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Summary

The mutagenicity of 17 aliphatic epoxides was determined using the spe-
cially constructed mutants of Salmonella typhimurium developed by Ames. The
activity of these epoxides together with those reported in the literature as mu-
tagens in strains TA100 and TA1535 depended on the degree of substitution
around the oxirane ring. Monosubstituted oxiranes were the most potent muta-
gens in both strains. 1,1-Disubstitution resulted in the complete loss or reduc-
tion of mutagenicity. trans-1,2-Disubstituted, and tetrasubstituted oxiranes all
lacked mutagenicity, while the cis-1,2-disubstituted oxiranes tested were
weakly mutagenic in strain TA100 only. For the monosubstituted compounds
the rresence of electron-withdrawing substituents increased mutagenicity.

Introduction

Parallel to the biotransformation of arene oxides from aromatic compounds
[5], it 15 assumed that aliphatic epoxides (alkene oxides) are active interme-
diates in the metabolism of alkene compounds [15]. The concept that arene
oxides, through their binding to biopolymers such as DNA, RNA and protein,
are responsible for the toxic, carcinogenic, and mutagenic effects of aromatic
compounds is well established [5,9]. However, as pointed out by Oesch {13], 1t
does not follow that the adverse properties of some arene oxides can be extra-
polated to epoxides in general.

This 1s the case in the Ames test for mutagenicity of alkene oxides. Thus, it
has been reported that 2,3-epoxypropionaldehyde, 2,3-epoxypropanol, styrene
oxide, 1,2-epoxybutane, 1,2,3,4-diepoxybutane, and 1,2,7,8-diepoxyoctane
[11] as well as chloroethylene oxide [10] are mutagenic. While cis- and trans-4-
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acetylaminostilbene-a,8-oxide [6] as well as carbamazepine-10,11-oxide,
cyporheptadine-10,11-oxide, and cyclobenzaprine-10,11-oxide are not muta-
genic [7].

It 1s the purpose of this investigation to extend mutagenicity testing of
alkene oxides 1n the Ames assay so as to better predict the toxicity of such
compounds per se and as an 1nitial step 1n evaluating their possible role in the
toxicity of alkene compounds subsequent to biotransformation.

Materials and methods

The followig epoxides were obtained from the sources indicated in the
purest grade available and their structures were confirmed by n.m.r. spectrom-
etry. 3,3,3-Trichloropropylene oxide (purity 98%), 1-bromo-2,3-epoxypro-
pane (b.p. 134—136°C), 1-chloro-2,3-epoxypropane (purity 99+%), 1,2-epoxy-
3-fluoropropane (purity 98%), propylene oxide (purity 99%), styrene oxide
(punty 97%), trans-stilbene oxide, cyclohexene oxide (purity 98%), and glyci-
dol (b.p. 160—161°C) were obtained from Aldrich Chemical Co. 2,3-Epoxybu-
tane, a-methylstyrene oxide and 1,2-epoxyisobutane were obtained from ICN
Life Sciences Group.

a-Phenylstyrene oxide (m.p. 55—57°C; Ref. [4], 54—56°C) and 2-methyl-
3,3,3-trichloropropylene oxide (b.p. 57°C/0.6 mm) were synthe-ized from
benzophenone and 1,1,1-trichloroacetone by the general procedure described
by Corey and Chaykovsky [4].

cis-Stilbene oxide was prepared by dehydrohalogenation of threo-2-chloro-
1,2-diphenylethanol with 1.0 N NaOH. The threo isomer was synthesized by
the procedure described by Bert1 et al. [3].

trans-Diethylstilbestrol (DES) oxide (m.p. 142—143°; Ref. [16], 145°C) was
prepared from trans-DES by reaction with peracetic acid in a modified proce-
dure of Wessely et al. [16] in which the oxide was 1solated only after the
removal of acids to prevent the pinacolone rearrangement noted in the original
procedure.

cis-DES oxide (m.p. 132—133°) was prepared by peracetic acid oxidation of
cis-DES 1n dimethylsulfoxide. The cis-DES was obtained by i1somerization of
the trans-isomer in dimethylsulfoxide by the procedure of White and Ludwig
[17].

