of communication. The manager programs or causes to
be programmed the recipes and databases for the various
tests, which in turn provide instruction to the lab technician.
Similarly, the technician enters the data into the system, and
the computer provides reports and summaries that provide
the control feedback to the manager. With the computer in
this intermediary position, managerial control of the system
becomes a critical issue in controlling the laboratory and as-
suming regulatory responsibility for activities and results.

Managerial control is established and documented through
a series of SOPs. These SOPs are system design, use, and
control policy statements. They summarize procedures of sys-
tem security, disaster recovery, normal use, data archive and
backup, error response, documentation, testing, and other
important aspects of control.

Each SOP must meet three tests in order to demonstrate
control. First, the SOP must be appropriate; that is, a review
by management must establish responsibility for the proce-
dures specified, presumably with the evidence of a signature
(or in the emerging future, an electronic equivalent). Second,
the SOP must be timely; that is, the review must be dated,
generally within the past 12 months, confirming that the pro-
cedure is still appropriate to the situation. Most organiza-
tions provide for an annual rereview of all SOPs, including
those related to system control. Finally, the SOP must be
available. All pages must be clearly in the hands of all appro-
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priate personnel, and only the appropriate pages should be in
distribution. This requirement presumes some sort of clear
recall and control mechanism, some paging control, and some
method of SOP storage or posting.

Evidence of Data Integrity

Once data have been appropriately and accurately entered in
the system, processed, and stored, they are presumably avail-
able for later comparison, analysis, or combination. That pre-
sumption is based on the confidence that the system does not
in any way corrupt or modify the data, however. Validation
requires evidence of continued data integrity.

Four areas of potential threat to data integrity need to
be addressed, presumably through a combination of tests,
policies (SOPs), and design features. First (and of greatest
regulatory interest though probably not very high in reality
of threat) is the question of data security. News stories of
“hacker” and “virus” attacks of systems have created a high
awareness of the potential dangers of malicious or unprinci-
pled attempts to enter a database. Effective protection from
security threats has become an important focus of data integ-
rity proof. These protections most often take the form of
system locks (physical locks, passwords, software keys, etc.),
system isolation (controlled modem access, physical site pro-
tection, etc.), and violation trails (logs, audit trails, etc.). In
balanced and reasonable proportion these security protec-
tions can prevent or detect any threat to data integrity.

Interestingly, too much security can have the undesired
effect of reducing protection. If controls are too rigid, making
normal productivity difficult, workers have a tendency to de-
velop techniques for circumventing security measures. Com-
plex electronic key doors are wedged open. Passwords are re-
corded on desk calendars. Systems are not turned off when
unattended to avoid complex log-in procedures. In developing
security controls a balance with appropriate access must be
considered.
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Second, disaster situations represent real and potential
threats to data integrity. Evidence of appropriate preventive
action and recovery strategies must be presented, generally
in the form of a disaster recovery plan with an annual prac-
tice drill. The disaster recovery plan is usually organized
around likely problems (flood from broken pipes, fire, electri-
cal failure, etc.) and includes appropriate notifications, sub-
stitute activities, and recovery actions. The disaster recovery
plan generally interacts with system backup, recovery, and
archive SOPs.

Third, problems of data loss in transmission must be ad-
dressed, with evidence of prevention and control strategies.
These strategies generally relate to the transmission chan-
nels, if any, in effect. The use of bisynchronous channels, bit-
checking procedures, and checks digits commonly provide
evidence of transmission control.

Finally, data threats related to environmental condi-
tions have generated a great deal of publicity (though in real-
ity are probably very minor). Laboratories located on radon
spurs or in or adjacent to nuclear facilities need to be con-
cerned about magnetic and other radiation that may corrupt
stored data. An inspection and data reconstruction test gen-
erally provides sufficient control proof.

Evidence of System Reliability

All of the areas of proof described above provide evidence con-
cerning the current operations of the computer systems in
place, but can those same controls be expected to continue to
function over time? Certainly a trend of control provides
some presumption, and annual SOP review procedures pro-
vide a degree of assurance, but the most significant evidence
of system reliability lies internal to the software and is docu-
mented only through a review of that source code itself.

Future confidence is based upon the organization of the
code, the accuracy of the formulae and algorithms incorpo-
rated, and the “elegance” or simplicity of the code. These ele-
ments are the focus of the code review.
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Poorly organized “spaghetti” code, filled with convoluted
pathways that jump back and forth within the code stream,
make continued support difficult and create an environment
in which future changes are likely to cause unanticipated
problems. Alternately, well-organized code allows efficient
maintenance with appropriate tracing and variable tracking.

Consistent and proper operation of any software system
is dependent upon the decision and action formulae or algo-
rithms included in the code. With a poorly designed algo-
rithm, interim problems may not be obvious in testing, but
may cause significant difficulties over time. Similarly, im-
proper formulae may work properly with some data sets, but
may malfunction with unusual or “outlier” data points. Ex-
amination and confirmation of appropriate formulae is a crit-
ical part of any source code review.

Finally, many complex software programs are modified
or evolved from other programs. The result may be convo-
luted dead end pathways, nonfunctioning “dead code,” and in-
efficient module looping structures. Examination of code to
determine the elegance or simplicity that avoids these non-
parsimonious problems provides an important element in the
evidence supporting continued reliability.

The proof in support of reliability is a combination of the
logos of the actual code (or reviewed subsection samples) and
the credible report examining the elements described above.
Here particularly the expertise of the examiner, establishing
the thoroughness and soundness of judgment concerning effi-
ciency and reliability of the code, is of particular importance.

THE INFLUENCE OF RISK AND
APPLICATION CONSIDERATIONS

The six proof areas described above identify the topics for
which evidence must be gathered, but what evidentiary
weight is required? How much testing is sufficient? How de-
tailed must a review be? How large a sample of code should
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be analyzed? When is “enough” enough? The responses to
these questions evolve from art rather than science; no abso-
lute definitions are available and no inflexible yardsticks ex-
ist, but two parameters provide important guidelines that
can be used to generate defensible responses for the vast va-
riety of situations to which the concept of validation ap-
plies—“risk” and “application.”

Risk refers to the danger resulting from a system-related
error. In a blood-processing center, for example, the computer
may calculate the appropriate disposition label for a bag of
donated blood. If algorithms are incorrect or data are scram-
bled, a dangerous bag of hepatitis or AIDS-positive blood may
be incorrectly identified as safe for human use. In such high
hazard situations, testing of the computer system must be
comprehensive, thorough, and redundant.

At the opposite end of the spectrum, consider a computer
system used to track inert material in a warehouse. Errors
in the system may inconvenience the production schedule,
but have little or no chance of causing real harm. Even a com-
plete misidentification will be quickly corrected in a QA test
of final product. For such a system some validation is still
necessary, but a higher tolerance could be used (smaller sam-
ples, less frequent rechecks, and broader testing parameters).

The fluid nature of this broad range of risks and the non-
specific relationship to the depth or extent of gathering proof
argues further for the expert nature of the process. Only the
combination of experience and training that qualifies a true
expert will allow consistently appropriate decisions with such
inconsistent and murky criteria. The alternative, defining all
systems in terms of the most rigid requirements, is an expen-
sive and unnecessarily burdensome alternative.

A further honing of proof quantification comes from the
concept of “application.” Software can be broadly defined as
“standard” (widely used, as with an operating system), “cus-
tomized” [the multiple site development of a shell defined and
written from a standard program, such as the development
of a statistical analysis system (SAS) in a C-based language],
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and “unique” (software written specifically for a single user
or site; perhaps, using the same example, the specific proto-
cols written in SAS for use in a specific study).

In principle, the experience of other users with a broadly
based system can mitigate the responsibility of any single
user. In practice, the need to invest effort in more than a cur-
sory testing of software is eliminated in the standardized
packages (except in high risk situations!). For customized
software, adjustments in the sample size, depth of analysis,
and other factors may be appropriate. As in all safety situa-
tions, default should be to the high level; that is, if unsure of
the reliability or standardized nature, increase the validation
effort. High-risk situations will always argue for increased
vigilance, regardless of the number of sites sharing an appli-
cation.

ERROR LOGS AND PROBLEM REPORTING

The ongoing use and enhancement of a particular application
system on a given hardware platform and the installation of
additional systems will entail problems and/or failures. In
the regulated environment, it is not sufficient to observe that
“stuff happens” and continuing processing. There is a special
requirement for reporting, classifying, responding to, and re-
solving problems. This can be the operational companion to
rigorous designs and coding standards. Even rigorous system
development practices, which carefully document and control
design changes, can be defeated by inadequate trouble-re-
porting procedures. End users who have access to coding or
report-generation tools can take it upon themselves to modify
and/or enhance what they perceive as an inadequate system.

The discipline of the regulated laboratory requires the
equivalent of a notebook or log, physical or electronic, that
will record problems. The recording by itself, however, is not
sufficient evidence of control. The tracking and resolution of
these problems both demonstrate that active measures are
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being taken to control the system. These entries, linked to
activities required to enhance or update the system, provide
evidence that the required activities are actually being per-
formed. In addition, they provide an outside auditor with an-
other frame of reference for seeking and reviewing evidence
of control.

THE VALIDATION REPORT

The six areas of proof previously discussed also provide a
comprehensive package of evidence in support of the GALP.
Each area is supported with specific documentary evidence,
such as test results, SOPs, manuals, and code, and with testi-
monial evidence in the form of evaluations, interpretations,
and summary reports.

