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ABSTRACT:

The effects of gadolinium chloride, a Kupffer cell toxicant, on the
constitutive and inducible expression of hepatic microsomal ep-
oxide hydrolase (mEH) and glutathione S-transferase (GST) genes
were examined in rats. Northern blot analysis showed that treat-
ment of rats with GdCI; caused suppression of mEH and GST gene
expression. mEH mRNA levels were decreased in a time-depen-
dent manner after a single injected dose of GdCl; (10 mg/kg, iv),
resulting in 95, 55, 17, 36, and 69% of the levels in untreated
animals at 6, 12, 18, 24, and 48 hr after treatment, respectively. A
maximal reduction in GST Ya, Yb1/2, and Yc1 mRNA levels was
also noted at 18 hr after treatment with GdCl;, followed by a
gradual return to levels in untreated rats at later time points.
Whereas treatment of rats with thiazole, allyl disulfide, propyl sul-
fide, oltipraz, or clotrimazole caused 2-13-fold increases in mEH
mRNA levels at 18 hr after treatment, concomitant GdCl; treatment
caused 30-70% reductions in the increases in mEH mRNA levels.
The chemical-inducible mRNA levels for GST Ya, Yb1/2, and Yc1
were also significantly inhibited by GdCl; at 18 hr after treatment.
Rats treated with GdClI; (10 mg/kg/day, iv) for 3-5 consecutive days
exhibited 40-90% decreases in mEH, GST Ya, and GST Yb1/2

mRNA levels, relative to control, whereas the Yc1 mRNA level was
suppressed at early times and returned to levels in untreated
animals at day 5 after treatment. The mRNA levels for mEH and
GST Ya in rats treated daily with both allyl disulfide (25 mg/kg, po)
and GdCl; for 3 consecutive days were 20-30% of those in rats
treated with allyl disulfide alone. Western immunoblotting showed
that mEH and GST Ya protein expression was decreased at 1-3
days after consecutive daily treatment with GdCl;. Whereas treat-
ment of rats with GdClI; at a dose of 1 mg/kg suppressed consti-
tutive hepatic mEH gene expression by 85% at 18 hr, rats treated
with CaCl, (10 mg/kg, iv) in combination with GdCI; (1 mg/kg, iv)
showed 45% suppression of the mEH mRNA level, compared with
untreated animals. GdCl;-induced suppression was also signifi-
cantly reversed for GST Ya mRNA by excessive CaCl, administra-
tion. These results demonstrate that GdCl; effectively inhibits con-
stitutive and inducible mEH and GST expression, with decreases in
their mRNA levels. GdCI; suppression of detoxifying enzyme ex-
pression may be associated with its blocking of intracellular Ca%*
influx, which affects signaling pathways for the expression of the
genes.

Kupffer cells are involved in the metabolic activation of xenobiotselectively against a slowly inactivating component of the?'Ca
ics, as well as in inflammatory injury. Because Kupffer cells are thaurrent. Injection of GdGl causes alterations in the homeostasis of
major source of eicosanoids and cytokines and are associated Vg™ metabolism, which is supported by the increases in plasma tote
increased oxygen uptake after stimulation, pathological alteratioggcium and phosphate levels after iv injection of GgQ0).
induced by toxicants are considered to be associated, at least in par§yu et al. (11) showed that increases in cytochrome P450 monoox
with Kupffer cells (1-3). Reactive oxygen intermediates derived frofyenase activity and glucuronide conjugation produced by liver trans
redox metabolism in the inflammatory cells may accelerate tissygantation were prevented by treatment of rats with gadolinium chlo-
damage and pathological changes. Gadolinium chloride has been | In mostin vivo studies, the effects of Gd were studied at early

as an agent that decreases Kupffer cell numbers and function i hoints €.g. several minutes to 24 hr). Furthermore, the effects
number of studies (2, .4’ 5). It h_as b_egn shown thgt @d@iehora_te_s_ were assessed after a single injection of the agent. In view of the wid
allyl alcohol- and CCJ-induced liver injury, suggesting the possubﬂntyuse and varied applications of GdQlhe present study was designed

that GdC} may contribute to improving liver function against hepaio determine single and multiple dosing effects of Gd@h mEH

totoxicity (6, 7). GAC} can prevent the induction of portal venous . S . ;
tolerance, because this agent modulates the function of Kupffer cea}réd major GST gene expression, infarmation on which would be of

