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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health;
the National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health; the
National Center for Toxicological Research (NCTR), Food and Drug Administration; and the National
Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 1981, the
Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP coordinates the
relevant programs, staff, and resources from these Public Health Service agencies relating to basic and
applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous
chemicals. This knowledge is used for protecting the health of the American people and for the primary
prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and
were conducted in compliance with NTP laboratory health and safety requirements and must meet or
exceed all applicable federal, state, and local health and safety regulations. Animal care and use were in
accordance with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good
Laboratory Practice Regulations, and all aspects of the chronic studies were subjected to retrospective
quality assurance audits before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including
carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice).
Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of
human exposure, level of production, and chemical structure. Selection per se is not an indicator of a
chemical’s carcinogenic potential.

These NTP Technical Reports are available for sale from the National Technical Information Service,

U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without charge while supplies last from NTP Central Data
Management, NIEHS, P.O. Box 12233, MD A0-01, Research Triangle Park, NC 27709 (919-541-1371).
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OXAZEPAM

CAS No. 604-75-1

Chemical Formula: C;;H,CIN,O,

Molecular Weight: 286.74

Synonym: 7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodiazepin-2-one

Trade Names: Tazepam, Wy-3498, Serax

Oxazepam is one of a number of benzodiazepines
used therapeutically as a sedative-hypnotic and anti-
anxiety agent. Toxicology and carcinogenesis studies
were performed by administering oxazepam (greater
than 99% pure) in feed to male and female
Swiss-Webster and B6C3F, mice for 14 weeks,
57 weeks (Swiss-Webster), or 2 years (B6C3F),).
Neurobehavioral assessments were performed during
the studies. Genetic toxicology studies were con-
ducted in Salmonella typhimurium and cultured
Chinese hamster ovary cells, and peripheral blood
samples were analyzed for frequency of micronu-
cleated normochromatic erythrocytes. Supplemental
studies were performed to compare the metabolism
and toxicokinetics of oxazepam in the two mouse
strains, to evaluate the effect on liver cell replication
rates, to perform clinical pathology assessments, and
to examine the mutation spectrum and frequency of
activated H-ras oncogenes in liver neoplasms from
the 2-year study with B6C3F, mice.

14-WEEK STUDY IN

SwWISS-WEBSTER MICE

Groups of 10 male and 10 female Swiss-Webster mice
received oxazepam in feed at concentrations of 0,
625, 1,250, 2,500, 5,000, or 10,000 ppm for 14 weeks.
One 625 ppm male and one 10,000 ppm female were

killed moribund before the end of the study, and the
condition of the female mouse was attributed to
oxazepam exposure. Mean body weight gains of
exposed groups were similar to those of the controls.
Exposed mice displayed chemical-related sedation and
lethargy during the first study week, but appeared
normal thereafter. In the neurobehavioral studies,
reductions in grip strength were evident in both male
and female mice at week 2 and persisted in males
through week 11. An antianxiety effect was detected
in exposed mice in measures of motor activity, startle
response, and reactions to thermal stimulus.

At necropsy, absolute and relative liver weights were
increased in an exposure-related manner and were
approximately two-fold greater in 10,000 ppm mice
than in controls. Centrilobular hepatocellular hyper-
trophy was present only in exposed mice, and the
severity increased with dose.

14-WEEK STUDY IN B6C3F, MICE

Groups of 10 male and 10 female B6C3F, mice
received oxazepam in feed at concentrations of 0,
625, 1,250, 2,500, 5,000, or 10,000 ppm for 14 weeks.
There were no deaths that were clearly related to
oxazepam exposure. Mean body weight gains of
exposed groups were similar to those of the controls.



Exposed mice displayed chemical-related sedation and
lethargy during only the first study week. In neuro-
behavioral studies, reductions in grip strength were
evident in males at week 2 but were no longer
observed at week 12. An antianxiety effect was noted
in exposed mice in measures of motor activity, startle
response, and reactions to a thermal stimulus
(females).

At necropsy, absolute and relative liver weights were
increased in an exposure-related manner and were
approximately two-fold greater in 10,000 ppm mice
than in controls. Centrilobular hepatocellular hyper-
trophy was present only in exposed mice, and the
severity increased with dose.

CHRONIC STUDIES

Groups of 60 male and 60 female Swiss-Webster and
B6C3F, mice received oxazepam in feed at concen-
trations of 0, 2,500, or 5,000 ppm. Additional groups
of 60 male and 60 female B6C3F, mice received
125 ppm in feed to allow for study of a group with
projected serum concentrations of oxazepam similar
to those achieved in humans taking a therapeutic
dose. Ten male and 10 female B6C3F,; mice per
group were evaluated at 15 months. Average daily
oxazepam consumption varied throughout the studies,
and the overall daily average ranged from 10 to
29 mg/kg body weight for the 125 ppm groups, 234 to
512 mg/kg for the 2,500 ppm groups, and 444 to
1,085 mg/kg for the 5,000 ppm groups. Serum
oxazepam concentrations determined at 57 weeks in
Swiss-Webster mice and at the 15-month interim
evaluation of B6C3F; mice were approximately
1 pg/mL in the 125 ppm groups, 4 to 7 ug/mL in the
2,500 ppm groups, and 7 to 10 ug/mL in the
5,000 ppm groups.

Neurobehavioral assessments during the chronic
studies of each strain of mice were confounded by the
poor survival and deteriorating condition of mice
with hepatic neoplasia. However, within the
limitations of the studies, there were no notable
changes in the types of behaviors observed compared
to those observed in the 14-week studies, nor was
there an enhancement in the degree to which they
were exhibited.
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57-Week Study in Swiss-Webster Mice
Survival, Body Weights, Feed and Compound
Consumption, and Clinical Findings

At 57 weeks, survival of exposed mice was signifi-
cantly lower than that of controls (males: O ppm,
45/60; 2,500 ppm, 19/60; 5,000 ppm, 10/60; females:
47/60, 28/59, 17/59), causing the study to be ter-
minated. Mean body weights of exposed males were
similar to controls until week 17; afterwards, mean
body weights of exposed male groups were lower than
those of controls. Final mean body weights of
exposed males were 9% lower than that of the
controls. The mean body weight of 2,500 ppm
females was greater than that of the controls
throughout the study. Females receiving 5,000 ppm
had a mean body weight greater than that of the
controls early in the study; after week 29, the mean
body weight of this group was similar to that of the
controls. Feed consumption by exposed males and
females was slightly lower than that by the controls,
and females in all groups, including controls, con-
sumed slightly more feed than males throughout the
study. Dietary levels of 2,500 and 5,000 ppm oxaze-
pam resulted in average daily compound consumption
levels of 270 and 570 mg/kg for males and 320 and
670 mg/kg for females. Hypoactivity and sedation
were observed in exposed mice during the first week
of the study. There were no other clinical findings
associated with oxazepam exposure.

Pathology Findings

Systemic amyloidosis was the principal cause of death
in mice dying before the study was terminated. The
lower survival of mice receiving oxazepam was attrib-
uted to an increase in the extent and severity of
amyloid deposits in many organs, including the heart
and kidney. Atrial thrombosis and pulmonary lesions
consistent with chronic heart failure occurred at
higher incidences and with greater severity in exposed
mice.

The incidence of hepatocellular adenomas (males:
1/60, 35/60, 50/60; females: 0/60, 22/59, 47/59) and
carcinomas (males: 0/60, 5/60, 19/60; females: 1/60,
1/59, 11/59) were increased in exposed mice. The
incidences of eosinophilic foci were also increased in
exposed mice (males: 0/60, 22/60, 22/60; females:
0/60, 20/59, 14/59), and there was evidence of
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increased centrilobular hepatocyte hypertrophy
(males: 12/60, 46/60, 47/60; females: 3/60, 51/59,
53/59).

2-Year Study in B6C3F, Mice

Survival, Body Weights, Feed and Compound
Consumption, and Clinical Findings

Survival of mice receiving 2,500 and 5,000 ppm was
significantly lower than that of controls (males:
0 ppm, 45/50; 125 ppm, 44/50; 2,500 ppm, 15/50;
5,000 ppm, 0/50; females: 39/50, 41/50, 2/50, 0/50).
Mean body weight gains of exposed male and female
mice were similar to controls until about week 15
when weight gains for mice exposed to 2,500 or
5,000 ppm slowed in relation to controls, resulting in
weight gains approximately 30% to 40% lower than
those of the controls throughout the remainder of the
study. Mean body weight gain of male mice exposed
to 125 ppm was similar to that of the controls, while
that of female mice receiving 125 ppm was 10% to
15% lower than that of the controls after about
week 45. Feed consumption by exposed males and
females was similar to that by controls. Dietary
levels of 125, 2,500, and 5,000 ppm resulted in
average daily oxazepam consumption levels of 12,
310, and 690 mg/kg body weight for males and 15,
350, and 780 mg/kg for females. In the 5,000 ppm
groups, lethargy and sedation were observed in a few
mice during the first week of study.

Pathology Findings

The early deaths of many of the B6C3F, mice ex-
posed to oxazepam were attributed to a marked
increase in the incidences of hepatoblastoma (males:
0/49, 2/50, 21/50, 13/50; females: 0/50, 1/50, 8/50,
8/50), hepatocellular adenoma (males: 17/49, 18/50,
34/50, 32/50; females: 25/50, 35/50, 35/50, 36/50), and
hepatocellular carcinoma (males: 9/49, 5/50, 45/50,
50/50; females: 9/50, 5/50, 49/50, 44/50). Moderate
hypertrophy of centrilobular hepatocytes occurred in
mice receiving 2,500 and 5,000 ppm (males: 0/49,
2/50, 26/50, 43/50; females: 0/50, 2/50, 11/50, 29/50).
An increase in the incidence of follicular cell hyper-
plasia of the thyroid gland occurred in all exposed
groups of mice (males: 4/49, 22/50, 49/50, 47/50;
females: 16/50, 34/50, 49/50, 44/50), and thyroid
gland follicular cell adenoma was increased in ex-
posed females (0/50, 4/50, 5/50, 6/50). Testicular

atrophy occurred in the 2,500 and 5,000 ppm groups
(1/50, 0/50, 25/50, 38/50), and the incidence of
epididymal lymphocyte infiltration was increased in
all exposed groups (2/50, 14/50, 33/50, 21/50).

The frequency of hepatocellular neoplasms with an
activated H-ras oncogene in the B6C3F; mice and the
mutation spectrum of the H-ras gene were deter-
mined. The mutation spectrum of the H-ras genes in
the relatively few neoplasms from exposed mice that
did have an activated H-ras did not differ from the
spectrum of mutations observed in neoplasms from
controls, but the proportion of neoplasms with an
activated H-ras gene decreased with increasing
oxazepam dose. While 11 of 19 (58%) neoplasms
from control mice had an activated H-ras gene, only
1 of 40 neoplasms from mice receiving 2,500 or
5,000 ppm oxazepam exhibited a similar molecular
lesion. Thirteen of 37 (35%) neoplasms from mice in
the 125 ppm group had an activated H-ras oncogene,
suggesting that, although the incidence of all liver
neoplasms was not statistically increased compared to
controls, there was an increase in a similar subset of
neoplasms (lacking an activated H-ras) that occurred
with increased incidence at higher doses.

SUPPLEMENTAL STUDIES

Because exposure to oxazepam caused increased
incidences of liver neoplasms, supplemental short-
term studies were performed. Oxazepam given in
feed to male B6C3F; mice at 25, 125, 2,500, or
5,000 ppm for up to 13 weeks was found to cause a
dose-related increase in nuclear labeling index in
studies measuring the incorporation of bromodeoxy-
uridine into replicating liver cells. This increase was
statistically significant at all but the 25 ppm exposure
level and was limited to mice evaluated at 15 days.
Cell replication rates in most groups evaluated at
30 days and after were similar to control rates. There
was minimal evidence suggestive of hepatocyte
necrosis either by light microscopy or in clinical
chemistry measures. There was, however, evidence of
cholestasis, likely due to physical obstruction of bile
canaliculi by swollen hepatocytes.

The metabolic fate and toxicokinetics of oxazepam
were evaluated in each strain of mice and were
compared to published data from human studies.



Both mice and humans form glucuronides of
oxazepam and form 3- and 4-hydroxy and methoxy
derivatives of the phenyl group. Oxidative metabo-
lism of the phenyl group appears to be more
prevalent in mice than is reported for humans.
Elimination half-lives of parent compound do not
differ between Swiss-Webster and B6C3F, mice and
are similar to values reported for humans.

GENETIC TOXICOLOGY

Oxazepam was not mutagenic in any of several strains
of Salmonella typhimurium, nor did it induce sister
chromatid exchanges or chromosomal aberrations
in cultured Chinese hamster ovary cells. These
in vitro tests were performed with and without S9
metabolic activation. Results from an in vivo mouse
peripheral blood micronucleus test performed on the
B6C3F, mice used in the 14-week study were also
negative.
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CONCLUSIONS

Under the conditions of these feed studies, there was
clear evidence of carcinogenic activity* of oxazepam in
male and female Swiss-Webster mice based on
increased incidences of hepatocellular adenoma and
carcinoma. There was clear evidence of carcinogenic
activity of oxazepam in male and female B6C3F, mice
based on increased incidences of hepatoblastoma and
hepatocellular adenoma and carcinoma. Increased
incidences of hyperplasia of thyroid gland follicular
cells in male and female B6C3F, mice and of follicu-
lar cell adenomas in female B6C3F, mice were also
related to oxazepam exposure.

