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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-l-cyclohexene dioxide, by hepatic microsomes 

(Reeeired 3 September 1975: accepted 2 October 1975) 

Alkene oxides are known to produce malignant tumors: 
the bifunctional epoxides such as 4-vinyl-l-cyclohcxenc 
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, 911 or soluble epoxide-S- 
glutathione transferase [10], both of which arc 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 glutathionc 
conjugation occurs with (1} in citro [10] although monoe- 
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 11) 
by microsomal epoxide hydrolase not only from the viea' 
point of its detoxication mechanism, but also confirmmg 
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Fig. 1. Synthesis or 4-vinyl-l-cyclohexene dioxidc 
metabolites. 

whether enzymatic hydrolysis of tile dicpoxide lbllows evi- 
dence obtained by Kaubisch et al. [11] for structure reacti- 
vity relationships in monoepoxides. 

The diepoxide (11(2 mM) dissolved in acetone (0.2".. wv) 
was incubated at 37 with rabbit liver microsomes (1.2 mg 
protein nil) in 0.1 M phosphate buflk'r, pH 7.4, and the 
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Fig 2. Inhibition of microsomal hydrol_,,sis of safrolc oxide 
with 4-\ inyl- l-csclohcxcnc dioxide (11 and its enzymatic 
hydrolysis products. 1.2-dihydroxy-4-vinylcyclohcxane 
oxide C). 4-ll'.2'-dihydroxy, ethylFl,2-c',,clohcximcdiol I4L 
and 4-(l ' .2'-dihydroxycihyll-l-cyclohexene oxide i5t. ( 'on-  
ccntralion of the substralc, safrole oxide. \','its 0"2 him und 
of microsomal protcin 0.06 mg,,'nd. The reaction COllS'{anl 
lor the microsomal hydrolysis of safrole oxide m the 

absence of inhihitors was 50 nnloles mg protein rain. 

reaction tcrminalcd after 30 rain b 3, the addition of 
5N NaOH so that the final concentration of the alkali was 
IN. Following saturation of the mixture v, ith sodium 
chlorMc, it ,,','as extracted with ethyl acctatc. The residue 
obtained after cwtporalion of the solvent from thc extract 
was trimethylsilylatcd in the standard manner,  d issohed 
m n-hcxane, and analyzed oll a 1"5". SE-30 column at 
141) b 3 g.l.c. Chromatograms  obtained indicated Ihc for- 
marion of two possible types of monoepoxy-monogly, cols. 
1,2-dihydrox.~-4-vinylcyclohexane oxide 1 2 ) a n d  4-(l',2'- 
dihydl-oxyethyll-l-c3clohexanc oxide /5): the lbrmcr 
appeared as a single peak at a retention l ime of 4"1 rain 
and the latter as a double peak with retenl ion times o f  
4.9 alld 5"4 rain. G.l.c. mass spectra of the irimethylsilyl 
derivatives were superinlposable on those of lrimcth>lsil?- 
lated authcntic specimens synthesized fronl conlnlercially 
available (1) and 4-' ,inyl-l.2-epoxycyclohcxanc 161 as illus- 
trated m Fig. 1: their molecular ion peaks appeared at 
m u  3(12. A pokir metabolitc 4-tl ' ,2'-dihydroxyethyll-l.2- 
cyclohexanc diol 14t was isohlted from a residue obtaincd 
fronl tile rcnlaining aqtlCOtlS layer b3 the addition of acc- 
relic and subsequent cxapoi-ation of tile solvent from l.ilc 
aqtieous acetolle solution which ;,,,its separated by centrifu- 
gation. Identif ication of the metabol i lc wi lh authentic 14) 
was cilrried oul by g.l.c, lllass spcctronletry after trimethvl- 
silx'lation: the tctra-trimethylsilyl derivatixe appeared as a 
single peak til tl rclcntion tinge o1" I1.0 nlin ~11 :t cohunn 
Icn/pcFaltllC_' o1' 14t~ and nho\tc:d ci nlolccttiar ion peak :11 
nl c 464 in the SpCCtFtlnl. 

Reaction constants l\~r the enzynlatic forlnation of 12). 
15).and(4) f r o m l l ) w c r c 4 . 7 .  1(I.2. and 1'1 n m o l e s m g  pro- 
t e inmin ,  respectively. Polar monocpoxy-monoglycols.  (21 

and 151. also serx<ed its nlicrosomal substratcs and ,,ieldcd 
Ihc tetraol {4) at reaction Rllcs el  IO'{I and 7"6 nmoles mg 
proiein n i rcspecti',ely. Control experiments using boiled 
microsonlal preparations indicated that the [brmation of 
121. (41. and (5) in 111,.: alcwlx.c mentioned rcactions x~i:l s c []/} I 
nlcliic. The extremel 3 poor utilizcltion of the nonpoklr ~Ji- 
cpoxidc Ill as a substratc for nlicFoSOIllil] cpoxidc h',drc)- 
last compared v, ith pre',.ious]), reported lnolloepox),~li- 
kanes [12j was atlrihutable ill part to ils inhibitor\ eft'cot 
on the enzyme (Fig. 21 which was conlh-nled b,< Ills inhibi- 
tion of enzymatic hxdrolvsis of safrole oxide according to 
the prcx iousl 3 rcportect method [13 I. Neither monocpox,,- 
monoglycols. (21 and (5)nOF tclrao] 141 inhibited Cllzynlalic 
hydrolysis of safrolc oxide to till} cxlcllt. Thi~, is st.lggcsli'~c 
of the poorcl" yield of  (41 ['1"o111 I11 1ban I'rolll 121 or t51 
in the en/ylTlatic reacliolls. It is of interest that in epoxicles 
l I) and i5i the cyclohcxcnc moiety \~,:.ts not ncccssarily re- 
sistant 1o microsomal hydrolysis compared with the xinxli- 
done oxide moiety m cpoxides I l l  clnd (21 although in :i 
scrics of  monoepoxidcs a remarkable dilTcrcncc has been 
icp<>rlcd Io exist in ruact i \ i t }  hct~ccn simple :l l ic\clic c,lc 
fin oxides and \ hDlidcnc oxides, c 4. Inicrosonl;il h~,drol,,- 
sis is k l l t ) \ t I ]  I0 t'~CCtll" ()tL'l" 15 lilllCS I':I'~lC.'I" in M\  ICl/c.' ox i de  

and siml~lc I-olelin oxittcs lh'dn in c\clohcxcnc oxide l l l l  
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