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Abstract--The influence of eleven xenobiotics on the activity and amount of hepatic microsomal cpoxidc 
hydrolasc was determined. Activity was assayed using three different substratcs after rats wcrc fed. 
throughout 3 weeks, diets containing one of six hepatocarcinogens, viz. 2-acetylaminofluorene, 3'- 
methyl-4-dimethylaminoazobenzene, 4'-fluoro-4-dimethylaminoazobenzene, thioacetamide, allatoxin 
B~ and cthionine. Five hepatocarcinogens induced activity 4- to 10-fold; cthionine was rclativclv 
ineffective as an inducer. Two non-carcinogenic analogues of hepatocarcinogcns, viz. fluorcnc and p- 
aminoazobenzene, caused no appreciable increase in enzyme activity, but phenobarbital, barbital and 
1-naphthylisothiocyanate induced activity 2- to 3-fold. All eleven xenobiotics increased the amount of 
microsomal epoxide hydrolase 2- to 9-fold when examined immunochemically using either a radial 
diffusion assay or an enzyme-linked immunosorbent assay (ELISA). Serum glutamic oxaloacetic acid 
transaminasc activity was not appreciably elevated by feeding ten of the xenobiotics, suggesting thai 
inductions were not owing to toxicity. Using ELISA, microsomal cpoxide hydrolase was detected in 
post-microsomal (PM) supernatant fractions from control rat liver, thus confirming an earlicr report by 
Gill et al. [Carcinogenesis 3. 1307 (1982)}. The eleven xenobiotics induced the amount of ELISA- 
detectable antigen in PM supernatant fractions by 3- to 34-fold. Longer centrifugation of PM supcrnatanI 
fractions yielded a pellet fraction that contained 92 -+ 1.2c/~ of the ELISA-detectable antigen irrcspectivc 
of the xcnobiotic regimen. Relationships between xenobiotic induction of microsomal cpoxide hydrolasc 
activity and amount and hepatocarcinogenesis are discussed. 

Hyperplast ic nodules,  induced in rat liver by chronic 
feeding of 2-acetylaminofluorene ( A A F )  [1], are 
believed to be the cellular precursors of some hepa- 
tomas [1-7]. Compared  to normal rat liver, nodules 
show enzyme deficiencies and excesses [8-12]. 
Among  these enzymatic changes, Farber  [12] recog- 
nized patterns that characterized several different 
focal lesions, viz. small loci which had low epoxide 
hvdrolase activity but high v-glutamyl transpeptidase 
activity/13] and larger nodules which had high activi- 
ties for both enzymes but were either persistent or 
non persistent, lqon-persistent nodules remodeled  
with appropriate ,  concomitant  reversals of enzyme 
activities [13-15], while persistent nodules prolifer- 
ated. became basophilic, and appeared to progress to 
hepatocellular  carcinoma [15]. Farber  [ 12] believed it 
"'very likely t h a t . . ,  most changes induced in target 
cells by "carcinogens" have no direct relevance to 
cancer."  Al though perturbat ion of epoxide hydro- 
lase activity was prominent  in the schema of A A F -  
induced hepatic cancer,  i.e. observed following 7 
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days of chronic feeding [16] and throughout  nodule 
and hepatoma deve lopment  [13-15], the relevance 
of this change is open to question. Reid [17] pos- 
tulated that changes induced in target tissues by 
carcinogens but not by non-carcinogenic analogues 
might prove to be "key changes" in carcinogenesis. 
Accordingly,  we tested whether  several hepa- 
tocarcinogenic and non-hepatocarcinogenic xeno- 
hiotics induced hepatic microsomal epoxide hydro- 
lase after short- term chronic feeding in a manner  
similar to that seen with A A F  [16[. 