Since the report is in itself a “snapshot” of compliance at
a given period of time, it should be updated periodically.
A complete revalidation is not necessary, but many sites
find that an annual review of the validation report is helpful.
Occasional specific events, such as upgrades of programs or
replacement of hardware, may trigger partial or complete re-
testing. Finally, complex systems tend to evolve, so a review
to confirm that version control procedures are appropriately
followed is recommended on a regular (at least annual) basis.

The report should also establish the credentials of the
validating team.

CREDENTIALS

Since the most significant portion of validation evidence rests
upon ethos proof, the credentials of the validators are of ut-
most importance. The credibility of their collective testimony
relies upon both their expertise and the objectivity of their
conclusions. That expertise is a matter of education and
training, experience, and access to appropriate tools and
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techniques. The objectivity that underlies their credibility,
however, is a matter largely of organizational structure.

In any organization a series of reporting relationships
define interactions between persons and groups. Those inter-
actions include basic communications, but encompass more
complex interactions, including employment and evaluation
issues. In the classic QA model a separate and distinct unit
outside the normal departmental reporting relationships is
used to audit function and activity. The independence of this
QA team, free from personal evaluations and budgetary deci-
sions, assures an objectivity of examination. Validation fol-
lows the same line of approach. To maximize the credibility
of the validation and the value of the testimony provided, val-
idators should be independent of normal lines of authority.
Operating as outside consultants or an autonomous QA unit
without direct reporting lines to the laboratory or lab man-
agement, or through some other mechanism, independence
must be assured and proven.

Defining appropriate expertise is even more complex.
The FDA informally recognizes the expertise and hence cre-
dentials of some individuals, but does not provide any formal
certification. That recognition seems to be based upon a com-
bination of experience, academic credentials (in computer
systems, regulation, and laboratory management), and gen-
eral familiarity. (The more often an investigator successfully
reviews a laboratory audited by a specific validator the more
likely that reviewer will accept the findings of that auditor in
the future.) Clearly, then, the credentials of the validator or
validators should be established and provided as an impor-
tant part of the validation report.

Validation establishes the credibility of laboratory data
and automated procedures. Without a credible validation re-
view it is certainly possible to follow the GALP guidelines or
equivalent industry consensus; validation provides the proof
that those guidelines are incorporated in daily and ongoing
activities. The GALPs serve two important proposes: they es-
tablish the agenda for managing an automated laboratory
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and they provide a framework for regulatory review of that
laboratory’s management. Without validation the first pur-
pose can be effectively met; managers can check results,
document activities, organize controls, and develop security
precautions without any independent check upon their activi-
ties. Demonstrating compliance requires validation, however,
for it represents the proof that the agenda is followed.

Could regulators conduct their own audits, not depend-
ing upon validation by laboratories? In theory that strategy
could be successful, but two problems stand in the way. First,
resources, including time and expertise, permit only a very
cursory spot check on compliance. Those limited resources
are much better spent in reviewing comprehensive validation
reports than in conducting very limited tests of system per-
formance and compliance.

Perhaps more important, though, is a fundamental phil-
osophical limitation. Is a laboratory manager willing to be so
dependent upon a computer system that the only confirma-
tory check upon automated data is provided by a regulatory
inspection? That acceptance would seem to be a real limita-
tion on the kind of control the GALPs, and indeed the GLPs
themselves, are designed to encourage. Rather than blindly
accepting system-generated results, validation represents
prudent checking on system performance.

As a result, validation represents a prudent, cost-effec-
tive, and efficient way of assuring regulatory acceptance as
well as internal control of automated laboratories and the
system upon which they rely.

COST CONTROL

For any company or business unit operating in the pharma
arena there are three fundamental obligations.

An ethical obligation—to maintain product and process
safety and quality
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A legal obligation—to demonstrate that safety and qual-
ity to appropriate regulatory authorities

A fiduciary responsibility to stockholders, employees,
and customers to meet the first two obligations at the
lowest possible cost

Since 1986 numerous spokespersons for the FDA* have
urged the system validation of all LIMSs; more than 200 re-
ports of adverse findings (483s) have been issued to labora-
tories that have not complied. Despite 14 years of FDA efforts
to disseminate the requirement to validate, however, the in-
dustry is still confused. With the triad of obligations facing a
regulated pharma company there is appropriate pressure to
provide regular documentation in excess of optimal require-
ments, compromising the fiduciary responsibility until the
minimal bar for compliance is firmly defined.

In short, most pharma companies assure the quality and
product safety related to their laboratories, but are overzea-
lous in meeting regulatory requirements to the detriment of
cost controls. The responsible segment of the industry is do-
ing more than it needs to do and is spending too much time
and too many resources on the validation of LIMS.

STRATEGIES

There are four cost control strategies that if taken together
can significantly control the cost of validation LIMS (or other
regulated systems) without compromising either product and
process quality and safety or regulatory compliance:† the de-
velopment of a multitiered validation master plan; the regu-
latory (or expert) review of that plan; the maximization of use

*See for example, the remarks of Mr. Paul L. Figarole, Jr. at the DIA An-
nual Meeting, Philadelphia, September 1986.
†In fact, these recommendations are drawn from the Draft Guidelines for
Investigators: System Validation (USFDA, 1998) and private and public
remarks of FDA spokesperson Mr. David J. Bergeson, 1998–1999.
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of prevalidated, widely used software; and the implementa-
tion of an ongoing system maintenance and change control
system to reduce the frequency and effort required to periodi-
cally revalidate. In one analysis of 112 internal systems in
use at a major pharmaceutical manufacturing company, im-
plementation of these four strategies resulted in a savings of
$2,100,050 (U.S.)* without compromise of either product and
process quality and safety or regulatory acceptance.

I. Multitier validation plan: The FDA has produced a
long list of systems subject to validation require-
ments,† but it is possible and appropriate to limit the
amount of investment and effort necessary to compli-
antly validate each of those systems. Companies are
permitted and encouraged to develop a multitier val-
idation plan, using the risk analysis‡ procedures de-
veloped for the regulation of medical devices.§ Under
this procedure a regulated laboratory or facility
should
A. Conduct a risk analysis, determining the likeli-

hood and severity of potential consequences of
system-related problems. This analysis uses his-
torical data or data from parallel companies to
determine what negative consequences are to be
expected to occur rarely, moderately, and fre-
quently; and the severity of those consequences
(high, medium, or low) in terms of product or pro-
cess safety and quality.

*From an in-house IT bid of $2,584,000 to validate all systems completely
to an actual cost of $483,950 to validate only the necessary systems accord-
ing to minimum acceptable criteria.
†Basically, every system in the facilities with the exception of financial and
human resource systems sometimes calls hazard analysis.
‡Sometimes called hazard analysis.
§From a regulatory viewpoint a computer system used in research or pro-
duction of a pharmaceutical or biological product is regulated as a medical
device under the Safe Medical Device Act.
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B. Conduct a benefits analysis, including quality of
life and diagnostic/treatment/cure advantages of
the use of the system. Again, both likelihood and
significance factors are included in the analysis.

C. Utilize the following guideline to determine the
appropriate extent or depth of the system valida-
tion effort:
1. All high risk systems, all systems in which

risk outweighs benefits, and unique (custom)
software

2. All remaining systems in which medium risk
is associated with an equal level of benefits,
and all software consisting of a prepackaged,
widely used core customized or set for unique
use

3. All remaining systems in which benefits ex-
ceed risks; all standardized or prepackaged
software

Use of the multitier validation plan allows the effective
allocation of resources to appropriate situations in which
risks are high or in which there has not been any other test-
ing of the software (custom code). In most environments the
implementation of the multitier approach can result in signif-
icant savings, concentrating energies and resources on the
few critical systems rather than the multitude of insignifi-
cant computerized devices and processes.

II. Regulatory (or expert) review of plan: Once the
multitier validation plan has been developed it is
possible to develop a preuse level of confidence by
conferring with FDA representatives or experi-
enced industry experts*. While most FDA divisions

*Some experts, involved in the training of FDA field investigators, have
become de facto credible reviewers whose opinions and certifications are
accepted by FDA field investigators.
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will not permit pre-review conferences,* the medi-
cal device division is generally accepting of such an
approach.

In the context of such a meeting it is possible to
review individual systems that seem to default into
one more rigorous category, but because of special
circumstances may actually be appropriately clas-
sified in a lower-risk grouping. These meetings are
particularly effective in drawing the fine line be-
tween “standard with customized features” and
“custom systems.” Without an expert or regulatory
review the multitier approach always defaults to
the higher level of validation effort: with such a
conference, documented in a finding memo, a finer
distinction can be made.

The written plan or SOP on validation should in-
clude the regulatory or expert review, identifying
the approach as an appeal procedure to resolve is-
sues relating to the three-tier system.

Because of the expense and effort of a compre-
hensive validation this review may be very cost-ef-
fective. The reclassification of a single system from
group A to group B may result in saving $50,000
or more without compromising product or process
safety, quality, or regulatory acceptance.

III. Use of prevalidated and standardized packages:
Because software used in the regulated pharma-
ceutical industries is classified as medical devices
it is possible for a vendor of a system to register
that package under the Safe Medical Devices Act.†

The registration process includes submission of

*The common response to a request for a meeting: “We are not your consul-
tants.”
†Effective 1997 such registration is mandatory for systems used in blood
processing; other software groups, including LIMS, are likely to be in-
cluded in the mandatory classification over the next three to five years.
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validation evidence, which is then reviewed, pre-
sumably accepted, and (under the Freedom of
Information Act) made available to users. Other
vendors, seeing a marketing advantage, are com-
missioning third party expert validation studies*

and are supplying or selling those reports to their
clients or user groups.