®). assistance in elucidating the mechanism of gene expression in r
Gadolinium chloride is a potent blocker of voltage-sensitivé'Ca SPONSe t0 xenobiotics, as well as the molecular basis of enzym
channels, as demonstrated in the dose-dependent inhibition of the fBression. We were particularly interested in characterizing the ef
in intrasynaptosomal free &4 levels, as well as depolarization-fécts of GAC} on detoxifying gene expression in response to struc-

activated B&" current (9). In certain cells, gadolinium ion might acturally different chemical inducers and the possible role of ‘Ca
channel blocking and Kupffer cell inactivation in the regulation of
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potassium chloride and 1 mM EDTA, by centrifugation at 108 30 min
and then at 100,0@0for 90 min. Microsomal and cytosolic preparations were
stored at—70°C until use.

Immunoblot Analysis. Immunoblot analysis was performed according to
previously published procedures (12—-14). Microsomal and cytosolic protein:
were separated by 8% and 11% SDS-polyacrylamide gel electrophoresi:
respectively, and electrophoretically transferred to nitrocellulose paper (15)
The nitrocellulose paper was incubated with either rabbit anti-rat mEH or
rabbit anti-rat GST antibodies, as described previously (13, 14). Immunoreac

tive protein was visualized by incubation with streptavidin-horseradish perox:
idase, followed by addition of both 4-chloro-1-naphthol and hydrogen perox-
ide.

cDNA Synthesis and Polymerase Chain Reaction AmplificationSpe-

Cl cific cDNA probes for GST genes Ya, Yb1, Yb2, and Yatere amplified by
@ _@ Clotrimazole reverse transcription-polymerase chain reaction using selective primers fc
C each gene, as described previously (12—14). Polymerase chain reactions we
i performed for 40 cycles using the following parameters: denaturing at 94°C fo

Nw 1 min, annealing at 50°C for 1 min, and elongation at 72°C for 3 min.
LII\I RNA Blot Analysis. Northern blot analysis was carried out according to the
procedures described previously (12—14). Total RNAg@) isolated from rat
livers was resolved by electrophoresis in an 1% agarose gel containing 2.2 |
formaldehyde and was then transferred to nitrocellulose paper by capillar
N ] transfer, followed by hybridization (16, 17). The nitrocellulose paper was
[ ] Pyrazine baked in a vacuum oven at 80°C for 2 hr. Blots were incubated in hybridizatior
N buffer, containing & standard saline/phosphate/EDTAX(Istandard saline/