Administration of oxazepam to Swiss-Webster mice
resulted in centrilobular hepatocellular hypertrophy
and increased incidences and severity of systemic
amyloidosis. Administration of oxazepam to B6C3F,;
mice also resulted in centrilobular hepatocellular
hypertrophy.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 10. A summary of the Technical Reports Review
Subcommittee comments and the public discussion on this report appear on page 12.
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Summary of the Chronic Carcinogenesis

and Genetic Toxicology Studies of Oxazepam

Male Female Male Female
Swiss-Webster Swiss-Webster B6C3F, B6C3F,
Mice Mice Mice Mice
Doses 0, 2,500, or 0, 2,500, or 0, 125, 2,500, or 0, 125, 2,500, or
5,000 ppm 5,000 ppm (approxi- 5,000 ppm (approxi- 5,000 ppm (approxi-
(approximately 270 or mately 320 or 670 mately 12, 310, or mately 15, 350, or
570 mg/kg in feed) mg/kg in feed) 690 mg/kg in feed) 780 mg/kg in feed)
Body weights Exposed groups lower 2,500 ppm group 2,500 and 5,000 ppm Exposed groups lower

. a
Survival rates

Nonneoplastic ef-
fects

Neoplastic effects

Level of evidence
of carcinogenic
activity

Genetic toxicology

than controls

45/60, 19/60, 10/60

Multiple organs:
increased incidence
and severity of sys-
temic amyloid deposi-
tion

Liver: centrilobular
hypertrophy (12/60,
46/60, 47/60)

Liver: hepatocellular
adenoma (1/60, 35/60,
50/60); carcinoma
(0/60, 5/60, 19/60)

Clear evidence

Salmonella typhimurium gene mutation:
Sister chromatid exchanges
Chinese hamster ovary cells in vitro:

Chromosomal aberrations

Chinese hamster ovary cells in vitro:
Micronucleated normochromatic
erythrocytes in B6C3F; mice:

higher than controls

47/60, 28/59, 17/59

Multiple organs:
increased incidence
and severity of sys-
temic amyloid deposi-
tion

Liver: centrilobular
hypertrophy (3/60,
51/59, 53/59)

Liver: hepatocellular
adenoma (0/60, 22/59,
47/59); carcinoma
(1/60, 1/59, 11/59)

Clear evidence

groups lower than
controls

45/50, 44/50, 15/50,
0/50

Liver: centrilobular
hypertrophy (0/49,
2/50, 26/50, 43/50);
Thyroid gland: follic-
ular cell hyperplasia
(4/49, 22/50, 49/50,
47/50)

Liver:
hepatoblastoma (0/49,
2/50, 21/50, 13/50),
hepatocellular adeno-
ma (17/49, 18/50,
34/50, 32/50); carci-
noma (9/49, 5/50,
45/50, 50/50)

Clear evidence

than controls

39/50, 41/50, 2/50,
0/50

Liver: centrilobular
hypertrophy (0/50,
2/50, 11/50, 29/50),
Thyroid gland: follic-
ular cell hyperplasia
(16/50, 34/50, 49/50,
44/50)

Liver:
hepatoblastoma (0/50,
1/50, 8/50, 8/50);
hepatocellular adeno-
ma (25/50, 35/50,
35/50, 36/50); carci-
noma (9/50, 5/50,
49/50, 44/50); Thy-
roid gland: follicular
cell adenoma (0/50,
4/50, 5/50, 6/50)

Clear evidence

Negative in strains TA97, TA98, TA100, TA102, and TA1535 with and without S9

Negative with and without §9
Negative with and without S9

Negative at 14 weeks

Survival of Swiss-Webster mice based on a 57-week study; survival of B6C3F; mice based on 2-year study.
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the
evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of
neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under
the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other organizations,
such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on an examination of all
available evidence, including animal studies such as those conducted by the NTP, epidemiologic studies, and estimates of exposure.
Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in laboratory animals requires a wider
analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence
observed in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain
findings (equivocal evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be
evaluated because of major flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983
and then revised in March 1986 for use in the Technical Report series to incorporate more specifically the concept of actual weight of
evidence of carcinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice), one of the following
five categories is selected to describe the findings. These categories refer to the strength of the experimental evidence and not to
potency or mechanism.

¢ Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked
increase of benign neoplasms if there is an indication from this or other studies of the ability of such neoplasms to
progress to malignancy.

* Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related
increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than
that required for clear evidence.

¢ Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal
increase of neoplasms that may be chemical related.

¢ No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related
increases in malignant or benign neoplasms.

¢ Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative
limitations, cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the
actual boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the
borderline between two adjacent levels. These considerations should include:

* adequacy of the experimental design and conduct;

¢ occurrence of common versus uncommon neoplasia;

» progression (or lack thereof) from benign to malignant neoplasia as well as from prencoplastic to neoplastic lesions;

¢ some benign tumors have the capacity to regress but others (of the same morphologic type) progress. At present, it
is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent
course is to assume that benign tumors of those types have the potential to become malignant;

* combining benign and malignant tumor incidence known or thought to represent stages of progression in the same
organ or lissue;

¢ latency in tumor induction;

¢ multiplicity in site-specific neoplasia;

* metastases;

¢ supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments
(same lesion in another sex or species);

¢ presence or absence of dose relationships;

* statistical significance of the observed tumor increase;

 concurrent control tumor incidence as well as the historical control rate and variability for a specific tumor;

¢ survival-adjusted analyses and false positive or false negative concerns;

¢ structure-activity correlations; and

¢ in some cases, genetic toxicology.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On December 1, 1992, the draft Technical Report on
the toxicology and carcinogenesis studies of oxazepam
received public review by the National Toxicology
Program Board of Scientific Counselors Technical
Reports Review Subcommittee. The review meeting
was held at the National Institute of Environmental
Health Sciences, Research Triangle Park, NC.

Dr. J.R. Bucher, NIEHS, introduced the toxicology
and carcinogenesis studies of oxazepam by discussing
the uses and rationale for study, describing the
experimental design in Swiss-Webster and B6C3F,
mice, reporting on survival and body weight effects,
and commenting on compound-related neoplasms and
nonneoplastic lesions in both mouse strains.
Dr. Bucher reported that due to the marked
enhancement of liver neoplasia in both strains, a
number of supplemental studies were performed at
NIEHS including a study to evaluate rates of
replicative DNA synthesis in the liver, metabolic fate
and toxicokinetic studies, and analysis of the
frequency of occurrence of an activated H-ras
oncogene in hepatocellular neoplasms in B6C3F,
mice. The proposed conclusions were clear evidence
of carcinogenic activity of oxazepam in male and
female Swiss-Webster mice and in male and female
B6C3F, mice.

Dr. Ward, a principal reviewer, agreed with the
proposed conclusions. He said it should be noted
that in the B6C3F,; mouse study, the two highest
exposure levels exceeded maximum tolerated dose
guidelines, but despite the severe depression in body
weight gain, liver neoplasms were associated with
early mortality and increased feed consumption.
Dr. Bucher thought this was a reasonable point for
further discussion by the Subcommittee. Dr. Ward
said it was important to establish whether the thyroid
follicular cell hyperplasia was goiter (diffuse) or focal
(not diffuse) in B6C3F, mice. Dr. Bucher responded
that at the two highest exposure levels, hyperplasia
was a diffuse goiter type. Dr. Ward asked that the
appendixes associated with the supplemental studies
be discussed in the Results section.

Dr. Taylor, the second principal reviewer, agreed with
the proposed conclusions. He complimented the
inclusion of the mechanistic studies and also urged
that the appendixes be discussed in the Results

section. Dr. Taylor thought the detailed discussion of
chlordiazepoxide genotoxicity was not necessary since
little of this agent metabolized to oxazepam, while
genotoxicity information might be wuseful on
temazepam, which is metabolically converted largely
to oxazepam. Dr. Bucher agreed to add genotoxicity
information on temazepam if available. (Genotoxicity
information was not available in the literature.)

Dr. Ryan, the third principal reviewer, agreed with
the proposed conclusions. She said the different
patterns of weight gain between male and female
Swiss-Webster mice were of some concern, and
wondered if these patterns could be explained
through the varying incidences of toxicity and
neoplasia. Dr. Bucher said there was not a clear-cut
cause and effect relationship that would explain the
differences. Dr. Ryan asked why no studies were
conducted to assess reproductive toxicity since one of
the rationales for the study was to examine the use of
the drug by pregnant women. Dr. Bucher
commented that adequate reproductive and develop-
mental toxicology studies had been conducted as a
part of the FDA drug approval process. Dr. Ryan
noted that since the 125 ppm exposure level in
B6C3F, mice was included in an attempt to produce
a blood level in the therapeutic range for humans,
interpretation of the findings for humans shouid be
addressed in the Conclusions. Dr. Bucher said he
would add a phrase that there were indications in the
study that the amount of oxazepam was sufficient at
that level to influence expression of the neoplastic
process (page 62).

Dr. Davidson asked that some of the nonneoplastic
lesions, notably heart lesions (amyloidosis) in Swiss-
Webster mice and testicular lesions in B6C3F,; mice,
be summarized in the text along with the appropriate
statistical analysis. Dr. Bucher explained that since
the amyloidosis was a systemic effect, such a focus on
the heart lesions could be misleading. With regard to
the testicular lesions, he said it was likely that this
was a treatment-related effect but could also be
secondary to debilitation of the animal. There was
no evidence from the 14-week study that the testis
was a target organ. Dr. Davis thought there needed
to be a clear presentation in the text of the
toxicokinetic studies including area under the curve
(AUC) information, noting that the extensive
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amyloidosis in one strain of mice could affect
chemical disposition depending on the organs
involved. Dr. Bucher said AUC data were included,
and noted that young Swiss-Webster mice were used
for the toxicokinetic studies so amyloidosis would not
have been present.

In comments from the public, Dr. Michael McClain,
Hoffman-LaRoche, stated that the existence of the
thyroid follicular cell hypertrophy along with hyper-
plasia of a diffuse type provided fairly clear evidence
that the thyroid gland effects were probably secondary
to hormone imbalance. Dr. Klaassen asked whether
serum thyroid-stimulating hormone (TSH) levels had
been measured.

Dr. Bucher replied that thyroid hormone status was
not determined in the studies done to date, but there
were plans to measure TSH and other thyroid
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hormones in further studies. In response to a
question by Dr. Klaassen about measurement of
P-450 isoforms, Dr. Julian Leakey, NCTR, reported
that his laboratory was going to be doing studies in
rats and mice treated with oxazepam, looking at
induction of specific isoforms of P-450. Dr. Joseph
Contrera, Center for Drug Evaluation and Research,
FDA, praised the interaction between the FDA and
the NTP in the design and conduct of oxazepam
studies.

Dr. Ward moved that the Technical Report on
oxazepam be accepted with the revisions discussed
and with the conclusions as written for male and
female Swiss-Webster mice and male and female
B6C3F, mice, clear evidence of carcinogenic activity.
Dr. Taylor seconded the motion, which was accepted
by nine yes votes with one abstention
(Dr. van Zwieten).
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INTRODUCTION
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CAS No. 604-75-1

Chemical Formula: C,;H,;CIN,O,

Molecular Weight: 286.74

Synonym: 7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodiazepin-2-one

Trade Names: Tazepam, Wy-3498, Serax

CHEMICAL AND PHYSICAL
PROPERTIES

Oxazepam is a bitter tasting, white crystalline powder,
insoluble in water, but soluble in alcohol, chloroform,
and ether (Remington’s Pharmaceutical Sciences,
1980). The material is nonhygroscopic and stable in
light. It has a melting point range of 205° to 206° C
(Merck, 1983).

USE AND HUMAN EXPOSURE

Oxazepam and related benzodiazepine drugs are used
in the treatment of anxiety. Most clinically useful
drugs for this purpose are variants of the
1,4-benzodiazepine structure (Figure 1) consisting of
two aromatic rings and a 7-membered heterocycle.
One of the aromatic rings is fused to the 7-membered
ring and contains a chlorine or other electronegative
group as a substituent. All clinically important
derivatives contain a 5-aryl or 5-cyclohexenyl group.
Most of the drugs vary in substituent groups at the
1-3 positions (Goodman and Gilman’'s, 1990).
Oxazepam, known under the trade name Serax®, is
produced and sold by Wyeth Laboratories and has
been on the market since 1965.

No definite production data are available for
oxazepam or for the benzodiazepine drugs; however,
the use of benzodiazepine by the general population
has been reported as 8% in the United Kingdom, 7%
in the United States, and 8% to 10% in Norway
(Pedersen and Lavik, 1991). In 1983, 2.6 million
prescriptions for oxazepam were written in the
United States, and oxazepam ranked 132nd and 125th
in overall frequency of prescriptions written for all
drugs in 1984 and 1985, respectively (Anonymous,
1986; Baum, 1986). Oxazepam is also a common
metabolite of several other benzodiazepines, some of
which are more widely prescribed, including diazepam
(Valium®). In 1983, 25.5 million U.S. prescriptions
were written for diazepam, making it the fourth most
prescribed drug.

REGULATORY STATUS

Benzodiazepines are prescription drugs regulated
under the Federal Food, Drug, and Cosmetic Act of
1938 and are on Schedule IV of the Drug Enforce-
ment Administration Controlled Substances Code
(Tocus et al., 1983). Although production workers
and dispensers are exposed to benzodiazepines,



16

FIGURE 1
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1,4-Benzodiazepine Structure

no workplace exposure limits have been recom-
mended for these types of chemicals (ACGIH, 1987).
Environmental contamination has not been shown.

