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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 chemical 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 the Central Data
Management, NIEHS, P.O. Box 12233, MD A0-01, Research Triangle Park, NC 27709 (919-541-1371).
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ABSTRACT

Nat [N—N=N]~

SODIUM AZIDE

CAS No. 26628-22-8

Chemical Formula: NaN,

Molecular Weight: 65.02

Synonyms: Azide, Azium, Smite

Sodium azide is a white crystalline solid used in the
manufacture of the explosive lead azide. It is the
principal chemical used to generate nitrogen gas in
automobile safety airbags and airplane escape chutes
and is a broad-spectrum biocide used in both
research and agriculture.

Toxicology and carcinogenicity studies were
conducted by administering sodium azide (greater
than 99% pure) in distilled water by gavage to
groups of male and female F344/N rats once daily,
5 days per week for 14 days, 13 weeks, or 2 years.
Genetic toxicology studies were conducted in
Salmonella typhimurium and Chinese hamster ovary
cells.

14-Day Studies

Rats received 0, 5, 10, 20, 40, or 80 mg/kg sodium
azide. All male and female rats receiving 40 or
80 mg/kg and two of five female rats receiving
20 mg/kg died during the first week of the studies.
Clinical findings of toxicity included lethargy and
inactivity. No grossly observable lesions were
present in any of the dose groups.

13-Week Studies

Rats received 0, 1.25, 2.5, §, 10, or 20 mg/kg sodium
azide. Seven of 9 males and all 10 females receiving
20 mg/kg died before the end of the studies. Final
mean body weights of treated rats were within 10%
of those of the controls. Compound-related clinical
findings of toxicity in the 20 mg/kg dose groups

included lethargy and labored breathing.
Histopathologic lesions induced by sodium azide
were limited to the brain (necrosis of the cerebrum
and thalamus) and lung (congestion, hemorrhage,
and edema), and were observed in rats receiving
20 mg/kg that died during the studies.

Body Weights, Feed Consumption, and Survival in the
2-Year Studies

Because compound-related deaths were observed in
the groups receiving 20 mg/kg in the 13-week
studies, lower dose levels were used in the 2-year
studies. = Two-year studies were conducted by
administering 0, 5, or 10 mg/kg sodium azide to
groups of 60 male and 60 female rats. Dose-related
depression in mean body weight was observed
throughout the study period. Mean feed
consumption values in low- and high-dose groups
were lower than control values.  Survival of
high-dose rats of each sex was significantly (P <0.05)
lower than controls (males-control, 24/60; low-dose,
27/60; high-dose, 9/60; females-37/60; 43/60; 21/59).
The reduced survival was attributed to brain necrosis
and cardiovascular collapse induced by sodium azide.

Neoplastic and Nonneoplastic Effects in the 2-Year
Studies

There were no compound-related increases in
incidences of neoplasms in rats.  Significantly
decreased incidences were observed for certain
neoplasms, including mononuclear cell leukemia in
male rats (control, 33/60; low-dose, 28/60; high-



dose, 14/60), adrenal gland pheochromocytoma in
male rats (26/55; 16/56; 6/54), mammary gland
fibroadenoma in female rats (20/60; 11/60; 8/59), and
pituitary gland neoplasms in female rats (37/60;
28/60; 17/59). These decreases reflected to some
extent, but could not be attributed solely to, the
reduced survival of the high-dose groups.
Compound-related nonneoplastic brain lesions
(necrosis of the cerebrum and thalamus) were
observed at significantly (P<0.001) increased
incidences in high-dose male and female rats. The
increased incidence of lung congestion observed in
this dose group was considered due to cardiovascular
collapse secondary to brain necrosis.

Genetic Toxicology
Sodium azide was mutagenic in Salmonella
typhimurium strains TA100 and TA1535, with or
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without exogenous metabolic activation (S9); it was
not mutagenic in strain TA1537 or TA98. In
cytogenetic tests with Chinese hamster ovary cells,
sodium azide induced sister chromatid exchanges,
but not chromosomal aberrations, in the presence
and the absence of S9.

