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PREFACE

The Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65, California Health
and Safety Code 25249.5 et seq.) requires that the Governor cause to be published a list of those
chemicals “known to the state” to cause cancer or reproductive toxicity. The Act specifies that
“a chemical is known to the state to cause cancer or reproductive toxicity ... if in the opinion of
the state’s qualified experts the chemical has been clearly shown through scientifically valid
testing according to generally accepted principles to cause cancer or reproductive toxicity.” The
lead agency for implementing Proposition 65 is the Office of Environmental Health Hazard
Assessment (OEHHA) of the California Environmental Protection Agency. The *“state’s
qualified experts” regarding findings of carcinogenicity are identified as the members of the
Carcinogen ldentification Committee of the OEHHA Science Advisory Board (Title 22 Cal.
Code of Regs. 812301).

1,2-Epoxybutane was assigned a final priority of *high’ carcinogenicity concern and placed on
the Final Candidate list of chemicals for Committee review on March 12, 2004. A public request
for information relevant to the assessment of the evidence on the carcinogenicity of this chemical
was announced on March 12, 2004, in the California Regulatory Notice Register.

This draft document Evidence on the Carcinogenicity of 1,2-Epoxybutane was developed to
provide the Committee with relevant information for use in its deliberations. It reviews the
available scientific evidence on the carcinogenic potential of 1,2-epoxybutane. A public meeting
of the Committee to discuss this evidence is scheduled for November 1, 2004. At this meeting it
is expected that the Committee will render an opinion on whether 1,2-epoxybutane has been
clearly shown to cause cancer. Written public comments on the document should be submitted
to OEHHA by October 12, 2004, in order to be considered by the Committee in advance of the
meeting. During the November 2004 meeting, the public will have an opportunity to present
verbal comments to the Committee.
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EXECUTIVE SUMMARY

1,2-Epoxybutane is a short-chain epoxide used as a stabilizing agent primarily for chlorinated
solvents. Its use in this capacity, as well as its high volume of production, suggests considerable
potential for human exposure, principally in an occupational setting.

As an epoxide with alkylating activity, 1,2-epoxybutane was suspected to have and consistently
showed genotoxic activity prior to its testing in long-term bioassays in rats and mice in 1988 by
the National Toxicology Program (NTP). The observed genotoxicity was wide-ranging, with
studies demonstrating the induction of base-pair substitutions in reverse mutation assays in
Salmonella, mutagenicity in other bacteria and fungi, cell transformation and cytogenetic
changes in mammalian cells in vitro, and cytogenetic changes in Drosophila in vivo. In the
subsequent long-term inhalation studies in male rats conducted by the NTP, 1,2-epoxybutane
treatment-related increases in lung carcinoma and nasal adenomas were observed, the latter of
which occurs very rarely in untreated rats. 1,2-Epoxybutane-treated female rats developed a
small number of nasal adenomas. Two structurally related carcinogens produce tumors at these
sites: propylene oxide produces tumors of the nasal cavity in rats and mice and ethylene oxide
produces lung tumors in mice. NTP reported no treatment-related increase in tumors following
inhalation exposure of mice to 1,2-epoxybutane, although a single squamous cell papilloma of
the nasal cavity developed in a treated male mouse and there was extensive toxicity to the nasal
cavity, including squamous metaplasia. In oral gavage studies, a few forestomach tumors which
are rare in control mice, were induced in mice treated with 1,2-epoxybutane-stabilized trichloro-
ethylene but not in mice treated with trichloroethylene alone, or in control animals. The
interpretation of this finding is complicated by the concomitant exposure to trichloroethylene.
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2 INTRODUCTION

2.1 Identity of 1,2-Epoxybutane

Molecular Formula: C4HgO

Molecular Weight: ~ 72.1 %O
CAS Registry No.: 106-88-7

Chemical Class: Short-chain epoxide

Synonym: 1-Butene oxide; 1,2-butene oxide; butylene oxide;
1,2-butylene oxide; 2-ethyloxirane; 2-ethyl oxirane;
ethyl ethylene oxide

Boiling point: 63.3°C

2.2 Occurrence and Use

The primary use of 1,2-epoxybutane is as a stabilizer for chlorinated hydrocarbon solvents such
as trichloroethylene (IARC, 1999). Itis also used as a chemical intermediate in the production of
other chemicals (butylene glycols and their derivatives: polybutylene glycols, mixed poly glycols
and glycol ethers and esters; butanolamines; surface-active agents; gasoline additives) (IARC,
1999).

