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ABSTRACT

The reactive intermediates formed during the metabolism of therapeutic agents, toxicants and
carcinogens by cytochromes P450 are frequently capable of covalently binding to tissue macro-
molecules and causing tissue damage. It has been shown that YH439, a congener of malotilate, is
effective in suppressing hepatic P450 2E1 expression. The present study was designed to further
establish the mechanistic basis of YH439 protection against toxicant by assessing its effects
against chemical-mediated potentiated hepatotoxicity. Retinoyl palmitate (Vit-A) pretreatment of
rats for 7 days substantially enhanced carbon tetrachloride hepatotoxicity, as supported by an ~
5-fold increase in serum alanine aminotransferase (ALT) activity, as compared to CCl: treatment
alone.

The elevation of ALT activity due to Vit-A was completely blocked by the treatment of GdCl,,
a selective inhibitor of Kupffer cell activity. Concomitant pretreatment of rats with both YH439
and Vit-A resulted in a 94% decrease in Vit-A-potentiated CCl, hepatotoxicity. YH439 was also
effective against propyl sulfide-potentiated CCli-induced hepatotoxicity. Whereas propyl sulfide
(50 mg/kg, 7d) enhanced CCl-induced hepatotoxicity by >S5-fold, relative to CCL treatment alone,
concomitant treatment of animals with both propyl sulfide and YH439 at the doses of 100 and
200 mg/kg prevented propyl sulfide-potentiated CCli hepatotoxicity by 35% and 90%, respectively.
Allyl sulfide, a suppressant of hepatic P450 2E1 expression, completely blocked the propyl sul-
fide-enhanced hepatotoxicity, indicating that propyl sulfide potentiation of CCL hepatotoxicity
was highly associated with the expression of P450 2E1 and that YH439 blocked the propyl sul-
fide-enhanced hepatotoxicity through modulation of P450 2E1 levels. Propyl sulfide- and CCli-in-
duced stimulation of lipid peroxidation was also suppressed by YH439 in a dose-related manner,
as supported by decreases in malonedialdehyde production. The role of P450 2El induction in
the potentiation of CCL toxicity and the effects of YH439 were further evaluated using pyridine
as a P450 2E1 inducer. Pyridine pretreatment substantially enhanced the CCl hepatotoicity by
23-fold, relative to CCl alone. YH439, however, failed to reduce the pyridine-potentiated toxicity,
suggesting that the other form(s) of cytochrome P450 inducible by pyridine, but not suppressible
by YH439 treatment, may play a role in potentiating CCli-induced hepatotoxicity. YH439 was ca-
pable of blocking cadmium chloride-induced liver toxicity in mice. These results demonstrated
that YHA439 efficiently blocks Vit-A-enhanced hepatotoxiciy through Kupffer cell inactivation and
that the suppression of P450 2E1 expression by YH439 is highly associated with blocking of pro-
pyl sulfide-mediated hepatotoxicity.
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INTRODUCTION

Metabolism of toxicants such as carbon tetra-
chloride activates Kupffer cells to release toxic
secretory products, and activation of Kupffer
cells and increases in the number of Kupffer
cells are highly associated with the death of
the hepatocytes (Edwards ef al, 1993). Certain
hepatoprotective agents may exert their effects
through the modulation of Kupffer cell activity
and the inhibition of Kupffer cell infiltration.
The underlying mechanism of toxicant-induced
potentiated hepatotoxicity in associtation with
Kupffer cell activation as well as with hepatic
P450 2E1 expression was previously studied
(Kim et al, 1996).

Studies have shown that pretreatment of ani-
mals with large doses of vitamin A dramatical-
ly enhances the hepatotoxicity of a number of
chemicals including carbon tetrachloride and
that the potentiation of hepatotoxicity is medi-
ated by reactive oxygen species released from
Kupffer cells, representing that vitamin A
activates liver macrophages (ElSisi 1993a, 1993b
and 1993c). The present research was designed
to examine whether YH439 exerts protective ef-
fects against chemical-mediated potentiated
hepatotoxicity through modulation of Kupffer
cell activity, and whether the enhanced P450
2E1 expression in association with the Kupffer
cell activation further potentiates hepatotoxi-
city.