Conclusions

Under the conditions of these 2-year gavage studies,
there was no evidence of carcinogenic activity® of
sodium azide in male or female F344/N rats
administered 5 or 10 mg/kg.

Sodium azide induced necrosis in the cerebrum and
the thalamus of the brain in both male and female
rats.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 7. A summary of peer review comments and public discussion

on this Technical Report appears on page 9.

Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of Sodium Azide

Variable Male F344/N Rats Female F344/N Rats

Doses 0, 5, or 10 mg/kg in water by gavage, 0, 5, or 10 mg/kg in water by gavage,
5 days per week 5 days per week

Body weights Dosed groups lower than controls Dosed groups lower than controls

2-Year survival rates 24/60, 27/60, 9/60

Nonneoplastic effects
(0/60, 1/60, 24/60);
thalamic necrosis
(0/60, 1/60, 25/60);

Lung: pulmonary congestion

(6/60, 4/60, 30/60);

Brain: cerebral necrosis

37/60, 43/60, 21/59

Brain: cerebral necrosis
(0/60, 1/60, 33/58);

thalamic necrosis

(0/60, 0/60, 21/58);

Lung: pulmonary congestion
(6/60, 3/60, 21/59)

pulmony hemorrhage

(4/60, 5/60, 17/60)
Neoplastic effects

Level of evidence of carcinogenic
activity No evidence
Genetic toxicology

Salmonella typhimurium gene mutation:

None attributed to sodium azide

None attributed to sodium azide

No evidence

Positive with or without S9 in strains TA100 and TA1535;

negative with or without S9 in strains TA1537 or TA98

Sister chromatid exchanges

Chinese hamster ovary cells in vitro:
Chromosomal aberrations

Chinese hamster ovary cells in vitro:

Positive with or without S9

Negative with or without §9
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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 (jii) marked
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress
to malignancy.

* Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemically 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 chemically related.

* No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemically 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 preneoplastic to neoplastic lesions;
some benign neoplasms 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 assumc that benign neoplasms 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 tissue;

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

structure-activity correlations; and

in some cases, genetic toxicology.

e o o o
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TECHNICAL REPORTS REVIEW SUBCOMMITTEE

The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on sodium azide on
April 25, 1990, are listed below. Panel members serve as independent scientists, not as representatives of any institution, company,
or governmental agency. In this capacity, panel members have five major responsibilities in reviewing NTP studies:

Michael A. Gallo, Ph.D., Chair

Department of Environmental and Community Medicine

UMDNIJ-Rutgers Medical School
Piscataway, NJ

John Ashby, Ph.D., Principal Reviewer
Central Toxicology Laboratory
Imperial Chemical Industries, PLC
Alderly Park, England

Gary P. Carlson, Ph.D., Principal Reviewer
Department of Pharmacology and Toxicology
Purdue University
West Lafayette, IN

Harold Davis, D.V.M., Ph.D., Principal Reviewer
School of Aerospace Medicine
Brooks Air Force Base, TX

Robert H. Garman, D.V.M.
Consultants in Veterinary Pathology
Murrysville, PA

Lois Swirsky Gold, Ph.D.
Lawrence Berkeley Laboratory
University of California
Berkeley, CA

Jay 1. Goodman, Ph.D.
Department of Pharmacology and Toxicology
Michigan State University
East Lansing, MI

* did not attend

to ascertain that all relevant literature data have been adequately cited and interpreted,

to determine if the design and conditions of the NTP studies were appropriate,

to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
to judge the significance of the experimental results by scientific criteria, and

to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.

David W. Hayden, D.V.M,, Ph.D.
Department of Veterinary Pathobiology
College of Veterinary Medicine
University of Minnesota
St. Paul, MN

Curtis D. Klaassen, Ph.D.*
Department of Pharmacology and Toxicology
University of Kansas Medical Center
Kansas City, KS

Daniel S. Longnecker, M.D.
Department of Pathology
Dartmouth Medical School
Hanover, NH

Barbara McKnight, Ph.D.
Department of Biostatistics
University of Washington
Seattle, WA

Ellen K. Silbergeld, Ph.D.*
University of Maryland Medical School
Baltimore, MD
Environmental Defense Fund
Washington, DC

Lauren Zeise, Ph.D.
California Department of Health Services/RCHAS
Berkeley, CA
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On April 25, 1990, the draft Technical Report on
the toxicology and carcinogenesis studies of sodium
azide received public review by the National
Toxicology Program Board of Scientific Counselors’
Technical Reports Review Committee. The review
meeting was held at the National Institute of
Environmental Health Sciences, Research Triangle,
Park, NC.