phosphate/EDTA contains 0.15 M NaCl, 10 mM N#&®, and 1 mM
Na,EDTA, pH 7.4), 200ug/ml sonicated salmon sperm DNA, 0.1% SDS, and
5X Denhardt's solution [0.1% Ficoll, 0.1% polyvinylpyrrolidine, 0.1% bovine
serum albumin (Pentex fraction V)], at 53°C for 1 hr without probe. Hybrid-
ization was performed at 42°C for 18 hr with a heat-denatured probe, whict
had been random prime labeled with-{?P]JdATP, as described previously
(12-14). Filters were washed in2SSC (1XSSC contains 0.15M NaCl and
0.015M sodium citrate pH 7.0)/0.1% SDS for 10 min at room temperature
twice and in 0.X SSC 0.1% SDS for 10 min at room temperature twice.
Filters were finally washed in 04 SSC/0.1% SDS for 60 min at 60°C. The
stripped membranes were hybridized with poly(gTwhich had been end
labeled with [-*P]ATP, to quantify the amount of mRNA loaded onto the
Materials. TH, CL, ADS, PS, and PZ were purchased from Aldrich Chemagarose gel and transferred to the nitrocellulose paper. Films were exposed
ical Co. (Milwaukee, WI). -*?P]dATP (3000 mCi/mmol) andhf*?PJATP  —70°C for 12—48 hr, using intensifying screens.
(3000 mCi/mmol) were purchased from Amersham (Arlington Heights, IL). Scanning Densitometry. Scanning densitometry was performed with a
Random prime labeling and®nd labeling kits, biotinylated goat anti-rabbit Microcomputer Imaging Device, model M1 (Imaging Research, St. Catharines
IgG, and streptavidin-conjugated horseradish peroxidase were purchased f@mtario, Canada). The area of each lane was integrated using MCID softwa
Life Technologies (Gaithersburg, MD). Form-specific, polyclonal, rabbit antirersion 4.20, revision 1.0, followed by background subtraction.
rat GST Ya antibody was purchased from Biotrin International (Dublin, Data Analysis. Data were analyzed using computer programs for pharma-
Ireland). OZ was a gift from Rhe-Poulenc Rorer (Virtry-sur-Seine, France).cological calculations (18). One-way analysis of variance procedures wer
Animal Treatment. Male Sprague-Dawley rats (200—-250 g) were obtainedsed to assess significant differences among treatment groups. For each s
from the Korea Food and Drug Administration (Seoul, Korea) and maintaineificant effect of treatment, the Newman-Keuls test was used for comparison
at a temperature of 20—23°C, with a relative humidity of 50%. Animals werf multiple group means. Student'test was used to determine whether two
caged under a supply of filtered, pathogen-free air. Cheiljedang rodent chpwpulation means differed significantly. The criterion for statistical signifi-
(Seoul, Korea) and water were availatdd libitum unless specified. Rats cance was set at = 0.05.
(200-300 g) were treated with each of the inducing agents (25 and/or 50 mg/kg
body weight/day, 1-3 days) before gadolinium chloride injection and were
fasted 16 hr before sacrifice. Gadolinium chloride was injected through the tail
vein at a dose of 10 or 1 mg/kg. To determine the effects of gadolinium Effects of a Single Injected Dose of GdGlon mEH and GST
chloride on inducible expression, the compounds, including TH, OZ, CiGene ExpressionThe effect of GAdCJ on the constitutive expression
ADS, PS, and PZ, were administered at a daily dose of 25 and/or 50 mg/@-hepatic mEH and GST genes was examined (fig. 2). Northern blo
GdCl, was given at the same time as the xenobiotics. Chemical structuresa(pfawses revealed that GdGluppressed the expression of mEH and

the agents used in this study are shown in fig. 1. TH and PZ were administe@%T genes in the liver. mEH mRNA levels were decreased in ¢
ip as aqueous solutions, whereas ADS and PS were administered by gaVﬁpﬁz '

using corn oil as a vehicle. OZ and CL were administered by gavage a: e-dependent manner at early times after GaGéatment. The

suspensions in a 0.1% carboxymethylcellulose solution. Northern blot analfs?iat've mEH mRNA levels were suppressed to 95, 55, 17, 36, an

was carried out with liver samples pooled from at least two animals, Each d&87¢ Of those in untreated animals at 6, 12, 18, 25, and 48 hr

point represents the mean SD from three independent experiments. respectively, after a single dose of Gd@hjection (10 mg/kg, iv).
Subcellular Fractionation. Hepatic microsomal and cytosolic fractions Thus, a maximal reduction was noted at 18 hr after treatment, fol

were prepared by differential centrifugation. Microsomes were washed lowed by a gradual rebound at 24 and 48 hr. Expression of GST Ya

pyrophosphate buffer and stored in 50 mM Tris acetate buffer (pH 7.4)

containing 1 mM EDTA and 20% glycerol. The hepatic cytosol was prepared 2 The class-based subunit nomenclature for rat GST Ya, Yb1, Yb2, and Yc1 is

from homogenates in 0.1 M Tris acetate buffer (pH 7.4), containing 0.1 MESTA2, rGSTM1, rGSTM2, and rGSTAS, respectively (32).

CHz=CH-CHz~-5-S-CHa-CH=CHa Allyl disulfide

CH3-CH-CHz-S-CHz-CHz-CHz
Fic. 1. Chemical inducers of mEH and GSTs.

Propyl sulfide

Materials and Methods

Results
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Fic. 2. Effects of GAC] on the levels of constitutive mEH and GST mRNA in the liver.