Farber and associates [7, 18, 19] and Okita et al. 
[20] detected by immunodiffusion against back- 
absorbed anti-nodule rabbit serum an antigen in 
microsomes from hyperplastic nodules and primary 
hepatomas that did not diffuse from normal micro- 
somes; they called it preneoplastic (PN) antigen. 
An important  feature of PN antigen lay with the 
observation that some proteins in microsomes from 
hyperplastic nodules and hepatomas dissociated 
more readily from the lipid bilayer than similar pro- 
teins in microsomes from normal rat liver 17, 18-20]. 
Among  proteins that readily dissociated was PN 
antigen [21,22], later identified as the microsomal 
enzyme epoxide hydrolase [16]. Recently,  Gill et al. 
[23], using an enzyme-l inked immunosorbent  assay 
(ELISA) ,  observed low levels of microsomal epoxide 
hydrolase in post-microsomal (PM) supernatant frac- 
tions from normal rat liver. We confirm their finding 
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and report  further \hal hepatocarcinogens markedly 
induce the le \c l  of EL1SA-detectable  microsomal 
cpoxidc hvdrola~e antigen in PM supernatant  
l rac t io l ]S .  

M:%'IERI.'I, LS %NI) METHOI)S 

Male f to l tzman rats were housed from birth in 
rooms with 12-hr l ight cycles beginning at 7:00 a.m. 
[Until useci for experinlents,  tile}, were fed Purina 
Rat Chow. Rats on experiments  were fed a semi- 
synthetic dicI [24] alone or supplemented with 
(f.0012~>7: aflatoxin Bi (Aft) (J.05(:{ A A F ;  (L06c, f 3'- 
methvl-4-dimcthvlaininoazobenzenc (3M). 4'- 
t luoro-4-dinlethylaminoazobenzene (4F). p-amino- 
azobcnzene (AB).  []uorene (FI): 0.07(v; thioace- 
tamide (TA):  0.08(~ l-naphthylisothioc?anate 
(NIT) ;  or 0.3(,i cthioninc (Elh).  Barbital {Bar) and 
phenobarbital  (PB) ~cre  added to the drinking ,aater 
at  ll,()5: ~- . 

Rats were killed bv cervical dislocation. Livers 
were quickly re'n~o\'ed, perfused,  and homogenized 
its previously described 121 ]. Microsomes were sedi- 
mented  from post-mitochondrial  supernatant  frac- 
tion by centrifugation 120]. ( 'ytosols were carefully 
aspirated to tile top of the pellets; tubes were 
inverted to drain. Pellets were restlspended and 
washed once with 50 hiM Tris HCI. 24 mM KCI, 
5 mM MgCI:, 250 mM sucrose  p t t  7,5 (TKMS! but- 
ler 122]. Washed pellets were stored in this buffer 
tit -7(P". In sever',l! experiments ,  PM supernatant  
fractions were centrifuged an additional 5 . 0 y  10 = 
,g-rnin (511Ti Rotor .  Beckman lnstrunlents.  Inc.. 
Irving, CA)  to yield a pellet x\ hich we called the low- 
density particulate (LDP) fraction. 

Arene oxide hydrolase activity was assayed, cising 
[ ( ] -~Hlphenanthrene 0, !0-oxide (7.4 m(ei/'nln~ole) or 
[11. ~ i~ -H[ -benzo la [pxrenc  1 l , i 2 -ox ide  (5.~ mCi," 
c reo le )  as substrates [251. Styrene oxide hvdrolase 
activity was determined bv the procedure of Ocsch 
etal .  [26] using 17-'t t is tvrene oxidc (0.3 mCi c r e o l e )  
as substratc. 