Ten to fifty million pounds of 1,2-epoxybutane are reported to be produced annually according
to the 1998 Toxic Substance and Control Act update (U.S. EPA, 1998) and the chemical appears
on U.S. Environmental Protection Agency’s (U.S. EPA) list of high production volume
chemicals (as 2-ethyl oxirane; U.S. EPA, 1990). Over 260,000 employees, including
approximately 43,000 females, were estimated to be potentially exposed to 1,2-epoxybutane in
the United States according to the National Institute for Occupational Safety and Health’s
(NIOSH) National Occupational Exposure Survey, which was conducted from 1981 to 1983
(NIOSH, 1990).

3 DATA ON 1,2-EPOXYBUTANE CARCINOGENICITY

1,2-Epoxybutane has been extensively tested for genotoxic potential in a variety of assays:
Salmonella and Escherichia coli reverse mutation assays, Klebsiella forward mutation assays,
mutagenicity assays in the fungi Saccharomyces, Schizosaccharomyces, and Neurospora, cell
transformation assays in rat and hamster cells, the mouse lymphoma cell assay, assays for sister
chromatid exchange and chromosomal aberrations in hamster cells, and sex-linked recessive
lethal mutation and reciprocal translocation assays in Drosophila. Long-term carcinogenicity
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studies of 1,2-epoxybutane have been conducted in both rats and mice. A skin-painting assay in
mice was also reported.

3.1 Epidemiological Studies of Carcinogenicity in Humans

No data on long-term effects of human exposure to 1,2-epoxybutane were found in a recent
search of the scientific literature by OEHHA.

3.2 Carcinogenicity Studies in Animals

A review of the scientific literature regarding carcinogenicity studies of 1,2-epoxybutane in
experimental animals identified long-term inhalation studies in male and female rats and mice.
A long-term skin painting study in mice was also identified.

3.2.1 Long-term Inhalation Studies in Rats

Male and female F344/N rats (50/sex/group) were exposed to 0, 200, or 400 ppm 1,2-
epoxybutane for six hours per day, five days per week, for 103 weeks (NTP, 1988)." Among rats
of both sexes, treatment resulted in slightly reduced body weights at all doses. Mean body
weights of high dose male rats were four to eight percent lower than controls, but only after week
86. Mean body weights of high dose female rats were five to ten percent lower than control rats
after week 22. Survival was lower among treated rats at all doses.

Among male rats, a significant increase in papillary adenomas of the nasal cavity, a rare tumor
type in Fischer 344/N rats, was observed in the high dose group (p = 0.0048, by pairwise Poly-3
Test?), with a statistically significant positive trend across doses (see Table 1). An increase in
alveolar/bronchiolar carcinomas of the lung in the high dose group relative to controls was
statistically significant (p = 0.025, by pairwise Poly-3 Test) and a statistically significant positive
trend across doses was observed (p=0.017, by Poly-3 Trend Test). Combined
alveolar/bronchiolar adenomas and carcinomas of the lung were significantly increased in the
high dose group (p =0.0082, by pairwise Poly-3 Test), also with a statistically significant
positive trend across doses (p =0.0061, by Poly-3 Trend Test). A marginally statistically
significant increase in combined adenomas and carcinomas of the preputial gland in high dose
male rats (p =0.072, by pairwise Poly-3 Test) was observed, with a marginally statistically
significant positive trend (p = 0.060, by Poly-3 Trend Test).

! Estimates of the lifetime average daily doses of 1,2-epoxybutane in these studies are 63 and 126 mg/kg-day for
male rats and 72 and 144 mg/kg-day for female rats, based on assumed breathing rates of 0.264 m*/day for male rats
and 0.201 m*/day for female rats, respectively, average body weights of 450 g and 300 g for male and female rats,
respectively (estimated from the 1988 NTP studies), and 100% fractional absorption. Inhalation rates for rats were
estimated based on Anderson et al. (1983): Inhalation rate = 0.105 x (body weight,,/0.113)%>,

