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Effect of glycyrrhizin on glutathione S-transferase activity and glutathione

in rats intoxicated with carbon tetrachloride
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Abstract

The restoring effect of glycyrrhizin (GLZ) on glutathione S-transferase (GST) activity in
Y -protein fraction and glutathione (GSH) content in liver was examined in rats intoxicated
with carbon tetrachloride (CCl,) and the protective effect of GLZ was similarly examined in
rats given GLZ and CCl, concomitantly. GST activities toward the substrate 1-chloro-2,4-
dinitrobenzene (CDNB) and 1,2-dichloro-4-nitrobenzene (DCNB) were decreased significant-
ly (p<0.01) by CCl,-intoxication, but were restored to the control level by GLZ administra-
tion (4 mg/kg/day for 6 weeks). A similar restorative effect of GLZ was also observed for
Y-protein and GSH contents, which were decreased significantly (p <0.01) by the intoxica-
tion. In the case of GLZ and CCl, co-administration, GST activities toward CDNB and
DCNB and GSH content remained at the control level, but Y-protein content decreased
significantly (p <0.05) from the control. GLZ itself did not have any effect on GST, GSH,
and Y-protein in control rats.

Thus, GLZ has significant restorative and protective effects for GST activity, and GSH
content in liver, while there was a restorative but not a protective effect in the case of Y-
protein content.

Key words glycyrrhizin, CCl,-intoxicated rat, glutathione S-transferase, Y-protein,
glutathione.

Abbreviations AST, alanine transaminase ; ALT, aspartate transaminase ; BSP, sulfo-
bromophthalein ; CCl,, carbon tetrachloride ; CDNB, 1-chloro-2,4-dinitrobenzene ; DCNB,
1,2 - dichloro - 4 - nitrobenzene ; ECA, ethacrynic acid ; GLZ, glycyrrhizin ; GLZ - NH,,
monoammonium glycyrrhizinate ; GOT, glutamic oxaloacetic transaminase ; GPT, glutamic
pyruvic transaminase ; GSH, glutathione ; GST, glutathione S-transferase . p-NBC, p-
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nitrobenzyl chloride ; TPBO, #rans-4-phenyl-3-buten-2-one.

Introduction

Glycyrrhizin (GLZ) has frequently been used
in the treatment of chronic hepatitisf) allergic
disorder?ﬂ” inflammation?'m and gastric ulcers 9
GLZ has been reported to have the detoxifying
actions for tetrodotoxin ,7) strychnine ?) tetanal
toxin ?) and trimeresurus venom i mice.
Glutathione S-transferase (GST) and glutathione
(GSH) participate in detoxication by GSH conju-

113)

gate formation | However, no data on the

effects of GLZ upon GST and GSH have been
reported so far.

Levi et al !’ reported that Sephadex G75 gel
filtration of rat liver supernate to which sulfo-
bromophthalein (BSP) had been added gave three
peaks of BSP-binding protein, designated as X, Y,
and Z. Thereafter, Habig ef al " found that
GST activity is present only in the Y-protein
fraction. GST activityw and GSH content'” in
rat liver cytosol are reduced by carbon tetrachlor-
ide (CCl,)-intoxication.

In the present study, we examined the restora-
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tive effect of GLZ on GST activity of Y-protein
and GSH content in liver of rats intoxicated with
CCl,. Further, the protective effect of GLZ
against CCl, was examined similarly by measur-
ing GST activity and GSH content in GLZ- and
CCl, co-administered rats.

Materials and Methods

Materials . Monoammonium glycyrrhizinate
(GLZ-NH,) was used as supplied by Minophagen
Pharmaceutical Ind. Ltd. (Tokyo, Japan). Tran-
saminase Cll-test Wako (Wako Pure Chemical
Ind. Osaka, Japan), glutathione reductase (Boe-
hringer Mannheim GmbH, Germany), and
nicotinamide - adenine dinucleotide phosphate,
reduced form, (Oriental Yeast Co., Ltd., Tokyo,
Japan) were purchased. All other reagents were
commercial products of analytical grade.

