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Abstract

We prepared a variety of glycyrrhizin (Gly) derivatives with disccharides as ligand by
replacing one or two molecules of glucuronic acid (GIcUA) at the C3 position of Gly molecule
with one or two molecules of glucose (Glc) and/or galactose (Gal). The preventive effect of
these Gly derivaties on CCl,-induced liver injury in mice was compared with that of Gly itself
using serum alanine transaminase and aspartate transaminase activities as index of liver
injury. Gly derivatives possesing at least one molecule of GIcUA as ligand at the C3 position
prevented this injury more effectively than Gly derivatives without GIcUA in the position.
Although Gly derivatives having GIcUA—3 aGlc, GIcUA—2 8Glc, GlcUA—6 gGal or GIcUA—
3 BGlc had a preventive effect on CCl,-induced liver injury, the derivative possesing GlcUA—
2 BGlc showed the strongest preventive effect. In addition, the injection of some of Gly
derivatives significantly prevented increases in serum and liver lipid peroxide levels and a
decrease in liver tryptophan dioxygenase activity in CCl,- treated mice. These results indi-
cate that the preventive effect of Gly derivatives on CCl,-induced liver injury is stronger than
that of Gly itself.

Key words liver injury, carbon tetrachloride, glycyrrhizin, glycyrrhizin derivatives.
Abbreviations gal, galactose ; glc, glucose ; glcUA, glucronic acid ; gly, glycyrrhizin.
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Fig. 1 Chemical structures of glycyrrhizin and its
derivatives with different sugar chains.
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Table I Effect of post-administration of glycyrrhizin or its derivatives on serum ALT
and AST activities in mice treated with CCl,.
ALT (U/¢) 9 of inhibition AST (IU/2) 9% of inhibition
Normal control 23.5%+ 10.3 71.2= 12.7
CCl, 14454.01+1061.2 0 14420.3+1017.6 0
+Glycyrrhizin 14435.0+ 362.9 0.1 13495.2+1110.2 6.4
+18 g glycyrrhetinic acid  13771.0+1030.6 4.7 12955.4+ 834.9% 10.2
Ry
+glc—glcUA 11502.1+ 184 1** 20.4 11015.9£2073.0~* 23.6
+gal—glcUA 7639.8+1092.4%** 47.1 7634.5+t 975.2%** 47.1
+glcUA—glc 9273.4+1186.6%** 35.8 7558.91+1098.5%** 47.6
+glcUA—gal 7163.2+1209.9%** 50.4 8453.5+ 433.1¢** 41.4
(Ry)
+glc—gal 10361.4+ 581.6%** 28.3 11734.1+ 877.1>* 18.6
+gle—glc 8076.3+1668.9** 44.1 13320.8+1698.4 7.6
+gal—gal 11246.5+ 560.3%** 22.2 15520.0+1497.5 -7.6

Values are mean+S.D. (n=5). A mixture of CCl, and olive oil (1 : 9} was intraperitoneally administrated
at a dose of 4 ml/kg body weight. Glycyrrhrizin, 18 8 glycyrrhetinic acid and each of the glycyrrhizin
derivatives were intraperitoneally injected at a dose of 10 mg/kg body weight 3 hours after CCl,
administration. Vs CCl, : a, $<0.05;b, p<0.01;c, p<0.001. Vs Glycyrrhizin: *, »<0.05;**, p<0.001.

Table II Effect of post-administration of glycyrrhizin or its derivatives on serum ALT
and AST activities in mice treated with CCl,.

ALT (IU/e) % of inhibition AST (IU/2) % of inhibition
Normal control 23.5+ 10.3 71.2+ 12.7
CCl, 14454 .0+1061.2 0 14420.311017.6 0
+Glycyrrhizin 14435.0+ 362.9 0.1 13495.2+1110.2 6.4
+glcUA—6 g gal 10355.0+1232.9>* 28.4 7609.4+£1718.5%* 47.2
+glcUA—3 8 glc 10539.8+1569.5%* 27.1 9600.0+1415.7%* 33.7
+glcUA—3 a glc 9310.343227.9*>* 35.5 6473.943236.3** 55.1
+glcUA—2 g gle 7970.1+£2322.2>* 44.9 6603.01937.5* 54.2

Values are mean=+S.D. (n=9). A mixture of CCl, and olive oil (1 : 9) was intraperitoneally administrated
at a dose of 4 ml/kg body weight. Glycyrrhrizin and each of the glycyrrhizin derivatives were
intraperitoneally injected at a dose of 10 mg/kg body weight 3 hours after CCl, administration.
a, p<0.001 (vs CCl,): *, p<0.001 (vs Glycyrrhizin). '
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Table III Effect of post-administration of glycyrrhizin or its derivatives on serum TG
and LPO levels in mice treated with CCl,.