2 Poly-3 analysis is currently conducted routinely by NTP as a test of significance for pairwise comparison and
overall exposure-related trend. The procedure takes survival into account, with animals without a given tumor dying
prior to terminal sacrifice weighted by the fraction of total study time they survived raised to the third power. Since
the NTP (1988) studies of 1,2-epoxybutane were conducted prior to the routine use of this procedure, Poly-3
analyses performed by OEHHA using the individual animal data are presented here.
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NTP reported that, as of 1988, adenomas of the nasal cavity had not been observed in control
male rats in inhalation studies conducted at the same laboratory at which 1,2-epoxybutane was
tested (n =249; Battelle Pacific Northwest Laboratories) (NTP, 1988). Using more recent
historical control information from NTP (as of December 1999), adenomas of the nasal cavity
had not been reported in any of 21 NTP inhalation bioassays in control male Fischer 344/N rats
(n=1048; NTP, 1999). Among 1977 control male F344/N rats at all NTP testing facilities by all
routes, NTP observed two squamous cell papillomas of the nasal cavity (0.1% prevalence) (NTP,
1988).

Table 1. Tumors in Male F344/N Rats Exposed to 1,2-Epoxybutane Six Hours Per Day,
Five Days Per Week for Two Years (NTP, 1988).

Exposure Level (ppm) | Trend

Tumor Site and Type 0 200 400 | Test®
Nasal cavity Papillary adenomas 0/50 0/50 0.0010
Lung Alveolar / bronchiolar adenomas | 0/50 1/50 1/49 n.s.
Alveo!ar / bronchiolar 0/50 1/50 0.017
carcinomas

Combined alveolar / bronchiolar

. 0/50 2/50 0.0061
adenomas and carcinomas

Preputial gland | Adenomas (not otherwise

- 2/50 0/50 5/50 | 0.091
specified)

Carcinomas (not otherwise

Squamous cell carcinomas 0/50 1/50 0/50 n.s.

Combined adenomas,
carcinomas, and squamous cell | 3/50 3/50 8/50° | 0.060
carcinomas

% Poly-3 Trend Test (n.s. = not significant, p > 0.10).

b Statistically significant increase in incidence above controls by pairwise Poly-3 Test (p < 0.05).
¢ Marginally significant increase in incidence above controls by pairwise Poly-3 Test (0.05 < p <0.1).

Among female rats, two rare papillary adenomas of the nasal cavity were observed in the high
dose group compared to none in the control group (see Table 2). The incidence of nasal cavity
papillary adenomas in high dose female rats was marginally statistically significant (p = 0.076,
by pairwise Poly-3 Test), and the Poly-3 Trend Test was significant (p =0.045). Follicular
adenomas of the thyroid gland in the high dose group were also marginally statistically increased
over controls (p = 0.074, by pairwise Poly-3 Test), with a statistically significant positive trend
across doses (p = 0.044, by Poly-3 Trend Test). A marginally statistically significant increase in
combined follicular cell adenomas and carcinomas was observed in the high dose group
(p=0.074, by pairwise Poly-3 Test), with a marginally statistically significant increase in
positive trend across doses (p = 0.077, by Poly-3 Trend Test).
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No nasal cavity tumors were reported in control animals in inhalation bioassays of female rats
tested at Battelle Pacific Northwest Laboratories at the time of the 1988 NTP report on 1,2-
epoxybutane (n = 247). Since that time, NTP’s database of nasal tumors in control female rats in
inhalation studies has expanded to 1044 female rats, still without a reported adenoma of the nasal
cavity (NTP, 1999). Only a single nasal cavity papilloma (not otherwise specified) was reported
among control female rats in NTP studies by all routes as of the 1988 report (n = 2021).

Table 2. Tumors in Female F344/N Rats Exposed to 1,2-Epoxybutane Six Hours Per Day,
Five Days Per Week for Two Years (NTP, 1988).

Exposure Level (ppm) | Trend

Tumor Site and Type 0 200 | 400 | Test’
Nasal cavity Papillary adenomas 0/50 | 0/50 | 2/50° | 0.045
Thyroid gland Follicular cell adenomas 0/45 | 0/48 | 2/48° | 0.044
Follicular cell carcinomas 0/45 | 1/48 | 1/48 n.s.
Combined foIIicuIar cell 045 | 1/a8 | 3/a8® | 0.077
adenomas or carcinomas

 Poly-3 Trend Test p-value (n.s. = not significant, p > 0.10).
® Marginally significant increase in incidence above controls by pairwise Poly-3 Test (0.05 < p < 0.1).