Epoxide ht,ctrc)l~isc. \'~as puri f ied by a modif icat ion 
of the procedure described b', Guengerich el al. 1271, 
Microsomes were solubilized with Luberol PX, and 
were chromatographed  on diethylaminoethyl  cellu- 
lose (DK-52) and carboxvmethvl  cellulose ((7N.1-52); 
both chromatography steps ~e re  performed irl glyc- 
erol (20:::). Final purification was achie\ cd by chro- 
nl~ttofocusing in 5:~ glycerol on PBE-04 using a pH 
gradient from <7 to 6: the enzyme ehited bet , \con pH 
8.4 and £.2. Tilts prcp:.iratiofl showed a single band 
on sodium dodcc~,l sulfate/pol, ,acrylamide gci elec- 
tropb.oresis (S I )SP : \G t ' ~ t  ~1t1(t :/nalvtictll isoelectric 
focusing, after staimng the gels \vilh (?ot~massie Blue 
or silver nitrate. The amino acid composit ion of 
this preparat ion was Mmilar t~ that reported earlier 
127.28] and had ;~. specific activit,~ of S71)ninole~, 
styrene glycol fo rmed .min"n 'g  protein. 

Ant ibody to ptirilied cpoxide h~drolase was de~el- 
opcd in a New Zealand rabbit by twice-monthly 
injections with i(l(I !i.g ot puril]t:d enzyme cmulsiiied 
in Freund'.n complete  ad.iu\ at~t. The rabbit antiserum 
was specific, e.g. il precipitated a single 50K band as 
analyze(/ b\  SI)S P : \ ( I U  r:.~dioautogr~lphy af ler i,z 
i,i~:<) tl~ill~l:.tti,)!! ti~,iiig t-adiolabe!ed ~tlllill(',, acids 12<q. 

Radial imlnunodi f fus ion analysis ~zts pcrlk;lnlcd 
by tile rneti lod of Thomas ~,t at. [30]. KL ISA  as,,av,, 
\\ere performed according to the prc)occturc supplie,t 
b\  Ki rkcgaard arid Pert\' I.at',oralc)ries {(rai theix- 
burg. M D )  USiilg I"5(l i) l ] l i  d i luted anti-cpo\iclc 
h~drolasc rabbit serum as tile prin!-t;y ;~i~!ibt~d', al ld  
goat ;t i/t i-rabbit i l l l l l lu l l t )g l t~bt l ! in  xc?lCll]) c'~t].itl/.'itted 
x\iti~ hoiscradish pero--:idase c~,niugatc ;t> ',be sec~i~cl 
aqt ibodv. Quant i ta t ive i-eadii~lgs of co[<~r i i i tcl l- 
sitv Iron', 2.2- azinobisl3-etllyl.-be n zt hiaz<~lin e-.o-. 
sulfonatcl substrate x\crc ~)btz~iilcd bt else el the 
Microelisa AtltOlectder ( [)}natt_:cil. .-\[e',:ariciria. 
VA) ,  and the pr imary anl ibodv x~i> inhibi ted b \  
s t a n d a r d  p u r e  p r o t e i n  o r  tHlkno\~,ll mlXtLtrcs.  

Lipids werc extracted troi-i microsomcs ;ind frou? 
the LDP i:raction ClSillg the procedtllc Ill [-~>tch <>: ~;I. 
[311 . The pllosphate content  el these cxtract~ ',~ll, 
determined bv the methc~d of Kirlg [32 i Protcil~',~;l> 
determined by the method of I owiv e: ~tt. la31 using 
purified bovine serum ~tlbunlin a', at stzind;lld P, adi~- 
activity was deternl incd il~ :i l iquid ,>cintJllatiot~ sx<~- 
ten l  [3 ,4.35i  ~e r i l n l  g lu t ; i l l l iC oxalo~cc:tic acid {t~ills- 
a l t l inase ( S G ( ) T )  ~c t i v i t v  wa~ <Ie ter l ] i incd tp, i i l  7 ;i 
Sigm,:.l kit (St. [.ouis. M(-)) based on the ilJc_'tt~<>ci <d 
Karmen [361. Act iv i ty  was cxprcnsed in l i l tc l  m~tionul 
{Jnits/ml (25) .  