PHARMACOLOGY

All benzodiazepines currently in use share a number
of effects including sedation, hypnosis, decreased
anxiety, muscle relaxation, amnesia, and anti-
convulsant activity. They are considered central
nervous system (CNS) depressants but are not
general depressants and, within therapeutic dose
ranges, all effects are related to specific CNS events
(Goodman and Gilman’s, 1990). Each drug differs
slightly within this spectrum of actions (e.g.,
flurazepam has a strong hypnotic effect in humans)
(Randall er al, 1969). Other drugs are marketed
specifically for use in obstetrics, for epilepsy, or for
insomnia (CRM, 1980). These differences may reflect
the different intrinsic affinities of the drugs for
benzodiazepine receptors. In addition, the various
drugs have different pharmacokinetics (Greenblatt
and Shader, 1978; Eadie, 1984), and differences in
disposition and rates of biotransformation may affect
the spectrum of effects. Oxazepam is a relatively
short-acting agent typically prescribed for relief of
anxiety and given orally, 10 to 15 mg, three or four
times per day (PDR, 1991).

The therapeutic effects of the benzodiazepines are
thought to be due to a receptor-mediated response
that increases the efficiency of submaximal
GABAergic transmission mediated by a variety of

long-fiber neurons and interneurons in the CNS
(Richards er al, 1986). A GABAergic receptor
protein complex has been isolated from brain tissue.
This complex is associated with a chloride ion
channel and has associated proteins that are separate
binding sites for barbiturates and the benzodiazepines
(Barnard et al., 1984). The benzodiazepine binding
site is on the alpha subunit (Levitan er al., 1988).
The complex is subject to a complicated pattern of
allosteric interactions which ultimately affect chloride
conductance in the neuron. The clinically useful
benzodiazepines all act to increase the permeability
of the GABA receptor complex to chloride (Richards
et al., 1986). GABAergic neurons are in highest
concentration in the substantia nigra, globus pallidus,
and hypothalamus in the human brain (Cooper er al.,
1978). However, the density of CNS-type benzo-
diazepine receptors is highest in the cortical regions
of the cerebrum and cerebellum, suggesting other
functions for the CNS-type receptors (Saano, 1988).
The anxiety-reducing effect of benzodiazepines in the
rat brain has been associated with GABAergic cir-
cuits in the mammillary body (Kataoka er al., 1982).
At least one other benzodiazepine receptor type has
been identified in the brain, specifically in glial
tissues in the pineal gland and olfactory bulb, and is
also found in heart, liver, lung, testis, and other
tissues. The role of this receptor is not clear, but it
appears to be a mitochondrial protein that may use
porphyrins as endogenous ligands (Snyder ez al., 1987,
Verma and Snyder, 1989; Calvo et al., 1991), and may
be involved in the regulation of steroid biosynthesis
(Krueger and Papadopoulos, 1992).
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ABSORPTION, DISPOSITION,
METABOLISM, AND EXCRETION

Experimental Animals

In the mouse, 27.3% of an oral gavage dose of
22 mg/kg was recovered in urine and 57.8% in feces
during 5 days following administration of
4C oxazepam (labeled at the 2 carbon). The majority
of urinary radioactivity was found to represent
oxazepam glucuronide and 4'-hydroxyoxazepam
glucuronide. Lesser amounts of 6-chloro-4-phenyl-
2-(1H)-quinazoline carboxylic acid and 4’-hydroxy-
3’-methoxyoxazepam were also identified, the latter
as a sulfate. Fecal metabolites were not identified
(Sisenwine ef al., 1987).

In the rat, following a single oral dose of 2 mg/kg
with similarly labeled material as was given to mice,
the radiolabel was found in most tissues within
30 minutes. Liver radiolabel peaked early and
cleared within 24 hours (Walkenstein et al., 1964).
During the first 48 hours, 65% of the label appeared
in the feces as unidentified metabolites. Seven
labeled metabolites were found in the urine.

Sisenwine et al. (1972) identified a number of
oxazepam metabolites collected in the urine over a
5-day dosing period in which 40 mg/kg per day was
given orally to rats. The major peak appeared to be
the 4’ -hydroxyoxazepam glucuronide. Other metabo-
lites included oxazepam substituted with a hydroxyl
and a methoxy group on the phenyl ring, a metabolite
in which the diazepine ring was condensed to a six-
membered quinazolinone, and unchanged drug.

Labeled drug was administered in 0.5% Tween 80 to
rats, and urine, bile, and feces were collected over
48 hours; 66% of the dose was recovered from the
bile primarily within 12 hours (Sisenwine and Tio,
1986). Additional metabolites identified in the urine
were 3'-hydroxyoxazepam and an unidentified com-
pound thought to be a dihydrodiol. Major biliary and
fecal metabolites included 4’-hydroxyoxazepam, the
tentative dihydrodiol, and unchanged drug.

Humans

Oxazepam is readily absorbed following oral admin-
istration, and peak blood levels in humans are
achieved in 0.75 to 8 hours when given in tablet
form, with an average of 2.7 hours (Shader and
Greenblatt, 1981). The half-life of oxazepam in the
blood of humans is 6.8 + 1.3 hours. It has a volume
of distribution of 0.6 = 0.2 L/kg and a clearance of
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1.05 £ 0.36 mL/min/kg. Approximately 98% of the
drug is bound to plasma proteins (Goodman and
Gilman’s, 1990). About 95% is converted to the
C3 glucuronide conjugate by UDPglucuronyl trans-
ferase 2 (Rajaonarison et al., 1991) and excreted in
the urine; minor amounts of six other metabolites
have been identified (Sisenwine et al., 1972). Only
the parent compound is thought to have antianxiety
activity.

TOXICITY

Experimental Animals

Oral LD, values have been reported to range from
about 1,500 mg/kg to greater than 5,000 mg/kg in
various strains of mice (Marcucci et al., 1968; Randali
et al., 1970; Scrollini et al., 1975, Petrescu et al.,
1981) and were greater than 5,000 mg/kg in Wistar
and Charles River CD rats (Owen et al., 1970;
Scrollini et al., 1975).

Owen et al. (1970) administered oxazepam in feed to
Charles River CD rats at concentrations of 0.06%,
0.125%, 0.25%, and 0.5%. After 6 weeks, 2/20 high-
dose rats had died, and weight gain was decreased in
the 0.25% males. Liver, adrenal gland, and kidney
weights were greater in dosed rats than in controls.
The only histopathologic finding was an increase in
liver parenchymal fat.

Groups of 30 male and 30 female rats were fed diets
containing 0, 0.015%, 0.03%, 0.06%, or
0.12% oxazepam for 55 weeks. Deaths were not
clearly chemical related, and other than increased
liver weights, no effects on body weight gain or hema-
tology parameters or significant chemical-related
gross or histopathologic lesions were observed (Owen
et al., 1970).

The increased liver weights observed in these and
other studies with benzodiazepines suggest
stimulation of proliferation of smooth endoplasmic
reticulum (Orlandi er al, 1975). However, the
benzodiazepines do not appear to stimulate their own
metabolism and have been found to inhibit metabo-
lism of other drugs such as morphine or aminopyrine
in Wistar rats (Vega er al, 1984) and to stimulate
metabolism of certain chemicals (i.e., benzene and
aniline) (Jablonska et al, 1975). This coincides with
their reputation of not producing significant
tolerance during long-term therapy (Goodman and
Gilman’s, 1990). Physical dependence has been
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demonstrated in rats with several of the drugs
including diazepam (Martin er al., 1982).

Humans

The benzodiazepines are a poor choice for suicide
purposes and, despite many attempts, deaths by
overdose are rare (Finkle er al., 1979). Overdoses of
oxazepam commonly result in drowsiness, blurred
vision, and ataxia. As in rats, stimulation of
proliferation of smooth endoplasmic reticulum has
been shown in liver biopsies from humans taking
diazepam (Orlandi er al., 1975). Physical dependence
is produced in humans given benzodiazepines.

CARCINOGENICITY

Experimental Animals

A number of long-term rodent studies have been
performed with the benzodiazepines. Fox and
Lahcen (1974) observed liver neoplasms in oxazepam-
treated Swiss-Webster mice during the course of
reproductive toxicity studies. Mice were housed as
breeding pairs from 3 to 12 months of age and were
fed an oxazepam-supplemented diet at doses of
0.05% and 0.15%. They were killed at 14 months of
age. The incidences of liver neoplasms increased in
males (0/13, 3/12, 8/13) and females (0/10, 0/10, 5/8)
with dose. The neoplasms were generally multiple
and gave the livers a massively nodular appearance.
Histopathologically, the neoplasms were diagnosed as
hepatocellular adenomas, which showed peliosis and
extramedullary hematopoiesis.

De la Iglesia er al. (1981) fed diazepam or prazepam
in the diet at concentrations sufficient to result in
doses up to 75 mg/kg per day to male and female CF,
mice and Wistar rats for 80 and 104 weeks, respec-
tively. The incidence of malignant liver neoplasms
was increased in male mice receiving diazepam.
Temazepam, which is metabolized to oxazepam in the
mouse, was administered in the diet to CRCD rats
for 2 years and to CRCD-1 mice for 18 months at
doses of 10 to 160 mg/kg per day. Female mice had
a slightly increased incidence of liver adenomas
(Robinson et al., 1984).

PROMOTION STUDIES

The benzodiazepines have been tested in various
promotion assays because of reports, primarily from
one laboratory, that diazepam treatment accelerated
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the growth of intrarenally implanted neoplasm cells
(Walker 256) (Horrobin ez al., 1979) and that it was
positive in an in vitro metabolic cooperation assay for
neoplasm promoters (Trosko and Horrobin, 1980).
These reports appeared following publication of an
epidemiological study that suggested an association
between increased incidences of breast cancer and
benzodiazepine use in women (Stoll, 1976). This
association was later discounted (Kleinerman et al.,
1984), but further animal experimentation has
provided mixed results.

Remandet et al (1984) fed F344 rats N-2-
fluorenylacetamide for 8 weeks and followed this for
12 weeks with diets containing one of six benzo-
diazepines. They reported no increased incidences of
liver neoplasms or enzyme-altered foci. Preat er al.
(1987) reported positive promotional activity with
oxazepam in Wistar rats in two different assays for
hepatocarcinogenesis. In one, animals were initiated
with diethylnitrosamine (DEN) and were treated with
2-acetylaminofluorene and carbon tetrachloride
during the next 2 weeks; they then received oxazepam
in the diet for 30 weeks. In the other protocol,
initiation with DEN was preceded by partial
hepatectomy, and promotion was effected by dietary
administration for 1 year. Diwan ez al. (1986) found
diazepam and oxazepam to be promoters of DEN-
initiated liver neoplasms in mice. In this study,
groups of B6C3F, mice received injections of DEN at
5 weeks of age; at 7 weeks they were fed diets
containing diazepam or oxazepam at 0.05% or 0.15%,
or given phenobarbital in water at 500 ppm. Mice
were killed periodically through 60 weeks of age.
The incidence of neoplasms was increased in mice
receiving diazepam and in those receiving 0.15%
oxazepam. A few adenomas were also observed in
uninitiated mice receiving 0.15% diazepam (3/15) or
0.05% oxazepam (2/16), and none were observed in
mice receiving only phenobarbital. Diazepam and
oxazepam were also found to induce hepatic P-450
content and increase aminopyrine N-demethylase
activity. Diwan er al. (1986) have proposed that
promotion of hepatocellular carcinogenesis is associ-
ated with induction of N-demethylase activity and
appears to be quite species and strain specific.
Diazepam did not induce cytochrome P-450 in the
liver of Sprague-Dawley rats (Vorne and Idanpaan-
Heikkila, 1975), and this was considered consistent
with the negative promotional findings of Remandet
et al. (1984) in their study with F344 rats.
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REPRODUCTIVE AND
DEVELOPMENTAL TOXICITY

Experimental Animals

Although the benzodiazepines have been used in
treating toxemia and preeclampsia as well as the
psychiatric complications of pregnancy (Shannon
et al., 1972; Kanto, 1982), there are many reports of
fetotoxic and teratogenic effects of these and other
minor tranquilizers when given to pregnant animals.
Tucker (1985) provided a critical review of studies of
developmental toxicity of benzodiazepines in the rat.
Saito er al. (1984) found increases in fetal toxicity
(resorptions, dead fetuses, and malformations) in
pregnant rats given doses of diazepam or chlordiaz-
epoxide of 100 mg/kg per os during days 7 to 14.
Miller and Becker (1975) first found diazepam pro-
duced cleft palate following oral administration of
87.5 or 125 mg/kg to Swiss-Webster mice on days 11
to 13. This has since received considerable study and
is now attributed to potentiation of the GABAergic
inhibition of the palate shelf reorientation (Wee and
Zimmerman, 1983). In general, exposures to high
doses in utero produce decreased litter sizes,
decreased pup weights, and increases in malforma-
tions. Exposures to lower doses (5 to 20 mg/kg per
day) during critical periods (after day 14 in rats)
produce no immediately obvious effects at birth but
result in various behavioral deficits during later life
and a variety of poorly understood changes in the
concentration of neurotransmitters in various brain
areas (Livezey et al., 1986a; Ryan and Pappas, 1986;
Shibuya et al., 1986). Central to these studies have
been attempts to correlate changes in benzodiazepine
receptor concentration with altered behavior. Livezey
et al. (1986b) have argued that in utero exposure to
benzodiazepines during the period of receptor
development (after gestational day 14 in rats) results
in a decreased benzodiazepine receptor concentration
and results in a rat that suffers chronic anxiety
demonstrated by hyperarousal, inability of the
animals to habituate to a novel environment, and a
large reduction in the amount of deep slow-wave
sleep.