Dr. KM. Abdo, NIEHS, introduced the toxicology
and carcinogenesis studies of sodium azide by
discussing chemical uses and describing the
experimental design, survival and body weight
changes, and the only compound-related lesions,
nonneoplastic brain lesions in male and female rats.
The proposed conclusions were no evidence of
carcinogenic activity in male or female rats.

Dr. Ashby, a principal reviewer, agreed with the
conclusions. However, he questioned why only rats
were studied, and thought the use of only one
species along with the poor survival in high-dose
groups made this a less useful reference non-
carcinogen than most. Dr. Abdo said NTP made
the decision to use rats only in the 2-year studies
after 14-day and 13-week studies in mice showed
minimal tissue pathology. Dr. Ashby said that the
low dose probably was the maximum tolerated dose
(MTD) and this probably compensated for the poor
survival at the high dose.

Dr. Davis, the second principal reviewer, agreed with
the conclusions. His major concern was the
difficulty in assessing carcinogenic activity because
the MTD was exceeded in the high-dose groups and
there were few lesions in the low-dose groups. He
commented on the observation that the severity of
brain lesions ranged from acute to chronic.
Dr. M. Jokinen, NIEHS, said that both acute and
chronic lesions were often seen in the same animal.
Dr. Carlson noted that in other studies with
chemicals that produce similar types of brain lesions,
no animals had both acute and chronic lesions.
Usually, those animals with acute lesions died from
the lesions.

Dr. Carlson, the third principal reviewer, agreed
with the conclusions. He thought the doses chosen
appeared to have been appropriate and concluded
that the study was adequate because the survival at
90 weeks in the high-dose groups was 60% or

higher and the low dose was probably close to the
MTD. Dr. Carlson asked for a more detailed
explanation of the comment that decreased
incidences of some neoplasms "reflected to some
extent, but could not be solely attributed to, the
reduced survival of the high-dose group.”

Dr. Silbergeld also had submitted a written review
which Dr. L. Hart, NIEHS, read in her absence.
Dr. Silbergeld did not agree with the conclusions.
Rather, she thought the correct interpretation was
that of an inadequate study of carcinogenic activity
based primarily on a very high rate of mortality in
all animal groups and a high incidence of tumors,
particularly leukemias, in controls. Dr. Abdo
responded that in his judgment there were sufficient
numbers of surviving animals in dose groups at
90 weeks to detect a carcinogenic effect had there
been one. Further, he commented that there has
been a general trend for reduced survival in NTP
control animals over the past several years and the
survival in the sodium azide study animals was
within the range of survival for control animals in
contemporary NTP feed or water gavage studies.
Dr. J. Haseman, NIEHS, noted that higher rates of
leukemia in the more recent control groups were
partly responsible for the lower survival rates.

There was considerable discussion about the gavage
deaths in the high-dose groups and whether they
were due to accidents or at least in part whether
they may have been secondary to the brain toxicity.
Dr. Gold wondered about the adequacy of the study
for detecting an effect when there was such poor
survival compounded by the gavage deaths in high-
dose groups. Dr. McKnight requested a parallel
survival analysis included which does not censor the
gavage deaths but rather counts them as true deaths.
Dr. Haseman said a revised survival curve would be
added. Dr. S. Eustis, NIEHS, stated that the
acceptable survival rates of high-dose groups at
90 wecks and the absence of carcinogenic activity in
low-dose groups supported the adequacy of the
studies.