Mutagenesis assays were performed as described by Ames [2]. Bacteria used
in the assay were histidine-dependent mutants of Salmorella typhimurium,
strains TA1537, TA1535, TA100 and TA98 supplied by Professor B.N. Ames,
Berkeley, CA. The cells were grown overnmight in nutrent broth (Difco) at
37°C. Test compounds dissolved mn 0.1—0.5 ml dimethylsulfoxide were added
to 2 ml of top agar [1] along with 0.1 ml of the bacterial suspension (2—4 X
10® cells) and plated 1n duplicate on petri dishes with semi-enriched agar (Vogel
and Bonner minimal medium E) as described [2]. Control plates were treated
in the same manner, but received only dimethylsulfoxide in place of the test
compound. The revertant colonies were counted after incubation for 2 days at
37°C and a dose—response curve established for all positive compounds. Dose—
response curves were confirmed by repeated determinations.

Benzo[a]pyrene, $-naphthylamine and methyl methanesulfonate were rou-
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Monosubstituted
No Structure Mutagenicity 2 Ref
TA100 TA1535
1 a1, —/é 2355/500 131/500 AP
2 BrCH, —/O 1502/500 456/500 A
3 CICH, —/O 674/500 402/500 A
4 RCH, _/lo 766/500 265/500 A
5 @——/o 897/500 34/500 A
6 HOCHZ—Z]O 1120/200 622/200 A/11
7 CH, ___/(|3 166/1500 22/1000 A
o)
8 H(":_Z(I) 5260/20 +€ 11
9 c1—20o NR 9 61/04¢ 10
10
C,Hg (o) 333/4200 + 11
11 OIX_C“HB —/]0 690/900 + 11
12 OM NR 71/50 11
1,1-Disubstituted
No Structure Mutagemeity Ref.
TA100 TA1535
13 c1,C _'/o 560/500 nm-1000 A
HC
14 ©——'Z‘o nm-5000 nm-5000 A
H,C
CH
15 3 —Ko nm-5000 nm-5000 A
H,C
16 @ o nm-2000 nm-2000 A
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TABLE 1 (continued)
1,2-Disubstituted

No. Structure Mutagenicity Ref
TA100 TA1535
17 79/100 & nm-100 A
18 100/1000 nm-1500 A
19 nm-100 nm-100 A
20 e PR pm-500 nm-5000 A
@,
of

21 AcHN @ nm-100 nm-100 6

20
22 @ nm-100 nm-100 6
23 NR nm-500 7
24 NR nm-100 7
25 NR nm-500 7

CHCHZCHZN(CHB)Z
Tetrasubstituted
No Structure Mutagenicity Ref
TA100 TA1535
OH

3@ h

26 © nm-100 nm-100 A
HO

O

27 © nm-100 nm-100 Al

HO @

OH
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tinely included as positive controls. Benzo[a]pyrene and f-naphthylamine
required the addition of a rat-liver homogenate and a NADPH-generating
system prepared as described by Ames [2]. Bacterial survival was determined
by plating bacterial dilutions on nutrient agar (Difco) with the test compound.
With the exception of cis-stilbene oxide no reduction of bacterial growth was
observed 1n the linear portion of the dose—response curve.

Results

Table 1 summarizes the mutagenicity results in strains TA1535 and TA100
for compounds investigated 1n the present study and those previously reported
n the literature. All the compounds in our study, with the exception of
2-methyl-3,3,3-trichloropropylene oxide (13), cis-stilbene oxide (17) and cyclo-
hexene oxide (18) that were mutagenic in strain TA100 were also mutagenic,
but with reduced sensitivity, in the second strain, TA1535. Both of these
strains detect base-pair mutagens. However, none of the epoxides in the present
study were found to be mutagenic in strains TA1537 and TA98 which detect
frame-shift mutagens.

All the monosubstituted epoxides tested in the present study were muta-
genic (1—7). Other monosubstituted epoxides previously reported to be muta-
genic by the Ames assay include compounds 8—12. The only disubstituted
epoxides found to be mutagenic were 2-methyl-3,3,3-trichloropropylene oxide
(13), cis-stilbene oxide (17) and cyclohexene oxide (18). Mutagenicity for
these three compounds was restricted to strain TA100. The other 1,1-disubsti-
tuted and trans-1,2-disubstituted epoxides tested (14—16, 19, 20) as well as
reported (22) were found to be nonmutagenic. Neither of the tetrasubstituted
epoxides (26, 27) were found to be mutagenic.

In the monosubstituted series, those compounds with electron-withdrawing
groups on the oxirane ring proved to be the more potent mutagens.