Non-cancer lesions of the nasal cavity and olfactory sensory epithelium were observed in both
male and female rats treated with 1,2-epoxybutane. The incidence of squamous metaplasia and
epithelial hyperplasia of the nasal cavity was significantly increased in both male and female rats
in both exposure groups (p < 0.05).

NTP concluded that “under the conditions of these 2-year inhalation studies, there was clear
evidence of carcinogenic activity of 1,2-epoxybutane for male F344/N rats, as shown by an
increased incidence of papillary adenomas of the nasal cavity, alveolar/bronchiolar carcinomas
and alveolar/bronchiolar adenomas or carcinomas (combined)” and that “[t]here was equivocal
evidence of carcinogenic activity for female F344/N rats, as shown by the presence of papillary
adenomas of the nasal cavity” (NTP, 1988).

3.2.2 Long-term Inhalation Studies in Mice

Male and female B6C3F; mice (50/sex/group) were exposed to 0, 50, or 100 ppm
1,2-epoxybutane six hours per day, five days per week for 102 weeks (NTP, 1988). Between
weeks 47 and 69, mean body weights of high-dose male mice were comparable to those of
controls, however, earlier in the study, their weights were generally higher, and after, were
lower. Among low-dose male rats, mean body weights were higher than controls until week 86,
after which they were lower. Survival among high-dose male mice was significantly lower than
that of low-dose mice. After weeks 60 and 73, mean body weights of high- and low-dose female
rats, respectively, were lower than controls. Survival of high-dose female mice was significantly
lower than that of control and low-dose female mice. Other than inactivity and listlessness
among high-dose female rats during the final two months of the study, NTP reported no other
clinical signs of toxicity.
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A single squamous cell papilloma in the incisive duct of the nasal cavity was observed in a male
mouse exposed to 100 ppm 1,2-epoxybutane. This tumor was not considered to be treatment
related by NTP. No statistically significant increases in tumor incidence were observed among
1,2-epoxybutane treated male or female mice relative to control mice. Statistically significant
decreases in pituitary gland adenomas and combined adenomas and carcinomas were observed
in 1,2-epoxybutane treated female mice at both levels relative to controls.

Extensive evidence of non-neoplastic lesions of the nasal cavity, nasal gland, nasolacrimal duct
and olfactory sensory epithelium was observed in mice in response to exposure to 1,2-
epoxybutane. These changes included statistically significant increases in the incidence of
chronic inflammation, erosion, regeneration, epithelial hyperplasia, and squamous metaplasia of
the nasal cavity at both exposure levels in male and female mice. Hyperplasia of the nasal gland,
epithelial hyperplasia of the nasolacrimal duct, and atrophy of the olfactory sensory epithelium
were also increased at both exposure levels in male and female mice.

NTP concluded “[t]here was no evidence of carcinogenic activity for male or female B6C3F;
mice exposed at 50 or 100 ppm.” NTP also indicated “1,2-epoxybutane exposure was associated
with ... inflammatory lesions of the nasal cavity in mice.” (NTP, 1988).

3.2.3 Combined Exposures: Long-Term Gavage Studies in Mice

Five-week old male Swiss ICR/Ha mice (50/group) were treated by oral gavage with corn oil or
2400 mg/kg bodyweight trichloroethylene (amine base-stabilized) in corn oil, or
trichloroethylene stabilized by 0.8% 1,2-epoxybutane (weight/weight) in corn oil five times per
week for 18 months (Henschler et al., 1984) and observed for an additional six months. Dosing
was discontinued from weeks 35 to 40, week 65, and weeks 69 to 78 due to non-specific toxicity,
and doses were reduced to half initial levels after week 40. Five-week old female mice
(50/group) were treated similarly (including similar discontinuation of treatment), although the
initial doses of trichloroethylene were 1800 mg/kg bodyweight up to week 35 prior to the
reduction in dose by half from weeks 40 to 69.% Surviving animals were sacrificed at 106 weeks.
Survival at 106 weeks was poor with six male and three female control mice, no
trichloroethylene-treated mice, and one male and one female mouse treated with 1,2-
epoxybutane-stabilized trichloroethylene surviving.