Animals and treatments . Male Wistar rats,
weighing 120-130 g, were used. During the
experiments, the animals were kept in restraining
cages with free access to water and a commercial
pellet diet (Oriental Yeast Co., Ltd.) under normal
CCl, in olive oil (3 : 4 v/v),
0.1 ml/100 g of body weight, was injected under

housing conditions.
the skin of the back twice a week (Monday and
Thursday). CCl,-intoxicated rats were produced
by repeated injection of CCl, for 6 weeks w
Control rats were produced by repeated injection
of equivalent amounts of olive oil. GLZ-NH, (4
mg/kg as GLZ) in 5% glucose solution or 5%
glucose solution alone (1 ml each) was administer-
ed into the caudal vein daily for 6 weeks. The
initial dose of CCl,, olive oil, GLZ-NH, or 5%
glucose solution was given on a Monday. The
animals were divided into seven groups of five
rats as follows : group 1 (control), the control
rats ; group II (intoxication), the intoxicated
rats ; group III (CCl,+GLZ), the treatment with
GLZ and CCl, was started on the same day (Mon-
day) ; group IV (CCl,—GLZ), GLZ administration
to the intoxicated rats was started on the Monday
after the last CCl, dosing ; group V (CCl,~), the
intoxicated rats were maintained without GLZ
treatment for 6 weeks from the Monday after the
last CCl, dosing ; group VI (normal), 5% glucose

solution alone was administered ; group VIl (GLZ-
alone), GLZ alone was given. The abbreviations
in parentheses are used to indicate the groups in
the text.

Monday after the last treatment in all cases in

Rats of all groups were killed on the

order to obtain blood and liver samples.

Preparation of liver supernatant fraction
Fifty % homogenate was prepared by the method
of Iga et al.,w) during which process, blood was
also collected for the preparation of plasma sam-
ples. A portion of the homogenate was used for
GSH determination. The remainder was
centrifuged at 105,000 g for 120 min in a Hitachi
65p-7 ultracentrifuge (Hitachi Koki Co. Ltd,
Tokyo, Japan) at 4°C. The supernatant fraction
was immediately subjected to gel filtration after
measuring the volume.

Elution of supernatant . Three ml of super-
natant was applied to a Sephadex G-75 column
(2.5 100 cm).
M phosphate buffer (pH 7.4) using pump-driven
downward flow (2 ml/40 min/tube) at 4°C Ali-
quots of 200 gl from all tubes that might corre-
spond to the Y-fraction'” were assayed for GST

Elution was performed with 0.01

activity using 1 -chloro - 2,4 - dinitrobenzene
(CDNB) as a substrate. All tubes showing GST
activity were combined, freeze-dried at —80°C
and stored at —40°C until required.

Analytical method . The dried Y-protein was
dissolved in an appropriate volume of phosphate
buffer (pH 7.4) and GST activity was determined
according to the method of Habig et a/ o using
CDNB, 1,2-dichloro-4-nitrobenzene (DCNB),
trans - 4-phenyl-3-buten-2-one (TPBO), p-
nitrobenzyl chloride (p-NBC), and ethacrynic
acid (ECA) as substrates. Y-Protein and GSH
concentrations in the liver homogenate were
determined by the Lowry-Folin method”" and the
Ellman method ?2) respectively. Plasma alanine
transaminase (ALT) and aspartate transaminase
(AST) activities were determined by the pyruvate
oxidase-p-chlorophenol method””

Statistical analysis - All means are presented
Student’s
t test was utilized to determine the significance

with their standard error (mean=S.E.).

of differences between the control and intoxicated
or GLZ-treated groups.
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Results

GST activities with the substrates CDNB,
DCNB, TPBO, p-NBC and ECA in the Y-fraction
of groups I-Vil are shown in Table 1. The
activity with CDNB was higher than those with
the other substrates in all groups, e.g., in group [
(control), the activity with CDNB was approxi-
mately 60 times higher than that with DCNB, and
100-700 times higher than those with TPBO, p-
NBC, and ECA. GST activities toward CDNB
and DCNB in groups II (intoxication) and V
(CCl,—) were decreased significantly (» <0.01 or
0.05) as compared with the control (approximate-
ly 56 and 68% of the control, respectively), while
those with other substrates showed no significant
difference among all groups. The absence of any
significant difference in GST activities toward
CDNB and DCNB in groups 1l (CCl,+GLZ) and
IV (CCl,—GLZ) indicates significant protective
and restorative effects of GLZ on GST activity,
respectively. GLZ does not have a significant
inducing effect on any GST activity, because GST
activities toward all substrates showed no signifi-
cant difference among groups [ (control), VI
(normal), and VI (GLZ-alone).

Fig. 1 shows Y-protein contents in liver of
groups I -VI. "The Y-protein content decreased
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Fig. 1 Effect of glycyrrhizin on Y-protein con-
tent in rat liver. The mean (£ S.E.) contents of
Y-protein were 25.2 (1£2.0), 16.4 (£4.8), 21.8 (=
2.6), 25.8 (£6.0), 15.3 (£4.2), 28.2 (£:5.6) and 25.6
(+4.2) mg/g liver in groups I, II, III, IV, V, VI
and VI, respectively. Percentages were calcu-
lated from these data, taking the group I
(control) value as 100%. For details of groups
1 -VIl, see Table I. The bars indicate S.E..

