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SUWMNRRY

Trichloroethylene (TCE). a structural analog of vinyl chio-
nde, is known to induce hepatocellular carcinoma and
other tumors in C578L/6 < C3H/He F, (hereafter known as
BBC3F,) hybnd mice. TCE epoxide, a possible metabolite, 1s
expected to be highly reactive toward cellular nucieophiles,
e.g.. proteins and nucleic acids. Hence. the microsomal
metabolism of TCE and its covalent binding to microsomal
protein were examined. Rat liver microsomes were incu-
bated in vitro with ['*C]TCE. The results showed that TCE
binds cavalently to microsomal protein since extensive or-
ganic extractions and Pronase digestion do not disscciate
the TCE-protein complex. The binding was decreased by
7.8-benzoflavone. blocked by SKF-525A, and enhanced by
i.p. administration of phenobarbital. The possibility that
TCE epoxide, once formed, could be converted to water-
scluble productis through enzymatic hydrolysis by epoxide
hydrase was also investigated. Addition of 3.3,3-trichioro-
propene oxide. a potent inhibitor of epoxide hydrase. to the

ncubation system markedly enhanced the binding of TCE.
Qse observalions support the view that, in order to bind to

tein, 1t 1s necessary for TCE to be metabohzed to its
epoxide. a reactive intermediate that 1s most hikely involved
in TCE carcinegenesis and toxicity.

INTRODUCTION

TCE? has been used for many years as an anesthetic (5). It
's also widely used as a degreasing agent for metals and as
an extractant in the foodstuff industry (18). Several metabo-
fites of TCE in humans and animals have been characterized
(4. 10, 11) and it has been suggested that TCE is metabol-
Ized via an epoxide (16). On the basis of its known rmetabolic
droducts and the possibility of an epoxide intermediate, it
nas also been predicted that TCE is probably carcinogenic,
particularly to the liver (20). This suggestion was made, in
Jart, because of 1ts structural similarity to vinyl chloride, a
<nown liver carcinogen in animals and man (6, 20). Re-
cently, TCE was shown to be carcinogenic by feeding to
26C3F, hybrid mice, but not in Osborne-Mendel rats (19).
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Trichloroethylene epoxide has not been characterized as
a metabolite of TCE, but the synthetic compound is known
{B. L. Van Duuren and 5. Kline, unpublished data).

The present study was undertaken in order to obtain evi-
dence for the covalent interaction of TCE metabolites with
rat liver microsomes in vitro.

MATERIALS AND METHODS

Chemicals. [1,2-'*C]TCE (specific activity, 1 mCi/mmole)
was custom-labeled by New England Nuclear, Boston,
Mass. PB was obtained from Elkins-Sinn, Inc., Cherry Hill,
N. J. 7,8-8BF was purchased from Aldrich Chemical Co.,
Milwaukee. Wis. SKF-525A and TCPO were provided by Dr.
A. Lu of Hoffmann-La Roche, Nutley, N. J. G-6-P, G-6-P
dehydrogenase, GSH, mercaptoethanol, urea, and Pronase
were all purchased from Sigma Chemical Co., St. Louis,
Mo.

Preparation of Microsomes. Male Sprague-Dawley rats
(A. R. Schmidt., Madison, Wis.), 5 to 9 weeks of age, were
maintained on a commercial diet and water ad /ibitum. Liver
microsomes were prepared according to the method of
Levin et al. (12). A 25% liver homogenate was prepared in
0.05 M Tris-HC! buffer, pH 7.5, containing 1.15% KCI. [t was
then centrifuged at 12,000 x g for 15 min at 4°. The microso-
mal pellet was collected from the supernatant obtained
from the above centrifugation by spinning at 105,000 x g for
60 min, The microsomal peliet was washed twice with 1.15%
KCl containing 10 mm EDTA. The washed pellet was sus-
pended in Q0 05 M potassium phosphate buffer, pH 7.5, at a
protein concentratior of 8 to 9 mg/mi. The microsomal
pellet was at times stored at ~20° under nitrogen and a layer
of 0.25 m sucrose. Such samples retained enzymatic activity
unchanged up to 2 weaks.

Induction of Mixed-Function Oxidases. Animals weigh-
ing 40 to 45 g were given PB 1.p. in 0.9% NaCl solution at a
dose of 100 mg/kg of body weight, once daily, for 3 days.
The animals were fasted tor the last 18 hr and killed 24
hre after the fast injection. The control anirmals received
injections of 0.9% aqueous NaCl solution. Microsomal
preparations were then made as described above.