A, RNA blot analyses of hepatic mEH and GST Ya, Yb1l, Yb2, and Yc1 mRNA. Northern blot analysis was performed to examine mRNA levels in total |
fractions (20ug each) isolated from rats at 6, 12, 18, 24, and 48 hr after an iv injection ofGd@ldose of 10 mg/kdJN, untreated animals). The RNA was
fractionated in a 1% agarose gel containing 2.2 M formaldehyde, transferred to nitrocellulose paper, and hybridiz&tPvidtheded cDNA probe. The amount
of RNA loaded in each lane was assessed by rehybridization of the stripped membrari@Bsdtieled poly(dT). B, Relative changes in the levels of mMRNA
for mEH and GST Ya, Ybl, Yb2, and Ycl, compared with those in untreated rats. The mRNA levels were assessed by scanning densitometry of th
followed by normalization. Each point represents the mea8D of three experiments. Data were analyzed with one-way analysis of variance followed |
Newman-Keuls test for comparison with untreated animats<(*0.05).

Yb1/2, and Ycl was also suppressed by 70—90% at 18 hr after;Gd@vels at 18 hr after treatment, a concomitant Gd@jection resulted
treatment (fig. 2). Thus, Gdglwas effective in substantially inhibit- in 4.5-, 4-, 1-, 4-, 1.3-, and 0.1-fold relative changes, compared witt
ing mEH and GST gene expression at 18 hr after treatment. levels in untreated animals (fig. 3). FigB3epicts a comparative
Structurally different organic inducers were used in subsequentaluation of GdC] effects on mEH gene expression. Thus, GECI
experiments to determine whether Gd@has capable of inhibiting the mediated inhibition of gene expression was a common phenomenon |
inducible expression of the genes. Preliminary experiments showedponse to structurally diverse chemical inducers, indicating tha
that TH, OZ, and CL were more potent than ADS, PS, and PZ BdClL may not affect the metabolism of the compounds but, rather
elevating mEH and GST Ya mRNA levels and that the greatestay act on a common step in the pathway(s) of gene expression.
increase was noted at 18—24 hr after treatment. Thus, rats were treatettudies were extended to establish whether GdGppresses the
with TH, OZ, or CL at a dose of 25 mg/kg, with or without GdC| expression of major GST genes. Northern blot analysis revealed th:
whereas ADS, PS, and PZ were given at doses of 50 mg/kg. GdGIST Ya mRNA levels were increased by 3.5-, 10-, 5.5-, 7-, 7-, anc
effects on inducible mRNA levels were assessed at 18 hr after trehi-fold at 18 hr after treatment with TH, ADS, PS, OZ, CL, or PZ,
ment. respectively, whereas a single-dose, concomitant, Gd@éction
Whereas treatment of rats with TH, ADS, PS, OZ, CL, or PZ causathibited the chemical-inducible increases in GST Ya mRNA levels
7-,13-, 4-,9-, 4-, and 1.1-fold increases, respectively, in mMEH mRNgy 10-90% (fig. 8). The inducible mRNA levels of GST Yb1l and
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Fic. 3. Effects of GACJ on inducible mRNA levels for mEH and GST major subunits.

A, Northern blot analyses for mEH and GST Ya, Yb1, Yb2, and Ycl mRNA levels. Twenty micrograms of hepatic total RNA were isolated at 18 hr
a single dose of TH (25 mg/kg, ip), ADS (50 mg/kg, po), PS (50 mg/kg, po), OZ (25 mg/kg, po), CL (25 mg/kg, po), or PZ (50 mg/kg, ip), with or withol
GdCl, injection (10 mg/kg, iv) UN, untreated animalsB, Relative changes in mEH and GST Ya, Yb1, Yb2, and Yc1 mRNA levels in response to TH, ADS
PS, Oz, CL, or PZ, with or without a Gdglinjection, compared with levels in untreated rats (relative mRNA for untreated anima)s Relative changes in
the levels of MRNA were assessed by scanning densitometry of the blots, followed by normalization. Each point representstti8bnoédimee experiments.
Data were analyzed with one-way analysis of variance followed by Newman-Keuls test for comparison with the respective xenobiotic with@Gyt Gd5).
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Fic. 4. Constitutive mEH and GST mRNA levels after consecutive Gd&itment.