Ti le e~trcinogen> 2-:\AI:.  t\I], l']ttl and I A  w~_:ie 
purchased fronl the Aldr ich (heroical  (.'o. (~.|l]- 
waukt_'e. W l I .  tilt- ( 'a lb iochem-Behr ing ( 'orp. t lAi 
Jolla, (<A). thc Sigma ('hcnaic~i] ( o .  (St. I,<lub,. 
M e ) ,  and the J. ] .  Baker t'hclniC;tl ( o  (Phil- 
l ipsburg, N J) respectivel}. N#!-~\as obtained from 
the Eastrl]all K,,>dak ( 'o. ( Rochester. X 5  ). x~hilc AP; 
and Fi wore  obtain~_,d f lo I / l  [ ( 'N '  !ql ; I r I l lacct l l ic~l i , , .  
Inc. ((_'leveland, ( ) i t ) l h e  t\~<~ ~lzo ci\c,, ?,M ',lnc] 
4I-. ~ete  <,;'ilthe<;ized cicc<lrdin 7 !~ iht. l~r~ceclulc <~1 
Giese e~ a]. [37]. Lubclcd ~t\)enw c)xkh_, ',v~is ~\i~- 
l hes ized  f r o m  br~)l-~]()-~.tcc.i{t)phei]t~llu . b \  iedttcti,<)ll 
with sodium bor~d-ivdride irl ti le prcscnc'c /if ~tt,() 
~tnd c\'ciization in 1 N Na() t  t. The icact iol l  mixture 
was applied to a f:lorisil coil.inin ii1 hexanc. ,:tild {"- 
:tflstyrcne oxide ~as  cluted with 75:7 hexztnc: 25 ~ 
diethvI other. Flol isi /  was ptii-chclsett f<"Oll~, the . i  I 
Baker ( 'heroical ( 'o .  ('hltlillat,~f,.~t.:u~;li'~: ~_'cl PBt{-'ia 
and polybuffers 0i~ and 7.4- ~crc ptirch;t,,cd |ror:l the 
Pl larnlacia Co. ( L:ppsala, Swedeil ). ( ioat  ;i;lli-rabl-~il 
immunoglobu l in  horseradish peroxide ccm iugaltc wa,, 
obtained from Boebr ingcr  Mannhcl l~ Biochemic;d <, 
( l i ]d ianapol is.  IN). 

RE~t | IN 

lp~/[tt('Hc~' oj' .w'ttof~iolic.~ ~)t~ ¢:ticr:)~o~zal ~7)()xid~ ' 
hvdro la s~  acti~'itv. Since it was sho\,~n prexiousl 3 that 
7 davs o f  AAl : - feed ing  cat ised :i ma l -kcd  il|Cleasc" il l 
hepatic microsomal epoxide h\drolasc actixitv li~q. 
we did a prelinlinar3 s tud\  to> determine tile time- 
course of enzyme mduclio:,  o~er a 3-week period. 
The act i \ i tx  was induced nearl,, 2-fold at 3 da\'~. ~iz. 
a specilic actix itv e l  22 foi A : \F - fed  \'ors\is {l specilic 
activity ~f 13 for basal-fed, while at 7 arid 14 dct\s. 
specific activities \vert: 3-fold hi2her Induction 
appealed to bc maXi l l l t l i l l  at 3 l e e k s ,  so  tilts time 
was chosen for chronic feeding of xenqbiotics. 