The reactive intermediates formed during the
metabolism of therapeutic agents, toxicants and
carcinogens by cytochromes P450 are frequently
capable of covalently binding to tissue macro-
molecules, such as proteins, and causing tissue
damage (Seeff er al, 1986; Johansson and
Ingelman-Sundberg, 1988). In particular, hepato-
toxicity or carcinogenicity is correlated with
toxic reactive intermediates produced from a
wide variety of small organic compounds
through P450 2El-catalyzed metabolism (English
and Anders, 1985 Nelson et al., 1976; Lewis et
al, 1988). Studies in this laboratory have shown
that saturated alkyl sulfides potentiate carbon
tetrachloride-induced hepatotoxicity whereas di-
allyl disulfide and diallyl sulfide inhibit P450

2El-catalyzed metabolic activities as well as
suppress the expression of P450 2E1 (Kim et al,,
1996). YH439, a congener of malotilate, was ef-
fective in suppressing hepatic constitutive or
inducible P450 2E1 expression (Choi er al,
1996). Although the implication that P450 2E1
suppression by YH439 may contribute to hepa-
toprotection, direct experimental correlation be-
tween the suppression in P450 2El expression
and hepatoprotective effects, and its molecular
basis have not been demonstrated yet.

Vitamin A, propyl sulfide and pyridine were
used in this research to study YH439 effect on
their potentiated carbon tetrachloride hepato-
toxicity. In the present study, we showed the
role of P450 2E1 in the potentiated hepa-
totoxicity and the related hepatoprotective role
of YH439. As part of complete characterization
of YH439 effects against a variety of toxicants,
cadmium chloride was used as a toxicant to es-
tablish the possible protective effects of YH439
against metal-induced toxicity. To the end of
this study, the effect of YH439 against thioace-
tamide-induced liver fibrosis was examined.

MATERIALS AND METHODS

Materials

Allyl sulfide and propyl sulfide were pur-
chased from Aldrich Chemical Co. (Milwaukee,
WI, USA). Vitamin A palmitate (USP type
500, 542,0001.U./g) was provided from Hoff-
mann-La Roche (Basel, Switzerland). YH439
was a gift from Yuhan Research Center Yuhan
Corporation (Kunpo, Korea). Other reagents
were purchased from Sigma Chemical Co (St.
Louis, MO, US.A)).

Animal treatment

Male Sprague-Dawley and female Wistar rats
(200~250g) and ICR mice were obtained from
Daehan Laboratory animals (Seoul, Korea) and
maintained at 20 to 23°C with a relative hu-
midity of 50%. Animals were caged under the
supply of filtered pathogen-free air and given
food (Samyang rodent chow, Korea) and water
ad libitum unless specified. Corn o0il was used
as an administration vehicle for oily agents.
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For the preparation of microsomes, animals
were fasted 16 h prior to killing.

Collection of blood and tissue samples

Male Sprague-Dawley rats (200~250g) were
treated with either vitamin-A (Vit-A) or propyl
sulfide followed by administration with a
subtoxic dose of carbon tetrachloride (0.15ml/
kg, i.p. 10% solution mixed with corn oil) to
induce liver injury. To assess the efficacy of
YH439, animals were daily treated with YH439
+Vit-A or YH439+propyl sulfide for 7 days
before CCl, administration. Animals were sacri-
ficed at 24 h following the last treatment.

Effects on CdCl-induced hepatotoxicity

ICR mice were used to assess YH439 effects
against CdCl: hepatotoxicity. CdCl; was injected
through tail vein at the dose of 10mg/kg. Ani-
mals were sacrificed at 6 h or 12h after CdCL
insult and blood was collected to determine
plasma alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) activities.

Evaluation of hepatic toxicity

Liver injury was assessed by monitoring plas-
ma ALT activity using a commercially avail-
able kit (Youngdong Pharmaceutical, Korea).

