
MICROSOMAL EPOXIDATION OF CIS-STILBENE: 
DECREASE IN EPOXIDASE ACTIVITY RELATED 

TO LIPID PEROXIDATION 

Abstract-~lncubatioll of c,is-stilbenc with rabbit li\er microsomcs in the prcsencc of 
NADPH ~,ielded rhrro-stilbcnc gl!col and ;I tract of w.wstilhcne glqcol. The ratio of cpoxi- 
dose activtty to epoxidc hydrolase activit! decrcascr markedly so that the epoxy intcrme- 
diate. ci,vstilbzne oside. can be demonstrated only during brief incubations. These data indi- 
cate that lipid peroxidation of microsomes plays im important role in regulating not onl! 
the rate of eposidr formntlon from the olefin. but also the half life of the epoxidc formed 
iri rim). 

EPOXILIES, as obligatory intermediates in the metabolism of olefins to glycols by 
hepatic microsomes of mammals. are rapidly hydrolyzed by microsomal epoxide hy- 
drolase and this makes their recognition difficult without using epoxide hydrolasc 
inhibitors.‘-” Similar evidence has also been obtained in the microsomal metabolism 
of aromatic hydrocarbons to the corresponding dihydrodiols.’ ” However. in the 
case of some polychlorinated cyclodienc insecticides. heptachior and related taxi- 
cants aldrin and isodrin. epoxides that are rather stable in a number of liiing 
organisms are produced by biological oxidation irl r.it~o.‘.~.” 

Recent studies on the metabolic pathwa! involving epoxidc formation from olelins 

and arenes gave a clue to solving problems concerning proximal active forms of ole- 
finic toxicants and chemical carcinogens such as polyaromatic hydrocarbons, for it 
is well known that a variety of olefin oxides arc toxic or carcinogenic” and it has 
recently been demonstrated that K-region epoxides of ;I number of carcinogenic aro- 
matic hydrocarbons form covalent bandings with nucleic acids and proteins.“.“’ “’ 
Therefore, it is assumed that factors affecting the half life of the epoxide formed plaq 
a key role in the toxicity or carcinogenicit! of the olcfin or arene. of which the most 
important and ultimate one could bc the diflerence in acti\,ities between epoxidase 
and epoxide hydrolase. i.e. an increase in the ratio of epoxidase activit\, to cpoxide 
hydrolase activity will lead to an incrcasc in cpoxide level in the animal body. 

We wish to report that in rabbit liver microsomes the ratio of epoxidase activit> 
to cpoxide hydrolase activity decreases markedly during incubation so that the 
epoxy intermediate. cis-stilbene oxide. in the microsomal metabolism of cis-stilbcne 
to thrco-stilbene glycol can be demonstrated onI\, durin, u brief incubations and also 
that such phenomena originate at least in considerable part from NADPH-dcpen- 
dent lipid peroxidation of the microsomes. 



\1ATI~KI1LS 4KlI) hll ‘THOI)S 

:LlrrfcJvitrl.s. ci.+Stilbene oxide.“’ /ltwo-stilbene glycol.” /rt~,w5tilbcnc glycol.” and 
heptachlor cpoxidez3 were prepared by the previous methods. NADP ’ ~ILICOSC 6 
phosphate. and glucose A-phosphate dchy~rogcnasc L+crc purchasxi from Boeh- 
ringer Mannheim Co. 

E~~~~YIIc studic~s. Microsomes were obtained from the liver of five male albino rab- 
bits (3.5 7.X kg) by the previously reported method.” Mashed t\vicc \\ith 30 titncs 

the volume of O-1 M phosphate buffer. pH 74. and homogeneousI! suspended in the 
sane buffer. 

When cis-stilbene was used as the substraw i[ LV;LS dissolved in acotonc. mi~ied 

with the microsomal suspension including an NADPH-generating system. and incu- 
bated at 37 in air lvith shaking. Final concentrations of constituents of the mixtures 
in 0.1 M phosphate buffer. pH 74. were cis-stilbcnc: 3 mM. NADP ’ : 0.5 mM. glu- 

cost 6-phosphate dchydrogenasc: I 1 U, ml. glucose 6-phosphate. nicotinamide, mag- 
nesium chloride: 5 mM each. microsomal protein : I .7i mg ml. and acctotlc: T”,, (v \,). 

For estimating the cffcct of lipid pcrosidation of microsomcs on epoxidasc activity 
using heptachlor as the substrate. the microsotnal suspension was prcincubatcd at 
37 in air in the absence and in the presence of the NADPH-generating system. The 
cofactor system. consisting of NADP, glucose 6phosphate. glucose h-pl1osphatc 
dehydrogenase. and magnesium chloride in 0 I M phosphate buffer. pH 74. to make 
a final volume of I ml \vas incubated at 37 for IO tnin prior to the addition to the 
preincubation fask. The final concentration of hcptachlor V+;IS I mM. Other consti- 