The influence of chrc~nic tecding of the eMxen 
xenolqotit>, t i l l  ltqi,2F!'~St'll l lLl! wi',t)xidc h,,dlol,c,,,c 
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Table 1. Influence of xenobiotics on the activity of microsomat epoxide hydrolase using three different substrates 

Enzyme activity 
(nmoles/min/mg protein~ 

BPO Average 
Xenobiotic* SOt Ratio; PO Ratio (Act) ( i0)§ Ratio ratio! I 

None 12± 1"* 21± 2 2-+0.2 
3M 93 + 16 8 241 ± 12 12 20 ± 0.2 10 10 ± 1.2 
AAF 60 ± 5 5 211 ± 10 10 17 ± 0.2 9 8 ± 1.5 
4F -13 ±2  4 164± 8 8 16±(1.2 8 7 + 1.3 
TA 4 0 ± 5  3 111-~ 3 5 10±0.2 5 4 ± 0 . 7  
Aft 30± 3 2 96+ li 5 8±0 .2  4 4 ± 0 . 9  
Eth 17±3 1 33± 5 2 3±0 .5  1 1 ±(1.3 
PB 38 + 3 3 +t +t 3 
Bar 2 7 ± 4  2 70± 8 3 6-+0.2 3 3 +0.3 
FI 2 6 ± 0  2 27± 5 1 2±(/ .3 1 1 ±(I.3 
N I l  1 6 2 2  1 51± 1 2 5 ±0.3 3 2 ~ 0.6 
AB 1 4 2 2  l 21± 1 1 32(1.2 2 I 20.3 

* Xenobiotics were added to a semi-synthetic diet I24] and fed co~ tinuously throughout 21 days. Abbreviations arc 
identified in Materials and Methods. 

t SO, PO and BPO refer to [7?H]styrene oxide, [G-3H]phenanthrene 9,10-oxide and [ll,12?H]benzo[alpyrenc 
11,12-oxide respectively~ 

- Ratios were R-value for a particular xenobiotic divided by re-value for None. 
§ Each value was multiplied by 10 for convenience in tabulation. 
i] Values are ~ ± S.E. for ratios with SO, PO and BPO as substrates. 
** Values arc X ± S.E. for determinations made on five male rats. 
+f Not determined. 

activity when assayed using styrene oxide (SO), 
phenanthrene  9,10-oxide (PO),  or benzo[a]pyrene 
l l ,12-ox ide  (BPO)  as substrate is recorded in Table 
1. Five of six hepatocarcinogens  induced enzyme 
activity an average of 4- to 10-fold; ethionine was a 
less efficient inducer.  Three  of five non-hepa- 
tocarcinogenic xenobiotics,  viz. PB, Bar and NIT.  
induced enzyme activity an average of 2- to 3-fold: 
F1 and AB were generally tess efficient inducers. 
Activit ies de termined using PO and BPO as sub- 
strates yielded xenobio t ic /none  ratios that were simi- 
lar in most instances. Activities de termined using SO 
as substrate yielded ratios that compared  reasonably 
well with PO- and BPO-rat ios  in several instances, 
viz. 3M, TA,  Eth,  Bar, FI, and AB,  but in other  
instances, SO-rat ios were about  half PO- and BPO- 
ratios, viz. A A F ,  4F. Aft, and NIT.  Substrate-depen- 
dent differences in enzyme activity following xeno- 
biotic administrat ion were observed previously [27] 
and were in terpreted as evidence for multiple forms 
of microsomal  epoxide hydrolase [27, 38]. 

Cutler  [39] demonst ra ted  correlations between 
liver damage visible histologically and increases in 
S G O T  activity, Recent ly ,  it was reported that rats 
given A A F  in chol ine-devoid diets [40] or those given 
acute injections of N-hyd roxy -AAF [41] showed 
appreciable elevat ions in S G O T  activity. To deter- 
mine whether  hepatotoxicity developed during the 
feeding regimes,  we assayed S G O T  activities among 
rats after feeding ten of e leven xenobiotics (pheno-  
barbital was not tested) throughout  21 days. Only 
two of the xenobiotics caused significant changes in 
S G O T  activity, viz. 3M caused significant elevation 
in activity, while Bar caused a small decrease. Since 
the increase caused by 3M was modest ,  i.e. 1.5-fold 
compared  to a 20-fold increase seen with a toxic 
dose of CCIa ( l  ml /kg  body wt), it appears thai 

hepatotoxicit ies associated with xenobiotic feeding 
had not developed sufficiently to cause appreciable 
enzyme leakage and /or  hepatocyte lysis. 