Squamous cell carcinomas of the forestomach, a rare tumor type, were reported in 3/49 male
mice (age-adjusted p-value = 0.029, by x’-test, relative to controls) and 1/48 female mice treated
with 1,2-epoxybutane-stabilized trichloroethylene, whereas no forestomach tumors were reported
in trichloroethylene alone or corn oil control animals. Trichloroethylene is known to produce
tumors of the liver, lung, and blood in mice, and tumors of the kidney and testes in rats, but not
forestomach tumors.

® An estimate of the average daily dose of 1,2-epoxybutane to the mice over the 18 months of treatment (taking into
account the intermittent and reduced dosing) is approximately 8.4 mg/kg-day for male mice and 6.3 mg/kg-day for
female mice, based on the 0.8% 1,2-epoxybutane contaminant level in the trichloroethylene used in the study.
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3.2.4 Skin Painting Study in Mice

The shaved dorsal skin of 30 eight-week old female Swiss ICR/Ha mice was treated with 100 mg
of a 10% solution of 1,2-epoxybutane in acetone three times per week for 77 weeks (Van Duuren
et al., 1967). One hundred untreated female mice and 40 female mice treated with 100% acetone
for 85 weeks were included in the study as controls. All animals were sacrificed at 85 weeks.
No evidence of tumorigenicity was observed in the study.

3.2.5 Discussion of Carcinogenicity Studies in Animals

The 1988 NTP studies of 1,2-epoxybutane provided evidence that rare tumors of the nasal cavity
and alveolar / bronchiolar adenomas and carcinomas of the lung result from the exposure of male
rats to the compound. The finding of two papillary adenomas in treated female rats was
considered a treatment-related effect due to the rareness of this tumor type in untreated rats. The
NTP studies in mice demonstrated extensive treatment-related toxicity to the nasal tissues,
including metaplasia and hyperplasia in both sexes; however, no treatment related tumors were
observed at any site. A report of a significant increase in rare forestomach tumors in male mice
treated by oral gavage with 1,2-epoxybutane-stabilized trichloroethylene compared to amine
base-stabilized trichloroethylene and control mice suggests a role for this epoxide in the tumor
response, although the interpretation of this study is complicated by the established
carcinogenicity of trichloroethylene itself (which did not manifest itself in this particular study)
and the absence of a group treated with 1,2-epoxybutane alone. The exposure duration of this
study was also less than lifetime.* A skin painting study in mice showed no evidence for the
carcinogenicity of 1,2-epoxybutane, although the mice were neither exposed nor followed-up for
a full lifetime.

3.3 Other Relevant Data

3.3.1 Genetic Toxicology

Extensive testing in bacterial mutagenesis assays clearly indicates the mutagenic potential of 1,2-
epoxybutane. The Salmonella reverse mutation assay has been conducted in numerous strains
showing that 1,2-epoxybutane induces base-pair mutations rather than frameshift mutations (see
Table 3). This is consistent with the epoxide’s properties as an alkylating agent. Many of the
studies cited here included testing with and without metabolic activation systems in place.
Metabolic activation generally did not influence the outcome of the reverse mutation assays,
consistent with that of a compound that does not require metabolism to be active. Mutations
have also been observed in several fungal assay systems, including Saccharomyces,
Schizosaccharomyces, and Neurospora (Simmon, 1979a; Migliore et al., 1982; Kolmark and
Giles, 1955; Rossi et al., 1983).

* A direct comparison of 1,2-epoxybutane exposures/dose between the NTP (1988) 1,2-epoxybutane studies and the
Henschler et al. (1984) trichloroethylene studies is uncertain because the exposures occurred by different routes and
in different species. Using the estimates described earlier in the document (*,%), on a mg/kg-day basis, it appears that
the 1,2-epoxybutane doses in the NTP study were approximately 10- and 20-fold higher than that in the Henschler
study.
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In vitro tests with mammalian cells (see Table 4) have demonstrated that 1,2-epoxybutane
induces cell transformation in rat embryo cells (Price and Mishra, 1980; Dunkel et al., 1981), but
does not induce unscheduled DNA synthesis in rat primary hepatocytes (Williams et al., 1982).
1,2-Epoxybutane has tested positive for mutagenicity in the mouse lymphoma assay (Amacher et
al., 1980; McGregor et al., 1987; Mitchell et al., 1988; Myhr and Caspary, 1988; NTP, 1988;
Knaap et al., 1982) and has induced chromosomal aberrations and sister chromatid exchange in
Chinese hamster ovary cells (NTP, 1988; Anderson et al., 1990). Clonal and focus formation
assays in Syrian hamster embryo cells have also produced positive results for 1,2-epoxybutane
(Pienta et al., 1981; Dunkel et al., 1981). In vivo assays in mice assessing dominant lethality and
sperm head abnormalities have been negative (see Table 5; McGregor, 1981). In vivo tests in
Drosophila melanogaster have produced evidence of sex-linked recessive lethal mutations and
reciprocal translocations (Knaap et al., 1982; NTP, 1988). 1,2-Epoxybutane did not exhibit
covalent binding to DNA when tritiated compound was administered to the skin of ICR/Ha
female mice (Paul and Pavelka, 1971).