Dr. Ashby moved that the Technical Report on
sodium azide be accepted with the revisions
discussed and the conclusions as written for male
and female rats, no evidence of carcinogenic activity.
Dr. Carlson seconded the motion, which was
accepted by nine votes to one (Dr. Gold).
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INTRODUCTION

Nat [N—N=N]~

SODIUM AZIDE

CAS No. 26628-22-8

Chemical Formula: NaN,

Molecular Weight: 65.02

Synonyms: Azide, Azium, Smite

PHYSICAL AND CHEMICAL
PROPERTIES, PRODUCTION, AND USE

Sodium azide, a white crystalline solid, is prepared
by reacting sodium metal and liquid ammonia in the
presence of ferric chloride as catalyst and treating
the resulting amide with nitrous oxide under
pressure (Herbicide Handbook, 1979). Sodium azide
crystals have a density of 1.845 and decompose upon
heating to sodium and nitrogen. Sodium azide is
highly soluble in water, alcohol, and liquid ammonia
and is insoluble in ether (The Merck Index, 1983).

No information was available on the commercial
production of sodium azide in the United States.
However, in 1966 approximately 45,000 kg of this
chemical was consumed in the U.S. (Reichle, 1966),
and in 1977 nearly 9,000 kg was imported into the
U.S. No recent import data were available (NLM
Toxnet System, 1989).

Sodium azide is used in the preparation of hydrazoic
acid, lead azide, and pure sodium (The Merck Index,
1983). It is the principal chemical used to generate
nitrogen gas in automobile safety airbags and
airplane escape chutes (Sax, 1975; The Merck Index,
1976). Sodium azide is also used as a retardant in

the manufacture of sponge rubber and is used to

prevent the coagulation of styrene and butadiene
latexes stored in contact with metals and to
decompose nitrites in the presence of nitrates
(Sittig, 1985). Because of its broad-spectrum

biocidal activity, sodium azide is used as an
herbicide, insecticide, nematocide, fungicide, and
bactericide (Farm Chemical Handbook, 1981). This
biocidal activity also makes it useful as a preserva-
tive for some products, such as seeds and wine. In
the Japanese beer industry, sodium azide is used to
prevent growth of fungus, which darkens the brew
(Sittig, 1985). Sodium azide is also used to stabilize
human aqueous prealbumin fractions during storage,
to prepare human blood samples for ethanol and
acetaldehyde determinations, and to preserve diag-
nostic medicinals (Mackie er al., 1982; Demaster
et al., 1983; Sax and Lewis, 1987). This compound
is also used as a reagent for the determination of
tocopherols in erythrocyte membranes and of dis-
solved oxygen in polluted water (Handbook of
Reactive Chemical Hazards, 1979; Feo, 1982).
Because of its potent peripheral vasodilator activity,
sodium azide has been used therapeutically to
control hypertension (NRC, 1981).

HUMAN EXPOSURE

The National Occupational Hazard Survey Ilists
5,954 workers as potentially exposed to sodium azide
(NIOSH, 1978). However, the diverse uses of this
chemical suggest that there is a potential for more
widespread human exposure.  According to a
National Occupational Exposure Survey conducted
from 1981 to 1983, NIOSH has estimated that a
total of 48,815 workers have been occupationally
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exposed to sodium azide. Over 70% of those
potentially exposed were health services employees
(NIOSH, 1990). The American Conference of
Governmental Industrial Hygienists has adopted a
threshold limit value of 0.1 ppm for this compound
in the workplace air (ACGIH, 1989).

ABSORPTION, DISTRIBUTION, AND
METABOLISM

Sodium azide given orally at nonlethal doses is
absorbed and metabolized rapidly in the rat. In one
study, the compound was detected in the plasma of
rats 5 minutes after the administration of a single
oral dose of 40 mg/kg. No azide was detected in
plasma or tissues 24 hours after administration.
During the same period, no azide was exhaled in the
air or excreted in the feces, and only 7.9 ug was
excreted in the urine. In a separate study, no azide
was detected in the blood of rats given a daily dose
of 23 mg/kg in drinking water for up to 147 days.
The results of in vitro studies with tissue homo-
genates indicate that the liver is the organ respon-
sible for the deactivation of sodium azide (Lee,
1982).