Influence of xenobiotics on enzyme amount. Two 
immunoassay methods were used to determine the 
amount  of epoxide hydrolase antigen in hepatic 
microsomes after 3 weeks of xenobiotic feeding, a 
radial diffusion [30] and an E L I S A  method.  The data 
are listed in Table 2. Hepatocarcinogens  increased 
the amount  of epoxide hydrolase an average of 4- to 
9-fold; non-hepatocarcinogenic  xenobiotics in- 
creased the amount  of enzyme-antigen an average 
of 2- to 6-fold. In six instances, the two immunoassay 
methods  yielded estimates of fold-increases that were 
in reasonable agreement ;  in five instances, however .  
the radial diffusion assay yielded appreciably lower 
estimates of fold-increases, viz. 3M, Aft, Eth,  FI and 
AB. These differences suggested that xenobiot ic-  
hepatic tissue interactions influenced antigen-anti-  
body complex formation and stability. Earlier Guen-  
gerich et al. [42[, using immunodiffusion,  observed 
antigen heterogenei ty  among microsomal epoxide 
hydrolase purified from livers of normal or xeno- 
biotic-treated rats. This result also was interpreted 
as evidence for multiple forms of the enzyme [27, 
42]. 

A statistical comparison of fold-increases in 
enzyme activity versus fold-increases in enzymes 
amount  (deleting PB owing to insufficient activity 
data) showed that five of the xenobiotics influenced 
activity and amount  to comparable  extents: a similar 
conclusion was reached in two earlier reports where- 
in xenobiotics were injected [30, 43]. Among  the 
five others, four xenobiotics increased amount  to a 
significantly greater extent  than activity, viz. Eth,  FI, 
NIT,  and AB,  while 4F was a better inducer of 
enzyme activitv than enzyme amount.  
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Table 2. Influence of xenobiotics on the amount of microsomal epoxide hydrolasc detectable 
by immunoassay 

Radial ,,\~c rage 
Xenobiotic ~ assay+ Ratio ELISA$ Ratio rati ~ 

None 12.5 -+ 0.811 8.8 + 1.7i[ 
AAF 99.(/+ 14.1 8 59.4± 9.2 
3M 85.9 +_ 11.8 7 96.7 ± 13.7 
TA 59.1 -+ 8.7 5 34.7 ± 1(/.4 
Aft 56.2-+ 7.5 5 73.3±27.2 
4F 51.1 ± 9.5 4 44.7 + 8.6 
Eth 24.4± 4.1 2 42.4 + 12.0 
PB 50.5 + 11).7 4 52.7 + 5.2 
NIT 38.6± 5.0 3 37.9 ± 8.2 
Bar 33.2-+ 5.8 3 17.7± 4.3 
FI 33.1 + 6.7 3 47.5 + 6.5 
AB 29.4 + 1.8 2 45.2_+ 4.8 

7 8 ~ 11.> 
11 ~*+ 2 
4 4 ~ O5 

5 4 ~ 0.:, 
5 4 ~ 1.9 
6 5+1  
4 4 f 11.5 
2 2 + 0.5 
> 4 ~ 
5 4' < 

* Xenobiotics were administered exactly as described in Table 1. 
Values listed are A diameter*'/ug protein 

:.,': Values listed are /*g epoxide hydrolase/mg protein. 
§ Values are :~ + S.E for ratios determined using radial assay and ELISA. 
il Values are "~ +- S.E. for determinations made on five male rats. 