While a prevalidation package may not answer
all the questions a user has, it can lower the cost
of validation in two important ways. First, the use
of a widely distributed package can result in a
multitier classification into a less rigorous cate-
gory, and second, the scripts, tools, and findings in-
cluded in the validation package may provide mod-
els and assistance that can save the user a great
deal of time and effort.

To a lesser degree a noncustomized package will
provide greater confidence than a customized sys-
tem, if for no other reason than the fact that the
problems users find (and force fixes of) are more
numerous and of a greater variety. When risks are
not an issue, a more widely used system can result
in a lower classification.

While this recommendation will have a long-
term effect of discouraging innovation, it nonethe-
less will meet the goal of minimizing validation ef-
fort without compromise of quality or regulatory
acceptance. All things being equal, select software
that is prevalidated or in wide use.

IV. Effective maintenance and change control: The vali-
dation of a system applies to the code and applica-
tions in use at a given time. Almost immediately
after the release of a system into normal operations

*A validation performed by a vendor is suspect because of a lack of a Qual-
ity Assurance norm in the industry: a validation signed by a credible out-
side expert has much more weight.
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(following installation and validation) the system is
changed; new reports are developed, enhancements
are created, screens are modified, minor errors are
corrected, new packages are installed, and delayed
features are finally ready. To revalidate after each
modification is impractical and prohibitively ex-
pensive; even a periodic (perhaps biannual) revali-
dation can consume resources better used else-
where.

The solution is an ongoing process of change con-
trol and system maintenance, following a preap-
proved plan and carefully documenting the process.
Begin by developing a change SOP that categorizes
changes according to their significance; the indus-
try generally uses (or perhaps abuses) a “X, Y, Z”
release numbering system.

X: A significant rewrite, major change, or correc-
tion of a critical problem; hence, moving from Word
6.0 (or, herein, 6.0.0) to 7.0 connotes a major re-
placement with new features or structure.

For X changes, your SOP might call for a revali-
dation in accordance with your master plan.*

Y: An improvement, with the addition of a new
feature or features; correction of insignificant prob-
lems. Your version 1.0.0 (at time of first use and
validation) might change to version 1.1.0 with the
addition of a new function or feature.

For Y software changes, your SOP might specify
testing the new feature and any modules or sec-
tions that interact with that change.

*Watch out for vendors who renumber for marketing purposes. Use a ver-
sioning of your own to encompass all the software in a given system. This,
your LIMS might include a version of Compex UniLAB4; a copy of Micro-
Soft Word 7.0; and an Excel Spreadsheet 4.0, but all be labeled your ver-
sion 1.0.0, unchanged since validation and install.
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Z: A cosmetic change, modifying appearance
only. Your version 1.1.0 might change to 1.1.1
when a report is remodified to change the order of
the columns included or when you have user in-
structions translated into Spanish for use in a facil-
ity in Puerto Rico.

The change SOP might call for testing the
change only in the event of a Z modification.

Of course, as in all regulatory issues, if a change
seems to fall in either of two categories always de-
fault conservatively; a questionable Y change be-
comes an X, and so forth. You may, as with the mas-
ter plan, include the consultation with an outside
credible expert to resolve any borderline situations.

The use of an effective and category-limiting
change and maintenance procedure can lower the
frequency of revalidation and can ease the process
when revalidation is required. In both situations,
significant cost savings can be realized with loss of
quality control or regulatory acceptance.

CONCLUSIONS

Regardless of whether the costs of unnecessary and unpro-
ductive validation efforts represent a significant portion of a
laboratory’s annual expense or a small decimal of its budget,
managers have a fiduciary responsibility to control costs. If
that responsibility is not exercised patients’ costs ultimately
rise, a portion of needy patients are financially excluded from
a beneficial treatment, and investors who might otherwise
have funded valuable research and development efforts put
their money in an Internet stock instead. Cost control isn’t
just good business; it’s good altruistic policy as well.

In an unregulated environment costs are driven by qual-
ity concerns, but in a regulated environment, those costs may
exceed quality needs because of regulatory requirements that
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seemingly demand more control (or more evidence) than is
necessary. In a very complex regulatory environment such as
the FDA, in which policies must be broad and general to deal
with the variety of applicational environments and circum-
stances, the danger of not understanding the limits of regula-
tory concern and the chance of exceeding the necessary level
of control is great. Uncertain of the fine line of acceptability,
the responsible tendency is to overcompensate and do more
than is necessary.

In the area of system validation, and of LIMS validation
in particular, that has been the trend. Fueled by less than
ethical consultants, paranoia concerning the FDA, confusion
about the nature of systems, and exaggerated speeches by
some FDA representatives, most companies have spent much
to learn little and secure less.

The four strategies outlined here—adoption of a differ-
entiating multitier validation master plan, the review and
reconciliation of that plan, the preferential treatment of pre-
validated and widely used systems, and the inclusion of a rig-
orous but again differentiating change control process—can
minimize the expenditures not necessary to assure quality
and to document that quality to regulatory authorities. These
four strategies much more narrowly define the minimum
height of the bar that legally and ethically must be jumped.
The approach allows a company to carefully consider how far
above to leap and to carefully control the unnecessary costs
of soaring when stepping will do.

APPENDIX: CHECKLIST FOR VALIDATION

Development Process

An acceptable development process includes the elements of

1.0 Documentation of process
1.1 Documentation available
1.2 Documentation clear
1.3 Documentation timely
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1.3.1 Documentation recorded prior to soft-
ware development

2.0 Process appropriate
2.1 Process includes all critical steps

2.1.1 Requirements documentation
2.1.2 Design documentation
2.1.3 Coding documentation
2.1.4 Testing documentation
2.1.5 Maintenance documentation

2.2 Process is iterative
3.0 Process is followed

ALL ELEMENTS PRESENT: Accept
ANY ELEMENTS MISSING OR SUBSTANDARD:

Reject
DEFAULT: Reject

Requirements

An acceptable requirements step includes the elements of

1.0 Documentation of design
1.1 Documentation available
1.2 Documentation clear
1.3 Documentation timely

1.3.1 Documentation recorded prior to soft-
ware design
1.3.1.1 Changes subsequent to design

should be controlled
1.3.1.1.1 Change communi-

cated as appropriate
1.3.1.1.2 Change approved by

management repre-
sentative

1.3.1.1.3 Change archive for
future reference

1.3.1.2 Record is maintained for fu-
ture reference
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2.0 Requirements have been reviewed by appropriate
management representative

ALL ELEMENTS PRESENT: Accept
NO CHANGE RECORDED OR MADE, OTHER ELE-

MENTS ALL PRESENT: Accept
ANY ELEMENTS MISSING (except unmade change re-

cord) OR SUBSTANDARD: Reject
DEFAULT: Reject

Design

An acceptable design step includes the elements of
1.0 Documentation of design

1.1 Documentation available
1.2 Documentation clear
1.3 Documentation timely

1.3.1 Documentation recorded prior to soft-
ware coding
1.3.1.1 Changes subsequent to coding

should be controlled
1.3.1.1.1 Change communi-

cated as appropriate
1.3.1.1.2 Change approved by

management repre-
sentative

1.3.1.1.3 Change archive for
future reference

1.3.1.2 Record is maintained for fu-
ture reference

2.0 Design has been reviewed by appropriate manage-
ment representative

ALL ELEMENTS PRESENT: Accept
NO CHANGE RECORDED OR MADE, OTHER ELE-

MENTS ALL PRESENT: Accept
ANY ELEMENTS MISSING (except unmade change re-

cord) OR SUBSTANDARD: reject
DEFAULT: Reject
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Coder Instructions

Acceptable coder instructions include the elements of

1.0 Documentation of coder instructions
1.1 Documentation available
1.2 Documentation clear
1.3 Documentation timely

1.3.1 Documentation recorded prior to soft-
ware coding
1.3.1.1 Changes subsequent to coding

should be controlled
1.3.1.1.1 Change communi-

cated as appropriate
1.3.1.1.2 Change approved by

management repre-
sentative

1.3.1.1.3 Change archive for
future reference

1.3.1.2 Record is maintained for fu-
ture reference

2.0 Code instructions have been reviewed by appro-
priate management representative

3.0 Prototyping instructions are included where appro-
priate

4.0 All instructions are sufficiently clear and specific to
provide guidance at a level appropriate to the train-
ing and experience of the trainers involved

ALL ELEMENTS PRESENT: Accept
NO CHANGE RECORDED OR MADE, OTHER ELE-

MENTS ALL PRESENT: Accept
ANY ELEMENTS MISSING (except unmade change re-

cord or prototyping instructions where appropriate)
OR

SUBSTANDARD: Reject
DEFAULT: Reject
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Change Control

Acceptable change control procedures should include

1.0 Documentation of change control procedure
1.1 Documentation available
1.2 Documentation clear
1.3 Documentation timely