Assay for lipid peroxidation

Malonedialdehyde and other degradation
products of peroxidized lipids were determined
as described previously (Gutteridge 1982
Braughler e al, 1986; Rajakumar and Rao,
1993). Briefly, incubation mixture for assaying
lipid peroxidation contained (10w/v%) liver
homogenate, 0.15M KCl, 0.2mM ferric chloride
and 0.2mM ferrous sulfate in a total volume of
500 41. Reaction was initiated by adding ferric
and ferrous ions and continued for 20min at
37°C. Reaction was stopped by addition of 0.5
ml of 15% trichloroacetic acid. After centrifuga-
tion at 1000xg for 10 min, 0.8 ml of the superna-
tant was combined with the same volume of 0.25
N HCI containing 0.67% thiobarbituric acid.
Following heating at 80°C for 30min, samples
were cooled and centrifuged at 1000xg for 10
min. The absorbance of the supernatant was
determined at 532nm using the molar extinc-

tion coefficient of 1.56 x105/M Xcm.

Assays of hepatic triglycerides and total choles-
terol contents

The levels of triglycerides and total cholester-
ol in the liver homogenates (1:10, w/v) were
determined using the commercially available
kits (Youngdong Pharmaceutical, Korea).

The effects on Kupffer cell activation

In order to examine the uptake of colloidal
carbon by Kupffer cells, livers were perfused at
37°C with Krebs-Henseleit bicarbonate buffer as
described by Cowper et al (1990). Liver per-
fusate was pumped via a cannula placed in the
portal vein and effluent was collected from the
vena cava. Samples were collected at 15 sec-
onds interval for 20 minutes and absorbance at
623 nm was monitored.

RESULTS

Effect on Kupffer cell-activated hepatotoxicity

The hypothesis that the protective effect of
YH439 against chemical-induced liver injury is
associated with the suppression of Kupffer cells
was assessed. It has been shown that pretreat-
ment of rats with large doses of vitamin-A
(retinoyl palmitate) dramatically enhances the
hepatotoxicity of a number of chemicals
through activation of Kupffer cells. Vitamin-A
pretreatment of rats for 7 days potentiated car-
bon tetrachloride-induced hepatotoxicity, as
supported by an ~4-fold increase in plasma
ALT activity (ie. 1515£733KA unit/L) (Fig. 1).
The elevation of ALT activity due to vitamin-A
was completely blocked by an injection of
GdCl, which is known to selectively suppress
Kupffer cells (ie. 221+120KA unit/l) (Fig. 1).
Concomitant pretreatment of rats with both
retinoyl palmitate and YH439 at the daily dose
of 200 mg/kg resulted in a 94% decrease in vi-
tamin-A-potentiated hepatotoxicity (ie. 406+
326 KA unit/1). These results provide evidence
that YH439 protects the liver against chemical-
induced hepatic injury by the mechanism asso-
ciated with Kupffer cell inactivation.
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Fig. 1 Effects of YH439 or gadolinium chloride on
vitamin A potentiation of CCl-induced liver
injury. Rats were treated with Vit-A by gavage
for 7 days. CClL, was administered at 24h
after the last dose (0.15ml/kg, ip.). Plasma
ALT activity was monitored at 24 h after CCl,.
Data points represent mean+SE. (N=10).
Data were analyzed with one-way analysis of
variance followed by Newmann-Keuls test for
comparison with VitA+CCl (** p<001); UT,
untreated; Vit. A, vitamin A.