A, RNA blot analyses of hepatic mEH and GST Ya, Yb1, Yb2, and Ycl mRUNNK, (untreated animals). Northern blot analysis was performed to determin
mRNA levels in total RNA fractions (2@.g each) isolated from rats at days 1, 3, and 5 after Gtt€atment (10 mg/kg/day, ivB, Relative changes in the
levels of MRNA, compared with those in untreated animals. The mMRNA levels were assessed by scanning densitometry of the blots, followed bionormal
Each point represents the meanSD of three experiments. Data were analyzed with one-way analysis of variance followed by Newman-Keuls test
comparison with untreated animalsp(¥ 0.05).

Yb2 were also decreased by 20—80% at 18 hr after Gtt€atment. expression was also determined. Whereas rats treated with ADS at
Inducible expression of GST Ycl was suppressed by 10—-40% (fidpily dose of 25 mg/kg showed 1.2—1.5-fold increases in mEH anc
3B). The relative GdG}inducible changes in GST Ya, Yb1l, and Yb2GST Ya mRNA levels at days 1 and 3 after treatment, concomitan
MRNA levels in response to various chemical inducers were quiBdCl; treatment with ADS resulted in only 40% of levels in untreated
comparable to those for mEH. Statistical analysis showed that s@mimals (fig. 5). Thus, mEH and GST Ya mRNA levels inducible by
pression of mMEH mRNA levels by GdCWas correlated with that of the low dose of ADS were suppressed after consecutive (o€zt-
GST Ya, Ybl, or Ycl to a certain extent € 0.6). ment for 3 days. The extent of inhibition by Gd@Gif the inducible
Expression of mEH and GST Genes after Consecutive Gdgl expression of mEH and GST mRNA at 3 days after multiple injections
Treatment. Because the maximal suppression of mEH and majof 50 or 100 mg/kg ADS, however, was less than that after daily
GST mRNA levels was detected at 18 hr after a single dose of dQreatment with 25 mg/kg (data not shown), indicating that inducible
we were interested in the time courses of constitutive gene expressampression produced by higher doses of ADS might not be effectively
after consecutive 3-5-day treatment with Gg(fg. 4A). Fig. B suppressed after multiple GdQhjections.
illustrates the relative changes in mEH mRNA levels in rats after Immunoblot Analysis of mEH and GST Ya. mEH and GST Ya
consecutive daily treatment with GACImEH mRNA levels slightly protein levels, as assessed by immunoblot analysis, were determing
rebounded at later time points after the early maximal decreasdter daily GdC} treatment of animals (fig. 6). Scanning densitomet-
whereas GST Ya, Ybl, and Yb2 mRNA levels were suppressed by values for mEH protein levels at 1, 3, and 5 days after daily GdClI
~80% throughout the treatment period. Ycl gene expression wasatment were 0.8% 0.13, 0.33= 0.21, and 0.63t 0.31, respec-
suppressed at early times, although suppressed Ycl mRNA lewilgly, compared with control (meah SD,N = 3). Relative GST Ya
gradually returned to levels observed in untreated animals, at 5 dégels at the aforementioned time points were 0233.41, 0.20+
after treatment (fig. 4). 0.22, and 0.6*+ 0.31, respectively (meart SD, N = 3). Thus,
The effect of multiple injections of Gdgbn ADS-inducible mEH treatment with GdGJ for 1 or 3 days suppressed the expression of
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Fic. 5. Representative Northern blot analyses of ADS-inducible mMRNA

levels for mEH and GST Ya after consecutive Gdt&atment. .
G reversed by excessive CgCAlthough GST Ya mRNA levels were

Hepatic total RNA was isolated after ADS treatment at a daily dose of Zcreased by 80% at 18 hr after 1 mg/kg Gg€bncomitant admin-
mg/kg (po) for 1 or 3 days, with or without concomitant Gg@aily injection  jiation of CaCj with GdCl, resulted in 50% of levels in untreated
(10 mg/kg, iv) for 1 or 3 daysUN, untreated animals). The relative changesatS Treatment of rats with Cagilone did not alter the mRNA levels
in mEH and GST Ya mRNA levels, compared with those in untreated anima{s, ) .
are depicted. Each point represents the me&D of three experiments. Data or. mEH and GST Ya (data _nOt shown). These results p_rOVIded stron
were analyzed with one-way analysis of variance followed by Newman-Kedf¥idence that the suppressive effect of Gd@s at least in part due

test for comparison with ADS alonef*< 0.05). to the blocking of C&" channels.

