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Inhibitory Effect of Glycyrrhizin on the Lethality
Induced by Lipopolysaccharide and Galactosamine
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Abstract—This study was done to investigate the effect of glycyrrhizin on the lethality induced by
galactosamine and lipopolysaccharide coadministration in mice. Glycyrrhizin was injected in-
travenously as a multiple dose at 20, 15, 10, 5, and 0 hr before galactosamine and lipopolysaccharide
coadministration. Lethality and tumor necrosis factor(TNFa) level in serum were surveyed as markers
of glycyrrhizin effect. Glycyrrhizin had no effect on the lethality induced by galactosamine and lipo-
polysaccharide when glycyrrhizin was administered as a single dose. Glycyrrhizin reduced the lethal-
ity induced by galactosamine and LPS in dose-dependent manner when glycyrrhizin was ad-
ministered as a multiple dose at 20, 15, 10, 5 and 0hr before galactosamine and lipopolysaccharide
coadministration. Glycyrrhizin reduced the serum TNFa level.
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Glycyrrhizin® #%(Glycyrrhizae Radix)9] F
ARog 1829 glycyrrhetinic acidet 2¥=}9]
glucuronic acid2 o]Folx E42 1 2822 FH %
28V gA4FFEY, Yulol2|AzEY, phospho-
lipase A, JAZEY o]l muHon JyHoa:
A B\ M glycyrrhizin® EgAA7F 231G X 84 =
ga] Algslx 9leny, o3 glycyrrhizing] 27|
H&stx] ¥th. Mizoguchi®%< macrophage®
lipopolysaccharide(LPS)2 #A4gA7 F 1
mediumE LxpajeF ZHAIFo] A2 ZHH X7} &4
He FANA glyeyrrhizine] 2 £48 RE3= &
#7h Qdhn Bustdtt. LPSE €432 ma-
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crophage= 92| £5F9 £4& A48l mediume
ZEdlu e Aoz ¢EAL Y. 2 EA F 0
F491 AL Tumor Necrosis Factor-a (TNFo) 2
A 2 BT 8% JEE e AoE ¢EAn
At

TNFo: F& US4 (endotoxin)soll &3] &413}
% thA M) (activated macrophage)®”, natural kill-
er cell®®, natural cytotoxic cell' ™Sl 23} A==
AE-R2] polypetidec]th B3 27N AFANA FY
e dodle WESRE ¥HUAHendotoxin-in-
duced serum factor)E d@EH oY AP ATHA
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TNFo= septic shock®] 583 wi/lEZYe] ¥3A
o B TNFoE 2 9o interleukin-1 449,
lipoprotein lipase @443, Ad-Fob ¥ (fibroblast)
A A=, W75 24 5 in vitro, in vivoo| A B
B 7)5g 7 Y

Mizoguchi %2 in vitroo| A glycyrrhizin®] lipo-
polysaccharide(LPS)o <18} @/d8l¥ macroph-
agedll 28] fel€ EAE AT TAHE Ao i3 B
3 E9E /s RasigAn B AYgMs in
vivool| A glyeyrrhizin®l 38 FARSIAL in vitro2)
A2 HE o] TNFois] @ A2 olojx|e
septic shockell & glyeyrrhizin® F&S 2AES]
ot

TNFa leveld 21771 9six] Ad4ddom
LPS7t AMESHEE, Galanoss< LPS¢ galactos-
amine& FAld FH9H9E 3¢ 1 A5l XNALE
o] @502 AMAHT} 4P| TVl Ao By
&t 3Uoh"® D-Galactosamine (2-amino-2-deoxy-
D-galactose) & 2 &al7l 7154 EA429 o8 A¥
FEO FAstA AEe] F4 ulojiaA 1z 23
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cyrrhizin®] 9%7 7154 71 & Lotry) $3h
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% TNFa level® 38224 glycyrrhizing] 93
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Hamster Anti-murine TNF monoclonal An-
tibody, Rabbit Anti-Murine TNFa (for neu-
tralization), Recombinant TNFoE Genzyme Co.
(USA)24E 7U3Ivl. Bovine Serum Albumin
fr.V, Crystalline Bovine Serum Albumin, Trizma®
Base (Tris(Hydroxylmethyl)laminomethane), Lip-
opolysaccharide (13} LPS) (from E.coli 026:B6),
Galactosamine® Sigma Co.(USA)ZFE 743t
t}. Phosphatase-labeled affinity purified antibody
to Rabbit IgG(H+L) (adsorbed with human
serum), p-Nitrophenyl phosphate(PNPP) (Phosp-
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hatase substrate), Diethanolamine Buffer(5x )+
Kirkegaard & Perry Laboratories, Inc.{(USA) &%
B 73t} 10% Tween 202 Plerce(USA), Gly-
cyrrhizin® Tokiwa Phytochemn.Co. (Japan)ollA] +
Y3t ARR-3kATH