tuents of the reaction mixture. their final concentrations. and incubation conditions 
were the same as described in cis-stilbenc. Ferrous sulfate (0.9 tnM) and EDTA 
(I mM) were also preincubated \vith tnicrosomes in the presence of the cofactor sys- 
tcm when their effects on epoxidasc and epoxide h\drolasc activities WI-c cxamincd. 
For estimating the ctfect of lipid pet-oxidation of microsomcs on epoxidc hldrolasc 
activity using cis-stilbcnc oxide (I tnM) as the substrutc. the above mentioned prein- 

cuhated microsomal systems ivet-e diluted 40 times with 0. I M phosphate buticr. pH 
74. mixed with the epoxy’ substrate dissol\;ed in acetonc. and incubated under the 

same conditions as described abow. 
All the enqmatic reactions were tcrtninated by the addition of5 N NaOH to tnakc 

a final concentration of I N. Follojving saturation of the miuturcs M ith sodium chlor- 
idc. unchanged cis-stilbcne. hcptachlor and their cpoxidcs .scrc cxtractod with three 
volun~cs of light petroleum (b.p. 30 40 ) and stiibenc glycols with three ~ol~tmcs of 
peroxide-fret ether. An aliquot of each organic I;tycr sclwratcd by ccntrifugation M:IS 
transfercd into II test tube and then the solvent cwporatcd under \cr! mild condi- 
tions. Residues obtained from light petroleum extracts wcrc dissol\,ed in hewnc and 
the ones from ether extracts in isoprop) I ether for subscqucnt chlomatoglaphic 

a11alyses. 

(‘/~~.o,rt~~ro~/i.~t/~/t~,, Thin-laker cltroiliittOgrii~~l1~ (t.1.c.) uas cart-ted out using plates 
coated with silica gel containing an inorganic phosphor agent (Wakogel R-5 
UA, Wako Pure Chemicals Co.. Tokyo). Chromatograms of biological extracts con- 
taining c,i.s-stilbcne and its oxide were developed once more in the same solvent sqs- 
tern for the complctc separation of the latter from the former and from microsotnal 
components extracted. Elution of biologicall! formed c,i.\-stilbenc o\idc from chro- 
matograms wts carried out \\;ith ethanol using the usual preparative t.1.c. tcchniquc. 



Microsomal epoxidation ol’cJ.\-stilbene I ox I 

Trimethylsilylation of the cthanolic eluates containing stilbene glqcols was carried 
out in the standard manner’” after evaporation of the solvent under a nitrogen 
stream. 

A Shimadzu Model CC- I C gas-chromatograph equipped with a flame ionization 
detector was used for g.1.c.. and conditions used were: column----0.75”, SE-30 on 
Chromosorb W (6&X0 mesh. 4 mm x I X0 cm): column temperature-130’ ; nitrogen 
as carrier gas~~35 ml;min for cis-stilbene oxide: column-15”,, succinate polyester 
on Shimalite (6&X0 mesh, 4 mm x 1 X0 cm); column temperature-l 50 ; nitrogen- -~ 
35 mlmin for trimethylsilyl ethers of stilbcne glycols; and column-the same as that 
used for cis-stilbcne oxide: column temperature- 160 ; nitrogen--ilO mlimin for 

heptachlor and its epoxide. 
D~‘tcl.r~~irltrrio,~ “1’ /i/~itl pruosirlrrtion. Lipid peroxidation of microsomes was deter- 

mined b\ the standard method using thiobarbituric acid.” 

RESULTS 4ND DISCUSSION 

Corlrtlr..siotl c?f’cis-sri/herlcl to three-stilhrrle ~J/JTO/ ciu cis-sti/her?e o.Yidc. For detect- 
ing and determining the epoxy intermediate. cis-stilbene oxide. in an incubation mix- 
ture. including cis-stilbcne as the substrate. rabbit liver microsomes. and NADPH. 
the reaction was terminated at a brief interval (15 min), and it was extracted with 

light petroleum. The crude extract obtained was subjected to t.1.c. for elimination of 
light petroleum-extractable microsomal components that interfere with subsequent 
g.1.c. and g.l.c.-mass spectrometry. In thin-layer chromatograms obtained in hexane- 
benzene (3: I )_ authentic c,is-stilbene. cis-stilbene oxide. and tllrro-stilbene glycol had 
R,, values of 0.85. 0.53 and 00 respectively. Gas-liquid chromatography-mass spec- 
trum of an cthanolic eluate obtained from the thin-layer chromatogram. correspond- 
ing to the area of adsorbent layer for the intermediate, indicated the extract to con- 
tain c,is-stilbcne oxide (Fig. IA). The retention time (X4 min on a 0.75”,, SE-30 at I10 ) 
and mass spectrum of the biologically formed cis-oxide were identical with those of 
the authentic one. That no epoxide peak was observed in gas-chromatograms with 
samples similarly obtained from extracts of control reaction mixtures using boiled 
microsomes indicated the epoxide formation to be enzymatic. 