Humans

Exposure of the human fetus to diazepam results in
a set of symptoms collectively known as the "floppy
infant syndrome," which includes hypothermia, hyper-
bilirubinemia, hypotonia, asphyxia, respiratory
complications, and poor sucking response. This is
likely due to the ready transfer of the drugs across
the placenta. Pharmacologic effects are exaggerated
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in the unborn because higher levels accumulate due
to the slower elimination from the fetus. There have
been reports of increases in severe congenital anom-
alies in infants whose mothers took chlordiazepoxide
and other benzodiazepines (including oxazepam)
during pregnancy (Milkovich and van den Berg,
1974); there have also been reports to the contrary
(Hartz et al., 1975).

GENETIC TOXICITY

Oxazepam has not been tested extensively for muta-
genicity, but the data reported for oxazepam and its
structural analogues indicate that this class of chemi-
cals is probably not genotoxic. Positive responses in
a Salmonella gene mutation assay were reported only
by Batzinger et al. (1978). They described an increase
in revertants for strains TA100 and TA98 when expo-
sure was carried out in the presence of rat liver S9
activation enzymes. Insufficient data were reported
to allow an evaluation of the results. In a brief
abstract that presented little experimental detail,
Matula and Downie (1983) reported negative results
in strains TA100 and TA98, with and without S9.
Balbi er al. (1980) detected no mutagenic activity with
oxazepam in four strains of Salmonella, with or
without S9, but their report did not include complete
data tables for those tests that gave negative results.

No evidence of chromosome nondisjunction was
observed in Aspergillus nidulans treated with an
unspecified concentration of oxazepam in the absence
of S9 (Bignami er al., 1974). Unscheduled DNA
synthesis was not detected in rat liver cells in vitro
(Swierenga er al., 1983), and no induction of chromo-
somal aberrations was observed in bone marrow cells
of mice administered oxazepam in doses of
0.85 mg/kg body weight by intraperitoneal injection,
five times weekly for 8 weeks (Degraeve et al., 1985).

A variety of genotoxicity tests have been performed
with two of the widely used structural analogues of
oxazepam, diazepam, and chlordiazepoxide. Diaze-
pam was nonmutagenic in Salmonella (Batzinger
et al., 1978; Waskell, 1978; Preiss et al., 1982; Zeiger
et al, 1992). There was no evidence of diazepam-
induced chromosome loss or nondisjunction in yeast
(Bignami er al, 1974; Matula and Downie, 1983;
Crebelli et al, 1989; Parry et al., 1989; Whittaker
et al., 1990; Crebelli et al, 1991). The effects
reported for diazepam in cultured mammalian cells
varied. Two laboratories (Ishidate et al, 1978;
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Matsuoka er al., 1979) found no induction of chromo-
somal aberrations in cultured Chinese hamster ovary
cells with or without S9. However, a positive study
for induction of chromosomal aberrations in cultured
Chinese hamster ovary cells without S9 was reported
(Lafi and Parry, 1988), and disruption of mitosis with
concomitant chromosome loss was observed in
cultured Chinese hamster ovary cells following
treatment with diazepam, without S9 (Hsu er al,
1983; Parry et al., 1986; Lafi et al., 1987). Results of
tests for induction of chromosomal aberrations and
sister chromatid exchanges in human lymphocytes
(Staiger, 1970; Zhurkov, 1975) or fibroblasts (Staiger,
1969; Kawachi et al., 1980; Sasaki et al., 1980) treated
in vitro with diazepam were uniformly negative.
Unscheduled DNA synthesis was not detected in rat
liver cells treated in vitro with diazepam (Swierenga
et al., 1983; Williams et al., 1989).

In vivo tests with diazepam showed little indication of
genotoxic activity. No evidence of mitotic disruption
or induction of chromosomal aberrations was
observed in mouse bone marrow cells following
administration of 100 to 150 mg/kg diazepam (Miller
and Adler, 1989; Xu and Adler, 1990). Diazepam did
not induce chromosomal aberrations in bone marrow
cells of hamsters (Schmid and Staiger, 1969) or rats
(Ishimura et al., 1975; Kawachi et al., 1980). In
addition, no increases in chromosomal aberrations
(Stenchever ez al., 1970a; White et al., 1974) or sister
chromatid exchanges (Torigoe, 1979; Husum er al,
1985) were observed in peripheral lymphocytes
obtained from patients treated with diazepam either
chronically, as a management for anxiety or muscle
spasm, or acutely, as part of a surgical routine.

Fewer genotoxicity test results are available for
chlordiazepoxide, but indications are that it, too, is
not genetically active. Chlordiazepoxide did not
induce nondisjunction in 4. nidulans (Bignami ez al.,
1974), or chromosomal aberrations in cultured
Chinese hamster ovary cells (Sasaki et al, 1980),
human fibroblasts (Staiger, 1969), or leukocytes
(Bregman, 1970; Stenchever et al., 1970b). In vitro
micronucleus tests with hamster and human cells
were negative (Sasaki et al., 1980). Results of in vivo
investigations indicate that chlordiazepoxide does not
induce chromosomal aberrations in mouse (Peterson
et al, 1978; Degraeve et al., 1985) or hamster
(Schmid and Staiger, 1969) bone marrow cells.
Finally, no induction of chromosomal aberrations was
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observed in lymphocytes obtained from patients
administered chlordiazepoxide (up to 200 mg/day)
(Stenchever et al., 1970D).

STUDY RATIONALE

Oxazepam and four other benzodiazepines (chlor-
diazepoxide HCI, chlorazepate, diazepam, and
flurazepam) were nominated for study by the Food
and Drug Administration (FDA) and by NIEHS
based on their high use volume, use by pregnant
women, and the lack of adequate rodent carcino-
genicity studies. An agreement was reached with
Hoffman-LaRoche, Inc., the manufacturer of chlor-
diazepoxide HCI, diazepam, and flurazepam, for
studies to be carried out on these drugs under their
auspices in cooperation with the NTP. These studies
are currently underway. No studies were performed
on chlorazepate because of the very similar
metabolite profile between this drug and diazepam.
Oxazepam was evaluated in 14-week and chronic
studies by the NTP, and this Technical Report
contains the results of studies performed with the
Swiss-Webster and B6C3F, strains of mice. Studies
with rats were not initiated at the same time as the
mouse studies because adequate carcinogenicity
studies of oxazepam with the Sprague-Dawley rat
strain had been submitted to FDA by the
manufacturer, Wyeth Laboratories. Subsequently,
because of the marked neoplastic responses found in
the two mouse strains reviewed in this report, the
NTP initiated further 2-year studies of oxazepam with
the Fischer 344/N rat.

Swiss-Webster mice were used in addition to the
B6C3F, strain because of the evidence of oxazepam-
induced hepatocellular neoplasia in this strain
reported by Fox and Lahcen (1974). The current
studies include neurobehavioral assessments,
measures of serum oxazepam concentrations, and
histopathologic evaluation of tissues.  Because
evidence of hepatocellular neoplasia was found in the
2-year studies, an additional set of studies was
performed to evaluate the comparative metabolism of
oxazepam in the Swiss-Webster and B6C3F, mouse,
the mitogenic properties of oxazepam on the liver,
and the incidence of liver neoplasms with activated
H-ras oncogenes and their mutational spectrum.
Studies were also conducted to establish the
pharmacokinetics of oxazepam administered to
animals in feed.
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MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION

OF OXAZEPAM

Oxazepam was obtained from Roussel Corporation
(Englewood Cliffs, NJ) in one lot (86017.01), which
was used throughout the studies. Identity, purity, and
stability analyses were conducted by the analytical
chemistry laboratory, Midwest Research Institute
(Kansas City, MO). The reports on analyses
performed in support of the oxazepam studies are on
file at the National Institute of Environmental Health
Sciences (NIEHS).

The chemical, a white, powdered solid, was identified
as oxazepam by infrared, ultravioletfvisible, and
nuclear magnetic resonance spectroscopy. The purity
of oxazepam was determined by elemental analyses,
Karl Fischer water analysis, functional group
titration, thin-layer chromatography, and high-
performance liquid chromatography.

Elemental analyses for carbon, hydrogen, nitrogen,
and chlorine were in agreement with the theoretical
values for oxazepam. Karl Fischer analysis indicated
less than 0.03% water. Functional group titration
indicated a purity of 101%. Thin-layer chromatog-
raphy was performed using two systems: one indi-
cated a major spot and one trace impurity, and the
other indicated a major spot. High-performance
liquid chromatography resolved a major peak with no
impurity peaks with areas 0.1% or greater relative to
the major peak. Major peak comparison between
this lot and a United States Pharmacopeia XXI stan-
dard indicated a relative purity of 103%. The overall
purity was determined to be greater than 99%.

Stability studies performed by the analytical chemistry
laboratory using high-performance liquid chromatog-
raphy indicated that oxazepam was stable for 2 weeks
when stored protected from light at temperatures up
to 60° C. The stability of the bulk chemical was
monitored periodically at the study laboratory using
infrared spectroscopy and high-performance liquid
chromatography. No degradation of the bulk
chemical was observed throughout the studies.

PREPARATION AND ANALYSIS

OF DOSE FORMULATIONS

The dose formulations were prepared monthly for the
14-week studies and every 2 weeks for the chronic
studies by mixing oxazepam and feed in a Patterson-
Kelley twin-shell blender (Table H1). The mixture
was stored in sealed, labeled, plastic buckets for up to
3 weeks at 5° C.

Homogeneity and dose formulation stability analyses
of the 500 ppm concentration were performed at
the analytical chemistry laboratory using high-
performance liquid chromatography. Homogeneity
was confirmed, and the stability of the dose formula-
tions was confirmed for at least 3 weeks when stored
protected from light at 5° C,

Periodic analyses of the dose formulations were
conducted at the study laboratory and at the analyti-
cal chemistry laboratory using high-performance
liquid chromatography. During the 14-week studies,
all dose formulations for Swiss-Webster and B6C3F,
mice were within 10% of the target concentrations
(Table H2). During the chronic studies, dose
formulations were analyzed approximately every
8 weeks; all dose formulations for Swiss-Webster and
B6C3F, mice were within 10% of the target concen-
trations except two 125 ppm formulations for B6C3F,
mice. These dose formulations were remixed.
Results of the dose formulation analyses for the
chronic studies are presented in Table H3. Results
of periodic referee analyses performed by the
analytical chemistry laboratory indicated good
agreement with the results obtained by the study
laboratories (Table H4).

14-WEEK STUDIES

The 14-week studies were conducted to evaluate the
cumulative toxic effects of repeated exposure to
oxazepam and to determine the appropriate doses to
be used in the chronic studies.

Male and female Swiss-Webster mice were obtained
from Charles River Breeding Laboratories
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(Portage, MI) and male and female B6C3F, mice
were obtained from Simonsen Laboratories, Inc.
(Gilroy, CA). At receipt, the animals were 34 to
40 days old. The mice were quarantined for 13 or
14 days before dosing began. Before the beginning of
the studies, five males and five females of each strain
were randomly selected for parasite evaluation and
gross observation for evidence of disease. At the end
of the studies, serologic analyses were performed on
five males and five females of each strain using the
protocols of the NTP Sentinel Animal Program
(Appendix K).

Groups of 10 male and 10 female Swiss-Webster and
10 male and 10 female B6C3F, mice were assigned to
the core study and received 0, 625, 1,250, 2,500, 5,000,
or 10,000 ppm oxazepam in feed for 14 weeks. A
second group of 10 male and 10 female Swiss-
Webster and 10 male and 10 female B6C3F, mice
were assigned to the special study and were main-
tained on dosed feed until scheduled terminations
during weeks 2 and 12. Animals were housed indi-
vidually; water and feed were available ad libitum.
Clinical findings were recorded once weekly. The
animals were weighed at the beginning of the studies,
weekly, and at the end of the studies. Further details
of study design and animal maintenance are
summarized in Table 1.

The core study mice were subjected to a series of
neurobehavioral tests prior to the beginning of the
14-week studies and during weeks 2 and 12 of the
studies. The neurobehavioral tests included undiffer-
entiated motor activity, forelimb and hindlimb grip
strengths, thermal sensitivity, and acoustic startle
responsiveness (Appendix G).

Ten mice per exposure group in the special study
were anesthetized with CO, and blood samples were
collected by cardiac puncture during weeks 2 and 12
for serum oxazepam determinations. At the end of
the 14-week study, a necropsy was performed on all
remaining animals. The heart, right kidney, liver,
lung, right testis, and thymus of mice were weighed.
Tissues for microscopic examination were fixed and
preserved in 10% neutral buffered formalin, pro-
cessed and trimmed, embedded in paraffin, sectioned
to a thickness of 6 m, and stained with hematoxylin
and eosin. A complete histopathologic examination
was performed on all control and 10,000 ppm ani-
mals, and on all core study animals dying before the
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end of the study. Table 1 lists the tissues and organs
routinely examined.

CHRONIC STUDIES
Study Design

Groups of 60 male and 60 female Swiss-Webster mice
received 0, 2,500, or 5,000 ppm oxazepam in feed for
57 weeks; groups of 60 male and 60 female B6C3F,
mice received 0, 125, 2,500, or 5,000 ppm oxazepam
in feed for 104 to 105 weeks. Ten male and 10
female B6C3F, mice per exposure group were evalu-
ated after 15 months of chemical exposure.

Source and Specification of Animals

Male and female Swiss-Webster mice were obtained
from Charles River Breeding Laboratories and male
and female B6C3F, mice were obtained from
Simonsen Laboratories, Inc., for use in the chronic
studies. The mice were quarantined for 13 to 15 days
before the beginning of the studies. Five male and
five female Swiss-Webster and B6C3F, mice were
selected for parasite evaluation and gross observation
of disease. Serology samples were collected for viral
screening. Swiss-Webster mice were approximately
46 days old and B6C3F, mice were approximately
44 days old at the beginning of the chronic studies.
The health of the animals was monitored during the
studies according to the protocols of the NTP
Sentinel Animal Program (Appendix K).