Effects on the propyl sulfide-potentiated carbon
tetrachloride hepatotoxicity

Other studies accomplished in this laboratory
revealed that several alkyl sulfides are effective
in potentiating carbon tetrachloride-induced
hepatotoxicity. Propyl sulfide (PS) was the
most prominent in enhancing carbon-tetrachlor-
ide-induced hepatotoxicity among the alkyl sul-
fides examined (Kim er al, 1996). This study
was designed to evaluate the protective effects
of YH439 against propyl sulfide-potentiated
hepatotoxicity. Whereas propyl sulfide (50 mg/
kg, 7d) enhanced carbon tetrachloride-induced
hepatotoxicity by >5-fold relative to CCL
treatment alone, concomitant treatment of ani-
mals with both propyl sulfide and YH439
blocked propyl sulfide-potentiated hepatotoxi-
city by 35% and 90% at the daily dose of 100
and 200mg YH439/kg, respectively (Fig 2).
Allyl sulfide, which is an effective agent in
suppressing hepatic P450 2E1 expression, also
completely blocked the propyl sulfide-enhanced
hepatotoxicity, indicating that propyl sulfide
potentiation of carbon tetrachloride hepatotoxi-
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. Effects of YH439 on propyl sulfide-potentiat-
ed increase in plasma ALT activity induced
by CCL. Propyl sulfide was given intraperi-
toneally at the daily dose of 50mg/kg for 7
days and CCli was administered at 24h after
the last dose (0.15mi/kg, i.p.). Plasma ALT
activity was monitored at 24h after CCl.
Data points represent meantS.E. (N=10).
Data were analyzed with one-way analysis of
variance followed by Newmann-Keuls test
for comparison with PS+CCL (* p<001);
UT, untreated; PS, propyl sulfide; AS, allyl
sulfide.

city was highly associated with the induction of
P450 2E1 and that YH439 reduced the propyl
sulfide-enhanced hepatotoxicity through modu-
lation of hepatic P450 2E! expression. Whether
propyl sulfide pretreatment caused activation
of Kupffer cells was examined by colloidal car-
bon uptake in the liver. Propyl sulfide failed to
increase Kupffer cell-mediated colloidal carbon
uptake (data not shown).

Production of malonedialdehyde was also
monitored in the liver homogenate derived
from rats treated with PS and/or YH439 fol-
lowed by a carbon tetrachloride insult. Whereas
propyl sulfide pretreatment increased carbon
tetrachloride-induced lipid peroxidation, con-
comitant pretreatment of rats with both YH439
and propyl sulfide suppressed the enhanced
lipid peroxidation. The suppression of lipid
peroxidation by YH439 was dose-related, resul-
ting in 50% and 75% suppression of PS-en-
hanced CCl-induced lipid peroxidation at the
dose of 100 and 200 mg YH439/kg body weight,
respectively (Table 1).
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Table 1. Malonedialdehyde production in the liver
homogenates derived from rats treated with
YHA439 and/or propyl sulfide followed by a
single dose of CCl, injection

Activity Percent
Treatment :
(nmol/mg tissue)  change
Untreated 208031 100
Corn oil(vehicle) 418+0.34 201
n-Propyl sulfide 496+0.35 238
n-Propyl sulfide
+YH439 100 mg. 3.55+048™ 170
+YH439 200 mg 2.81+0.16** 135

The values are mean+S.D. (n= 10)

Rats were treated with propyl sulfide at the dose
of 50mg/kg and YH439 was administered at the
dose of 100 or 200 mg/kg for 7 days. Liver homo-
genates were prepared at 24h after CClL injection
(0.15 ml/kg, i.p.).

Data were analyzed with one-way analysis of vari-
ance followed by the Newmann-Keuls test for com-
parisons of multiple group means. Comparison with
vehicle (** p<0.01).

Effects on the pyridine-potentiated carbon tetra-
chloride-induced hepatotoxicity