1.3.1 Documentation recorded
1.3.1.1 Documentation complete

1.3.1.1.1 Change communi-
cated as appropriate

1.3.1.1.2 Change approved by
management repre-
sentative

1.3.1.1.3 Change archived
for future reference

1.3.1.2 Record is maintained for fu-
ture reference

2.0 Change control procedures have been reviewed and
approved by appropriate management representative

3.0 A record of change requests and actions is available
and archived

ALL ELEMENTS PRESENT: Accept
NO CHANGE RECORDED OR MADE, OTHER ELE-

MENTS ALL PRESENT: Accept
ANY ELEMENTS MISSING (except unmade change re-

cord) OR SUBSTANDARD: Reject
DEFAULT: Reject

Testing Procedure

Acceptable testing procedures should include

1.0 Documentation of procedure
1.1 Documentation available
1.2 Documentation clear
1.3 Documentation timely

1.3.1 Documentation recorded
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1.3.1.1 Documentation complete
1.3.1.1.1 Approach specified
1.3.1.1.2 Sample identified
1.3.1.1.3 Methodology

outlined
1.3.1.1.4 Acceptance criteria

stated
1.3.1.2 Record is maintained for fu-

ture reference
2.0 Testing procedures have been reviewed and ap-

proved by appropriate management representative

ALL ELEMENTS PRESENT: Accept
ANY ELEMENTS MISSING (except unmade change re-

cord) OR
SUBSTANDARD: Reject
DEFAULT: Reject

Test Scripts

Test scripts should include
1.0 Records

1.1 Key stroke or action taken
1.2 Expected result
1.3 Obtained result
1.3 Decision

2.0 Identification
2.1 Test date
2.2 Tester

TEST SCRIPTS AVAILABLE COMPLETE, APPRO-
PRIATE: Accept

TEST SCRIPTS UNAVAILABLE, or NOT COMPLETE,
or NOT CONFORMING TO TEST PROCEDURE; or
not IDENTIFIED: Reject

DEFAULT: Reject
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Support and Maintenance

Effective support and maintenance should include
1.0 Documentation: Procedure

1.1 Available
1.2 Appropriate
1.3 Clear
1.4 Approved by management

2.0 Inclusions
2.1 Release/retest plan
2.2 Notification procedure
2.3 Assistance plan

MAINTENANCE AND SUPPORT PROCEDURE IS
DOCUMENTED AND INCLUDES ALL KEY ELE-
MENTS: Accept

ELEMENTS MISSING OR SUBSTANDARD: Reject
DEFAULT: Reject

Code Review

Effective code review should include
1.0 Code available

1.1 Source code
1.2 Representative sample
1.3 Critical elements (audit trail) included

2.0 Inclusions
2.1 Code conforms to coder instructions
2.2 Code is clearly organized in logical pattern
2.3 Code is appropriately documented

2.3.1 Change control
2.3.2 Algorithm

CODE REVIEW IS CONDUCTED AND CONFIRMS
ALL KEY ELEMENTS: Accept

ELEMENTS MISSING OR SUBSTANDARD: Reject
CODE NOT AVAILABLE FOR REVIEW*: Reject
DEFAULT: Reject
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7

The FDA’s GLP Inspection Program

GEORGE W. JAMES

U.S. Food and Drug Administration, Rockville,
Maryland, U.S.A.

PURPOSE AND OBJECTIVES OF GLP REGULATIONS

The Federal Food, Drug and Cosmetic Act is enforced by the
Food and Drug Administration (FDA) to assure that all regu-
lated products, including food and color additives, animal
food additives, human and veterinary drugs, medical devices
for human use, biological products and electronic products,
are safe and effective for their intended use or uses. The FDA
accomplishes this responsibility regarding safety by suggest-
ing the type and extent of testing that is required, by review-
ing new product applications to determine whether or not the
contemporary scientific standards of safety have been met;
and in certain circumstances, by carrying out independent
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scientific studies to confirm the results submitted by product
sponsors. Further to this end, FDA requires that all nonclini-
cal toxicity studies be conducted under conditions that assure
that the resultant final report is suitable for informed regula-
tory decision making. The agency believes that this require-
ment can be met if the toxicology laboratory is operating in
accord with universally accepted principles of good laboratory
practices (GLPs).

Each of the five centers of the FDA—the Center for Drug
Evaluation and Research, the Center for Biologics Evaluation
and Research, the Center for Food Safety and Applied Nutri-
tion, the Center for Devices and Radiological Health, and the
Center for Veterinary Medicine—has a special unit that over-
sees compliance with the GLP regulations (Title 21, Code of
Federal Regulations, Part 58). The GLP activities of these
centers are coordinated in the office of the associate commis-
sioner for regulatory affairs as part of the FDA’s bioresearch
monitoring program. Both nonclinical and clinical research is
included in this program.

The FDA has developed a toxicology laboratory monitor-
ing program to conduct vigorous inspections intended to fos-
ter and verify adherence to the principles of the GLPs. The
objectives of this program are: to inspect nonclinical labora-
tories engaging in studies that are intended to support appli-
cations for research or marketing permits for regulated prod-
ucts to determine the degree of their compliance with the
GLP regulations; to audit ongoing and completed nonclinical
toxicity studies to verify their integrity and validity; and to
initiate appropriate corrective actions when GLP violations
are encountered. The details of the program are contained in
the FDA compliance program 7348.808.

TYPES OF GLP INSPECTIONS

There are two types of GLP inspections. The first is the rou-
tine inspection, a periodic evaluation of a laboratory’s compli-
ance with the GLP regulations. To facilitate scheduling of
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routine inspections, the agency maintains a list of nonclinical
testing laboratories actively engaged in the toxicity testing of
regulated products. These laboratories are inspected for GLP
compliance at least once every 2 years. The FDA reviews the
list for scheduling inspection assignments, and the list is up-
dated when FDA becomes aware of new facilities.

In preparing for a routine inspection, it is necessary to
select toxicology studies for audit that are as representative
as possible of the laboratory’s current operations. This is
done either by the assigning center’s GLP unit prior to the
inspection or by the field investigator at the laboratory site.
When made by the field investigator, the selection is drawn
from the firm’s GLP master schedule sheet.

The GLP master schedule must list all of the studies
conducted at the laboratory that are subject to the GLP regu-
lations. This master schedule, indexed by the test article,
must describe the test system, the nature of the study, the
date the study was initiated, the current status of each study,
the identity of the sponsor, and the name of the study direc-
tor. Using the GLP master schedule sheet, the field investiga-
tor may exercise the option to select a study or studies that
another of the FDA centers are required to evaluate for scien-
tific content, rather than the studies designated by the center
assigning the inspection. For example, if a testing facility to
be inspected does not have an ongoing drug study, then a food
additive, a veterinary drug, a medical device, or a radiation-
emitting product safety study could be selected for audit. In
such instances, the GLP staff for the assigning center for-
wards the information concerning the audited study to the
appropriate center’s GLP component for review and follow-up
action.

The second type of GLP inspection is the directed, or for-
cause, inspection. The directed investigation is more compli-
cated by its nature than the routine and is less frequently
performed in the GLP program. These constitute only about
20% of the GLP investigations completed since the regula-
tions were invoked.
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Directed inspections are assigned for one or more of the
following reasons:

1. To determine if appropriate actions have been taken
by a firm to correct serious GLP deficiencies noted in
a routine inspection. This is normally done 6 months
after the FDA receives the firm’s assertions that cor-
rections have been made.

2. To resolve concerns raised in the preclearance review
of final study reports submitted to research or mar-
keting permits, such as an Investigational New Drug
(IND) application or a New Drug Application (NDA).

3. To validate critical studies, such as long-term and
reproduction toxicity studies, submitted to INDs or
NDAs. These studies are selected at each center
from master schedules collected in the course of pre-
vious GLP inspections or from reviews prepared by
the pharmacologist responsible for evaluating appli-
cations for research and marketing permits.

4. To verify validations preformed by a third party for
the sponsor.

5. To investigate seemingly questionable circum-
stances brought to the FDA’s attention by other
sources, such as the news media, other operating
firms or laboratories, or disgruntled employees.

OPERATIONAL ASPECTS

Logistically the inspection is a field operation. One of 22 FDA
district offices located throughout the 50 states and Puerto
Rico will assign the field investigators to perform the inspec-
tions. Usually investigators perform routine investigations
alone.

Headquarters’ personnel, such as representatives of the
Office of Regional Operations (ORO) and the Office of En-
forcement, pharmacologists of the GLP staff of the assigning
center, and on occasion, scientists from the reviewing divi-
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sions may be asked by the assigning Center to participate in
the GLP investigations.

The ORO acts as a contact for the arrangements involv-
ing headquarters’ participation in the inspection. The field
investigator, designated as the team leader, has the responsi-
bility for the conduct of the inspection and the preparation of
the inspection report, known officially as the establishment
inspection report (EIR). The lead investigator begins prepa-
ration by contacting any headquarters’ personnel identified
to participate in the assignment in order to make the neces-
sary arrangements for coordinating the inspection.

Another important preliminary to the inspection is the
preinspection conference that is usually arranged to include
all members of the inspection team as well as any other field
and headquarters’ specialists judged appropriate by the FDA
center assigning the inspection.

NOTIFICATION OF INSPECTION

Prior to 1991, after the inspection team had been formed the
next step was for the district office to notify the laboratory of
the pending inspection by telephone, about 1 to 2 weeks prior
to the inspection. Since 1991, however, laboratories to be in-
spected are not given advance notice.

AUTHORITY TO INSPECT

The FDA can only enforce inspection of laboratories that
perform tests on food, drugs, new animal drugs, or medical
device products. Should a laboratory assumed to be doing
nonclinical toxicity studies refuse to permit inspection, the
laboratory will be advised by the FDA investigator that it is
the policy of the agency not to accept studies submitted in
support of any research or marketing permit if the agency
does not have inspectional information regarding the GLP
compliance status of the firm. Even partial refusals, such as
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refusal to permit access to copying the master schedule sheet
and its code sheets, standard operating procedures (SOPs),
and other documents pertaining to the inspection, are treated
in the same way as a total refusal to permit inspection.