Discussion

The results indicate that the monosubstituted epoxides are the most potent
mutagens and that even the addition of a single methyl group to the oxirane

2 Mutagemcity 1s reported as revertants mmus spontaneous revertants per micrograms of compound unless
otherwise stated The microgram quantity 1s taken from the hinear portion of the dose—response curve
Average spontaneous revertants were 180 for stain TA100, 20 for TA1535, 39 for TA98 and 7 for
TA1537 Positive controls used included 5 ug benzo[alpyrene (131 revertants/TA1537 and 425 revert-
ants/TA98), 0 2 nl methyl methanesulfonate (2150 revertants/TA100) and 100 ng B-naphthylamine
(500 revertants/TA1535). Benzo[alpyrene and $-naphthylamine required, for mutagenic activity, the
addition of a rat-liver homogenate and a NADPH-generating system prepared as described 1n Ref 2.

A = this study

€ Reported as mutagenic in Ref 11, but no accompanying data

d Not reported.

€ Reported in Ref 10 as 61 revertants per plate at a dose level of 0 4 pmoles/ml of soft agar layer
Nonmutagenic at the highest dose tested in ug

E Results are expressed in terms of the highest concentration with minimal (18%) toxicity
Diethylstilbestrol-o,8-oxi1de of unspecified stereochemistry has been reported as being nonmutagenic in
Ref 12
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ring can reduce or eliminate mutagenicity. A reduction in mutagenicity in
strain TA100 is demonstrated in the comparison of compound 13 to the strong
mutagen 3,3,3-trichloropropylene oxide (1). The ehmination of mutagenicity
with the addition of a methyl substituent is demonstrated in both strains
with a comparison of compounds 15 and 20 to propylene oxide (7) as well as in
the comparison of 14 to styrene oxide (5).

For the monosubstituted compounds, mutagenicity appears to be related to
the electrophilicity of the epoxide. Electron-withdrawing groups on the epox-
ide would create a stronger electrophile with increased reactivity to bionucleo-
philes such as DNA. The electron-withdrawing groups present in compounds
1 through 6 as well as 8 and 9 do result in an increase in mutagenicity for these
compounds compared to propylene oxide (7) in both TA100 and TA1535.
Compound 10 in comparison to 7 can be considered to have an electron-do-
nating group present and on a per microgram basis has decreased mutagenicity.
However, the strength of the elctron-withdrawing group alone cannot always be
correlated to the extent of mutagenicity. For example, while trichloropropylene
oxide (1) 1s more mutagenic than the monochloro compound 3 in strain
TA100, the reverse is true in TA1535.

It 1s of interest that the only 1,2-disubstituted epoxides that were found to
be mutagenic were cis-stilbene oxide (17) and cyclohexene oxide (18) with mu-
tagenicity in both cases being restricted to strain TA100. The number of rever-
tant colonies for both compounds was low and for cis-stilbene oxide (17) the
results are further comphcated by the inability to establish a meaningful dose—
response range due to cell toxicity. Compounds 21, 23—25 have a similar cis
arrangement of substituents on the oxirane ring as do compounds 17 and 18
yet have been reported as bemng nonmutagenic in the Ames assay [6,7]. More
compounds of the cis stereochemistry must be tested to better define the mu-
tagenicity of these disubstituted compounds.

The structure—activity relationships indicated in our results are similar in
several respects to those reported by Oesch [14] in his study of the specificity
of epoxides as substrates and inhibitors of epoxide hydratase. In both ours and
Oesch’s studies, reactivity was most pronounced for the monosubstituted.
oxides, and for the 1,2-disubstituted compounds only the cis but not the trans
compounds were active. In both studies, tetrasubstituted compounds were
inactive,

The two studies differed, however, in that there was a lipophilic substituent
effect for compounds most effective 1n the hydratase study that is not evident
in the mutagenicity response. Also, 1,1-disubstituted compounds are active n
the hydratase investigation but, except for compound 13 in strain TA100, are
mactive as mutagens.

Some of the same alkene oxides and related compounds have been tested as
substrates for glutathione-S-epoxide transferase [8]. The relationships noted
for their substrate—transferase activity do not always parallel the structure—
mutagenicity results. For example not all the monosubstituted epoxides,
including the relatively strong mutagenic compounds 6 and 8, were substrates
for glutathione transferase, while also in contrast to the mutagenicity series,
most of the multisubstituted compounds tested were active substrates for the
transferase.
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Thus, 1t is of interest that structure—activity for neither of the two principal
epoxide detoxification mechanisms completely parallel toxicity as measured by
the Ames mutagenicity test. A knowledge of all three systems 1s required to
make predictions concerning the in vivo toxicity of a given alkene oxide. Such
information would be important for the proper handling as well as for the
design of useful alkene oxides and their parent alkene compounds of reduced
toxicity.
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