Animal Maintenance

All animals were housed individually. Feed and
water were available ad libitum. Feed consumption
was recorded every 4 weeks for a 7-day period
(Appendix I). Cages and racks were rotated every
2 weeks. Further details of animal maintenance are
given in Table 1. Information on feed composition is
provided in Appendix J.

Clinical Examinations and Pathology

All animals were observed twice daily. Clinical
findings were recorded every 4 weeks. Animals were
weighed weekly for the first 13 weeks and every
4 weeks thereafter. Ten male and 10 female Swiss-
Webster mice from each exposure group were anes-
thetized with a mixture of CO, and oxygen at the end
of the study, and blood was drawn by cardiac punc-
ture to determine serum oxazepam concentrations.
Ten male and 10 female B6C3F, mice from each
group were selected for interim evaluations after
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15 months.  All B6C3F; mice selected for the
15-month interim evaluation and 10 male and
10 female B6C3F, mice in the 0, 125, and 2,500 ppm
groups (excluding animals selected for neuro-
behavioral evaluation) were anesthetized with a
mixture of CO, and oxygen and blood was collected
by cardiac puncture for determination of serum
oxazepam concentrations.

A necropsy was performed on all animals. The
kidneys and livers of B6C3F, mice were weighed. At
necropsy, all organs and tissues were examined for
gross lesions, and all major tissues were fixed and
preserved in 10% neutral buffered formalin, pro-
cessed and trimmed, embedded in paraffin, sectioned
to a thickness of 4 to 6 um, and stained with hema-
toxylin and eosin for microscopic examination. A
complete histopathologic examination was performed
on all animals and on tissues with grossly visible
lesions. Tissues examined are listed in Table 1.

Groups of 10 male and 10 female Swiss-Webster mice
from each group were cvaluated by noninvasive
procedures for neurobehavioral toxicity during the
prestudy period and after 6 and 12 months of
exposure. Similarly, groups of 10 male and 10 female
B6C3F, mice were evaluated for neurobehavioral
toxicity during the prestudy period and after 6, 12, 18,
and 24 months of exposure. The same animals were
tested at each time point, but animals dying early
were replaced by mice randomly selected from the
survivors. The tests included motor activity, startle
responsiveness, forelimb and hindlimb grip strength,
and thermal sensitivity. Further details of these
studies are outlined in Appendix G.

Microscopic evaluations were completed by the study
laboratory pathologist, and the pathology data were
entered into the Toxicology Data Management
System. The microscopic slides, paraffin blocks, and
residual wet tissues were sent to the NTP Archive for
inventory, slide/block match, and wet tissue audit.
The slides, individual animal data records, and
pathology tables were evaluated by an independent
quality assessment laboratory. The individual animal
records and tables were compared for accuracy, the
slide and tissue counts were verified, and the histo-
technique was evaluated by the quality assessment
laboratory. The quality assessment pathologist
microscopically reviewed selected neoplasms and
nonneoplastic lesions.
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The quality assessment report and slides were
submitted to the NTP Pathology Working Group
(PWG) chair, who reviewed the selected tissues for
which a disagreement in diagnosis between the
laboratory and quality assessment pathologist existed.
Representative histopathology slides containing
examples of lesions related to chemical adminis-
tration, examples of disagreements in diagnoses
between the laboratory and quality assessment
pathologist, or lesions of general interest were
presented by the chair to the PWG for review. The
PWG consisted of the quality assessment pathologist
and other pathologists experienced in rodent toxico-
logic pathology. This group examined the tissues
without any knowledge of exposure levels or
previously rendered diagnoses. For the chronic
studies, tissues examined included heart, right kidney,
liver, lung, pancreas (males), skeletal muscle (males),
and spleen. When the PWG consensus differed from
the opinion of the laboratory pathologist, the diag-
nosis was changed. Thus, the final diagnoses
represent a consensus of contractor pathologists and
the PWG. Details of these review procedures have
been described, in part, by Maronpot and Boorman
(1982) and Boorman et al. (1985). For subsequent
analyses of the pathology data, the diagnosed lesions
for each tissue type were evaluated separately or
combined according to the guidelines of McConnell
et al. (1986).

Statistical Methods

Survival Analyses

The probability of survival was estimated by the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the form of graphs. Animals
accidentally killed or missing were censored from the
survival analyses; animals dying from natural causes
were not censored. Statistical analyses for possible
dose-related effects on survival used Cox’s (1972)
method for testing two groups for equality and
Tarone’s (1975) life table test to identify dose-related
trends. All reported P values for the survival
analyses are two sided.

Calculation of Incidence

The incidences of neoplasms or nonneoplastic lesions
as presented in Tables Al, A4, Bl, B4, C1, C5, D1,
and D5 are given as the number of animals bearing
such lesions at a specific anatomic site and the
number of animals with that site examined micro-
scopically. For calculation of statistical significance,
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the incidences of most neoplasms (Tables A3, B3, C3,
and D3) and of all nonneoplastic lesions are given as
the number of affected animals and the number of
animals with the site examined microscopically.
However, when macroscopic examination was
- required to detect neoplasms in certain tissues (e.g.,
skin, intestine, harderian gland, and mammary gland)
before microscopic evaluation or when neoplasms
had multiple potential sites of occurrence (e.g.,
leukemia or lymphoma), the denominators consist of
the number of animals on which a necropsy was
performed.

Analysis of Neoplasm Incidences

With the exception of malignant liver neoplasms, the
neoplasms in these studies were considered to be
incidental to the cause of death or not rapidly lethal.
Thus, the primary statistical method used was logistic
regression analysis, which assumed that the diagnosed
neoplasms were discovered as the result of death
from an unrelated cause and thus did not affect the
risk of death. In this approach, neoplasm prevalence
was modeled as a logistic function of chemical
exposure and time. Both linear and quadratic terms
in time were incorporated initially, and the quadratic
term was eliminated if the fit of the model was not
significantly enhanced. The neoplasm incidences of
exposed and control groups were compared on the
basis of the likelihood score test for the regression
coefficient of dose. This method of adjusting for
intercurrent mortality is the prevalence analysis of
Dinse and Lagakos (1983), further described and
illustrated by Dinse and Haseman (1986). When
neoplasms are incidental, this comparison of the
time-specific neoplasm prevalences also provides a
comparison of the time-specific neoplasm incidences
(McKnight and Crowley, 1984).

In addition to logistic regression, other methods of
statistical analysis were used, and the results of these
tests are summarized in the appendixes. These
methods include the life table test (Cox, 1972;
Tarone, 1975), appropriate for rapidly lethal neo-
plasms and used in the evaluation of hepatocellular
carcinomas and hepatoblastomas in this Technical
Report, and the Fisher exact test and the
Cochran-Armitage trend test (Armitage, 1971; Gart
et al., 1979), procedures based on the overall propor-
tion of neoplasm-bearing animals.

Tests of significance included pairwise comparisons of
each exposed group with controls and a test for an
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overall dose-related trend. Continuity-corrected tests
were used in the analysis of neoplasm incidence, and
reported P values are one sided. The procedures
described in the preceding paragraphs were also used
to evaluate selected nonneoplastic lesions. For
further discussion of these statistical methods, refer
to Haseman (1984).

Analysis of Nonneoplastic Lesion Incidences
Amyloid deposition in the heart was a major cause of
death in Swiss-Webster mice. Because the remaining
nonneoplastic lesions in these studies were consid-
ered to be incidental to the cause of death or not
rapidly lethal, the primary statistical analysis used was
a logistic regression analysis in which nonneoplastic
lesion prevalence was modeled as a logistic function
of chemical exposure and time. For lesions detected
at the interim evaluation, the Fisher exact test was
used, a procedure based on the overall proportion of
affected animals.

Analysis of Continuous Variables

Two approaches were employed to assess the signif-
icance of pairwise comparisons between exposed and
control groups in the analysis of continuous variables.
Organ and body weight data, which have approxi-
mately normal distributions, were analyzed using the
parametric multiple comparison procedures of
Dunnett (1955) and Williams (1971, 1972). Serum
oxazepam concentration data, which have typically
skewed distributions, were analyzed using the
nonparametric multiple comparison method of
Shirley (1977). Jonckheere’s test (Jonckheere, 1954)
was used to assess the significance of the dose-related
trends and to determine whether a trend-sensitive test
(Williams’ or Shirley’s test) was more appropriate for
pairwise comparisons than a test that does not
assume a monotonic dose-related trend (Dunnett’s
test). Neurobehavioral data were analyzed using
Dunnett’s test. Average severity values were analyzed
for significance using the Mann-Whitney U test
(Hollander and Wolfe, 1973).

Historical Control Data

Although the concurrent control group is always the
first and most appropriate control group used for
evaluation, historical control data can be helpful in
the overall assessment of neoplasm incidence in
certain instances. Consequently, neoplasm incidences
from the NTP historical control database (Haseman
et al., 1984, 1985) are included in the NTP reports for
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neoplasms appearing to show compound-related
effects.

Quality Assurance Methods

The 14-week and chronic studies were conducted in
compliance with Food and Drug Administration
Good Laboratory Practice Regulations (21 CFR,
Part 58). In addition, as records from the chronic
studies were submitted to the NTP Archives, these
studies were audited retrospectively by an indepen-
dent quality assurance contractor. Separate audits
covering completeness and accuracy of the pathology
data, pathology specimens, final pathology tables, and
preliminary review draft of this NTP Technical
Report were conducted. Audit procedures and
findings are presented in the reports and are on file
at NIEHS. The audit findings were reviewed and
assessed by NTP staff, so all comments had been
resolved or were otherwise addressed during the
preparation of this Technical Report.

GENETIC TOXICOLOGY

The genetic toxicity of oxazepam was assessed by
testing the ability of the chemical to induce muta-
tions in various strains of Salmonella typhimurium,
sister chromatid exchanges and chromosomal aberra-
tions in cultured Chinese hamster ovary cells, and
increases in micronucleated B6C3F, mouse peripheral
blood erythrocytes. The protocols for these studies
and the results are given in Appendix E.

The genetic toxicity studies of oxazepam are part of
a larger effort by the NTP to develop a database that
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would permit the evaluation of carcinogenicity in
experimental animals from the structure and
responses of the chemical in short-term in vitro and
in vivo genetic toxicity tests. These genetic toxicity
tests were originally developed to study mechanisms
of chemical-induced DNA damage and to predict
carcinogenicity in animals, based on the electrophilic
theory of chemical carcinogenesis and the somatic
mutation theory (Miller and Miller, 1977; Straus,
1981; Crawford, 1985).

There is a strong correlation between a chemical’s
potential electrophilicity (structural alert to DNA
reactivity), mutagenicity in Salmonella, and carcino-
genicity in rodents. The combination of electro-
philicity and Salmonella mutagenicity is highly
correlated with the induction of carcinogenicity in
rats and mice and/or at multiple tissue sites (Ashby
and Tennant, 1991). Other in vitro genetic toxicity
tests do not correlate well with rodent carcinogenicity
(Tennant er al., 1987; Zeiger et al., 1990), although
these other tests can provide information on the
types of DNA and chromosome effects that can be
induced by the chemical being investigated. Data
from NTP studies show that a positive response in
Salmonella is currently the most predictive in vitro
test for rodent carcinogenicity (89% of the
Salmonella mutagens were rodent carcinogens), and
that there is no complimentarity among the in vitro
genetic toxicity tests. That is, no battery of tests that
included the Salmonelia test improved the predictivity
of the Salmonella test alone. The predictivity for
carcinogenicity of a positive response in bone marrow
chromosome aberration or micronucleus tests is not
yet defined.
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TABLE 1
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Experimental Design and Materials and Methods in the Feed Studies of Oxazepam

14-Week Studies

Chronic Studies

Study Laboratory
Battelle Columbus Laboratories (Columbus, OH)

Strain and Species
Swiss-Webster and B6C3F; mice

Animal Source

Swiss-Webster mice: Charles River Breeding Laboratories
(Portage, MI)

B6C3F, mice: Simonsen Laboratories, Inc. (Gilroy, CA)

Size of Study Groups
Core study: 10 males and 10 females
Special study: 10 males and 10 females

Doses
0, 625, 1,250, 2,500, 5,000, or 10,000 ppm in feed

Time Held Before Studies
13-14 days

Average Age When Studies Began
Swiss-Webster mice: 48 days
B6C3F; mice: 53 days

Date of First Dose
Swiss-Webster mice: 8 June 1988 (males) or 9 June 1988
(females)
B6C3F; mice: 18 May 1988 (males) or 19 May 1988
(females)

Duration of Dosing
14 weeks

Date of Last Dose
Swiss-Webster mice: 8 September 1988 (males) or
9 September 1988 (females)
B6C3F, mice: 18 August 1988 (males) or 19 August 1988
(females)

Necropsy Dates
Swiss-Webster mice: 8-9 September 1988

B6C3F,; mice: 18 August 1988 (males) or 19 August 1988
(females)

Battelle Columbus Laboratories (Columbus, OH)
Swiss-Webster and B6C3F; mice

Swiss-Webster mice: Charles River Breeding Laboratories
(Portage, MI)
B6C3F, mice:  Simonsen Laboratories, Inc. (Gilroy, CA)

60 males and 60 females

Swiss-Webster mice: 0, 2,500, or 5,000 ppm in feed
B6C3F; mice: 0, 125, 2,500, or 5,000 ppm in feed

13-15 days

Swiss-Webster mice: 46 days
B6C3F; mice: 44 days

Swiss-Webster mice: 13 July 1989 (males) or 14 July 1989
(females)
B6C3F; mice: 22 June 1989 (males) or 23 June 1989
(females)

Swiss-Webster mice: 57 weeks
B6C3F, mice: 104-105 weeks

Swiss-Webster mice: 13 August 1990 (males) or 14 August
1990 (females)
B6C3F; mice: 21 June 1991 (males) or 28 June 1991
(females)

Swiss-Webster mice: 13 August 1990 (males) or 14 August
1990 (females)
B6C3F; mice: 20-21 June 1991 (males); 27-28 June 1991
(females)
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Experimental Design and Materials and Methods in the Feed Studies of Oxazepam (continued)

14-Week Studies

Chronic Studies

Average Age at Necropsy
Swiss-Webster mice: 140 days
B6C3F; mice: 145 days

Methed of Sacrifice
CO, asphyxiation

Method of Animal Distribution
Animals were randomized by weight with a computer
randomization program.