Previous studies have shown that YH439 is
effective in selectively suppressing constitutive
and inducible expression of P450 2El. Pyridine
is a potent inducer of P450 2El1 (Kim et al.,
1986). The role of P450 2E1 induction in poten-
tiating CCL toxicity was further evaluated
using pyridine as a P450 2El inducer. Pyridine
pretreatment substantially enhanced the toxicity
of carbon tetrachloride by 23-fold, relative to
CCl,-treated animals (Fig. 3). Concomitant treat-
ment of animals with both propy! sulfide and
pyridine slightly further increased hepatotoxi-
city, representing that the two compounds may,
at least in part, share common mechanism for
the enhancement of hepatotoxicity. A single
dose of gadolinium chloride injection to pyri-
dine-treated rats resulted in almost complete
blocking of CCli-potentiated hepatotoxicity (i.e.
97%), which suggests that Kupffer cells must be
involved in the step of potentiation of hepa-
totoxicity. In contrast to the observation that
YH439 efficiently blocked retinoyl palmitate-in-
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Fig. 3. Effects of YH439 on pyridine potentiation of
CCl-induced hepatotoxicity. Pyridine was
given intraperitoneally to rats at the daily
dose of 50mg/kg for 7 days, and CCl, was
administered after the last dose (0.15ml/kg, i.
p.). Plasma ALT activity was monitored at
24h after CCl. Data pqints represent mean=t
S.E. (N=10). Data were analyzed with one-
way analysis of variance followed by New-
mann-Keuls test for comparison with PY+
CCL (** p<o00l); UT, untreated; PY, pyri-
dine; PS, propyl sulfide.

duced hepatotoxicity, YH439 failed to reduce
the pyridine-potentiated toxicity, which suggests
either that the other form (s) of cytochrome
P450 inducible by pyridine may also play a
role in potentiating CCli-induced hepatotoxicity
or that the potentiation of hepatotoxicity by
pyridine supercedes the YH439 blocking effect.

The levels of hepatic triglycerides and total
cholesterol were assessed in the pyridine-
pretreated rats insulted with CCl. Gadolinium
chloride blocked pyridine-enhanced increases in
hepatic triglycerides and total cholesterol con-
tents by 80% and 70%, respectively. YH439 at
the dose of 200 mg/kg caused 42% and 24% de-
creases in pyridine-enhanced increases of he-
patic triglycerides and cholesterol, respectively
(Table 2).

Protective effects of YH439 on cadmium chlo-
ride-induced toxicity

The protective effects of YH439 on metal-in-
duced toxicity were assessed in ICR mice. A
single administration of cadmium chloride
caused 5- to 6-fold increases in plasma ALT
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and AST activities. The plasma obtained at 6 h
after treatment of rats with YH439 followed by
a single dose of cadmium chloride failed to ex-
hibit protective effects (Table 3). Interestingly,
the plasma obtained at 12h after the treatment
resulted in significant improvement in plasma
AST activity (Table 3). Thus, YH439 was also
effective in blocking metal-induced organ toxic-
ity. Nonetheless, the decrease in ALT activity

Table 2. Hepatic triglycerides and total cholesterol
contents in rats treated with pyridine
(50 mg/kg,i.p.7d) and/or YH439 followed by
administration with a subtoxic dose of CCl,
(0.15 ml/kg, ip.)

Treatment Triglycerides Cholesterol
(mg/g tissue)  (mg/g tissue)
Untreated 9.6+0.96** 49+0.20**
Pyridine 249+2.09 123£1.09
Pyridine
+GdCl 10 mg 4.8+0.23** 3.8+0.16"*
+YH439 200 gm 144+1.26™ 9.3+0.61**

Pyridine was daily administered at the dose of
50mg/kg for 7 days to induce P450 2El, followed
by the injection of carbon tetrachloride.

The values are mean=S.E. (n= 10).

Data were analyzed with one-way analysis of vari-
ance followed by the Newmann-Keuls test for com-
parisons of multiple group means. Comparison with
pyridine+CCL treated group (** p<0.01)

was not statistically significant (i.e. by 87%).

When ICR mice were insulted with galactos-
amine (700 mg/kg, i.p.) and lipopolysaccharide
(2ug/kg, iv.), plasma ALT activity was elevated
by ~23-fold (data not shown). Three day pre-
treatment of mice with 200 mg/kg YH439 failed
to significantly reduce galactosamine+lipopoly-
saccharide-induced liver toxicity.