*p<0.01 and **p<0.05 vs group I.

significantly (p <0.01 or 0.05) in groups II (intoxi-
cation), I (CCIL,+GLZ), and V (CClL—) to
approximately 65, 86, and 61% of the control,
respectively. The significant decrease in group

Table 1 Glutathione S-transferase activities® toward selected substrates in Y-fraction® of rat liver.
Group®
Substrate I 11 il va % VI VI

CDNB 1.020 0.570* 0.965 0.945 0.690* 0.957 1.095
+0.196 +0.190 +0.095 +0.115 +0.190 +0.078 +0.125
DCNB (x10) 0.175 0.116* 0.150 0.140 0.132** 0.177 0.165
+0.025 +0.028 +0.024 +0.032 +0.028 +0.033 +0.047
ECA (x10% 1.165 0.995 1.020 1.110 0.925 1.150 1.300
+0.165 +0.124 +0.114 +0.228 +0.137 +0.181 +0.142
p-NBC (X10?) 0.765 0.716 0.734 0.805 0.710 0.707 0.780
+0.085 +0.048 +0.090 +0.076 +0.097 +0.122 +0.170
TPBO (X10% 0.145 0.128 0.140 0.153 0.133 0.136 0.150
+0.025 +0.037 +0.032 +0.044 +0.028 +0.042 +0.034

Results are given as the mean=*S.E. of five rats.

2 ymol/min/mg protein. Determined by the method of Habig et al.*®
» Obtained by gel filtration of 105,000 g liver supernatant on a Sephadex G75 superfine column (2.5%

100 cm). For details, see the text.

@ 1 control ; II, CCls-intoxication ; III, CCl,+GLZ ; IV, CCl,—»GLZ ; V, CCl,— . VI, normal ; VIl, GLZ-

alone. For details, see the text.
*p <0.01 and **p <0.05 vs group I.
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I shows no protective effect of GLZ against CCl,.
From the comparison with group V, the absence
of a significant decrease in Y-protein content of
group IV (CCl,—»GLZ) shows a restoration effect
of GLZ. The Y-protein content showed no sig-
nificant difference among groups I, VI and VII,
indicating that GLZ itself does not affect Y-pro-
tein content.

Table II shows GSH contents in liver of
groups I -VI. The contents in groups II and V
decreased significantly (p <0.01) from the control
(approximately 59 and 65% of the control, respec-
tively), but there was no significant difference
between groups Il and IV. This shows that there
are significant protective and restorative effects
of GLZ on GSH content.
icant difference among the control, normal, and
GLZ alone groups 1, VI and VIl indicates that GLZ
does not have an inducing effect on GSH content.

The absence of a signif-

Table III shows the body weight, liver wet
weight, and plasma AST and ALT activities in

groups I-VI. There was no significant differ-

Effect of GLZ on GST and GSH in rats

ence of body weight among groups I -VII, in spite
of the different experimental durations of 6
(groups I -1I, and VI-VI) and 12 (groups IV-V)
weeks. The liver weight was significantly de-
creased (p<0.01) only in the intoxicated rats
These

results indicate a protective effect by GLZ and by

(group II), compared with the control.

the rats themselves after the intoxication, a
restorative effect of GLZ, and no significant influ-
ence of the drug on liver weight within the GLZ-
Plasma AST and
ALT activities in groups II and V increased

treatment period (6 weeks).

significantly (p <0.01) compared with the control.
In group III, only ALT activity increased signifi-
cantly (p <0.05) from the control, but with a sig-
nificant decrease as compared with those of
groups II and V (» <0.01 or 0.05). This indicates
a protective effect of GLZ against CCl,. The
AST and ALT activities in group IV showed no
significant difference from those in the control,
indicating an effect of GLZ treatment, in compari-
son with the result in group V. The two enzyme