BIOCHEMICAL EFFECTS

Among the biochemical effects of sodium azide is
the inhibition of cellular cytochrome oxidases
(Gauze and Fatkullina, 1972). As a consequence
of this inhibition, hepatic hexokinase activity is
increased, suggesting stimulation of the glycolytic
pathway, and lactate dehydrogenase activity is
decreased, reflecting an increase in membrane
permeability (Serban and Serban, 1980). Other
effects of the compound include the activation of
guanylate cyclase, resulting in increased levels of
cyclic GMP in the brain and liver (Kimura et al.,
1975), the inhibition of calcium release in canine
cardiac preparations (Entman et al., 1973), and the
inhibition of erythrocyte ATPase (Ivashchenko and
Ryskulova, 1976).

TOXICITY

Human Toxicity

Accidental poisoning of five laboratory technicians
due to ingestion of 10 to 20 mg sodium azide
caused dizziness, pounding of the heart, faintness,
and myocardial ischemia (Edmonds and Bourne,
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1982). Altered mental status, pronounced acidosis,
cardiac arrhythmia, decreased cardiac output, hypo-
tension, and noncardiogenic pulmonary edema
preceded the death of a male chemist who ingested
10 to 20 g of the chemical (Albertson et al., 1986).
Sodium azide lowered the blood pressure of hyper-
tensive individuals, but had little effect on normo-
tensives when administered orally at therapeutic
dosages of 0.6 to 3.9 mg in divided doses for up to
2.5 years. Clinical examinations of these individuals
revealed no damage to the kidney, heart, or liver
(Frederick and Babish, 1982).

Animal Toxicity

The reported oral LD, values for sodium azide are
45 mg/kg for rats and 27 to 40 mgkg for mice
(Kleinhofs er al., 1978a; NRC, 1981). Acute toxic
effects of this compound include respiratory stimula-
tion and convulsions, followed by respiratory depres-
sion and death. Sodium azide given orally to rats or
intravenously to dogs resulted in hypotension
(Kleinhofs et al., 1978a). A dose of 8 to 10 mg/kg
given intramuscularly to monkeys resulted in convul-
sion, unconsciousness, apnea, and death; ataxia
developed in survivors as a result of cerebellar
cortical destruction. Repeated administration of
sodium azide to monkeys produced necrosis or
demyelination of the optic nerves and tracts and
necrosis of the caudate nucleus and putamen of the
lenticular nucleus. These lesions may have resulted
from hypotension, impairment of ventilation, and
inhibition of the activity of oxidative enzymes
(Mettler and Sax, 1972).

Reproductive Effects

Female Fischer 344/N rats given sodium azide by
gavage at doses of 5 or 10 mg/kg per day, five days
per week for 1 year, showed no significant alteration
in average estrous cycle length or relative frequency
of estrous stages. However, the frequency of stages
classified as unclear was higher in the treated
females (data on file at NIEHS). Sodium azide
induced sterility in Musca domestica (Thakur and
Mann, 1981).

Carcinogenicity
No information regarding the carcinogenicity of
sodium azide in humans was available, and few
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animal studies have been reported in the literature.
Sodium azide was reported not to be carcinogenic
when given in the diet or by gavage at the maximum
or half the maximum tolerated dose for 18 months
followed by 6 months of observation, but the dose
levels and test species were not specified (Ulland
et al., 1973). Sodium azide was not carcinogenic in
male Charles River rats given 100 or 200 ppm in
the diet for 18 months followed by 6 months of
observation. Female rats treated similarly showed a
significant increase in the incidence of pituitary
chromophobe adenoma at the 100 ppm dose level.
However, because too few rats survived the sodium
azide treatment, this study was considered to be
inadequate for evaluating the carcinogenic potential
of this chemical (Weisburger er al., 1981).