Binding of TCE to Microsomes. Microsome preparations
were incubated with ["*C]TCE in the presence of a NADPH-
regenerating system in a closed vial with shaking at 37° for
60 min. The complete incubation mixture consisted of a
microsomal preparation containing 500 ug of microsomal
protein, 10 0 umoles of MgCl,, 2.5 umoles of G-6-P, 1.3
units of G-6-P dehydrogenase, 1.0 umole of NADP, (.83
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umole of TCE (specific activity, 1 uCi/ umole) in 1% acetone
and 0.88 mi of 0.05 M potassium phosphate buffer, pH 7 4,
in a total volume of 1.0 mi. The reaction was terminated by
the addition of TCA to a final concentration of 5%. The
mixture was then centrifuged at low speed for 15 min and
the supernatant was discarded The protein pellet was
haated at 90- tor 15 min in the presence of 5 ml of 5% TCA
for hydrolysis of RNA. The protein residue obtained by low-
speed centrnifugation was suspended in 5 m! of metha-
not:ether (3:1) and heated at 60° for 15 min. After the super-
natant was discarded, the protein was extracted 10 times
with the same soivent mixture (17) and, finally, washed once
with ether. The residue was air dried and dissolved in 0.2 mb
of 0.5 N NaOHr. Aliguots were then taken for liquid scintilla-
tion counting. using Aguaso! {New England Nuclear, Bos-
ion, Mass.) as counting solution, and also for the determi-
naton of protein content The protein was assayed by the
method of Lowry et al. (13). with crystalline bovine serum
alburmin as standard. For determination of the 0-hr value ot
the binding. microsomes were denatured with TCA prior to
the substrate addition and incubation.

In orcter to determine whether TCE itself binds covalently
with microsomal protein. the washed protein residue ob-
tained as descrived above was suspended in buffer and
then digasted with 100 pg of Pronase at 37° for 4 hr. This
digest was then extracted with 4 volumes of ether to remove
any TCE that was not covalently bound. Radioactivities
were determined before and after hydrolysis

RESULTS

Binding of TCE to Microsomal Protein. From measure-
ments of the amount of TCE bound per mg of protein with
time, 1t was determined that maximum binding is reached
within 80 min and then remains at a plateau. The binding
petween 0 and 60 min was linear. In subsequent experi-
ments. the microsomes were incubated far 60 min only.

The purified microsomal protein was hydrolyzed with Pro-
nase. The hydrolysate, after extraction with ether, was
found to retzin all of its radioactvity. This result indicated
that the binding of TCE occurs with the amino acid residues
of microsomal protein.

Effect of SKF-525A and 7,8-BF on the Binding of TCE to
Microsomal Protein. Table 1 shows the effect of 2 inhibitors
of mixed-function oxidase on the binding of TCE to micro-
somal protein. When micrasomes were incubated with
{"*CITCE in the presence of either SKF-525A or 7 8-BF, a
diminution in the amount of TCE bound to protein was

observed. At a concentration of 2.5 x 10 * M, SKF-525A
tnhih,
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i g bimding by 23% comrpared wath the conlrm
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SKF-525A almost totally blocked TCE from binding™o pro-
tein (95%). 7.8-BF had a similar effect on TCE binding to
microsamal protein, as shown in Table 1.

Acceleration of the Binding of TCE to Microsomes by in
Vivo Treatment With PB. Table 2 shows the effect of PB on
the TCE binding to protein when administered in vivo. PB at
a dose of 100 mg/kqg of body weight administered for 3 days
increased the binding of TCE to microsomal protein by 84°..

2420
SL 032828

Tabte 1
The effect of SKF-525A and 7,8-BF on the binding of ["*CJTCE :
hepatic rmucrosomal protein
Microsomes were incubated witn ["“CITCE for 60 mun, as ¢
sr‘nbed n Materials and Method:.

("C]TCE bind mg 1o prmmr
Addition to the

———— e - - % changs
incubation gy s- nmo!eb over the con
tem (M) dpm/mg protein mg protem trol

None 5726 - 113 259
SKF-525A
25%x10°? 4289 = 243 t 92 =25
375 x 10 ? 291 ~ 67 013 -85
7.8-BF
1.25 x 10 ® 4188 - 128 189 -27
25 x 10 2 4028 > 85 1 81 —30

* Hesults are the average of 4 ana)yses n earh qroup mean
S.0.

Table 2
The effect of in viva treatment of PB on ["*C|TCE-praten binding

The animals were treated either with 0.9% NaCl solution or PE,
vivo  Hepatic microsomes were isolated and incubated wi
["*C)TCE in vitro as described in “Matenals and Methods.” Resuit
are. the average of 4 ammals m each group.

["C}TCE bmdmg to protein

nmoles/ % change
mgq pro- aver the
In vivo treatment dpm/mg protein  tein contro!
6.9% NaCi solunon 4348 = 831" 1.98
PB 7121 - 388 3 21 +64
"Mean - 5D,

compared with control animals, when microsomes wer
incubated for 60 min.

Effect of Various Agents on the Binding of TCE to Micro
samal Protein. In order to obtain further information con
cerning the nature of the binding. severa!l agents were incu
bated individually with microsomes (Table 3). When micro
somes were incubated with different concentrations ©
urea, GSH, 1-methy-2-mercaptoimidazole. and mercapto
ethanol, they all decreased the extent of binding of TCE tc
microsomal protein

Effect of TCPO on TCE-Protein Binding. Table 4 demon
strates the enhancing effect of TCPO, a potent inhibitor o
epoxide hydrase (15), on the TCE binding to microsoma’
protein. TCPO stimulates TCE binding, which is concentra
tion dependent At a concentration of 1.25 » 10 ? M ot

mare, 1t causec an augmentation of the binding of 76 tc
91%

DISCUSSION

A moer staroaamental 5iules Pave oroyeies ey

that some indirect-acting carcirogens are metabohzed tc
their activated carcinogemic itermediates by means of 2
cytochrome P-450-dependent mixed-function oxidase (2.
14). The intermediate epoxides from such ndirect-acting
carcinogens may then interact covalently at nucleophilic
sites in nucietc acids and proteins and one or more of these
processas are probably responsible for thoir carcinogenic
activity.