Table 3. Non-Mammalian Species, Genotoxicity Tests In Vitro.

Species, Strain Results Reference

Gene Mutations: Bacteria

Salmonella typhimurium, Negative Simmon, 1979b;
TA98, reverse mutation De Flora, 1981;
(frameshift) Gervasi et al., 1985;

Canter et al., 1986;
Katz et al., 1980

NTP, 1988
Salmonella typhimurium, Positive McCann et al., 1975;
TA100, reverse mutation Speck and Rosenkranz, 1976;
(base-pair substitution) Henschler et al., 1977;

De Flora, 1979;
McMahon et al., 1979;
Katz et al., 1980;

De Flora, 1981;

De Flora et al., 1984;
Gervasi et al., 1985;
Canter et al., 1986;
McGregor et al., 1989;
NTP, 1988

Negative Simmon, 1979b;
Dunkel et al., 1984;
Rosman et al., 1987

Salmonella typhimurium, Positive Rosenkranz and Speck, 1975
TA100-FR1, reverse mutation

Salmonella typhimurium, Positive Chenetal., 1975
TA1530, reverse mutation
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Species, Strain

Results

Reference

(base-pair substitution)

Salmonella typhimurium,
TA1535, reverse mutation
(base-pair substitution)

Positive

McCann et al., 1975;
McMahon et al., 1979;
Rosenkranz and Poirier, 1979;
Katz et al., 1980;

De Flora, 1981;
Weinstein et al., 1981;
De Flora et al., 1984;
Canter et al., 1986;
Rosman et al., 1987;
NTP, 1988;

McGregor et al., 1989

Negative

Simmon, 1979b;
Dunkel et al., 1984

Salmonella typhimurium,
TA1535 / pSK1002,
prophage, induction / SOS
response / strand-break / or
cross-links

Positive
(induction of umu gene
expression)

Nakamura et al., 1987

Salmonella typhimurium, Negative Simmon, 1979b
TA1536, reverse mutation
(frameshift)
Salmonella typhimurium, Negative Simmon, 1979b;
TA1537, reverse mutation Katz et al., 1980;
(frameshift) De Flora, 1981;
Dunkel et al., 1984;
Canter et al., 1986;
NTP, 1988
Salmonella typhimurium, Negative Rosenkranz and Poirier, 1979;
TA1538, reverse mutation Simmon, 1979a;
(frameshift) Dunkel et al., 1984;
De Flora, 1981;
NTP, 1988
Escherichia coli WP2 uvrA, Positive McMahon et al., 1979
reverse mutation Negative Dunkel et al., 1984
Escherichia coli pol A, Positive Rosenkranz and Poirier, 1979;
differential toxicity McCarroll et al., 1981
Escherichia coli rec, Positive McCarroll et al., 1981

differential toxicity
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mutation

Species, Strain Results Reference

Escherichia coli PQ37, Negative von der Hude et al., 1990

SOS-Chromotest

Klebsiella pneumoniae, Positive Voogd et al., 1981;

forward mutation Knaap et al., 1982

Gene Mutations: Fungi

Saccharomyces cerevisiae Positive Simmon, 1979a

D3, homozygosis

Schizosaccharomyces pombe | Positive Migliore et al., 1982;
Rossi et al., 1983

Neurospora crassa, reverse Positive Kolmark and Giles, 1955
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Table 4. Mammalian Species, Genotoxicity Tests In Vitro.