Discussion

- Because GdGlis widely used as an agent that suppresses the
mEH S A activity and function of Kupffer cells, the regulation of hepatic mEH
and GST expression in response to single or consecutive ;GdC
treatment was studied in this research. The present study demonstrat
for the first time that major GST mRNA levels were notably altered
GST Ya |Sem " by GdCL, which was consistent with effects on mEH mRNA levels.
We used structurally diverse chemical inducers to determine possibl
differential effects of GAGJ on detoxifying enzyme expression. In-
UN 1 3 b5 (days) terestingly, however, GdGinhibition of the inducible expression of

Fic. 6. Representative immunoblot analyses of mEH and GST in the livefhe detoxifying genes was a common phenomenon, irrespective of tt

) . . chemical structures of the inducers. The time course of suppression
These blots show hepatic mEH and GST Ya protein levels in untreated rap pp

and rats treated with GAC{10 mg/kg/day, iv) for 1, 3, or 5 consecutive daysln%luublt_e expression was also consistent with that of constitutive
(UN, untreated animals). These changes were confirmed by multiple imnfePression. A single injected dose of Gd€lppressed mEH or GST

noblottings. Ya expression to a maximal extent at 18 hr after treatment, with
return to 70—-90% of the constitutive level at 48 hr. The expression o
mEH or GST Ya proteins levels, whereas the protein levels rebounda@H and major GST genes challenged by structurally diverse chernr
to certain extents at 5 days after consecutive treatment with SdGtal inducers was also inhibited in common at 18 hr after a single dos
These data showed that Gd@hduced changes in the mRNA levelsof GdCL. This marked suppression of mEH and GST expression by
were closely related to those in protein expression. GdCl; was also observed after multiple daily treatments, except fol
Reversal of GdCl, Suppression of mEH and GST mRNA Levels GST Ycl expression at a later time point. The comparable extents c
by CaCl,. The possibility of GdCJ blocking of intracelluar calcium inhibition of constitutive and inducible expression of mEH and GST,
influx through C&* channels was examined to elucidate the mecharespective of the chemical structures of the inducers, and the simile
nism of GdC}, inhibition of mMEH and GST gene expression. Whereatime points for maximal inhibition indicate that GdQmight block
treatment of rats with GdgGlat a dose of 1 mg/kg resulted in sup-certain common steps in the expression of the detoxifying enzyme
pression of constitutive hepatic mEH expression by 85% at 18 hr afeerd that GAC] may affect the activity of upstream enzymes involved
treatment, rats treated with CgGlt a dose of 10 mg/kg in combina-in the signaling pathway.
tion with GdCL (1 mg/kg) showed 45% suppression of the mEH Previous studies showed that a single injected dose of Gx#Dked
mRNA level, compared with untreated animale (~4-fold increase a substantial decrease in hepatic triglyceride levels elevated by pyr
in the mRNA level, compared with GdCllone) (fig. 7). GdCJ)- dine pretreatment (13). The effect of GdGkemed to be associated
induced suppression of GST Ya mRNA levels was also significantlyith a decrease in the production of oxygen or drug free radicals fron
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endogenous or exogenous substances, which was also supportethlnyratory showed that acriflavine, a PKC inhibitor, potently sup-
the improvement in liver function. This phenomenon, as well ggessed mEH and GST gene expression (30). Concomitant treatme
Kupffer cell inhibition, with GdC} might explain GdC}-induced of rats with both acriflavine and GdClcompletely prevented the
amelioration of toxicant-induced liver injury. Induction of certairADS-inducible expression of the enzymes and shifted the dose-inhib
cytochromes P450 results in a pronounced increase in the rateitofy response curves for acriflavine to the left, with a 15-fold increase
NADPH-dependent microsomal lipid peroxidation (19, 20). Lipidn the relative inhibitory potency. These results also support the