Genetic Toxicity

The mutagenicity of sodium azide has recently been
reviewed (Arenaz et al., 1989). Sodium azide has
been shown to induce DNA damage in Escherichia
coli (Mamber et al., 1983), but negative results have
also been reported (Suter and Jaeger, 1982; De
Flora et al., 1984). Tests for the induction of
single-strand DNA breaks were positive in plants
(Veleminsky er al.,, 1977) and negative in Chinese
hamster V79 cells. No unscheduled DNA synthesis
was observed in plants (Jackson and Linskens, 1980)
or mammalian cells treated with sodium azide
(Martin et al., 1978; Slamenova and Gabelova, 1980;
Probst et al., 1981). Although these tests for the
induction of primary DNA damage by sodium azide
yielded mixed results, the chemical is a confirmed
bacterial mutagen in strains that respond to base
pair substitution mutations, independent of S9
activation (Kleinhofs and Smith, 1976; De Flora
et al., 1979; Dunkel, 1979; Probst et al., 1981;
Owais et al., 1983; Zeiger et al., 1987). The
mutagenic activity of sodium azide in eukaryotic
systems has also been extensively investigated, and
the results have generally been positive. For
example, sodium azide induced gene mutations in
yeast (Silhdnkova et al., 1979) and in higher plants
such as barley, rice, and corn (Nilan er al., 1973;
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Kleinhofs et al., 1978b; Sander et al., 1978; Sarma
et al., 1979; Hasegawa and Inoue, 1983). Weakly
positive results were reported for the induction of
sex-linked recessive lethal mutations in male
Drosaphila melanogaster fed 0.1 mM sodium azide at
pH 4.6 for 3 days (Kamra and Gollapudi, 1979).
Sodium azide was weakly mutagenic at the TK*
locus of mouse L5178Y cells (Clive et al., 1979), and
weakly positive responses were reported for induc-
tion of 8-azaguanine or ouabain resistance, or both,
in rat epithelial cells and Chinese hamster cells
(Jones et al., 1980).

Tests for clastogenic effects in eukaryotic cells were
almost uniformly negative. Sodium azide did not
induce chromosomal aberrations in barley (Nilan
et al., 1973, Choudhary and Kaul, 1976; Prina and
Favret, 1983), Vicia faba (Kihlman and Sturelid,
1975), human lymphocytes (Sander et al., 1978), or
Chinese hamster ovary cells (Arenaz and Nilan,
1981; Appendix C, Table C4). NTP studies demon-
strated increases in sister chromatid exchanges in
Chinese hamster ovary cells treated with sodium
azide (Appendix C, Tables C2 and C3); however,
Arenaz and Nilan (1981) reported negative results
and azide-induced cellular toxicity in a similar assay
using shorter treatment times.

Sodium azide is metabolized in barley and
Salmonella typhimurium to a stable mutagenic
intermediate, azidoalanine, in a reaction mediated by
the enzyme O-acetylserine(thio)-lyase (Owais et al.,
1979, 1983). Azidoalanine, when tested directly, was
mutagenic without S9 activation in S. fyphimurium
strains TA1530 and TA100 (Owais er al., 1983).

STUDY RATIONALE

Sodium azide was nominated by the National Cancer
Institute for carcinogenic evaluation because of the
high potential for human exposure and the lack of
adequate carcinogenicity studies. The gavage route
of administration was chosen because sodium azide
was unstable in feed formulations.
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MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF SODIUM AZIDE
Sodium azide was obtained from Fairmont Chemical
Co. (Newark, NJ) in one lot (lot no. 32880). Purity,
identity, and stability analyses were conducted at
Midwest Research Institute, Kansas City, MO
(Appendix E). The study chemical, a white, micro-
crystalline powder, was identified as sodium azide by
infrared, ultraviolet-visible, and nuclear magnetic
resonance spectroscopy. The purity was determined
to be greater than 99% by oxidation-reduction
titration, clemental analyses, Karl Fischer water
analysis, and spark source mass spectrometry.
Sodium azide was stable as a bulk chemical for at
least 2 weeks at temperatures up to 60° C when
protected from light, as determined by a titration
method.

Based on the results of the stability studies, the bulk
chemical was stored at room temperature in the
dark at the testing laboratory throughout the study
period. The stability of the bulk chemical was
monitored periodically during all phases of the
studies by infrared spectroscopy and by titration.
No change in the study material was detected.