TG (mg/100 ml)

9% of inhibition

LPO (nmol/ml} % of inhibition

Normal control 52.2+13.0

CCl, 211.0%+29.8
+Glycyrrhizin 211.2+67.8
+glcUA—6 B gal 164.0+33.0°
+glcUA—3 B glc 159.3+37.8°
+glcUA—3 a glc 144.5+27.3°*
+glcUA—-2 g glc 131.7+£33.39**

6.2+2.1
0 17.9x3.7 0
0 13.1£3.0° 26.7
22.3 12.4+3.0° 31.3
24.5 13.8+3.7% 22.9
31.8 11.8+1.4¢ 34.1
37.6 12.7+2.8° 29.6

Values are mean=+S.D. (n=9). A mixture of CCl, and olive oil (1 : 9) was intraperitoneally administrated
at a dose of 4 ml/kg body weight. Glycyrrhrizin and each of the glycyrrhizin derivatives were intraperi-
toneally injected at a dose of 10 mg/kg body weight 3 hours after CCl, administration.

Vs CCl,:a, p<0.05; b, p<0.01;c, p<0.001. Vs Glycyrrhizin: *, p<0.05; **, p<0.01.

Table IV Effect of post-administration of glycyrrhizin or its derivatives on liver TG
and LPO levels in mice treated with CCl,.

TG (mg/100 ml)

% of inhibition

LPO (mmol/g liver) % of inhibition

Normal control 15.1+6.5

CCl, 57.7£3.3
+Glycyrrhizin 54.2+7.1
+glcUA—6 B gal 51.5+4.2°
+glcUA—3 g glc 53.3%6.1
+glctUA—3 a glc 40.5+5.7>*
+glcUA—-2 B gl 42.1+5.5>*

8.4x1.1
0 37.0£11.8 0
6.1 28.0+£6.6% 24.3
10.7 17.2+6.3>* 53.5
7.6 11.7£1.3>* 68.4
29.8 13.9+8.0>* 63.5
27.0 12.445.3 66.5

Values are mean=S.D. (n=9). A mixture of CCl, and olive oil (1 :9) was intraperitoneally administrated
at a dose of 4 ml/kg body weight. Glycyrrhrizin and each of the glycyrrhizin derivatives were intraperi-
toneally injected at a dose of 10 mg/kg body weight 3 hourt after CCl, administration.

Vs CCl, : a, p<0.05 : b, p<0.001. *, p<0.001 (vs Glycyrrhizin).
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Table V Effect of post-administration of glycyrrhizin or its derivatives on
liver TDO activity and TP levels in mice treated with CCl,.

TDO % of TP % of
(nmol/min/g liver) normal control (g/g liver) normal control

Normal control 11.8+3.3 0.91+0.02
CCl, 2.9+1.3 24.3 0.60+0.07 65.9
+Glycyrrhizin 2.5%+0.4 21.2 0.73£0.07° 79.7
+glcUA—6 g gal 4.7+1.6%%* 39.8 0.78+0.07¢ 85.4
+glcUA-3 g gle 5.4+3.0** 45.6 0.74+0.08° 81.3
+glctUA-3 a glc 5.9+6.2 49.6 0.72£0.06° 78.7
+glcUA-2 g glc 10.5+2.9% ** 89.0 0.774+0.08° 84.6

Values are mean+S.D. (n=9). A mixture of CCl; and olive oil (1:9) was intraperitoneally administrated
at a dose of 4 ml/kg body weight. Glycyrrhrizin and each of the glycyrrhizin derivatives were intraperi-
toneally injected at a dose of 10 mg/kg body weight 3 hours after CCl, administration.
Vs CCl : a, p<0.05; b, p<0.01 ; ¢, p<0.001. Vs Glycyrrhizin : *, p<0.05; **, p<0.001

Table VI Effect of post-administration of
glycyrrhizin or its derivatives on liver
NP-SH levels in mice treated with CCl,.

NP-SH % of
(mmol/g liver) normal control

Normal control 1.91+0.13
CCl, 1.83+0.04 95.8
+Glycyrrhizin 1.85+0.14 96.8
+glcUA-6 8 gal 1.86+0.12 99.1
+glcUA-3 g glc 1.84+0.08 96.2
+glcUA—-3 a glc 1.82+0.06 95.1
+glcUA—-2 8 gle 1.80+0.08 94.4

Values are mean+S.D. (n=9). A mixture of CCl, and
olive oil (1:9) was intraperitoneally administrated at a
dose of 4 ml/kg body weight. Glycyrrhrizin and each of
the glycyrrhizin derivatives were intraperitoneally
injected at a dose of 10 mg/kg body weight 3 hours
after CCl, administration.
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