ELEMENTS OF A SURVEILLANCE INSPECTION

The first part of the surveillance inspection covers organiza-
tion and personnel, which are addressed in Parts 58.29 through
58.35. Investigators must determine whether or not the facil-
ity has an adequate number of qualified personnel to perform
the types and numbers of nonclinical laboratory studies that
it has been (or is), performing. Food and Drug Administration
investigators describe in the EIRs the organizational struc-
ture and competency of the laboratory. To do this, FDA
obtains an organizational chart and the summaries of the
training and experience of the managers, study directors, and
other appropriate supervisory personnel. If personnel are in-
volved in studies in a location other than that of the in-
spected facility, the sites and the personnel so involved must
be identified. In fact, if there is a need for an inspection of
the outside contract facility, this must be specifically noted
in the EIR. As part of the organization and personnel evalua-
tion, programs used to increase training and qualifications of
personnel through in-house and outside programs must be
included in the EIR. As part of this evaluation, FDA must
identify, through reviewing the facility personnel SOPs, how
the facility recognizes and deals with health problems of the
employees, especially those problems that may affect the
quality and integrity of studies being performed by that indi-
vidual.

The quality assurance unit (QAU), the duties of which
are described in Part 58.35, presents a special challenge to
the FDA investigators. By evaluating QAU activities, the
agency is able to assess the mechanisms by which the facility
management assures itself that the nonclinical laboratory

Copyright © 2003 Marcel Dekker, Inc.



studies are conducted in a manner that will assure the qual-
ity and integrity of the data generated in the laboratory. This
is most commonly accomplished by obtaining a list of the
QAU personnel and the written procedures for QAU study
audits and in-process inspections. The master schedule is
also an important tool in the assessment of QAU activities.
With it, the investigator can determine whether or not the
QAU adequately maintains master schedule sheets and pro-
tocols with any subsequent changes or amendments. Food
and Drug Administration investigators should always obtain
copies of master schedule sheets dating from the last GLP
inspection or covering at least the last 2 years. Sometimes
the master schedules are voluminous and the investigators
may take only representative pages for headquarters’ review.
Also of interest are the methods by which the QAU schedules
and conducts audits. Investigators determine how the QAU
retains records and to whom the QAU reports its findings.
The records of QAU findings and the records of corrective ac-
tions recommended by the QAU and acted upon by manage-
ment are normally exempt from routine FDA inspection. One
exception to the FDA policy of not requiring access to QAU
findings and corrective actions recommended and taken is
when the agency seeks to obtain these reports during litiga-
tion under procedural rules as applicable for otherwise confi-
dential documents.

Parts 58.41 through 58.51 cover the physical facilities of
the laboratory. The inspector must determine whether or not
the facilities are of adequate size and design for completed or
in-process studies. The physical parameters and systems of
the facilities as they are used to accommodate the various
operations employed in the GLP studies are examined. Inves-
tigators also deal explicitly with the environmental control
and monitoring procedures for critical areas, especially the
rooms used for animal housing, the test article storage areas,
and the laboratory areas in which biohazardous material is
handled. The procedures and methods for cleaning equip-
ment and areas critical to study conduct as well as the cur-
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rent status of cleanliness are also closely examined. It must
be determined that separate areas are maintained in rooms
in which two or more functions requiring separation are per-
formed, as well as how that separation is controlled and
maintained. The facility inspection must examine the ade-
quacy of pest control procedures, especially in storage and an-
imal housing areas. This is important because residues and
improper use of insecticides and pesticides have been known
to impact the result of GLP studies.

As would be expected, equipment is also of considerable
interest to the FDA investigators. This is covered by Parts
58.61 and 58.63 of the GLP regulations. It must be deter-
mined whether or not the facility has sufficient equipment to
perform the operations that are specified in the protocols and
that such equipment is maintained and operated in a manner
that ensures valid results. This is done by examining the gen-
eral condition, cleanliness, and ease of maintenance of the
equipment in the various parts of the laboratory. Also, it
must be determined that the equipment is located where it is
to be used, and if necessary, located in a controlled environ-
ment. For representative pieces of equipment, the investiga-
tors check for SOPs, maintenance schedules and logs, and
standardization/calibration procedures. It also must be deter-
mined if standards for calibration and/or standardization are
available. Investigators must be aware of any equipment de-
ficiencies that might result in contamination of test articles,
uncontrolled stress to the test system, and/or erroneous test
results. Investigators also learn if the same equipment is
used to mix test and control articles, and if so, whether the
procedures are adequate to prevent cross-contamination.

Food and Drug Administration investigators must give
particularly close attention to Parts 58.81 and 58.83, which
address the testing facility’s SOPs. They must judge whether
the studies are being conducted in conformance with these
SOPs and in a manner designed to assure the quality and
integrity of the data. To accomplish this, they obtain copies
of the index and representative samples of all of the laborato-
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ry’s written SOPs. Furthermore, these SOPs must be avail-
able at the locations at which they are to be used. All SOPs
and any changes to the SOPs must be appropriately autho-
rized and dated and historical files of SOPs must be main-
tained. The procedures for familiarizing employees with
SOPs must also be reviewed.

Part 58.90 of the regulations deals with animal care. An-
imal care and housing must be adequate to preclude stress
and uncontrolled influences that could alter the response of
test systems to test articles. The personnel responsible for
receiving and examining animals are evaluated along with
the animal care procedures, including any routine treat-
ments, such as vaccination and deworming. Further, FDA ex-
amines the criteria used to determine when and for how long
animals should be kept in quarantine. Relative to this, GLPs
used to separate species and the methods used in handling
or isolating diseased animals are examined. At the same
time, the method of uniquely identifying newly received ani-
mals can be determined.

One of the most important aspects of any nonclinical lab-
oratory study is the preparation and presentation of test and
control articles to the test system or test animal. Parts 58.105
to 58.113 of the regulations address this. The FDA reviews
the procedures used to ensure that the identity and the dose
of test articles administered to the test systems is known and
is as specified in the study protocol. In the course of assessing
this, the investigators evaluate the methods used in the ac-
quisition, receipt, and storage of test articles. Also, the means
used to prevent deterioration and contamination must be
evaluated. The identification, homogeneity, potency, and sta-
bility of the test articles and the means used to determine
these parameters are also closely examined. The methods used
to ensure test article integrity and accountability and for re-
taining and retesting reserve samples of test and control arti-
cles must also be evaluated. The aspects of diet mixing that
should be observed include: the frequency and methods used
to determine uniformity and accuracy of mixing and the stabil-
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ity of test article mixture; the labeling and storage distribu-
tion; the disposal of the test article carrier mixture; and the
identification and specification of carriers and/or feeds.

Parts 58.120 and 58.130 address the protocol and con-
duct of the nonclinical laboratory study. The FDA judges
whether or not the facility’s protocol is generated, approved,
changed, or revised in conformance with the GLPs. The over-
all test system monitoring, specimen labeling, and data col-
lection procedures must be described for the EIR.

The final portion of the GLP surveillance inspection in-
cludes examination of records and reports as described under
Parts 58.185, 58.190, and 58.195. To accomplish this, FDA
assesses the facility’s ability to store and retrieve study data,
reports, specimens, and so on in a manner that maximizes
their integrity and utility. This must include an overview of
how the firm maintains materials such as the raw data and
the various specimens that are developed in the course of the
study. The investigators must become familiar with the facil-
ity’s archives regarding their location and accessibility. The
individuals responsible for the archives must be identified
and FDA must learn whether or not the archive is indexed
and if the materials and records that have been transferred
and stored elsewhere are appropriately identified. Further-
more, the procedures for adding or removing materials from
the archives must be examined and individual test systems
are selected randomly to determine that all raw data, speci-
mens, and documents have been retained as required.

The examination of records and reports usually con-
cludes the GLP surveillance inspection of a facility, although
there may be extenuating circumstances that will prolong the
investigation and require closer review of a given area.

STUDY AUDIT

The most important aspect is the audit of completed or ongo-
ing studies. This is particularly true of directed inspections,
which essentially is an audit of studies. There are basically
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two reasons for conducting a study audit during a surveil-
lance inspection. First, there is a need to determine whether
or not compliance with the GLP principles by the nonclinical
laboratory has resulted in valid studies. Second, it must be
determined if a study or studies, either critical or suspect,
have indeed been appropriately conducted.

There are 10 prime areas of a nonclinical toxicity study
that must be examined.

1. Names, position descriptions, summaries of train-
ing, experience, and location of major personnel
engaged in the study must be obtained. It is also
necessary to examine the workload of selected indi-
viduals to determine if they actually had time to
accomplish the task specified by the protocol.

2. The QAU for the study must be identified.
3. The QAU schedule, activities, in-process inspec-

tions, including the review of the final report and
retention of records, must be verified.

4. Significant changes in the facilities other than
those currently reported must be closely examined.

5. Any equipment used in the specific study must be
examined to determine if it was standardized and
calibrated prior to, during, and after use in connec-
tion with the study. It must be also determined—if
at the time of the study there was equipment mal-
function—the impact of the malfunction on the
study and the remedial action taken.

6. The SOPs contemporary for the study must be eval-
uated.

7. The firm’s records are examined to substantiate
that the protocol requirements were met, and if ap-
plicable, the occurrence and types of diseases and
clinical observations prior to and during the study
must be examined.

8. Any significant changes in test and control article
handling from those currently reported are examined.
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9. A copy of the protocol is obtained by the team and
checked to determine compliance with Part 58.120
of the regulations. It must be determined that pro-
tocol changes are properly authorized.

10. A copy of the final study report and copies of in-
terim reports with any amendments must be ob-
tained to determine
a. Whether or not the final report corresponds

with the protocol and describes any subse-
quent changes in the protocol.

b. Whether or not the final report accurately re-
flects the raw data and observations.

c. Whether or not the final report is appropri-
ately signed and dated and conforms to the re-
quirements of Part 58.185.