A8 8 AT 20g01de] #3 ICRA AFE
SAMYUK Lab. Animal Co. (737|% 24ho 2 BE
TEFL Al AR (A AL AF, 2eE 22 5%°]
A, ZA W 3.65%01%, A/ 7.1%°)8, 23 ¥ 10.0%
ol 3, &g 0.7%°13h ¢ B-& Aol FF38 157¢Y
ol AA &l H&AZ vk A5 25go)de] A
£ A¥d 2SS AY FETS FAE, UERL
(LPS ¥ galactosamine ¥9¢) 2 glycyrrhizin ¥
AFo 2 o] 27 5vie] ol o st A
T2 A AFE BN FARIN L, 272 LPS
% galactosamined A2 G50l 5 240 pgkg 2
640 pg/kge B Fodst3.09 glycyrrhizin ¥
T2 glycyrrhizing- salineo =< 10 mg/kg, 50 mg/
kg, 100 mg/kgoE 3t me| Ao FApsrict Gl-
yeyrrhizing] @Y FA LPS9} galactosaminest
A FRAY 1M H EBE Fol Rt
Glycyrrhizin 5549 Z$de LPS9 galac-
tosamine 5§ A 20, 15, 10, 5. 0A1Zkl glycyr-
rhizin& A} 313th. Positive control2 dex-
amethasones 2 mg/kg¥ Fo43t5ch,

2 Agadels #)gt 3% Tumor Necrosis
Factor(TNFa)¢] A#3ye ohgs gt ELISA
platedl 1st Ab solutionS 100 p¥ B33 ohg o
wale)  antibodyE  plateol]l coatingdtdtHover-
night). o|d} 2% 4°CE #AAY 213 o2 7
2ol pufferg& AAHEF §F blocking bufferg welld
250 WY 718lar 1~2A17F HhAIH T, whgo] By F
wash buffer2 well& 43] A33 oL wellol Ho}
% wash buffer® ¢413] A A3 binding buff-
er #1& 100 W¥ ¥5% ¥ TNFa standard 2 4%
oA e wfjdAL 100 Wy Jiskd & st
TNFo standardsX ¢ 100, 200, 400, 800,
1600, 3200 pg/mlclgir}, myksldA 1~2412F in-
cubationd}®] o] Z3& A-2oA HAJEgTt. thA
wash buffer2 43] 4|3 % binding buffer #2¢ =<]
2 nd AbE 100 W welldll £F3l 2nd Ab7} A%
g 5 UEE ALoA 1~247F incubationdt T,
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Table I — Effect of glycyrrhizin on the lethal toxicity of lipopolysaccharide and galactosamine treated mice

Galactosamine (mg/kg) Glycyrrhizin  Dexamethasone  Lipopolysaccharide Lethality Lethality
/Lipopolysaccharide(pg) (mg/kg) (mg/kg) (ng/kg) (dead/total) (%)
16/6 - - - 9/10 90
16/6 10 - - 9/10 90
1676 - 50 9/16 90
16/6 100 - - 8/10 80
16/6 - 2 - 3/10 30
- - 400 10/10 100
100 - 400 8/10 80

» Galactosamine and lipopolysaccharide were injected intraperitoneally.
» Glycyrrhizin was injected intravenously as a single dose at 1 hr before Galactosamine and

lipopolysaccharide administration.
 Lipopolysaccharide was injected intraperitoneally.

* Dexamethasone was injected intraperitoneally 1 hr before Galactosamine and lipopolysaccharide

administration.

Wash buffer® 73] #]33}3 phosphatase”} label
© Ab €92 100 ¥ 7}s) 1~247 incubationd}
@ttt Wash bufferst 37552 A& F pnitro-
phenylphosphate 8945 100 w4 71a) x}s3atol A
1417t incubation %t tH& ELISA reader® 410 nmo
A 535 E 24319} Binding buffer #12 0.1%
crystalline bovine serum albumin, 0.05% Tween
20, 0.88% NaN,Z ¥ 35+ 0.1 M Tris-Cl{pH 7.6)
2 3}, 1% Crystalline bovine serum albumin,
0.05% Tween 20, 0.88% NaN,Z ¥33}= 0.1 M
Tris-Cl(pH 7.6)-% binding buffer #22 3t}
Wash buffere 0.05% Tween 202 ¥£331= phos-
phate buffered saline® 2 3tath EAA7E Stu-
dent’s t testell &gl o™ p valueZ} 4 0.050]8121
BE Frold A2 A3