PREPARATION AND ANALYSIS

OF DOSE FORMULATIONS

The dose formulations were prepared by mixing
appropriate amounts of sodium azide and distilled
water (Appendix E, Table E1). Stability studies
showed no decrease in sodium azide concentration
after storage of the solutions for 3 weeks in the
dark at 25° C or under simulated animal dosing
conditions (open to air and light for 3 hours).
During the studies, the dose formulations were
stored at 5° C for no longer than 3 weeks.

The study laboratory conducted periodic analyses of
the sodium azide dose formulations using a titri-
metric procedure as described in Appendix E.
During the 2-year studies, the dose formulations
were analyzed at approximately 8-week intervals and

were within + 10% of the target concentrations
100% of the time (Table E4). Results of periodic
referec analyses by the analytical chemistry labora-
tory agreed with the results from the study
laboratory (Table ES5).

14-DAY STUDIES

Male and female F344/N rats were obtained from
Harlan Industries (Indianapolis, IN) and were
quarantined for 19 days before the studies began.
The rats were 7 weeks old at the beginning of the
studies.

Groups of five rats of each sex were administered
0, 5, 10, 20, 40, or 80 mg/kg sodium azide in
deionized water by gavage S5 days per week
(excluding weekends) for a total of 12 dose days.
Animals were housed five per cage. Water and feed
were available ad libitum.

Animals were weighed prior to initiation of chemical
administration, weekly, and at the end of the study.
Observations were made daily throughout the
studies. All animals were necropsied. Organ
weights were obtained for liver, right kidney, brain,
heart, thymus, and lungs for all surviving animals.
Histopathologic examinations were performed on
selected tissues and animals. Further experimental
details are presented in Table 1.

13-WEEK STUDIES

Thirteen-week studies were conducted to evaluate
the cumulative toxic effects of repeated exposure to
sodium azide and to determine the doses to be used
in the 2-year studies.

Male and female F344/N rats were obtained from
Frederick Cancer Research Center (Frederick, MD).
Animals were observed for 18 days, distributed to
weight classes, and assigned to groups according to
tables of random numbers. The rats were 7 weeks
old at the beginning of the studies. Further experi-
mental details are provided in Table 1.
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Groups of 10 rats of each sex were administered
0, 1.25, 2.5, 5, 10, or 20 mg/kg sodium azide in
distilled water by gavage, 5 days per week for
13 weeks. Rats were housed five per cage. Feed
and water were available ad libitum. Animals were
observed twice daily for morbidity and mortality and
were given physical examinations weekly, or as
necessary. Moribund animals were killed and
necropsied. Individual animal weights were recorded
weekly.

After 13 weeks, organ weights were determined for
the liver, right kidney, brain, heart, thymus, and
lungs of all surviving rats. All rats were necropsied
and a complete histopathologic examination was
performed on all rats in the control, 10 mg/kg, and
20 mg/kg dose groups. Tissues and groups examined
are listed in Table 1.

2-YEAR STUDIES
Study Design

Groups of 60 rats of each sex were administered
0, 5, or 10 mg/kg sodium azide in distilled water by
gavage at a dose volume of 5 mL/kg for 5 days per
week for 103 weeks. Ten rats per group were
originally scheduled for interim evaluations. How-
ever, due to the high early mortality in the high-
dose groups, there were no interim evaluations.

Source and Specification of Animals

The male and female F344/N rats used in the 2-year
studies were produced under strict barrier conditions
at Charles River Breeding Laboratories (Kingston,
NY). Rats were shipped to the study laboratory at
4 to 5 weeks of age and were quarantined for
19 days. During this time, animals were checked
daily. To assess the health status of the rats, five
animals of each sex were killed for gross examina-
tion of abdominal and thoracic viscera, histo-
pathologic examination of abnormal tissues, and
determination of pathogen burden. Pathogens
evaluated included ectoparasites (mites, fleas, lice),
intestinal parasites, bacteria, and viruses. The rats
were 48 