Animals per Cage
1

Method of Animal Identification
Tail tattoo and ear tag

Diet

Zeigler NIH-07 open formula meal diet (Zeigler Brothers,
Inc., Gardners, PA), available ad libitum, changed weekly or
as necessary

Water

Tap water (City of Columbus) via automatic watering system
(Edstrom Industries, Inc., Waterford, WI), available

ad libitum

Cages

Polycarbonate (Lab Products, Inc., Maywood, NJ), changed
weekly. There were three racks of cages. Vertical columns
containing five cages of like exposure group were randomly
assigned to positions on the racks. Every 2 weeks, cages were
rotated vertically within each column and racks were rotated
clockwise.

Bedding
Sani-Chip® heat-treated hardwood chips (P.J. Murphy Forest
Products Corp., Rochelle Park, NJ), changed weekly

Cage Filters
Spun-bonded polyester (Snow Filtration Co., Cincinnati, OH),
changed once every 2 weeks

Racks
Stainless steel (Lab Products, Inc., Maywood, NJ), changed
every 2 weeks

Swiss-Webster mice: 63 weeks
B6C3F; mice: 110-111 weeks

Same as 14-week studies

Same as 14-week studies

Same as 14-week studies

Tail tattoo

Same as 14-week studies. Feed consumption recorded every
4 weeks for a 7-day period.

Same as 14-week studies

Cages and rotation same as 14-week studies. There were
three (Swiss-Webster) or four (B6C3F,) racks of cages.
Vertical columns containing six or seven cages of like
exposure group or five cages of sentinel mice were randomly
assigned to positions on the racks. Initial cage placements are
on file at NIEHS.

Same as 14-week studies but supplied by P.J. Murphy Forest
Products Corp., Montville, NJ

Same as 14-week studies

Same as 14-week studies
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Experimental Design and Materials and Methods in the Feed Studies of Oxazepam (continued)

14-Week Studies

Chronic Studies

Animal Room Environment
Average temperature: 21°-24° C
Relative humidity: 35%-65%
Fluorescent light: 12 hours/day
Room air changes: 10 changes/hour

Type and Frequency of Observation

Animals were observed and clinical observations were
recorded weekly; animals were weighed initially, weekly, and
at the end of the studies.

Necropsy
Necropsy was performed on all animals. Organs weighed
were heart, right kidney, liver, lung, right testis, and thymus.

Clinical Pathology
Blood was collected by cardiac puncture during weeks 2 and
12 for serum oxazepam determinations.

Histopathology

Complete histopathology was performed on all control
animals, all mice receiving 10,000 ppm, and all mice dying
before the end of the study. In addition to gross lesions, the
tissues examined included: adrenal gland, brain, clitoral
gland, epididymis, esophagus, femur and marrow, gallbladder,
heart, kidney, large intestine (cecum, colon, rectum), liver,
lung, lymph nodes (mandibular and mesenteric), mammary
gland, nose, ovary, pancreas, parathyroid gland, pituitary
gland, preputial gland, prostate gland, salivary gland, seminal
vesicle, skin, small intestine (duodenum, jejunum, ileum),
spleen, stomach (forestomach and glandular), testis, thigh
muscle, thymus, thyroid gland, trachea, urinary bladder, and
uterus. In addition, the liver of all male mice, of all female
Swiss-Webster mice, and of all female B6C3F; mice except
those receiving 625 ppm and the adrenal gland of all female
Swiss-Webster mice were examined.

Neurobehavioral Studies

Core study animals were administered neurobehavioral tests
prior to the study and during weeks 2 and 12. These tests
included: undifferentiated motor activity, forelimb and
hindlimb grip strength, thermal sensitivity, and startle
responsiveness.

Average temperature: 20°-26° C

Relative humidity:  25%-70% (Swiss-Webster); 30%-70%
(B6C3F))

Fluorescent light: 12 hours/day

Room air changes: 10 changes/hour

Animals were observed twice daily and clinical observations
were recorded every 4 weeks; animals were weighed weekly
during first 13 weeks and at 4-week intervals thereafter.

Necropsy was performed on all animals. Organs weighed
were kidney and liver (B6C3F, mice).

Blood was collected by cardiac puncture at the 15-month
interim evaluation (B6C3F,; mice only) and at the end of the
studies (Swiss-Webster and B6C3F;). Mice were allowed free
access to dosed feed until immediately before blood
collection. All blood samples were drawn between 9 a.m. and
11 am.

Complete histopathology was performed on all mice. In
addition to gross lesions and tissue masses, the tissues
examined included: adrenal gland, brain, clitoral gland,
epididymis, esophagus, femur and marrow, gallbladder, heart,
kidney, large intestine (cecum, colon, rectum), liver, lung,
lymph nodes (mandibular and mesenteric), mammary gland,
nose, ovary, pancreas, parathyroid gland, pituitary gland,
preputial gland, prostate gland, salivary gland, seminal vesicle,
skin, small intestine (duodenum, jejunum, ileum), spleen,
stomach (forestomach and glandular), testis, thymus, thyroid
gland, trachea, urinary bladder, and uterus.

Ten male and 10 female mice per strain per exposure group
were administered neurobehavioral tests prior to the study
and after 6, 12, 18 (B6C3F),), and 24 (B6C3F,;) months of
exposure. These tests included: motor activity, startle
responsiveness, forelimb and hindlimb grip strength, and
thermal sensitivity.
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RESULTS

Swiss-WEBSTER MICE

14-WEEK STUDY

One male mouse in the 625 ppm group and one
female in the 10,000 ppm group were killed mori-
bund during the study. One female receiving
1,250 ppm was Kkilled accidentally. The 625 ppm
male mouse that died early was found to have
lymphoma, and this death was not considered related

TABLE 2

to oxazepam exposure. No remarkable lesions were
found in the 10,000 ppm female mouse, and this early
death was considered related to oxazepam exposure.
All other mice survived until the end of the study
(Table 2). The final mean body weights of all
exposed female groups were greater than that of the
control group, and those of the 625 and 2,500 ppm
groups were significantly greater. Mean body

Survival, Mean Body Weights, and Feed Consumption of Swiss-Webster Mice in the 14-Week Feed Study

of Oxazepam

Final Weight

Mean Body Weightb (2) Relative Feed
Dose Survival® Initial Final Change to Controls Consumption®
(ppm) (%) Week 2 Week 14
Male
0 10/10 261 =03 353+ 09 93 +08 43 4.8
625 9104 259 £ 03 380 + 0.8 12.0 = 0.9 108 5.0 4.0
1,250 10/10 261 + 04 344 = 07 84 + 0.6 97 4.6 4.0
2,500 10/10 265 03 381 x1.0 11.7 £ 08 108 4.6 43
5,000 10/10 254 = 0.4 35110 9.7 £ 09 99 4.3 42
10,000 10/10 26.0 = 04 351 %07 9.1 + 0.6 99 38 42
Female
0 10/10 21504 299 = 0.7 84 + 0.8 4.4 48
625 10/10 219 + 0.2 323 0.7 104 = 0.5 108 48 4.7
1,250 9/10¢ 223+ 03 319 + 0.5 9.5+ 0.5 107 48 43
2,500 10/10 221 +03 325 = 0.8* 104 = 0.8 109 4.5 5.0
5,000 10/10 214 + 03 316 £ 05 10.2 = 0.3 106 4.0 4.7
10,000 910t 217 £ 0.4 312+ 04 95 + 04 104 3.7 45

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test
Number of animals surviving/number initially in group
Weights and weight changes are given as mean + standard error. Subsequent calculations are based on animals surviving to the

end of the study.

on 10 animals.
4 Week of death: 10

¢ Week of death: 6 (accidental death)

f Week of death: 13

Feed consumption is expressed as grams per animal per day; data for week 2 are based on 20 animals; data for week 14 are based
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weight gains of exposed males and females were
similar to those of the controls (Table 2). Feed
consumption by 10,000 ppm groups was somewhat
lower than that by the control groups throughout the
study (Table 2). Dietary levels of 625, 1,250, 2,500,
5,000, and 10,000 ppm resulted in average daily
consumption levels of 80, 170, 330, 680, and
1,400 mg/kg body weight in males and 100, 220, 440,
830, and 1,620 mg/kg in females. Chemical-related
clinical findings in all male and female exposure
groups included hypoactivity, drowsiness, lethargy,
and decreased exploratory and spontaneous loco-
motor activity. These findings were observed pri-
marily during the first week of the study, and the
short duration of these findings was attributed to the
development of tolerance. Serum oxazepam concen-
trations increased with exposure level in males and
females, but the increases were not proportionate to
dose. Except in the 5,000 and 10,000 ppm groups at
week 2, serum oxazepam concentrations in each expo-
sure group were similar between males and females
(Table 3).

Short-term administration (1 week) of oxazepam pro-
duced deficits in grip strength at high exposure levels
in both males and females (Tables G1 and G2).
These deficits were temporary in female mice but
persisted in male mice with continued administration
(11 weeks). Decreased paw lick latencies in response

TABLE 3
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to thermal stimulation were observed in exposed
males and females at 12 weeks (Table G3). Increases
in motor activity were observed at all exposure levels
at study week 2 (Table G4). This disinhibitory effect
may be indicative of an anxiety-reducing effect of
oxazepam. Increased motor activity abated in males,
but was still evident in females at week 12.
Oxazepam produced a general reduction in startle
response in males at weeks 2 and 12 and in females
at 12 weeks (Table G5). Sensitivity to an auditory
prepulse as part of the startle response assessment
was not affected by oxazepam administration (Table
G6). Oxazepam effects on the sensory system in
general may be involved in changes observed in
startle behavior as well as altered thermal sensibility
measurements.

Except for relative liver weights of mice receiving
625 ppm, the absolute and relative liver weights of all
exposed males and females were significantly greater
than those of the controls (Tables 4 and F1). These
increases were marked and were clearly dose related.
In males, absolute and relative heart weights of the
1,250 and 10,000 ppm groups and the relative heart
weight of the 2,500 ppm group were significantly
lower than those of the controls. This finding was
not clearly dose related, and no cause for this change
could be determined. The absolute kidney weights of
females exposed to 1,250, 2,500, 5,000, or 10,000 ppm
were significantly greater than that of the controls.

Serum Oxazepam Concentrations in Swiss-Webster Mice in the 14-Week Feed Study

of Oxazepam?®

Dose (ppm) 0 625 1,250 2,500 5,000 10,000
Male

2 weeks 0.00 £ 0.00 591 x 0.66 9.96 + 0.72 13.6 = 1.23 186 =13 293 + 318
12 weeks 0.00 £ 0.00 6.21 + 0.53 9.30 £ 1.14 121 + 0.94 203 £ 2.15 22.0 = 1.06
Female

2 weeks 0.00 + 0.00 6.05 + 0.62 9.08 + 0.77 152 = 1.61 29.3 + 4.04 36.9 + 449
12 weeks 0.00 = 0.00 6.52 + 093 922 + 043 121 + 1.60 219 + _1.37 21.6 £ 1.23

3 Mean = standard error for five animals; values are given as ug/mL.
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Centrilobular hepatocellular hypertrophy was ob-
served in exposed animals, and the severity generally
increased with dose (Table 4). This lesion was
characterized by minimal to mild enlargement (hyper-
trophy) of hepatocytes that were centrilobular in
distribution. Hypertrophic hepatocytes had homo-
geneous or slightly granular eosinophilic cytoplasm.
The nuclei were often enlarged and contained promi-
nent basophilic chromatin clumps. A low incidence
of focal hepatocellular necrosis occurred in several
groups of female mice receiving oxazepam, but not in
the control group (Table 4). The incidence and the
severity of the lesion were not chemical related, and
the highest incidence occurred in the females exposed
to 2,500 ppm. Foci of hepatocellular necrosis also
occurred in one control and several exposed male
mice. Because of the generally low incidences and
lack of dose-related increase in incidence or severity,

TABLE 4
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the hepatocellular necrosis was not attributed to the
ingestion of oxazepam.

There was a dose-related decreased incidence of
cytoplasmic vacuolation of cells within the x-zone of
the adrenal cortex in female mice (Table 4). The
vacuolated cells adjacent to the medulla (x-zone) are
transitory and normally disappear gradually in virgin
female mice. The decreased number of vacuolated
cells in females receiving oxazepam indicates an
accelerated regression of the x-zone and maturation
of the adrenal gland.

Dose Selection Rationale

Because the degree of increase in liver weight in mice
at the 10,000 ppm concentration was considered
potentially life threatening during a 2-year study, the
exposure levels selected were 0, 2,500, and 5,000 ppm.