d3 ¥ 1§

LPS9 galactosaminedl] &3+ XARgo| v
glycyrrhizin® 988 AP}y st LPS ¥
galactosamine §¢] 1A17H ) glyeyrrhizing @
Foste] A¥§ Ay Table I3 2t} Galac-
tosamine?] FA]F9d¥E lipopolysaccharide®] %&
1/252 9% 2& AAFFE Eh 1 §lo] ©]He] o
# BRuEd fARE 298 Jel Qlt} Positive
control2 AME$ Dexamethasonew] AARE]
30%9%) ¥bA controli# glycyrrhizin 5o Fe)
2JAHEo) 712t 90%, 80~90% = WEb 1 £5-8 Z7}
AlA Tt 97} AT LPS @59 XjAlekl

Table I — Effect of preteatment period by glycyrrhizin
on lethality of galactosamine and lipo-
polysaccharide administration

Glycyrrhizin (50 mg/kg) Lethality  Lethality
at time (hr) (dead/total) (%)
-1 9/10 90
0 9/10 90
1 9/10 90
None 9/10 90

» 16 mg of galactosamine and 6ug of lipopolysacc-
haride were administered intraperitoneally at desir-
ed time.

400 pg/kgs FAF 79 XAELE 100%°1At)
Glycyrrhizin® o33}t 400 pg/kgel LPSE 2|3}
W AL 80%E 4 EAH. Glycyrrhizing) Fo
Ajzbel wE 9L AHEuzl LPS 2 galac-
tosamine ¥ 1AHH, $4] &2 WAHF gy &
ool 9gt EHE ZABIYT). Table [I]4 BEe] &
A7kl i} E P FEE o AT

ARE-& Mizoguchige] 27% EA43e ma-
crophagedl|A] B1]€ E&o] M X wjAE FAJd)
i3 glycyrrhizin®] B3 &3+ TNFo 59 2o
HEEAL W AAS glycyrrhizine] gd Zo)2t
= /ey 4858 e 93 vAA
Eihe A= FF FE&2g ud 23y No-
buyuki%°] glycyrrhizin® #virus 3-8 43P
A glycyrrhizin 50 mg/kgs B4 13 FARE F
20717t oA B2 %9 interferone] FAujolA
#EAE 2a%7) Aot oled A} o] IE9)
 RE g¥el dgo] U&7t FAHEH LPS %
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galactosamine §¢ 20713t AXE glycyrrhizing
AARTPF e E£F glyeyrrhizin®l w7171 4217
ol Ag 1Edle o B E At ?

LPS¢} galactosamineo] 2§ Alge] nlx&
glycyrrhizin®] 938 A#37| st LPS ¥
galactosamine %9 20, 15, 10, 5, 0A|ZFA gly-
cyrrhizing& tgFod3le] J4#g A3 Table 1%
2t} Controlite] A&l 90%%] ¥ glycyrr-
hizin £ 20~T0% = 1 X|ALEo] &3o)EF o
2 EsiA gasta glck LPS9) XA 400 pg/
kgs FAF F9 AL 100%<2 9 glycyrr-
hizin& AA 2 & tha AAFS] LPSE T8 79
AL 40% 2 7239} Positive control2 AM-E-
% Dexamethasone(Dex)& GUFHA XAHEo]
30% 2 Jehgt} o] AbdL galactosamine ¥ LPS
of ogk ZhAEe &go] 3 XAl tiFt gly-
cyrrhizine] 433 25282 Jehd Ao ¥zl
=3

38 1 glycyrrhizin®} 2HZ2o0|= FAMHE Y=l
TNFag] Hdzd oA fd8 % gvta 47E
o] ol2fo} & HP L APs4tt EAHF TNFalev-
eldl WX & glycyrrhizin® 9% Q5-& Hdd3l7] 9
8t galactosamine® LPS 2] 20417t A3RE gly-
cyrrhizing W55oi3t2 LPS9 galactosamined]
o N7 F Ao nE Hag HFH3H EHF
TNFoad& Agwesel ol ELISAZ 4384
o