SAMPLE COLLECTION

The FDA investigators have the authority to collect samples
as described under the compliance program 7348.808. Sam-
ples of a test article, the carrier, the control article or test
and control article mixtures may be selected and sent to FDA
laboratories to determine the identity, strength, potency, pu-
rity, composition, or other characteristics that will accurately
define the collected sample. In fact, even physical samples
such as wet tissues, tissue blocks, and slides may be col-
lected. When the field investigator collects a sample of any
chemical substance, he will also collect a copy of the method-
ology from the sponsor of the testing facility. The copy of the
methodology will be sent to the FDA laboratory selected to
perform the sample analysis.

PRESENTATION OF THE ESTABLISHMENT
INSPECTION REPORT

Before concluding a GLP inspection, FDA officials meet with
appropriate laboratory personnel to discuss any observed de-
viations from GLPs. If there are no departures from the GLP
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regulations, the facility representatives are so informed dur-
ing the exit interview and no documentation is given to the
firm. If significant deficiencies are found, the laboratory will
be presented with a form FDA 483, Inspectional Observa-
tions. This form lists the deviations from the GLP regulations
as observed by the FDA investigational team during the in-
spection. When the FDA 483 is issued during the exit inter-
view, the representatives of the laboratory have an opportu-
nity to discuss the statements made therein. The forms may
be altered or changed as a result of the exit interview discus-
sions. When issued at the end of the on-site phase of the in-
spection, the final version of the FDA 483 becomes immedi-
ately available under the Freedom of Information Act. As in
every inspection performed under the auspices of the act, an
EIR reflecting all the findings and discussions is prepared by
the lead investigator. The report, unlike the FDA 483, is not
available for release to freedom of information requests until
all action on the EIR file has been completed.

PREPARATION OF THE ESTABLISHMENT
INSPECTION REPORT

The lead investigator is responsible for the preparation of the
EIR. Other members of the inspection team may be called
upon to participate in its preparation, however, particularly
in supplying specialized scientific or technical information.
The field investigator and the supervisor at the district office
will tentatively classify the completed EIR under one of the
following three categories: No Action Indicated (NAI), Volun-
tary Action Indicated (VAI), or Official Action Indicated
(OAI).

THE CLASSIFICATION PROCESS

After report preparation and establishing a proposed classifi-
cation, the EIR is sent to FDA headquarters with all its at-
tachments and exhibits. The centers’ GLP pharmacologists
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evaluate the EIR and make the final classification of the in-
spections assigned by that center.

The category NAI signifies “no action indicated.” This
means that the laboratory is essentially in compliance with
the GLP regulations. Ordinarily the inspected facility re-
ceives no further correspondence from the agency concerning
the inspection, and reinspection is scheduled on a routine
basis.

Prior to December 1993, the classifications VAI-1, VAI-
2, and VAI-3 were used to characterize the GLP compliance
of an inspected facility. The category VAI means “voluntary
action indicated.” The numerals 1, 2, and 3 formerly indi-
cated degrees of failure to comply with the GLP regulations:
VAI-1 meant that the violations were minor and may have
been corrected before the inspections was concluded, and
VAI-2 indicated that minor procedural deficiencies were
found that did not threaten to compromise the validity of any
studies done under those circumstances. Those GLP inspec-
tions that were formerly classified VAI-1 and 2 are now
termed VAI.

Those GLP violations that compromised or potentially
compromised the scientific and hence the regulatory merit of
a nonclinical toxicity study were classified VAI-3. Those in-
spections that prior to December 1993 were VAI-3 are now
classified as OAI.

The OAI classification has the most serious impact. In
such a case, the center of the agency responsible for the ap-
praisal of the test article in question is contacted. A recom-
mendation is made by the GLP staff to the NDA pharmacolo-
gists that the study or studies classified OAI should not be
used in support of a research or marketing permit, such as
an IND or NDA.

In some circumstances, a more severe regulatory and/or
administrative sanction is considered necessary by the agency
to achieve correction of the violative conditions. For instance,
two or more OAI classifications indicating that the labora-
tory is seriously out of compliance could result in the dis-
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qualification of the laboratory (Title 21, CFR, Part 58, sub-
part K).

Classifications of OAI would be considered when any one
or more of the following exists:

1. Quality assurance is poor or nonexistent.
2. The test article and its dosage forms have not been

characterized as required by Parts 58.105 and
58.113.

3. A study or studies that must comply with the GLPs
have not been listed on the master schedule.

4. Numerous less serious GLP deviations that persist
over two or more inspection periods. This suggests
that the laboratory is out of control.

In the case of OAI classifications, a directed reinspection
will normally be assigned on a schedule determined by the
center initiating the investigations.

GLP INSPECTIONS ABROAD

It may rightfully be said that all this information is interest-
ing in terms of laboratories in the United States, but what
about GLP inspections abroad? What steps has the agency
taken in this direction? When the FDA developed the GLP
regulations and its laboratory inspection program in 1976,
the planners were preoccupied with domestic laboratories. A
survey of investigational drug submissions completed since
then found that approximately 42% of the safety studies sub-
mitted had been conducted aborad. This convinced the FDA
that safety studies conducted in foreign laboratories would
have to be addressed.

While the laws of this country require that the safety of
foods, chemicals, and drugs be demonstrated by well-con-
trolled studies, the authority of the FDA cannot be exercised
beyond the borders of the United States. Concluding that the
best means of satisfying the law would be to physically ob-
serve the operations and practices of the laboratory, the
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agency took it a step further by announcing that a refusal to
permit such an observation would result in the nonaccep-
tance by the FDA of the uninspected data. This standard ap-
plies to all laboratories—foreign and domestic, governmental
as well as commercial—that conduct studies intended for
submission to the FDA.

Since beginning inspections of foreign laboratories in
1977, the agency has visited about half of the approximately
110 foreign laboratories that have conducted studies that
have been submitted to the FDA. The FDA has inspected lab-
oratories in most European countries as well as in Japan and
Australia. Because these inspections are relatively expensive,
the FDA’s focus on international inspections is directed to
laboratories that are frequent contributors of critical studies
to research or marketing applications. Up to this time, the
FDA’s foreign GLP inspection teams have found excellent co-
operation extended by the foreign laboratories. There have
been no refusals to inspect, and the quality of the studies
audited is no better or no worse than the quality of similar
studies conducted in the United States. Mainly, the GLP
problems were inadequate SOPs, discrepancies between raw
data and the final report, undocumented protocol changes,
and improper correction of recorded data.

As already mentioned, foreign GLP inspections are ex-
tremely expensive. To avoid incurring these costs, the FDA
has made bilateral agreements with the drug regulatory
agencies in several other countries.

Phase I commits the drug regulatory agency of each
country to establish a GLP program, provide for joint inspec-
tions, and share information and consultation. Once a GLP
program has been established, an assessment is then made
of the program to establish comparability between the inspec-
tion methods used by the foreign regulatory agency and those
used by the FDA. Phase I agreements are presently active
with Sweden, Japan, and Canada.

The phase II agreement, when reached by participating
countries, affords reciprocal recognition of each country’s pro-
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gram and provides for mutual acceptance of data and ex-
change of inspectional findings. At the present time, the FDA
has phase II agreements with Switzerland, Italy, France,
Germany, and the Netherlands.

THE RESULTS OF GLP INSPECTIONS BY THE
CENTER FOR DRUG EVALUATION AND RESEARCH

Having discussed the inspection processes of FDA as far as
GLP regulations are concerned, the question may then be
asked: What are the recent and historic results of the FDA’s
toxicology laboratory monitoring program?

For fiscal year 1993, 47% of the 80 GLP inspections clas-
sified as involving human drugs resulted in NAI classifica-
tions. Of the 80 inspections, 29% (23) were classified VAI-2;
9% (7) were VAI-3 (VAI-1, 2, and 3 classifications were used
prior to December 3, 1993); and 8% (6) resulted in an OAI
classification. These percentages are based on the GLP in-
spections assigned only by the Center for Drug Evaluation
and Research and do not include a small number of VAI-1
classifications in which violative conditions were corrected by
the laboratories prior to completion of the inspections. Since
the inception of the regulations on June 20, 1979, to March
31, 1993, the center has reviewed a total of 931 inspection
reports. There were 408 inspections of sponsor labs, while the
like values for contract, university, foreign, and government
laboratories were 435, 57, 25, and 6, respectively. The major-
ity of the EIRs from these inspections (in excess of 80%) were
classified by the centers as NAI, VAI-1, or VAI-2. These re-
sults reflect favorably on the positive attitude of industry in
implementing the GLPs. During the same period, 124 reports
were classified VAI-3, and 47 were classified as OAI.

It should be noted that during this period FDA 483s
were issued in 498 of the investigations, more than half of
the total. It must be kept in mind, however, that the FDA
483 lists only the observed deviations from the GLP regula-
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tions; it does not prioritize the seriousness of the deviations.
The significance of these observations is determined during
the review and classification of the EIR at headquarters. Fur-
thermore, the fact that an FDA 483 was not issued does not
imply that the firm was in compliance. In three instances
during fiscal year 1993, when an FDA 483 was not issued,
the agency sent a letter based on the center’s evaluation of
the inspection report alone. Based on the EIR, it had been
concluded that although no FDA 483 was issued, the findings
in the report were important enough to be communicated to
the laboratory.

Of the 931 inspections classified, information letters
were sent 395 times, notices of adverse findings letters were
sent 106 times, and letters stating study rejection were sent
49 times.