Liver Weights and Incidences of Selected Nonneoplastic Lesions in Swiss-Webster Mice

in the 14-Week Feed Study of Oxazepam

Dose (ppm) 0 625 1,250 2,500 5,000 10,000
“Male
Liver? 10 10 10 10 10 10
Liver Weights
Absolute 1.808 + 0.080  2.354 % 0.074** 2275 = 0.112* 2761 % 0.134** 3.035 + 0.115** 3.528 + 0.137**b
Relative 5043 + 135  61.23 + 1.88 64.60 = 275** 7261 = 3.92** 8552 + 2.61** 99.98 + 4.27++b
Centrilobular Hypertrophy 0 9aa (1.2)° 1044 (1.3) 1044 (1.1) 1044 (1.7) 1044 (1.6)
Hepatocellular Necrosis 1(1.0) 1(1.0) 0 1(1.0) 0 1(1.0)
Female
Liver 10 10 10 10 10 10
Liver Weights
Absolute 1.405 + 0.028 1.731 + 0.049** 1910 = 0.052** 2.328 + 0.109** 2.610 + 0.064** 3.084 + 0.070**
Relative 4732 + 114  54.28 + 1.47 61.16 = 2.12** 7242 = 2.77** 84.16 + 1.93** 100.63 + 1.95**
Centrilobular Hypertrophy 0 10aa (1.2) 1044 (1.1) 1044 (1.4) 1044 (1.4) 104a (1.9)
Hepatocellular Necrosis 0 2(1.0) 0 4(1.0) 3(1.0) 2(1.0)
Adrenal Gland
Cytoplasmic Vacuolization 10 (2.5) 2aa (1.5) 4aa (12) 1aa (1.0) laa (1.0) Oas

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01

AA Significantly different (P<0.01) from the control group by Fisher’s exact test
Number of mice with organ examined microscopically; organ weights and body weights are given in grams; organ-weight-to-body-
weight ratios are given as mg organ weight/g body weight (mean + standard error)

n=9

Average severity of lesions in affected mice: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked; 5 = severe
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57-WEEK STUDY

Survival

Estimates of survival probabilities for male and
female Swiss-Webster mice are shown in Table 5 and
in the Kaplan-Meier curves in Figure 2. The original
design of this study provided for administration of
dosed feed to male mice for 103 weeks and to
females for 104 weeks, followed by a 1-week obser-
vation period. The original study design also
included an interim evaluation at week 66. However,
there were large numbers of moribund animals and
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deaths after 40 weeks of exposure. These deaths
were considered due to heart failure secondary to
pulmonary hypertension and edema, which resulted
from systemic amyloidosis, a condition common in
Swiss-Webster mice and apparently enhanced by
oxazepam exposure. At 57 weeks, 19 males and
28 females receiving 2,500 ppm, and 10 males and
17 females receiving 5,000 ppm were surviving, and
the study was terminated. No interim evaluations
were conducted.

Survival of Swiss-Webster Mice in the 5§7-Week Feed Study of Oxazepam

Dose (ppm) 0 2,500 5,000
Male

Animals initially in study 60 60 60
Moribund 10 13 24
Natural deaths 5 28 26
Animals surviving to study termination 45 19 10
Percent probability of survival at end of study? 75 32 17
Mean survival (days)® 373 338 335
Survival analyses® P<0.001 P<0.001 P<0.001
Female

Animals initially in study 60 60 60
Moribund 9 13 11
Natural deaths 4 18 31
Animals surviving to study termination 47 28¢ 17
Missingd 1 1
Percent probability of survival at end of study 78 48 29
Mean survival (days) 382 351 353
Survival analyses P<0.001 P<0.001 P<0.001

»

(Cox, 1972) with the controls are in the dosed columns.
Censored from survival analyses
Includes one animal that died during the last week of the study.

Kaplan-Meier determinations based on the number of animals alive on first day of terminal sacrifice
Mean of all deaths (uncensored, censored, and terminal sacrifice)
The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons
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PROBABILITY OF SURVIVAL

PROBABILITY OF SURVIVAL

FIGURE 2

Kaplan-Meier Survival Curves for Swiss-Webster Mice Administered Oxazepam in Feed for

57 Weeks
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Body Weights, Feed Consumption, Compound
Consumption, and Clinical Findings

Mean body weights of exposed male mice were
similar to those of the controls in the early weeks of
the study. Beginning at week 17, however, mean
body weights of exposed male mice were lower than
those of the controls (Table 6 and Figure 3). Except
for week 1, mean body weights of exposed females
were greater than those of controls during the early

Oxazepam, NTP TR 443

part of the study. After week 29, the mean body
weights of 5,000 ppm females were similar to those of
controls, but those of 2,500 ppm females remained
slightly greater than those of controls until the end of
the study (Table 7 and Figure 3). Feed consumption
by exposed males and females was slightly lower than
that by the controls, and females in all groups,
consumed slightly more feed than males throughout
the study (Tables I1 and 12). Dietary levels of 2,500

TABLE 6
Mean Body Weights and Survival of Male Swiss-Webster Mice in the §7-Week Feed Study of
Oxazepam
Weeks 0 ppm 2,500 ppm 5,000 ppm
on Av. Wt. Number of Av. Wt. Wt. (% of Number of  Av. Wt. Wt. (% of Number of
Study ® Survivors ® controls) Survivors (2 controls) Survivors
1 26.7 60 26.5 99 60 26.5 99 60
2 279 60 286 103 60 28.7. 103 60
3 294 60 30.6 104 59 31.1 106 60
4 30.0 60 31.5 105 59 31.9 106 60
5 308 60 318 103 59 324 105 60
6 31.9 60 324 102 59 334 105 60
7 328 60 33.2 101 59 34.0 104 60
8 334 60 33.2 99 59 34.0 102 60
9 33.2 60 33.7 102 59 34.2 103 60
10 343 60 34.5 101 59 35.2 103 59
11 352 60 351 100 59 358 102 59
12 351 60 348 99 59 354 101 59
13 36.0 60 36.0 100 59 36.2 101 59
17 384 60 37.5 98 58 374 97 59
21 403 60 38.7 96 58 38.2 95 59
25 41.6 59 39.8 926 56 39.2 94 58
29 422 59 40.8 97 55 394 93 58
33 428 59 40.7 95 54 39.2 92 58
37 43.0 58 41.0 95 53 394 92 55
41 422 55 403 96 52 39.2 93 50
45 41.7 52 394 95 47 378 91 42
49 415 49 38.6 93 40 374 90 36
53 41.7 46 379 9 28 36.4 87 24
57 41.1 45 374 91 20 37.2 91 11
Mean for weeks
1-13 321 325 101 33.0 103
14-52 415 39.6 95 38.6 93
53-57 41.4 37.7 91 36.8 89
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Mean Body Weights and Survival of Female Swiss-Webster Mice in the 57-Week Feed Study

of Oxazepam

Weeks 0 ppm 2,500 ppm 5,000 ppm
on Av. Wt. Number of  Av. Wt Wt. (% of Number of Av. Wt. Wt. (% of Number of
Study ® Survivors @ controls) Survivors (® controls) Survivors
1 214 60 21.0 98 60 21.0 98 60
2 228 60 254 111 60 24.8 109 60
3 23.7 60 268 113 60 26.6 112 60
4 247 60 278 113 59 278 113 60
5 254 60 285 112 59 284 112 60
6 263 60 29.6 113 59 29.3 111 60
7 269 60 30.2 112 59 304 113 60
8 27.6 60 30.6 111 59 30.6 111 60
9 273 60 304 111 59 30.7 113 60
10 283 60 311 110 59 312 110 60
11 284 60 315 111 59 31.6 111 60
12 29.1 60 31.7 109 59 31.8 109 60
13 294 60 318 108 59 319 109 60
17 314 60 338 108 58 336 107 59
21 324 60 34.9 108 58 339 105 59
25 333 60 359 108 57 34.7 104 59
29 34.5 58 36.3 105 57 349 101 59
33 348 58 36.8 106 57 352 101 58
37 35.0 58 374 107 56 355 101 58
41 348 57 36.6 105 55 34.6 99 58
45 343 56 36.4 106 51 347 101 53
49 348 55 36.7 106 40 343 9 40
53 350 52 363 104 36 344 98 28
57 348 48 359 103 29 339 97 18
Mean for weeks
1-13 263 29.0 110 289 110
14-52 339 36.1 106 34.6 102
53-57 349 36.1 103 34.2 98

and 5,000 ppm oxazepam resulted in average daily
compound consumption levels of 270 and 570 mg/kg
for males and 320 and 670 mg/kg for females.

On study days 4 (females) and 5 (males), clinical
findings of hypoactivity, slow respiration, partially
closed eyelids, lethargy, and decreased spontaneous
exploratory behavior were noted in most exposed
animals. Except for hypoactivity, the incidences of
these clinical findings had decreased by days 8

(females) and 9 (males). By days 15 and 16, the
appearance and behavior of exposed animals were
similar to controls.

Serum Oxazepam Concentrations

Serum oxazepam concentrations were similar in the
males and females receiving 2,500 and 5,000 ppm
(Table 8). No dose- or sex-related differences in
serum oxazepam concentrations occurred after
57 weeks of exposure.
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TABLE 8
Serum Oxazepam Concentrations in Swiss-Webster Mice in the 57-Week Feed Study
of Oxazepam?
Dose (ppm) 0 2,500 5,000
Male
n 10 10 10
Serum oxazepam (ug/mL) 0x0 6.65 + 2.87 773 = 4.76
Female
n 9b 6° 10
Serum oxazepam (ug/mL) 0x0 7.25 = 1.44 6.89 + 3.04
2 Mean * standard deviation
An aliquot of serum sample from one animal was contaminated. The remaining volume of serum sample was insufficient for a
repeat analysis.
¢ Analysis results from four animals were deleted due to instrument error. Insufficient specimen remained to repeat the analysis.
Pathology and Statistical Evaluation in 2,500 and 5,000 ppm males and females. The
This section describes the statistically significant or ~ incidence of  hepatocellular  carcinoma  was

biologically noteworthy changes in the incidences of
Swiss-Webster mice with neoplasms of the liver and
nonneoplastic lesions of the liver, heart, lung, and
other organs. Summaries of the incidences of
neoplasms and nonneoplastic lesions, individual
animal tumor diagnoses, and statistical analyses of
primary neoplasms that occurred with an incidence of
at least 5% in at least one animal group are
presented in Appendix A for male Swiss-Webster
mice and Appendix B for female Swiss-Webster mice.

Liver: The principal toxic effects associated with the
ingestion of oxazepam in the feed occurred in the
liver. The incidences of centrilobular hepatocellular
hypertrophy in exposed males and females were
significantly greater than those of the controls
(Tables 9, 10, A4, and B4). In exposed mice, the
hypertrophy was generally mild in severity while in
the few affected control mice the severity was
minimal. The hypertrophy was similar to that
described in the 14-week study.

The incidences of eosinophilic foci, a putative pre-
neoplastic lesion, and of hepatocellular adenoma
were significantly greater than those of the controls

significantly greater in 2,500 ppm males and
5,000 ppm males and females. The incidence of
hepatocellular neoplasms and the number of mice
with multiple hepatocellular neoplasms increased
with increasing exposure level in both males and
females (Tables Al and B1).

The eosinophilic foci, hepatocellular adenomas, and
hepatocellular carcinomas constitute a morphologic
continuum of increasing size, progressive loss of
normal hepatic architecture, increasing disorganiza-
tion of hepatic plates, and increasing cellular pleo-
morphism and atypia. The eosinophilic foci were
relatively discrete aggregates of often enlarged
hepatocytes with homogeneous eosinophilic cyto-
plasm. While some foci were larger than a single
hepatic lobule, the lobular pattern was retained and
the organization of the hepatic plates was only
minimally altered. Hepatocellular adenomas were
discrete nodules larger than eosinophilic foci.
Normal hepatic lobulation was not apparent and the
hepatic plates were distorted to varying degrees
within the adenomas. While the hepatocytes within
the adenomas were often enlarged and eosinophilic,
there was little or no pleomorphism or atypia. In
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TABLE 9
Incidences of Neoplasms and Nonneoplastic Lesions of the Liver in Male Swiss-Webster Mice
in the 57-Week Feed Study of Oxazepam

Dose (ppm) 0 2,500 5,000
Liver? 60 60 60
Centrilobular Hypertrophy 12 (1.3) 46** (1.8)b 47** (1.8)
Basophilic Focus 1 0 1
Eosinophilic Focus 0 22+ 22**
Focus (any type) 1 22+ 22+
Hepatocellular Adenoma
Overall rate® 1/60 (2%) 35/60 (58%) 50/60 (83%)
Adjusted rated 2.2% 88.7% 98.0%
Terminal rate® 1/45 (2%) 15/19 (79%) 9/10 (90%)
First incidence (days) 397 (T) 268 231
Logistic regression test P<0.001 P<0.001 P<0.001
Hepatocellular Carcinoma
Overall rate 0/60 (0%) 5/60 (8%) 19/60 (32%)
Adjusted rate 0.0% 21.7% 72.0%
Terminal rate 0/45 (0%) 3119 (16%) 5/10 (50%)
First incidence (days) = J 356 302
Life table test P<0.001 P=0.003 P<0.001
Logistic regression test P<0.001 P=0.010 P<0.001
Hepatocellular Adenoma or Carcinoma
Overall rate 1/60 (2%) 35/60 (58%) 52/60 (87%)
Adjusted rate 22% 88.7% 98.1%
Terminal rate 1/45 (2%) 15/19 (79%) 9/10 (90%)
First incidence (days) 397 (T) 268 231
Life table test P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001

** Significantly different (P<0.01) from the control group by the logistic regression test

(T)Terminal sacrifice

3 Number of animals with liver examined microscopically

Average severity of lesions in affected mice: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked

Number of lesion-bearing animals/number of animals necropsied or examined microscopically

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality.