Influence o f  xenobiotics on detection o f  epoxide 
hvdrolase antigen in P M  supernatant fractions. Oesch 
et al. [44] repor ted  that  PM supernatant  fractions 
from hyperplast ie nodules  were devoid of "material  
immunologically cross-reactive with microsomal 
epoxide hydrolase ."  Gill et al. [23], using ELISA,  
repor ted  that  PM supernatant  fractions from normal  
rat liver conta ined  low levels of microsomal  epoxide 
hvdrolase or "'an immunological ly related pro te in ."  
Since E L I S A  yielded data on microsomal  epoxide 
hydrolase levels that  were comparable  with radial 
diffusion data on microsomes  from six of eleven 
xenobiot ic- t rea ted  animal groups (Table 2), perhaps  
ELISA could be used validly to de te rmine  levels of 
epoxide hydrolase antigen in PM supernatant  frac- 
tions from rats fed the eleven xenobiot ics  throughout  
3 weeks:  the data are recorded  in Table 3. In normal  
rat liver, we observed  protein immunologically 
related to epoxide hydrolase at a level of 7 -+ 4 ng/  

Table 3. Influence of xenobiotics on the detection by ELISA 
of epoxide hydrolase antigen in post-microsomal super- 

natant fractions of rat liver 

Xenobiotic Amount* Ratio 

None 7 -+ 4, 
3M 239 +- 83 34 
TA 183 ± 49 26 
Eth 160 ± 55 23 
AAF 146 * 19 21 
4F 64 ± 22 9 
Aft 24 +- 13 3 
NIT 157 -+ 39 22 
FI 87 _+ 22 12 
PB 38 + 17 5 
AB 29 + 8 4 
Bar 26 + 6 4 

Amount is expressed as ng epoxide hydrolase/mg of 
post-microsomal protein. 

+ Values are , ± S.E. for determinations made on five 
male rats. 

mg protein in PM supernatant  fractions, thus lending 
confirmation to the earlier report  by Gill et al. [23]. 
The six hepatocarc inogens  increased the amount  
de tec ted  3- to 34-fold; among non-hepatocarcino-  
gens, the increase ranged from 4- to 22-fold. 

Long- term centr ifugation of PM supernatant  trac- 
tions from all twelve feeding regimens allowed recov- 
ery of a pellet  fraction that contained 92 -+ 1.2q,; of 
the epoxide hydrolase antigen detectable  by ELISA.  
Elec t rophores is  of pellet fractions through agarosc 
containing ant ibody to purified epoxide hvdrolase 
allowed observat ion of rocket-like precipitin lines, 
illustrating again immunochemical  identity. Rocket  
height failed to show proport ional i ty  with antigen 
concent ra t ion ,  however ,  and quanti tat ion was not 
possible. Pellet fractions had phosphol ip id-pro te in  
ratios that were  2.6-fold higher than similar ratios 
for microsomes  from normal or A A F- fed  rats. Pellet 
fractions p repared  from PM supernatant  fractions of 
A A F - f e d  rats catalyzed the hydration of styrene 
oxide at 11 ± 3.5 nmoles  g ycol/m n / n g  protein.  
These results suggest the presence of an enzyme in 
the cytosol fraction of rat liver homogena tes  that is 
immunologically and catalytically similar to micro- 
somal epoxide hydrolase,  and demons t ra tes  that all 
the xenobiot ics  tested caused an increase in the 
detectable  level of this enzyme.  