Liver fibrosis was induced in Female Wistar

Table 4. The effect of YH439 on the thioacetamide-in-
duced hepatic fibrosis )

Treatment Hydroxyproline Percent
(mg/g tissue) Change
Untreated 0.086+0.010 100
Thioacetamide 0.138£0.021* 160
Thioacetamide
+YH439 200mg 0.135+0.033** 157

Female Wistar rats were treated with thioaceta-
mide in drinking water at the concentration of 0.03
% for 3 months. After fibrosis formation, rats were
daily treated with YH439 at 100mg/kg for two
weeks and liver firbosis formation was assessed by
hydroxyproline levels.

The values are mean+S.D. (n= 6)

Data were analyzed with one-way analysis of vari-
ance followed by the Newmann-Keulis test for com-
parison of multiple group means. Comparison with
vehicle (* p<0.05, **p<0.01)

Table 3. Protective effects of YH439 against cadmium chioride in mice

IU/L
Pretreatment
6h after CdCl, % Change 12 h after CdCL. % Change

ALT activity
Untreated 93+£20 100 - -
CdClL, 616186 662 728+294 782
CdCl:+YH439 100 mg 923+248 992 172121 184

AST activity
Untreated 19825 100 - -
CdCl. 1703 +250 860 1232+176 622
CdCl.+YH439 100 mg 18461217 932 752+ 84* 380

The values are mean*S.E. (n= 10)

ICR mice were daily treated with 100 mg/kg of YH439 for 3 days (p.0o). Animals were sacrificed at 6hr or

12h after a single dose of CdClL injection (6 mg /kg, i.v.).

Data were analyzed with one-way analysis of variance followed by the Newmann-Keuls test for comparison of
multiple group means. Comparison with CdCl-treated group (*p<0.05)

— 412 —



rats by providing 0.03% thioacetamide in drink-
ing water for 3 months, as supported by elevat-
ed hepatic hydroxyproline content. YH439
treatment of the rats for 2 weeks (100 mg/kg/d)
after thioacetamide administration failed to re-
duce thioacetamide-induced liver fibrosis (Table
4).

DISCUSSION

Studies have shown that expression of P450
2E1 is greatly enhanced by treatment with or-
ganic chemicals including ethanol, acetone or
pyridine (Casazza et al, 1984; Johansson and
Ingelman-Sundberg, 1988; Kim e al, 1988; Koop
et al, 1985; Patten et al, 1986). Organic agents
such as ethanol, pyrazine and pyridine, which
are substrates for P450, serve as P450 2El in-
ducers. Certain compounds simultaneously in-
duce P450 2E1, glutathione S-transferases and
microsomal epoxide hydrolase. A number of
studies have shown that P450 2E1 induction is
highly associated with hepatotoxicity (Seeff et
al., 1986; Tindberg and Ingelman-Sundberg, 1989;
Yoo et al, 1987). It has been shown that
diallylsulfide protects the liver against carbon
tetrachloride or acetaminophen intoxication via
inhibition of P450 2El-mediated metabolism of
the agents (Brady ef aol, 1988, 1991). Increases
in phase II detoxification enzymes such as mi-
crosomal epoxide hydrolase and glutathione S-
transferases have also been implicated in the
protective effects by the organosulfur com-
pounds against toxicant-induced liver injury
(Kim et al, 1994, 1996). Their chemoprotective
effects would be associated with modulation of
P450 2E! levels (Hayes et al, 1987). Previous
studies also revealed that allyl sulfide, allyl
methylsulfide and allyl mercaptan inhibit P450
2Ei-mediated metabolic activities and suppress
the expression of P450 2E1 (Kwak et al., 1994).
Recently, we have shown that YH439, a experi-
mental synthetic hepatoprotectant, inhibits the
expression of constitutive and inducible P450
2E1 expression (Kim er al, 1996). Nonetheless,
no appropriate experimental method for assess-
ing hepatotoxicity in association with P450 2El1
expression nor the underlying mechanism has

been established yet.