LABORATORY GLP COMPLIANCE RATINGS

Some may question how the inspected laboratories rated in
terms of compliance to each of the 141 operational provisions
of the GLPs. The information accumulated from the Center
for Drug Evaluation and Research indicates that 66% of the
inspected laboratories were cited for one or more deviations
from these provisions. The most significant departures from
the GLPs were: (1) final reports did not conform to the raw
data; (2) improper correction of the raw data; (3) protocol re-
visions were implemented without amending the protocols;
(4) the absence of required SOPs and the failure to amend
SOPs when necessary; and (5) the master schedule sheets
and the protocols did not contain the information required by
the regulations.

Food and Drug Administration investigators found gen-
erally acceptable performance in the archival and record re-
tention areas as well as in the area of the physical facilities
associated with animal care and laboratory operations. The
lack of findings in these areas is encouraging, since it may be
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recalled that a major problem that precipitated FDA’s con-
cern for the quality and integrity of safety data was in the
area of raw data retention.

GLP IMPACT AND NEW DRUG EVALUATION

With all of the foregoing information on the GLP inspection
procedures and the statistical evaluation of the completed in-
spections, one must still ask “How have the GLP inspections
impacted new drug evaluation?”

First, the people responsible for FDA’s bioresearch moni-
toring program are encouraged by the results of the GLP in-
spection seen in terms of industry’s growing acceptance of the
GLPs as a means of establishing a level of reliability for sci-
entific testing.

Furthermore, we know that the deficiencies found by our
inspections in the past year are not as severe as in recent
years and the cooperation we are now receiving from labora-
tories during the investigations is at a higher level.

Finally and most important, the pharmacologists at the
agency, particularly those who are keenly aware of the condi-
tions that existed before the GLP regulations came into ef-
fect, are in agreement that the GLPs have made the review-
er’s tasks much easier, and they, the reviewers, feel more
confident of the reliability of the information that comes
across their desks.
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8

The Future

SANDY WEINBERG

Muhlenberg College, Allentown,
Pennsylvania, U.S.A.

The first two editions of Good Laboratory Practices concluded
with chapters of predictions about the future of GLPs and
laboratories in general. A review of those previous predic-
tions suggests that the crystal ball has proven remarkably
reliable. In reality, of course, a crystal ball has not been the
instrument of choice. Much more reliability can be obtained
by examining the entrails of goats.

While acknowledging tongue in cheek, consider for a mo-
ment the entrails strategy. Other oracle methods rely purely
on magic. It is difficult to postulate even an indirect scientific
explanation of the predictive power of tea leaves, clover, or
the crystal ball, but if a goatherd approaches and asks for a
prediction of his future, examining the health of one or more
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randomly selected members of the flock is a sound strategy.
If the selected animals are disease-ridden, the goatherd is
not likely to experience future prosperity. Conversely, a
healthy specific is an effective predictor of a steady source
of goat milk, cheese, meat, and other products and the eco-
nomic boom they produce. The entrails strategy is really a
technique of extrapolation—of predicting not by magical
means, but by extending the realities of today into the near
future.

Using that strategy of extrapolation, without the mess
and fuss of sacrificing any animals, there are some very rea-
sonable predictions that can be made about the future of the
GLPs.

THE GROWTH OF AUTOMATION

Perhaps the only surprising element in a prediction of in-
creasing laboratory automation is that there is room for any
additional growth; many labs seem to be fully automated. Of
course there are virtually nonautomated laboratories that
are likely to catch up to the state of the art within the next
few years, but there is an automation trend that is just begin-
ning to emerge and is likely to represent the most dramatic
growth area. Increasingly, laboratories will automate the reg-
ulatory function.

The first significant innovation of automation of labora-
tory regulation is found in 21 CFR Part 11. Arguably the
most innovative part of that regulation is the requirement
for an audit trail as an integral part of every database. Con-
sider the evolution of audit trails. Originally, an outside
(Food and Drug Administration; FDA) investigator examined
the laboratory notebooks in use to assure the accuracy of
recording and the integrity of what has become known as
the “database.” Effective laboratory managers, motivated
by quality assurance (QA) altruism and by the threat of
FDA investigation, instituted their own internal audits,
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which were eventually relegated to an independent QA de-
partment.

As databases were automated that review function be-
came increasingly problematic, and increasingly a concern of
both outside FDA and internal QA auditors. As a response to
the difficulty in tracking a data point change in an electronic
file automated audit trails were developed, encouraged, and
finally (in Part 11) required.

A subtle shift has taken place, however. Ten years ago a
laboratory might have been (appropriately) cited for poor
data protection practices. Now a citation might be issued for
lack of an audit trail, even with evidence that the data have
never been compromised. In effect the regulatory attention
has shifted back a step, from verification of data to verifica-
tion of data protection devices (audit trails). The FDA now
requires an automated regulatory tool as a QA monitor in all
but the most unautomated laboratory environments.

This shift to requirement of automated regulatory func-
tions is likely to continue, in part because of our increasing
reliance on automated processes and in part because well-
designed monitoring tools make good sense to both the mis-
sion of the FDA and the goals of the industry. It is reasonable
to suggest that the next evolution in the GLP laboratory will
include automated monitoring equipment performing and re-
cording continuous checks on data entry functions, analysis
algorithms, sorting routines, and other data control func-
tions. In time these automated regulatory checks will become
as routine—and as mandated—as temperature gauges on re-
frigeration units.

LAB IN A BOX

The one element of greatest quality and compliance vulnera-
bility is still the human being. In even the best GLP labora-
tory lab workers can purposely, inadvertently, or accidentally
subvert quality controls and operating procedures. Largely
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motivated by this vulnerability, and secondarily by the stead-
ily rising relative cost of labor, a number of laboratory func-
tions are being fully automated to avoid any human element
at all. A field water testing system has been developed, for
example, that requires human involvement only in the initial
input of the water sample; all of the remaining sample sepa-
ration, testing, interpretation, and reporting is performed by
robotic elements in the suitcase-sized automated laboratory.
A similar robotic blood testing laboratory, automating all
functions once a test tube of human blood is entered, is de-
signed to perform 12 separate tests, to apply the result to
a matrix template, and to print out an analysis and a label
classifying and describing the sample. The entire unit is
about the size of a laptop computer. Tests at several univer-
sity hospitals have proven highly promising.

NASA has designed and contracted a water testing,
purification, and retest (certification) system that is a self-
contained unit about the size of a small automobile. Human
involvement is restricted to putting “hose A” into a puddle,
polluted stream, saltwater bay, or almost any other liquid
source, and to drinking pure water from “hose B.” The fully
automated laboratory (and processing) system is intended for
an eventual Mars base. It is currently used on navy ships and
some desert warfare army units.

As the technology improves and quality controls are
built in we can expect additional available “laboratory-in-a-
box” options. Such systems, perhaps registered with the FDA
under the 510(k) Safe Medical Device Act, would shift a good
deal of the regulatory efforts from user to manufacturer. In-
creasingly the GLPs are likely to assist the design engineers
of such self-contained robotic lab units as they have the man-
agers of traditional laboratories.

CENTRALIZED LABORATORIES

Even as increasingly sophisticated self-contained GLP com-
pliance lab-in-a-box options become available, another count-
ertrend is likely to result in fewer traditional labs as better
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data segregation techniques make centralized laboratories an
attractive alternative.

In clinical research new regulatory emphasis, increased
patient management requirements, and reliable data segre-
gation technologies resulted in the emergence of freestanding
research companies that could design, conduct, and statisti-
cally analyze drug trials. Similarly, the clinical testing labo-
ratory industry emerged as tests became too sophisticated for
physicians’ offices, regulations grew too cumbersome, and ad-
vanced technologies became available. These same pressures
are likely to result in fewer, larger, more automated central-
ized GLP labs. In some larger companies these labs may be
operated as departments within the corporation, much like
the Information Technology (IT) department. In other cir-
cumstances it is reasonable to expect the emergence of free-
standing service companies offering laboratory functions on a
time-share basis, guaranteeing regulatory compliance.

Centralized laboratories offer several advantages. First,
and perhaps most obviously, centralized operations can af-
ford greater capital investment in state-of-the-art automation
systems, top-level employees, and the most sophisticated
equipment. While upgrading a Laboratory Information Man-
agement System (LIMS) on a regular basis may not be cost-
effective for a small QA laboratory, it will be a practical an-
nual expense for a company offering QA lab services to a
number of clients.

Second, centralized facilities maximize the efficiency of
the regulatory process. While the FDA may send a generally
trained investigator to review a production plant on an occa-
sional basis, it can provide regular investigations by top
trained specialists for a centralized laboratory company. More
frequent and more expert investigations work to the advan-
tage of both the industry (experts have a more sophisticated
understanding of appropriate regulatory interpretations) and
the general public (closer regulation and review of self-regu-
lation maximizes compliance and safety).

Finally, centralized laboratories are a significant step to-
ward the eventual goal of limited data sharing. Currently
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there is a potential (and real) possibility that several compa-
nies, each with experience with a different representative of
the same class of drugs, has discovered an occasional adverse
reaction. That reaction may be so infrequent, however, as to
appear a statistical anomaly of no importance. Currently the
data would be viewed in aggregate only in the COSTART
(combined reporting) system. In a centralized lab there is an
increased chance of observing a trend at its earliest stages,
particularly as laboratory users begin to accept the cost sav-
ings of using of overlapping control groups.