ovary cells

Species
(Strain) | Cell Type Results Reference
. Negative -
o Primary hepatocytes (unscheduled DNA synthesis) Williams et al., 1982
RLV/Fischer rat Positive Price and Mishra, 1980;
embryo cells (cell transformation) Dunkel et al., 1981
Amacher et al., 1980;
. . . McGregor et al., 1987;
Ligng lymphoma Zﬁsllégjes;/vlth and without S9 Mitchell et al., 1988:
Myhr and Caspary, 1988;
Mouse NTP, 1988
L5178Y lymphoma | Positive with S9 Knaap et al., 1982
cells (hprt locus)
Balb/c 3T3 cells Negative . Dunkel et al., 1981
(cell transformation)
Chinese hamster V79 qumve . von der Hude et al., 1991
(sister chromatid exchange)
Chinese hamster Positive NTP, 1988;
ovary cells (sister chromatid exchange) Anderson et al., 1990
Hamster Chinese hamster Positive, although weak NTP, 1988;

(chromosomal aberrations)

Anderson et al., 1990

Syrian hamster
embryo cells

Positive
(clonal assay)

Pienta et al., 1981

Syrian hamster
embryo cells

Positive
(focus assay)

Dunkel et al., 1981

Table 5. Mammalian Species, Genotoxicity Tests In Vivo.

Species, Strain | Route Cell Type | Results Reference
Mouse Inhalation | Sperm Negative McGregor, 1981
cells (dominant lethal)

Negative

(sperm head abnormality)

McGregor, 1981
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Table 6. Non-Mammalian Species, Genotoxicity Tests In Vivo.

Species Test Results | Reference

Drosophila Eye mosaic assay Positive | Vogel and Nivard, 1993
melanogaster

Sex-linked recessive lethal test | Positive | Knaap et al., 1982;
Yoon et al., 1985;
NTP, 1988

Reciprocal translocations Positive | Yoon et al., 1985;
NTP, 1988

3.3.2 Structure-Activity Comparisons

As a short-chain epoxide compound, 1,2-epoxybutane shares structural homology with other
epoxide compounds including propylene oxide and ethylene oxide (see Figure 1). Both
propylene oxide and ethylene oxide are on the Proposition 65 list of chemicals known to cause
cancer. Like 1,2-epoxybutane, propylene oxide and ethylene oxide are direct-acting alkylating
agents.

Figure 1. Chemicals Structurally Related to 1,2-Epoxybutane.

v v V

1,2-Epoxybutane Propylene Oxide Ethylene Oxide

Propylene oxide is identified by NTP as “reasonably anticipated to be a human carcinogen”
based upon evidence in experimental animals showing the development of tumors from
inhalation exposure of mice (hemangiomas or hemangiocarcinomas of the nasal cavity) and rats
(papillary adenomas of the nasal turbinates) (NTP, 2002). Inhalation exposure of weanling rats
to propylene oxide led to increased incidence of adrenal pheochromocytomas and peritoneal
mesotheliomas. Female rats administered propylene oxide by gavage developed an increased
incidence of forestomach tumors.

Ethylene oxide is identified by NTP as “known to be a human carcinogen” based upon
epidemiological evidence of lymphatic, hematopoietic, and breast cancer and evidence in
experimental animals showing the development of tumors in mice (lung, hematopoietic system,
harderian gland, mammary gland, uterus) and rats (hematopoietic system, brain, mesothelium)
(NTP, 2002).

3.3.3 Pharmacokinetics and Metabolism

Information regarding the phamacokinetics and metabolism of 1,2-epoxybutane is limited.
Female rats orally administered a single dose of 180 mg 1,2-epoxybutane per kg bodyweight
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excreted 11% of the administered dose to the urine as 2-hydroxybutyl mercapturic acid (James et
al., 1968). In the same study, female rabbits orally administered 137 mg 1,2-epoxybutane per kg
bodyweight excreted 4% as 2-hydroxylbutyl mercapturic acid.

3.3.4 Pathology

NTP described the adenomas of the nasal cavity appearing in the male and female rats as
“exophytic papillary growths of a cuboidal to columnar nonciliated epithelium which were
attached to the underlying mucosa by thin stalks or broad bases,” with “no evidence of local
invasive growth” (NTP, 1988). The lung tumors observed in rats were considered by NTP to
meet standard criteria for alveolar / bronchiolar adenomas and carcinomas. Alveolar/bronchiolar
adenomas and carcinomas are considered to be related in origin. Lung adenomas can progress to
carcinomas, therefore, these tumor types are combined for purposes of carcinogen identification
and risk assessment.