Activation of Kupffer cells contributes to
hepatotoxicity induced by a variety of toxi-
cants (EISisi 1993a, 1993b and 1993c). The pres-
ent study was initiated to determine whether
YHA439 was effective in suppressing chemical-in-
duced potentiation of hepatotoxicity in associa-
tion with Kupffer cell activation. We were in-
terested in the effects of YH439 in the potenti-
ated hepatotoxic animal models.

Activated Kupffer cells have been shown to
release chemical mediators that can be toxic to
hepatocytes. Thus, the release of reactive oxy-
gen species from vitamin-A-activated Kupffer
cells could increase lipid peroxidation and po-
tentiate liver injury following CCl: administra-
tion. In order to examine the effect of YH439
on the blocking of Kupffer cell activation, ani-
mals were pretreated with vitamin-A along with
YH439 followed by an injection of a subtoxic
dose of CClL. The observation that YH439
blocks the vitamin-A effect on carbon tetra-
chloride-induced hepatotoxicity in this study
supports the hypothesis that YH439 might in-
hibit Kupffer cell phagocytosis and the associ-
ated oxygen burst. One of the other working
hypotheses was associated with potential in-
creases in P450 2E1 levels by propyl sulfide,
which might have further accelerated the pro-
duction of reactive metabolic intermediates
from carbon tetrachloride. Pretreatment of ani-
mals with gadolinium chloride prior to the in-
jection of alkyl sulfide, however, failed to block
propyl sulfide-potentiated hepatotoxicity, as ev-
idenced by plasma ALT activity. The effective-
ness of YHA439 in blocking propyl sulfide-poten-
tiated hepatotoxicity was consistent with the
capability of YH439 in suppressing P450 2El
expression.

The dose regimen of 7-day pyridine treatment
followed by an insult of a subtoxic dose of car-
bon tetrachloride caused a super-potentiation
of CCleinduced intoxication. Plasma ALT
activity was elevated 70-fold in rats treated
with pyridine prior to CCl: administration, as
compared to untreated animals. To examine
whether propyl sulfide and pyridine shares
common molecular mechanism for the toxicant-
induced potentiation of hepatotoxicity, rats
were treated with both propyl sulfide and pyri-
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dine, resulting in a minimal additive increase.
The present study clearly demonstrated that
YH439-mediated suppression in P450 2E1 ex-
pression is likely to be involved in propyl sul-
fide-potentiated hepatotoxicity whereas the agent
is not sufficiently effective in blocking pyri-
dine-potentiated carbon tetrachloride-induced
hepatotoxicity. These results support the con-
clusion that the extent of hepatic P450 2E1 in-
duction highly represents the degree of potenti-
ated hepatotoxicity and the hepatoprotective
effects of YH439 is at least in part mediated
with modulation of P450 2El1 expression. It is
also possible that other metabolic detoxification
pathways contribute to the hepatoprotective ef-
fects of YH439. It has also been reported that
metabolism of acetaminophen is enhanced by
treatment of rats with YH439 through increases
in the production of conjugated metabolites of
acetaminophen, supporting the hypothesis that
modulation in phase II enzymes is partly asso-
ciated with the detoxification by YH439 (Cho
et al, 1996). YH439 was also effective in block-
ing CdCl-induced liver toxicity, although this
agent failed to block galactosamine and LPS-in-
duced liver toxicity. YH439 was ineffective in
reducing liver fibrosis induced by chronic
administration of thioacetamide, indicating that
this agent primarily intervents the step of toxi-
cant activation.

These results demonstrated that YH439 effi-
ciently blocks Kupffer cell-mediated vitamin A-
enhanced carbon tetrachloride hepatotoxiciy,
and that suppression in P450 2El levels by
YHA439 is associated with blocking of propyl
sulfide-mediated hepatotoxicity. Thus, the
hepatoprotective effects of YH439 are highly
associated with modulation of Kupffer cell
activity as well as suppression of P450 2E1 ex-
pression. The molecular mechanism of reducing
CdCl-induced toxicity after YH439 treatment
should be established.
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