Observed incidence in animals surviving until the end of the study

In the control column are the P values associated with the trend test. In the dosed group columns are the P values corresponding
to pairwise comparisons between the controls and that dosed group. The logistic regression analysis regards these lesions as
nonfatal.

& Not applicable; no neoplasms in animal group

- 6 a0 o
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TABLE 10
Incidences of Neoplasms and Nonneoplastic Lesions of the Liver in Female Swiss-Webster Mice
in the 57-Week Feed Study of Oxazepam

Dose (ppm) 0 2,500 5,000
Liver? 60 59 59
Centrilobular Hypertrophy 3(1.3) 51%+ (1.6)b 53** (1.8)
Basophilic Focus 0 0 0
Eosinophilic Focus 0 20** 14+
Focus (any type) 0 20** 14**
Hepatocellular Adenoma
Overall rate® 0/60 (0%) 22/59 (37%) 47/59 (80%)
Adjusted rate? 0.0% 52.6% 95.1%
Terminal rate® 0/47 (0%) 10/28 (36%) 15/17 (88%)
First incidence (days) £ 291 284
Logistic regression testf P<0.001 P<0.001 P<0.001
Hepatocellular Carcinoma
Overall rate 1/60 (2%) 1/59 (2%) 11/59 (19%)
Adjusted rate 2.1% 3.6% 51.6%
Terminal rate 1/47 (2%) 1728 (4%) 8/17 (47%)
First incidence (days) 397 (T) 397 (T) 337
Life table test P<0.001 P=0.642 P<0.001
Logistic regression test P<0.001 P=0.642 P<0.001
Hepatocellular Adenoma or Carcinoma
Overall rate 1/60 (2%) 23/59 (39%) 47/59 (80%)
Adjusted rate 2.1% 55.2% 95.7%
Terminal rate 1/47 (2%) 11/28 (39%) 15/17 (88%)
First incidence (days) 397 (T) 291 284
Life table test P<0.001 P<0.001 P<0.001
Logistic regression test P<0.001 P<0.001 P<0.001

** Significantly different (P<0.01) from the control group by the logistic regression test
(T)Terminal sacrifice
a

- o a6 o

Number of animals with liver examined microscopicaily

Average severity of lesions in affected mice: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked

Number of lesion-bearing animals/number of animals necropsied or examined microscopically

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality.

Observed incidence in animals surviving until the end of the study

In the control column are the P values associated with the trend test. In the dosed group columns are the P values corresponding
to pairwise comparisons between the controls and that dosed group. The logistic regression analysis regards these lesions as
nonfatal.

Not applicable; no neoplasms in animal group



contrast, hepatocellular carcinomas had hetero-
geneous growth patterns with areas of distinct
trabecular or adenoid arrangements. The neoplastic
hepatocytes usually exhibited a greater degree of
pleomorphism characterized by variation in size,
staining quality of the cytoplasms, and size and shape
of the nuclei.

Multiple Organs: Amyloid deposition is a common
spontaneous condition in Swiss-Webster mice, and
exposure to oxazepam appears to have exacerbated
this condition, resulting in significant dose-related
increases in the incidence and severity in multiple
organs compared to those of the controls. The
organs most commonly affected in both male and
female mice in this study were the heart, glandular
stomach, intestine, spleen, lymph nodes, thyroid and
parathyroid glands, adrenal cortex, and uterus
(Tables A4 and B4). Except in the heart, the severity
of these lesions in these organs averaged minimal to
mild in the controls and mild to moderate in the
5,000 ppm group.

In the heart, the severity of amyloid deposition in the
myocardium ranged from moderate to marked in
exposed mice and minimal to mild in controls. Dose-
related increased incidences in myocardial amyloid
deposition occurred in exposed males (43/60, 52/60,
52/60; Table A4). Additionally, the incidences of
atrial thrombosis increased in a dose-related manner
(males: 1/60, 34/60, 35/60; females: 2/60, 23/59,
31/59; Tables A4 and B4). These thrombi were quite
large and distended or occluded the atria. The
thrombi were usually associated with moderate to
marked myocardial amyloid deposition.

In the lung, oxazepam exposure was also associated
with increased incidences of inflammatory fibrosis in
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males (0 ppm, 0/60; 2,500 ppm, 27/60; 5,000 ppm,
25/60, Table A4) and females (0 ppm, 1/60;
2,500 ppm, 14/59; 5,000 ppm, 8/59; Table B4) and
dose-related increased incidences of mononuclear cell
infiltrates (males: 1/60, 31/60, 37/60; females: 2/60,
16/59, 26/59; Tables A4 and B4). Lung inflammation
was primarily multifocal; however, the fibrosis and
mononuclear cell infiltration were usually widely
disseminated or diffuse. The severity of inflammatory
fibrosis in affected animals was similar among
exposed and control groups (males: 0, 2.3, 2.2;
females: 2.0, 1.9, 2.3). The lung changes were
consistent with pulmonary hypertension and were
most likely due to heart failure secondary to amyloid
deposition and secondary to pulmonary edema.

Uterus: The incidence of cystic endometrial hyper-
plasia decreased with increasing exposure level (13/60,
2/59, 0/57; Table B4).

Neurobehavioral Evaluation

During the 6-month neurobehavioral evaluation, fore-
limb grip strength was significantly decreased in male
mice exposed to 5,000 ppm. Hindlimb grip strength
at 6 months and forelimb and hindlimb grip strengths
at 12 months were not affected by oxazepam exposure
(Tables G8 and G9). Females in the 2,500 ppm
group and males and females in the 5,000 ppm
groups exhibited significantly decreased paw lick
latencies in the thermal sensitivity tests at 6 months
(Table G10). No significant differences in paw lick
latencies were observed at 12 months in any exposed
group. Motor activity was not affected by oxazepam
exposure at 6 months but was reduced by 53% in the
5,000 ppm females at 12 months (Table G11).
Startle response was not affected by oxazepam
exposure.
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B6C3F, MICE

14-WEEK STUDY

One male mouse in the 10,000 ppm group died
during the study with a wurinary tract infection
(Table 11). Mean body weight gains of exposed
groups were similar to those of the controls
(Table 11). Feed consumption by all male and
female exposed groups was lower than that by con-
trols early in the study, but was similar during the
latter part of the study (Table 11). Dietary levels of
625, 1,250, 2,500, 5,000, and 10,000 ppm resulted in
average daily consumption values of 100, 200, 390,

TABLE 11
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890, and 1,810 mg/kg body weight in males and 130,
260, 450, 920, and 2,050 mg/kg in females. Serum
oxazepam concentrations increased with exposure
level in both males and females; however, as in the
Swiss-Webster study, these increases were not propor-
tional to the increase in dose (Table 12). Serum
oxazepam concentrations were similar in males and
females at each exposure level. Chemical-related
clinical findings of drowsiness, lethargy, and
decreased spontaneous locomotor activity were
observed in all exposed groups. These findings
occurred for only a few days beginning about day 2 of
the study.

Survival, Mean Body Weights, and Feed Consumption of B6C3F, Mice in the 14-Week Feed Study

of Oxazepam

Final Weight

Mean Body Weight” (g) Relative Feed
Dose Survival® Initial Final Change to Controls Consumption®
(ppm) (%) Week 2 Week 14
Male
0 10/10 239+ 03 33.6 £ 0.7 9.7 £ 0.6 5.1 5.5
625 10/10 242 + 05 353 £ 0.7 11.1 = 04 105 39 49
1,250 10/10 240 £ 05 343 + 0.6 103 £ 0.8 102 38 49
2,500 10/10 246 £ 03 341 £ 04 95+ 03 102 38 4.6
5,000 10/10 23505 331 +05 95 + 04 98 3.6 5.0
10,000 9/10d 236 + 0.6 335 £ 05 95 + 0.5 100 32 5.7
Female
0 10/10 195 £ 0.2 297 £ 0.7 102 = 0.7 5.7 6.8
625 10/10 20.2 £ 0.5 31.7 £ 0.7 11.5 £ 0.7 107 34 6.5
1,250 10/10 19.1 £ 04 30.5 = 0.6 114 = 0.7 103 33 6.3
2,500 10/10 198 £ 0.3 294 + 0.6 9.6 + 0.5 99 3.2 4.5
5,000 10/10 196 = 04 30.3 = 0.6 10.7 = 0.6 102 33 51
10,000 10/10 199 £ 0.2 300 £ 0.5 10.1 £ 04 101 3.0 6.1

-

Number of animals surviving/number initially in group
end of the study.

on 10 animals.
4 Week of death: 13

Weights and weight changes are given as mean + standard error. Subsequent calculations are based on animals surviving to the

Feed consumption is expressed as grams per animal per day; data for week 2 are based on 20 animals; data for week 14 are based
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TABLE 12

Oxazepam, NTP TR 443

Serum Oxazepam Concentrations in B6C3F, Mice in the 14-Week Feed Study of Oxazepam?

Dose (ppm) 0 625 1,250 2,500 5,000 10,000
Male

2 weeks 0.00 = 0.00 519 = 0.55b 8.30 + 0.85°¢ 109 = 0.57 169 = 1.08 225 £ 192
12 weeks 0.00 = 0.00 6.06 + 0.31 8.46 + 0.57 11.1 = 0.33 16.5 + 1.18 199 + 1.18
Female

2 weeks 0.00 = 0.00 575 = 0.58b 7.08 £ 0.76 118 + 1.57 151 = 117 22.7 = 1.36
12 weeks 0.00 = 0.00 5.38 + 0.53 8.04 £ 0.66 113 £ 1.07 173 £ 1.67 238 = 0.30

3 Mean = standard error for five animals; values are given as pg/mL.

n=4

¢ n=3

Oxazepam produced a deficit in grip strength, which
was more marked in males than in females
(Tables G12 and G13). This deficit was only tempo-
rary, however, because it was observed at 2 weeks but
not at 12 weeks. Increases in motor activity were
observed at all exposure levels at both 2 weeks and
12 weeks (Table G15). This disinhibitory effect may
be indicative of an anxiety-reducing effect of
oxazepam. Somatosensory integrity was measured by
the tactile startle response. Increases in initial startle
reactivity were observed in 625 and 1,250 ppm males
and in 2,500 ppm females at 2 weeks. Decreased
reactivity was seen at 12 weeks and was particularly
evident in the 2,500, 5,000, and 10,000 ppm females.
An overall increased sensitivity of exposed mice to an
auditory prepulse as part of the tactile startle re-
sponse was noted (Tables G16, G17, and G18). In
addition, decreased paw lick latencies were observed
in the 625, 1,250, and 10,000 ppm females at
12 weeks (Table G14). Changes in startle response
and thermal sensitivity may be due to an effect on the
sensory component of the startle reflex circuit.
Oxazepam effects on the sensory system in general,
and specifically on arousal mechanisms, may have
accounted for these changes.

Absolute and relative liver weights of all exposed
males and females were notably greater than those of
the controls (Tables 13 and F2). These increases
were exposure related. Absolute thymus weights of

625, 1,250, 2,500, and 10,000 ppm males and relative
thymus weights of 2,500 and 10,000 ppm males were
significantly greater than those of the controls, and
absolute and relative kidney weights of exposed
females were variable, but were also significantly
greater than those of the controls. There were no
histopathologic differences in the thymus or kidney
that could account for these increases.

Centrilobular hepatocellular hypertrophy occurred in
exposed male and female B6C3F, mice (Table 13).
Exposure-related increases in the severity of this
lesion occurred in both males and females. These
lesions were similar to those previously described for
the Swiss-Webster mice. In both strains of mice, the
presence of centrilobular hypertrophy correlated with
exposure-related increases in the absolute and
relative liver weights.

Dose Selection Rationale

Because the degree of increase in liver weight in mice
at the 10,000 ppm concentration was considered
potentially life threatening during a 2-year study, the
doses of oxazepam selected for the 2-year study were
0, 2,500, and 5,000 ppm. An additional exposure
level of 125 ppm was selected in an attempt to
produce a group of mice with serum oxazepam levels
in the 1 ug/mL range, similar to that produced in
humans by a therapeutic dose of oxazepam.
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TABLE 13
Liver Weights and Incidences of Nonneoplastic Lesions of the Liver in B6C3F, Mice
in the 14-Week Feed Study of Oxazepam

Dose (ppm) 0 625 1,250 2,500 5,000 10,000
Male
Liver? 10 10 10 10 10 10
Liver Weights
Absolute 1.634 + 0052 1919 + 0.044**Y 2,150 + 0.037** 2.186 + 0.038** 2.545 = 0.065** 2.966 + 0.057**
Relative 47.24 + 0.96 5291 + 0.67**P 61.42 + 0.47** 62.50 + 0.94** 74.83 + 1.09** 88.09 + 1.19**
Centrilobular Hypertrophy 0 10aa (1.0)° 1044 (2.0) 1044 (2.0) 10a4 (2.1) 1044 (3.0)
Female
Liver 10 0 10 10 10 10
Liver Weights
Absolute 1387 + 0021 1743 + 0.031**9 1.871 + 0.046°°°1.898 + 0.044** 2391 + 0.072** 2.837 + 0.061**P
Relative 46.59 + 1.01 55.44 = 1.02**9 61.54 = 0.76** 6320 + 1.19**  77.35 + 1.16** 93.64 = 1.03**"
Centrilobular Hypertrophy 0 1044 (1.0) 10aa (1.0) 10aa (2.0) 10aa (2.0) 1044 (3.0)

** Significantly different (P<0.01) from the control group by Williams’ or Dunnett’s test
u Significantly different (P<0.01) from the control group by Fisher’s exact test
Number of mice with organ examined microscopically; organ weights and body weigh