Table II Glutathione (GSH) contents® in rat liver.
Group®
I 1I il v \% VI Vil
GSH, mg/g liver 2.098 1.234* 1.645 1.752 1.360* 2.168 2.058
+0.493 +0.360 +0.394 +0.282 +0.353 +0.437 +0.320
Results are given as the mean+S.E. of five rats.
Determined by the method of Ellman.??
®See Table 1.
*»<0.01 vs group 1.
Table Il Patho-physiological changes in all groups.
Group?®
1 I 1 v \% VI Vil
Body weight 267.5 252.0 265.0 282.5 270.0 266.5 267.5
(2) + 2.5 + 2.5 + 2.5 + 3.0 + 2.0 + 3.3 + 2.5
Liver wet weight 12.9 10.0* 12.2 13.3 12.8 12.4 12.1
(g) + 0.3 + 0.4 + 0.5 + 0.3 + 0.5 + 0.4 + 0.2
Plasma AST® 27.4 391.6* 40.1 33.9 82.9* 22.9 28.0
Ia/m + 2.1 +31.5 + 7.3 + 4.1 + 11.7 + 5.8 + 7.9
Plasma ALT® 8.8 149.0* 19.0** 14.0 33.6* 7.2 11.6
au/m + 1.6 + 13.7 + 4.2 + 3.4 + 7.8 + 1.9 + 3.8
Results are given as the mean*+S.E. of five rats.
aSee Table 1.

®Agpartate transaminase activity.
©9Alanine transaminase activity.

AST and ALT activities were determined by the pyruvate oxidase-p-chlorophenol method.?®

*»<0.01 and **» <0.05 vs group 1.
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activities showed no significant difference among
the control, normal, and GLZ-alone groups I, VI,
and VII, indicating that AST and ALT activities
are not influenced by GLZ itself.

Discussion

Booth ef al ™" reported that GST activity in
liver exists almost wholly in the soluble fraction
(approximately 80%), where its level is 30-200
times higher than those in the heart, kidney, lung,
spleen, and blood. Jakoby 1 reported that at
least five different types of GST exist in rat
hepatic supernatant. These enzymes show spe-
cific activities toward appropriate substrates .
Habig et al * showed that GST activity toward
substrate CDNB in rat liver is higher than those
toward other substrates, DCNB, TPBO, p-NBC,
and ECA. In this study too, the activity towards
CDNB was higher than those with the other sub-
strates in the control rats (Table ). Srivastava
et al'” reported that rats treated with CCl, (twice
a week for 14 days) exhibited a decrease of 46.4%
in GST activity towards CDNB. An almost iden-
tical decrease was found in the intoxicated rats
here (mean, 55.9%). The restorative and protec-
tive effects of GLZ were readily apparent in the
GST activities toward CDNB and DCNB, but
were not observed in the activities toward other
substrates, which were lower than those toward
CDNB and DCNB. The fact that the levels were
lower could explain the lack of a significant
decrease caused by the intoxication. A signifi-
cant decrease of Y-protein in CCl,-intoxicated
rats has been reported by Sugiyama et al * In
this study, the decreased levels of Y-protein con-
tents in groups II and V induced by the intoxica-
tion was restored by GLZ administration to the
control level (Fig. 1). Overall, Y-protein content
corresponded well to GST activity in all groups
except group Il (Table I and Fig. 1). As shown
in Table II, GSH content (mean, 1.234 mg/g liver)
in the intoxicated rats was almost identical with
that (mean, 0.937 mg/g liver) found by Ferreyra et
al'” and was restored to the control level by GLZ-
treatment (group IV, Table II). The observed
restorative effect on both GST activity and GSH

content suggests a detoxifying action of GLZ
(GSH-conjugation). A protective effect of the
drug on GST activity and GSH content upon co-
administration of CCl, and GLZ (group IIlI) was
indicated, but not on Y-protein content (Fig. 1).
Consequently, Y-protein content in group III did
not correspond to GST activities toward CDNB
and DCNB. The reason for this is obscure.
Plasma AST and ALT activities in the intoxicat-
ed rats (Table III) were almost identical with the
GOT (230.4 1U/1 as AST) and GPT (106.0 IU/1 as
ALT) activities in rats intoxicated with CCl,
(16—18 times, twice a week) reported by Iga ef
al'” A restorative effect of GLZ on plasma AST
and ALT activities increased by the intoxication
was observed. A protective effect for both
enzyme activities were also observed, but the
effect for ALT activity was less than that for
AST activity.

Thus, it was found that GLZ has significant
restorative and protective effects on GST activ-
ities toward CDNB and DCNB in CCl,-intoxicat-
ed rats, and also on GSH content. However,
there was a restorative, but not a protective effect
in the case of Y-protein content.

X8R

WEfbE#E (CClL) MBS PHICBITEY -2
ABAGEFDT NS FF L S-F 702725+
(GST) WHRU 7N F 4> (GSH) HFEiICHT
37 F ) Fr (GLZ) oREESHE L 72,
$7, 79 FANGLZECClL # RIS L,
CCL Iz T 5 GLZFRHshRIz 2>V T L RET L
72, 1-7wmw-2,4-v=Fuv~xr+> (CDNB) X
w1,2-v7vuo-4-=Fu~x>r+> (DCNB) ##
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