peroxide levels are also elevated in plasma and red blood cellscohclusion that the site of action for Gd@s$ not in common with that
animals and humans during intake of large amounts of ethanol. It HfPKC inhibitors. Because the catalytic activity of PKC is mediated
been proposed that the formation of cytochrome P450 2E1-dependér@ugh C4* mobilization, sequential blocking of €4 influx and
lipid peroxides is involved in ethanol-dependent liver damage. TheBKC activity by the two agents would produce synergistic suppressiol
effects also seem to be associated with Ito cells and Kupffer cellsthmEH and GST gene expression.
conjunction with cytokines and collagen production (20). The effect of GdCJ, a known Kupffer cell toxicant, may be
The induction of MEH and GST isoforms was comparatively evagssociated with the inactivation of Kupffer cells. Because Kupffer
uated. The inducible expression of GST Ya gene was quite com§&lls have a role in secreting cytokines that might modulate the
rable to that of the mEH gene after treatment with the compoundseKpression of hepatic enzymes, changes in mEH and GST expressit
was shown that mEH expression in response to xenobiotics, includiféght be mediated by changes in the secretion of certain cytokine
azole heterocycles and organosulfurs, accompanied the inductior?@r GAC} inactivation of Kupffer cells. It has been shown that the
GSTs including Ya, Yb1, Yb2, Ycl, and Yc2 subunits (13, 14)(_9xpression of drug-metabolizing enzymes is modulated by cytokines
Certain GSTs and possibly mEH gene expression appeared tolpgparticular, the levels of cytochromes P450 are altered in the
mediated through the commasis-acting element(s) present in thePresence of cytokiljes such as inte.rleukins qnd .interfelro.ns (31). The
genes ile. XRE or ARE) (21-23). Previous studies have shown thaflammatory mediators are also involved in tissue injury, such as
nitrogen- or sulfur-containing heterocycles such as PZ and TH indu2gPatic ischemia and reperfusion injury. Hepatic expression of :
mEH and GSTs, as well as inducing cytochrome P450 2E1 concofiymber of cytochromes P450 is suppressed during inflammator
itantly (24). Other studies in this laboratory have shown that azdigSPOnses. For example, the specific expression of cytochrome P4:
antimycotic agents, nitrogen-substituted imidazoles, and a few az6fgll in male rat liver is transcriptionally decreased by endotoxin
prototypic heterocycles affect mEH gene expression, showing tﬁgﬁatmgnt, through mflammatory cytok!nes such as mterleukln-l,.lr.w-
nitrogen- or sulfur-containing heterocycles induce mEH with 15_2(t)<§rl_euk|n-6, tumor necrosis fac_tor,_ e}nd interferons (31). However, it is
fold elevation of its MRNA levels (25-27). Because TH and CL werdlikely that GdC4 produces inhibitory effects on mEH and GST
potent in stimulating mEH and GST genes (12, 24), the inhibito pression through changes in the levels of cytokine mediators in th

effects of GAC] were minimal at doses of 50 mg/kg or greater bsence of inflammatory responses, although it should be furthe
GdCl-induced suppression of mEH and GST mRNA IeveI.s ape:stablished whether cytokines would alter mEH and GST expressior

peared to be mediated by the competitive inhibition of intracellulaqytOkIneS would exert their effects through membrane-associate

calcium influx. The present study clearly shows that treatment of r{%ceptors. Rather, the present experimental results support the co

with an excessive amount of CgGIL0 mg/kg) in combination with usion that the modulation of Ca Ieve_ls by .qu a_ffe(_:ts o_Iown- .

GdCl,; (1 mg/kg) significantly reversed Gdginduced suppression of stream event_s unde_r _membrane-gssoue_lted ligand bl_ndlng, Irrespectl

mEH and GST mRNA levels, providing strong evidence that Cg;dCPf the potential positive or negative actions of cytokines.

suppression is at least partly due to blocking of intracellulaf"Ca

influx. The comparable extents of inhibition of constitutive and in- References
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