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tanilide may account for an even greater percentage of
the total metabolism.
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Metabolism of the carcinogenic bifunctional olefin oxide,
4-vinyl-1-cyclohexene dioxide, by hepatic microsomes

(Received 3 September 1975 accepted 2 October 1975)

Alkene oxides are known to producc malignant tumors:
the bifunctional epoxides such as 4-vinyl-1-cyclohexene
dioxide (1) and 1.3-butadiene dioxide have been reported
to show notable carcinogenic activity on mouse skin [1].
These findings are of importance in relation to a strongly
suggested role of K-region epoxides as metabolically
formed proximate carcinogens in carcinogenicity exerted
by polycyclic aromatic hydrocarbons. as they have been
shown to produce malignant transformations of cells in
culture [2-5]. The suggested carcinogenic mechanism in-
volving the K-region epoxides, however, is an open ques-
tion since previous work indicates that they have no car-
cinogenic activity in vivo [1].

Monoepoxides, including arene oxides, are detoxified by
the catalytic action of either microsomal epoxide hydro-
lase [6,7] (epoxide hydrase [8.9]) or soluble epoxide-S-
glutathione transferase [10], both of which are present in
mammalian liver, to polar glycols or glutathione conju-
gates. However nothing is known of microsomal hydrolysis
of the bifunctional epoxides, but only that no glutathione
conjugation occurs with (1} in witro [10] although monoc-
poxides such as cyclohexene oxide and styrene oxide.
whose oxirane moieties are considered as its partial struc-
tures, are readily converted to the corresponding conju-
gates under the same conditions. This encouraged us to
investigate the enzymatic hydrolysis of the carcinogen (1)
by microsomal epoxide hydrolase not only from the view
point of its detoxication mechanism. but also confirming
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Fig. 1. Synthesis of 4-vinyl-l-cyclohexene  dioxide

metabolites.

whether enzymatic hydrolysis of the diepoxide follows evi-
dence obtained by Kaubisch et al. [11] for structure- reacti-
vity relationships in monoepoxides.

The diepoxide (1) (2 mM) dissolved in acetone (0-2°,,. v/v)
was incubated at 37 with rabbit liver microsomes (1-2 mg
protein'ml) in 01 M phosphate buffer. pH 74, and the
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Fig. 2. Inhibition of microsomal hydrolysis of safrole oxide
with d-vinyl-f-cyclohexene dioxide (1) and its cnzyvmatic
hydrolysis  products.  1.2-dihydroxy-4-vinylcyelohexane
oxide (2). 4-(1".2'-dihydroxyethyl)-1.2-cyclohexancdiol (4),
and A-(1".2"-dihydroxvethyl)-1-cvclohexene oxide (5). Con-
centration of the substrate. safrole oxide. was -2 mM and
of microsomal protein 0-06 mg/ml. The reaction constant
for the microsomal hydrolysis of safrole oxide in the
absence of inhibitors was 50 nmoles‘mg protein'min.

reaction terminated after 30 min by the addition of
SN NaOH so that the final concentration of the alkali was
IN. Foliowing saturation of the mixture with sodium
chloride. it was extracted with ethyl acctate. The residue
obtained after evaporation of the solvent from the extract
was trimethylsilylated in the standard manner. dissolved
in p-hexane. and analyzed on a 1-5°, SE-30 column at
140 by gle. Chromatograms obtained indicated the for-
mation of two possible types of monoepoxyv-monoglveols.
1.2-dihydroxy-4-vinyleyclohexane oxide (2) and 4-(1°.2-
dihydroxyethyl-1-cyclohexane  oxide (5} the  former
appeared as a single peak at a retention time of 41 min
and the latter as a double peak with retention times of
49 and 54 min. G.lc. mass spectra of the trimethylsilyl
derivatives were superimposable on those of trimethylsily-
lated authentic specimens synthesized from commercially
available (1) and 4-vinyl-1.2-epoxycyclohexance {6) as illus-
trated in Fig. 1: their molecular ion peaks appeared at
mie 3020 A polar metabolite 4-1°.2-dihydroxyethyl)-1.2-
cyclohexane diol (4) was isolated from a residue obtained
from the remaining agueous layer by the addition of ace-
tone and subsequent cvaporation of the solvent from the
aqueous acctone sotution which was separated by centrifu-
gation. Identification of the metabolite with wuthentic (4)
was carried out by g.lie. mass spectrometry after trimethyl-
silvlation: the tetra-trimethylsilyl derivative appeared as
single peak at a retention time of 110 min at a column
temperature of 140 and showed o molecular ion peak at
mee 464 i the spectrum.

Reaction constants for the enzymatic formation of (2.
(5) and (4) from (1) were 47 10-2. and 1'1 nmoles/mg pro-
tein‘min. respectively. Polar monoepoxy-monoglveols. (2)

and (5). also served as microsomal substrates and yielded
the tetraol (4) at reaction rates of 10:0 and 7-6 nmoles mg
protein;min. respectively. Control experiments using boiled
microsomal preparations indicated that the formation of
(2). ¢4) and (5) in the above mentioned reactions was enzy-
matic. The extremely poor utilization of the nonpotar di-
epoxide (1) as a substrate for microsomal cpoxide hyvdro-
lase compared with previously reported  monoepoxyal-
kanes [ 12] was attributable in part to its inhibitory cffect
on the enzyme (Fig. 2) which was confirmed by the inhibi-
tion of enzymatic hyvdrolysis of safrole oxide according to
the previousty reported method [13]. Neither monoepoxy -
monoglycols. (2) and (5) nor wetraol (41 imhibited enzymatic
hvdrolysis of safrole oxide to any extent. This is suggestive
of the poorer yield of (4 from (1) than rom (2) or (5)
in the enzymatic reactions. It is of interest that in epoxides
(1) and (5) the cyvelohexene moiety was not necessarily re-
sistant to microsomal hydrolysis compared with the vinyhi-
dene oxide moiety i epoxides (1) and (2) although in a
series of monoepoxides a remarkable difference has been
reported to exist in reactivity between simple alicyclic ole-
fin oxides and vinylidene oxides. e.g. microsomal hyvdroly-
sis v known to oceur aver 13 times faster in styrene oxide
and simple T-olefin oxides than in cyclohexene ovide [11]
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