CANCER RESCARCH VOL 3¢




It has Deen sugGReted thatan epoxioe intermes ate Charnt
1. Sfructure 1 s tne activated caroncgen: s intermes:ate of
. vnylch'onde (20 Thos suggestion was cased on its simitlar-

iy in struct 2 1o enox gg carcinogens zuch 3¢ giycidalde-

s(ehloromeinyl einer, Structure 3. Chioreethyiene cxide,

ructure 1. contains both the epoxide and a-chlorosther
moweties of Structures 2 and 3. In 2 recent report 1t wasg
shown that rat liver microsomes catalyze the covalent hind-
ng of ["*Clvinyl chicride to macromolecules (7). in another
study (1}, evidenca was cb ained far the ‘ermation of epox-
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posal (20) that an epox: de mtermedmte 1S m\,oived in the
metabolism of vinyi chicnde,

On the basis of these considerations. it is Likely that TCE,
Structure 4| is also metabolized via an epexide Structure 5
(20). Thus was suggested earlier by Powell (16) on the basis
of metabolic studies.

S5KF-525A is a known inhibitor ot the meiabolism of var-
ious substrates of cyochrome P-450 (3). This agent is
shown in the present study to inhibit the covalent binding of
TCE to rat liver micrecsomal proteins.

7.8-BF, an intubitor of 7,12-dimethylbenz{a)anthracene-
induced mouse skin carcinogenesis (8). s krcwn to de-
crease the cavalent binding of 7,12-dimetnyibenz{alanthra-
cene to DNA, RNA and protein in mousge skin {(8) In line

viith these earlier fincings. the present v/ork showed that
7.8-BF nhibited the covalent binding of TCE to rat liver
microsomal protains,

The experiments with TCPO. a potent inhiniter of epoxide
hydrase (15), showad that this agent causes an enhance-
ment of TCE binding to microsomal protcin. This okserva-

is also consistent with the formation of an epoxide from
when then binds to microsomal groten. PB injected

Table 3
The effect of vanious agents on the tunding of {*CJTCE to hepatic
mcrosomal protein

Muoqomps were incubated with [*CJTCE fc- 60 min as de-
scrbed n Mate nals and Methods

[“C]TCF bmdmg to pro-

temn
nmales/ % change
Addition to the mncuba-  dpm. mg pro-  mg pro-  over the
txon system (M) tem temn control
I\one 5756 = 113" 2.09
GeH
5% 10 ° 3118 - 102 1.4 - 46
5% 10 ¢ 1954 = &7 0.88 - 66
1-Methyt-2-mercap-
tainidazole
5«10 ¢ 2510 - 299 1.13 - 56
5x 10 ¢ 990 = 28 0.45 -83
Mercaptoethanol
5% 10 ® 4533 - 174 2.04 =21
Urea
005 5566 - 248 251 -3
01 4434 - 141 2.0 - 23
0.5 3317 3 124 1.49 —42

' Re sults arc Ihe average of 4 analyses in each rroup mean =
SD

@
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imgraction of Tricnicroethylene with V.oroscmes

Tabie 4

Tne effect of TCEO an ["*CITCE binding 1o orolemn
Hepuhc rMIETCSomes were isaiated from anima's s : heg A0t

“5gasimT Lle 2 arr‘ as descr:’"ru o Ma‘wmls ar‘Cl A rﬂm ds
adition to ‘"‘"’C D.d; ng ta protemn
the incuba- e e e = *a change
t.en system '\moues/ cver the con-
(M) gpm/mg protein rng prote __\rc_l )
Nene 4360 » 360 290
TCPO
25-10* 5058 £ 427 2.28 ~13
50 - 10 ¢ &T0R - A7 2.57 - e
SL < ge.r sl Doue
CIR - PERAt I I3 -7y
25 . 1.0 < 8518 = 162 3.84 *91

sD
,‘;n\r /C‘ ., :ru.,c £l Cien 8 0o €1
HZ\.—-\H . ' \\0 2
1 2 3
i r ¢, L0
t=¢ i~
o’ " o/ 0
Chart 1

7. chloroathylene oxide 2, giycidaldehyde: 3. bis(chloromethyl)
ether 4, trichloroethylene; 5, tdchloroethylene epoxide

into the animals priar to the examination of TCE hinding
also enhanced the binding of TCE to microsomal proteins.
The other agents, listed in Table 3, all decreased the bind-
ing of TCE to hepatic microsomal proteins as expected.

The presert report provides evidence for the covalent
binding of TCE to rat liver microsomal proteins fromin vitro
experiments. These results suggest that the binding is vta
an epoxide or other related electrophilic species.
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