Fig. 1& B9¥ LPS¢9 galactosamine?+g F<3t

g7 ¥3 TNFoa 942 7880.89 pg/miQl wig
glycyrrhizin A2l (100, 50, 10 mg/kg) X5
TNFa2 3360.89. 4665.33. 4852.67 pg/miz th=
ol Hj3tq f94 IA EAHF TNFodFE AH3HAH
t}. 3k positive control2 AHE-¥F dexamethasone
e 3% TNFaY2 1883.11 pg/mi=z eyt
t}. 22t} macrophage cell lineQ! RAW264.7 A3
Arxe LPS ATl gaia HEEE TNFas] Fol
glycyrrhizin 2ol o3| Wg}tsA] gk Bk of
ZH(data not shown), A8-5-El glycyrrhizin®] @4
Fojo) olF A= LPS Ao 23 TNFas] ¢#
od ¥Hskg Fx Rl d5Fost o rjHes
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Fig. 1— Effect of glycyrrhizin(GL) on tumor necrosis
factor a(TNFa) level in serum of mice.
* Each data represfents the mean£S.E.
» Significantly different from galactosamine/
lipopolysaccharide treated group (* p<0.05,
** p<0.01)

Table II— Effect of multiple pretreatment of glycyrrhizin on the lethal toxicity of lipopolysaccharide and galac-

tosamine treated mice

Galactosamine(mg/kg) Glycyrrhizing Dexamethasone Lipopolysaccharide Lethality Lethality
/Lipopolysaccharide(ug) (mg/kg) (mg/kg) (ug/kg) (dead/total) (%)
16/6 - - - 9/10 90
16/6 10 - - 7/10 70
16/6 50 - - 4/10 40
16/6 100 - - 2/10 20
16/6 - 2 - 3/10 30
- - 400 10/10 100
100 - 400 4/10 40

* Galactosamine and lipopolysaccharide were injected intraperitoneally.
* Glycyrrhizin was injected intravenously as a multiple dose at 20,15.10,5,0 hrs before galactosamine and

lipopolysaccharide administration.
* Lipopolysaccharide was injected intraperitioneally.

« Dexamethasone was injected intraperitoneally 1 hr before galactosamine and lipopolysaccharide

administration.

Vol. 40, No. 1, 1996



88 oFS & 7 0ed - £E8- AW - 1pY

TNFos] @del] Jdae F=Ae

4% TNFog] &do] xjalge] dAT el F3gS
# 72 £93lt} Dexamethasoned] ¥ ¥ As}=
TNFa2] A< transcription ¥ translation g4l
A AR AFGEeE2N U3F TNFads oj=dos
Bu¥o} gxjsta gik weEbd B AN gly-
cyrrhizin®] TNFa 2@ A3 EHE dexamet-
hasone?] °l2jdt &7¢} dx|sh= AHZE BTt
oA A8 AL glycyrrhizin 100 mg/kg FAA &
AAHgo] dexamethasone F3A|RTE W& whd
TNFoo] WG @A Fol Arge] it de
3] TNFo 2@ el A3} fiFolata 9dd & e
2 2},

Murine®] endothelial cell, macrophage cell 5
7% interferon priming¥ TNFoa<] Z&AJA] nitric
oxide’} ARt} o] B4 SA4EAE geizloy
T AXZe o FAEE visske sHol ule &
second messenger= < 7 5402 BE 23530t
= 2L Byt 9P wadA glycyrrhizing
interferon =283 F413<] LPSe} TNFa 2@
=& 23 nitric oxideE 2 A 7He B 35HA =
I AT A A 43S & Aol F32E &
Ao} oj2et 7Hd-& PFE] fdtix e F o A
]l A o] oz} tjEoA] Mizoguchis <] in vi-
trodl| X €] A7} Bl 5 in vivod| A AHo] FA| EES
A= BA3¥ macrophagedls] #u]HE TNFa
Boll 2lg M X =4l tigt glycyrrhizing] R332}
| G3A T AR T eejet Azrgr)

d B

Lipopolysaccharide ¥ galactosamine®] 2j&+ %|
Aboll WX glycyrrhizin®] 93e A3 o= v}
-7 2}

1. Glycyrrhizin®] G Foe 439 LPS € ga-
lactosamine®l] &3 X|AL&ol WSS 4] £}

2. Glycyrrhizing G552 AAD & 39 &%
o]EH o2 LPS ¥ galactosamineol] |3 XALES
ZaA T

3. 5% glycyrrhizin® &2l w3t 83
% TNFo i3S FAAA Ax&9 aet 2 4
# #AZ B9 oy TNFool L3gko] dA3 ke

dexamethasone? XJA}&¢] glycyrrhizin 100 mg/
kg EFATERn ot E=dth wEbM glycyrr-
hizin® XA 747} TNFo 2@dzde 9o A 9
o & 71de] AS& AAkskaL Qich

Ao =

EATE 19959 A%TsE w7} Ao
oja Q% ¢ A& ol A=Y
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