3.4 Mechanism

The demonstrated mutagenicity of 1,2-epoxybutane — specifically the induction of base-pair
substitutions in bacterial DNA and cytogenetic damage in mammalian cells — strongly implicates
DNA damage as a mode of action for carcinogenicity. Although very limited evidence has not
shown the presence of alkyl adducts of 1,2-epoxybutane with DNA, the chemically reactive
nature of the short-chain epoxides indicates a potential for this compound to interact directly
with DNA. Two other alkylating agents with structural similarity to 1,2-epoxybutane produce
tumors at the same sites: propylene oxide produces nasal tumors and ethylene oxide produces
lung tumors in experimental animals. This provides some indirect evidence of a common mode
of action.

In 1989, the International Agency for Research on Cancer (IARC) classified 1,2-epoxybutane as
“not classifiable at to its carcinogenicity to humans (Group 3)” based on limited evidence in
experimental animals and no data from studies in humans (IARC, 1989). In a 1999
reassessment, however, the IARC Working Group noted that “1,2-epoxybutane is a direct-acting
alkylating agent which is mutagenic in a range of systems,” and revised the classification to
“possibly carcinogenic to humans (Group 2B),” based on limited evidence in experimental
animals, no data in humans, and the genotoxicity findings (IARC, 1999).

4 SUMMARY AND CONCLUSIONS

4.1 Summary of Evidence

Extensive genotoxicity data from in vitro bacterial and mammalian cell assays of 1,2-
epoxybutane suggest a potential to cause DNA damage as evidenced by increases in base-pair
substitution mutations and cytogenetic changes. In male rats treated for two years by inhalation
with 1,2-epoxybutane, lung carcinomas and rare nasal adenomas were significantly increased.
Female rats exposed similarly developed a small number of these rare nasal adenomas. A
gavage study with combined oral exposure of mice to 1,2-epoxybutane-stabilized
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trichloroethylene suggested a carcinogenic effect on the forestomach of the mice when compared
with mice treated with trichloroethylene alone; however, interpretation of this study is
complicated by the carcinogenicity of trichloroethylene itself, although trichloroethylene is not
known to cause forestomach tumors. 1,2-Epoxybutane is also structurally similar to both
propylene oxide and ethylene oxide, both chemicals known to cause cancer.

In making a determination as to whether 1,2-epoxybutane should be established as “known to
cause cancer,” several issues must be considered. Of primary concern is whether the appearance
of a small, but significant, increase in rare benign nasal adenomas in the 1,2-epoxybutane treated
male rats with supporting, but less robust, evidence in female rats for nasal adenomas is
indicative of the compound’s potential to cause malignant disease. Male rats showed a
significant increase in alveolar / bronchiolar carcinomas. The importance of the absence of a
tumorigenic response in mice, which did show widespread evidence of toxicity to the nasal
cavity, also needs to be considered. Important context for this determination is the known
chemically reactive character of epoxide chemicals as alkylating agents coupled with extensive
evidence of genotoxic potential including not only evidence of base-pair substitutions in bacteria,
but also cytogenetic and transforming changes to mammalian cells. The degree to which the
highly structurally similar carcinogens propylene oxide and ethylene oxide, which also produce
nasal tumors and lung tumors, respectively, supports the findings with 1,2-epoxybutane must
also be considered.

As noted by IARC, “in the absence of adequate data on humans, it is biologically plausible and
prudent to regard agents and mixtures for which there is sufficient evidence of carcinogenicity in
experimental animals as if they presented a carcinogenic risk to humans. The possibility that a
given agent may cause cancer through a species-specific mechanism which does not operate in
humans...should also be taken into consideration” (IARC, 1999). Extensive evidence supports
genotoxicity as a plausible mode of action and no evidence of species-specificity has been
identified for 1,2-epoxybutane. Therefore the data from studies in animals should be considered
to be relevant to humans.

4.2 Conclusion

Evidence of mutagenicity and the broader genotoxicity of 1,2-epoxybutane, as well as its
structural similarity to other carcinogens implicated 1,2-epoxybutane as a potential carcinogen
prior to its testing in long-term inhalation bioassays. These bioassays subsequently revealed
evidence for the carcinogenicity of 1,2-epoxybutane including the development of lung
carcinomas and rare nasal adenomas in male rats and a small number of rare nasal adenomas in
female rats treated for two years by inhalation.
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