For detecting and determining the corresponding glycol in the incubation mixture, 
the reaction was terminated at I5 min and it was extracted with ether. The crude 
ethereal extract obtained was also pretreated by t.1.c.. carried out in benzene+acetone 
(8 : I ) by the same reason as mentioned in the case of the epoxy intermediate. An eth- 
anolic eluate obtained from the area of the adsorbent layer. corresponding to stilbene 
glycol (R( 0.28). was trimethylsilylated and gas-chromatographed. In gas-chromato- 
grams obtained on 15” o succinate pollcstcr at 150 appeared two peaks Mith the 
same retention times as those of di-trimethylsilyl ethers of ~/IMI- and rllcjso-stilbene 
glycols (28% and 25.3 min. respectively). Both isomeric glycols were inseparable un- 
der the above mentioned t.1.c. conditions. Gas-chromatograms indicated the ratio of 
the IIICSO- to ~l~~~c~-gl~~c~ls to be 2.1 :97+. f;urther identification of the major glycol 
formed R;IS carried out bq p.1.c. mass spcctrometry (Fig. 1 B). The glycols formed bj 
the incubation for 15 min was 3.X per cent of the substrate used and the cpoxide 0.79 
per cent (Table 1). 

It has been demonstrated in the previous paper that hepatic microsomal epoxide 
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resulted by the catalytic action of enzyme(s) bound to microsomes which seemed to 

be originally localized in the soluble supernatant fraction: the rnc~so-glyc01 formed 

from cis-stilbene by the IS min incubation with the 9~~~~~~~ supernatant fraction of 
the rabbit liver homogenate in the presence of the same cofactor system as used for 
the microsomal incubation system accounted for 30.1 per cent of the total .glycols 

formed. 
Prolonged incubation of cis-stilbene up to 60 min led to the complete disappear- 

ance of the epoxy intermediate from the reaction mixture in spite of increasing for- 

mation of the Theo-glycol (Table 1). The transient formation of the epoxy interme- 
diate appeal-cd to be due to a facile decrease in epoxidasc activity during incubation 
of the nlicroso~ilcs since it is weI1 knoivn that microsomal cposide hydrolase is stable 

enough on various treatments.‘8.” The frlllinp off in il~~~tl~~~~xy~en~~sc activity with 
time is :I general phenomenon in microsomal systems. being remarkably accelcratcd 
in the presence of NADPH :md oxygen x ;t result of perokidation of microsomal 
lipids.“” Our ~ltte~itior~~ therefore. was payed on the pr~~~~lcl~~ whether or not lipid 
pcrosid:ition of hq7;itic microsomcs afll‘clctl the half iifc of the cpo\> intci-m~diatr: 

ir1 ritrv. 
Efj&,t c?f’/ipirl i)c’l.“ridLlfiojl of’rllir~r.osorrl~~.~ ou c~p.~irltrsc~ trutf vp~.~i& If ~vfrohst~ trcliri- 

rigs. An attempt was made to clarify whether or not relative activities of both 

enzymes w-err altered during the incubation of the microsomes with NADPH. In this 
study heptachlor whose sole metabolitc in the microsomal system has been shown 

to be its epoxidc”.” was rscd 21s the substrate for the assay of epoxidase activity 
and &s-stilbenc oxide for epoxide hydrolase activity. 

Preincuhation of the microsomes at 37 in the prt‘senca of NADPH caused a 
marked decrc;~ in epouidaso activit! (Fig. 3). Ho~evcr. M hen the microsomcs were 
prei~~~u~~~~~d in the iibscnce of NADPH. the decrease was much smaller. The curve 
for the NADPH-depeIi~ient decrease in cpoxidasc activity was almost coincident 
with a reciprocal pattern of the NADPH-dependent lipid pcroxidation of the micro- 
somes which was determined bq the thiobarbituric acid method and expressed as 

matonaldehydc values”’ (Fig. 2B). 
Evidence for the p~lrticip~~tion of the lipid peroxidation in the decrease in epoxi- 

dase activity was further supported by the effects of ferrous sulfate and EDTA added 
to the preincubation flasks. Preincubation of microsomes \vith NADPH in the pres- 
ence of ferrous ion, which is known as stiIl~Lil~ljit for the lipid peroxidatio~i of micro- 
some?’ and has been shown to decrease microsomal :Y-demethylase activity,3” 
caused a larger extent of decrease in eposidase activity whereas EDTA. an inhibitor 
For the lipid peroxidation”’ and conseyuently a potcntiutor for microsomal aromatic 
hydroxylase ;md .‘l’-demcth~lass.“’ illi~il~itc~i the ~ADPH-dcpeilde~~t decrease in 
epoxidasc nctiL,it) (Fig. 24). 

In all the casts wamincd. littlc alteration F+;IS ol-wr\ui in microsomal epoxide hy- 
drotaseactivit\ (Fig. ?A). It is of interest that cpo~idl: h~drolasc activity is not atTectcd 
by lipid pcroxid~ltiol~ of ~i~icros~)rncs. for the recent studies have dcrnoIlstr~lted thnt 
so fat- as examined with naphthalene and naphthalcnc oxide. eposide hydrolase 
appears to be very closely associated with the eposidase system in microsomcs.33.3’ 
The present evidence for the selective decrease in epoxidase activity seems to be attri- 
butable to the suggcstcd catabolic effect of lipid peroxi~~~lti~~li on microsom~~l hemo- 
protein. including cytochrome P-JI%.“~ 
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