I)ISCUSSION 

Since microsomal  epoxidc hydrolase was shown 
to be associated with proteins  that appeared  to be 
markers  for focal changes preceding deve lopment  of 
malignant foci [7, 16, 18-20]. it was important  to test 
whe ther  changes in activity and/or amount  of this 
enzyme could be a "'key change" [17] in carcino- 
genesis. As shown by average ratios in Table 1, 
five of six hepa tocarc inogens  appreciably induced 
microsomal epoxide hydrolase activity, while ethion- 
ine caused low induction: a similar lack of induction 
was no ted  previously [45,461. Fur thermore .  three 
of five non-hepa tocarc inogenic  xenobiotics induced 
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enzyme activity. This activity profile supports a con- 
clusion that induction of microsomal epoxide hydro- 
lase activity is not a "key change" leading to malig- 
nant transformation. On the other hand, the 2-fold 
disparity between activities with styrene oxide as 
substrate compared to activities with the two arene 
oxides as substrate, e.g. activities for rats fed AAF, 
4F, TA, Aft, and NIT (Table 1), suggest that valid 
estimates of epoxide hydrolase activity after xeno- 
biotic administration may not be possible with the 
technology employed in this study. Multiple forms of 
microsomal epoxide hydrolase may be differentially 
induced by xenobiotics [27, 42], but, in this study and 
perhaps in earlier studies, e.g. [45, 46], the different 
forms were not separately estimated. 

As shown in Table 2, all of the xenobiotics sig- 
nificantly increased the amount of epoxide hydrolase 
antigen detected by either immunodiffusion assay 
or ELISA. Since both hepatocarcinogens and non- 
hepatocarcinogens were effective inducers of 
antigen, this biochemical change also would not 
appear to be a "key change". With six of the xeno- 
biotics, estimates of antigen level by the two methods 
agreed reasonably well; with the other five, however, 
estimates with the diffusion method were appreciably 
lower than estimates by ELISA, viz. 3M, Aft, Eth, 
F1 and AB. Here, also, it would appear that the 
technology employed may have been insufficient to 
the task of accurately determining the level of micro- 
somal epoxide hydrolase antigen following xeno- 
biotic administration. 

Thomas et ~il. [30, 47] and Pickett et al. [43] 
observed parallel increases in activity and amount of 
microsomal epoxide hydrolase following injection of 
several xenobiotics including AAF and PB. In our 
hands, five xenobiotics, which included AAF, caused 
fold-increases in activity and amount that were essen- 
tially similar, but among five others, four were better 
inducers of amount, while one was a better inducer 
of activity. In earlier studies [48, 49], 3-methyl- 
cholanthrene (3MC) induced epoxide hydrolase 
activity against some substrates, but not against 
others. Recently, Kawabata et al. [50] detected dif- 
ferent amounts of epoxide hydrolase antigen in cen- 
trilobular, midzonal and periportal regions of hepa- 
tocytes following induction with PB, 3MC or trans- 
stilbene oxide. It seems likely that these differences 
relate to the multiple forms of microsomal epoxide 
hydrolase demonstrated by Guengerich et al. 
[27, 421 , but suggest additionally that induction of 
epoxide hydrolase activity and/or amount need not 
occur coordinately. Nevertheless, the foregoing 
observations suggest the existence of several para- 
meters that are uncontrolled and/or poorly under- 
stood which markedly influence kinetics of substrate- 
enzyme complex formation in livers of xenobiotic- 
treated rats. A similar statement seems justified con- 
cerning parameters regulating the availability of 
epoxide hydrolase immunodeterminants and the for- 
mation of stable antigen-antibody complexes in vari- 
ous extracts from livers of xenobiotic-treated rats. 
Until these parameters are understood and 
controlled, definitive assignment of the role of epox- 
ide hydrolase in carcinogenesis would seem 
premature. 

Data in Table 3 confirm reports by Gill et al. [23] 

concerning detection of microsomal epoxide hydro- 
lase antigen in PM supernatant fractions of rat liver, 
and extend this report by showing that eleven xeno- 
biotics significantly induced the level of this antigen 
in PM supernatant fractions. Gill et al. [511 recently 
determined the level of microsomal epoxide hydro- 
lase activity in PM supernatant fractions from normal 
and neoplastic human liver and normal Rhesus mon- 
key liver. In this report we measured the activity 
of microsomal epoxide hydrolase in pellet fractions 
from PM supernatant fractions of AAF-fed rats. 
Thus, microsomal epoxide hydrolase as a cytosolic 
component has been verified by several laboratories, 
and it appears to have catalytic competence. 
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