Taken together these factors suggest an improved qual-
ity level in centralized laboratories. The centralization trend
is likely to be a result of financial pressures; the result, how-
ever, is likely to be better control

NEW REGULATORY FOCUS: DATA QUALITY

The history of the FDA is a story of continuously “stepping
back.” Is the product free of contaminants? Then step back and
consider the process of production. Is the product well orga-
nized and safe? Examine next the hardware and software sys-
tems that control that manufacturing process. Every time one
level of concern has achieved industrywide predominance it is
possible to apply the energies used to achieve that awareness
and compliance to yet another previous step. The process is, in
effect, continuous quality improvement in action.

In the 1990s the major focus was on system validation,
on assuring the quality control (QC) of the hardware and soft-
ware that operated the manufacturing process, automated
the laboratories, and controlled the inventory. As that valida-
tion process achieved mainstream acceptance and majority
saturation it is appropriate to ask “What next?” Where can
we and the regulators most productively next turn our atten-
tion to maintain continuous quality improvement?

The clue comes from one of the old truisms of the com-
puter field: GIGO (garbage in, garbage out). Translated, com-
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puters can accurately and reliably process, interpret, store,
retrieve, and sort data, but the quality of the result is a direct
effect of the quality of the data originally entered.

System validation has always focused on the integrity of
data once they are entered into a system, but if a research
scientist misenters a data point or a robotic system misaligns
a test tube, data that meet all validation tests but are errone-
ous or misassigned can corrupt the end result. In effect, if
your finger slipped and you typed in a “3” when you meant a
“2” your computer will still add properly, but the answer you
receive will be incorrect—GIGO; the ultimate accuracy of lab-
oratory systems is based in part on the accuracy of the data
that are entered.

In 21 CFR Part 11, in effect a modification of the GLPs
(and other guidelines), the quality of the input data is men-
tioned, but little emphasis is placed on this important phase
of QC. As compliance is achieved in other areas, however, it
is reasonable to assume that regulatory attention will in-
creasingly focus upon techniques for double entry, norm
range checking, and other data quality checking strategies.
Over the next few years, as compliance with Part 11 reaches
the current levels of other GLP compliance, the focus is likely
to shift back once more to the quality of the actual data and
to the data entry process.

OSHA INVOLVEMENT

To date the Occupational Safety and Health Administration
(OSHA) has had little involvement with GLP labs other than
as a part of normal workplace safety evaluations. Increas-
ingly however, OSHA has expressed concerns about the pos-
sible exposure of workers to biological and viral contaminants
in laboratory environments. No doubt a good deal of this con-
cern is a result of concerns following the September 11 disas-
ter, and subsequent (so far unrealized) fears of related biolog-
ical warfare.
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Over the next few years this concern is likely to take two
important forms. First, while no formal guidelines have been
announced, there are reports of informal discussions within
OSHA about possible new and more stringent laboratory
safety controls. To date OSHA has relied largely on self-polic-
ing of laboratories in accordance with GLP principles and
with guidelines from industry-support laboratory groups. The
American National Standards Institute (ANSI), the Alberta
(Canada) Society of Medical Laboratory Technologists, and
the Research Defense Laboratory Association, for example,
have quasi-voluntary worker safety programs.

Many state and federal clinical laboratory (CLIA) pro-
grams have included worker safety criteria, and the Cana-
dian Office of Laboratory Security—strengthened in response
to the possibility of bioterrorism—has added a laboratory
safety division. Based upon these models it seems a reason-
able prediction that OSHA will soon launch the process of
coordinating and consolidating worker safety laboratory
standards into a new and comprehensive code.

Second, prior to, during, and subsequent to the code de-
velopment process, it is safe to predict that OSHA investiga-
tors visiting facilities that include laboratories will begin to
focus attention on worker safety in GLP facilities. Laboratory
worker conditions are likely to get priority concern.

While the goals of worker safety are certainly admirable,
emphasis on this area by OSHA is likely to cause some dis-
ruption in GLP labs. First, any set of overlapping regula-
tions—OSHA and GLP, for example—is bound to cause some
confusion and contradiction. Second, OSHA investigators, no
matter how well trained and dedicated, are generalists with
little in-depth understanding of the intricacies of laboratory
operations. Their interpretations, particularly early in the
learning curve, are likely to be problematic.

The answer, of course, is increased inclusion within the
GLPs of worker safety issues, in effect making OSHA involve-
ment unnecessary. Either before or as a result of problems
resulting from increased OSHA involvement, it is safe to pre-
dict further GLP emphasis on safety.
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KEY ROLE

One final prediction bears repeating from the previous edi-
tion of Good Laboratory Practice Regulations. As was true 4
years ago and as is true today, it is safe to predict that over
the next few years the regulation of laboratories, governed
and guided by the GLPs, will continue to play a key role in
assuring public health and safety. In part this key role is a
result of the significance of the GLP laboratory in the QA
function related to all phases of pharmaceutical operations.
In part it is a function of the increased complexity of the
GLPs environment itself.

Good Laboratory Practice labs play an important part in
the research and discovery (R&D) function, from molecular
modeling through screening of promising compounds. Mod-
ern R&D is largely a matter of focusing efforts on molecules
and compounds of the greatest potential. It is the well-orga-
nized laboratory, compliant with GLP principles, that is least
likely to reject pursuit of promising drugs and most likely to
lead to potential breakthroughs without fear of result distor-
tion through misinterpretation, contamination, or database
corruption.

Preclinical and clinical process laboratories serve a criti-
cal function in the development and organization of toxicol-
ogy data, animal testing results, and ultimately of human
test results. Again, the GLPs provide guidance and assure
both minimization of misinterpretation and control of both
the potential risks to human subjects and the suffering of test
animals.

In the manufacturing process, the QA and QC labora-
tories are fundamental in assuring sterility, purity, labeling
accuracy, and other aspects of quality. The GLPs provide the
template for control to assure the reliability of results and
the credibility of the final product.

In all these stages, the increased complexities in the use
of biologics and the use of more complicated compounds and
more sophisticated testing and manufacturing technologies
assure increased reliance upon the laboratory and upon the
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GLPs that define effective and efficient laboratory manage-
ment.

Coupled with the increased importance of GLPs result-
ing from the increased importance of the role of quality in
a complex environment is the changing nature of that very
environment. As all aspects of the process rely increasingly
on automation two phenomena emerge. First, automation
itself adds complexity as databases are manipulated, mas-
saged, graphed, and statistically analyzed. Second, and per-
haps more significantly, the automation of the laboratory
allows and encourages increasingly complex and sophisti-
cated analysis. Differences between sample results once
tested using manual t tests can be further analyzed with
multiple regressions and nonparametric statistical analyses.
More subtle differences can be detected, leading to higher lev-
els of QC, previously neglected drug discoveries, more tightly
controlled human and animal testing, and generally higher
levels of sophistication. The sophistication of these analyses
and the tight controls and analyses of increasingly minute
differences, however, increase the importance of the accuracy
and reliability of laboratory data, and the tool for assuring
that accuracy and reliability is GLP.

As we rely more on laboratory results and as we more
carefully examine minor differences in those results, the
GLPs will play an increasingly important role.

SUMMARY

In examining the history of the GLPs and the application of
the regulation to a diversity of environments, including non-
GLP environmental labs, clinical and R&D settings, and the
QC role of the GLPs, one set of factors clearly emerges. The
GLPs represent not only state-of-the-art thinking in labora-
tory management and control, but serve as a living collection
of documents that can adapt and evolve to changes in labora-
tory operations, automation, and application. In the foresee-
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able future this flexibility and adaptability are likely to con-
tinue to be the most significant features of the GLPs.

Six general predictions have been derived from expecta-
tions in the changing world of automation, laboratory func-
tion, and regulation.

That automation will continue to grow in both extent
and degree, evolving as the determining factor in lab
operations.

That this automation will lead to the development of ad-
ditional lab-in-a-box, self-contained robotic analytical
devices

That a countertrend will lead to the development of
large, multiuser centralized laboratories capable of per-
forming a variety of complex tests on a number of sep-
arate data sets in a fully compliant environment

That both of these trends—toward increased automation
and increasingly complex labs—will result in a grow-
ing regulatory emphasis on data quality, including as-
surances of the integrity of the data input process

That OSHA is likely to increase its involvement in
worker safety in laboratory environments unless a
GLP revision places this responsibility on the shoul-
ders of FDA rather than OSHA investigators

That as a result of these changes and of the increasing
reliance on laboratory quality roles and the increasing
sophistication of testing that automation permits, the
GLPs will continue to play a key role in the pharma-
ceutical industry and processes

These six predictions combine to make clear that the
GLPs will continue to be one of the most important set of
guidelines ever developed by the FDA. The GLPs have proven
to be a useful template for a variety of kinds of laboratories,
performing a variety of missions, in a wide range of environ-
ments, over a period of significant evolution of function.

A fundamental reason for such importance is the ability
of the GLPs to evolve in that changing environment. Because
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the GLPs provide principle rather than detail, because they
focus on guidance rather than requirement, and because they
reflect approach over specific solutions they remain relevant
despite incredible changes in the nature and role of the mod-
ern laboratory.

Predicting the future of the GLPs and of the changes af-
fecting laboratories and their regulation isn’t difficult; no tea
leaves or crystal balls are required. By examining the current
relatives—the entrails of selected sheep from the herd—we
can quickly define the major trends: more automation; in-
creased regulation, particularly in the area of safety; in-
creased centralization; and a continued reliance on the prin-
ciples and guidelines of the GLPs. The predictions are safe
because the trends are firmly rooted in the present and the
past, and the past, present, and foreseeable future of labora-
tory control is defined by the GLPs.
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