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Abstract -
elevated plasma transaminase levels in patients with chronic viral hepatits, in which

Intravenous administration of glycyrrhizin (GL) is known to decrease

immune-mediated cytotoxicity by cytotoxic T lymphocytes and tumor necrosis factor
alpha (TNFa) is considered to play an important pathogenic role. However, im-
munological interpretation of the transaminase-lowering action by GL is not clear. Studies
were made to elucidate this action immunologically by assessing the effects of GL on
immune-mediated cytotoxicity using an antigen specific murine CD4+ T cell line, which
exhibits cytotoxicity against antigen presenting cells (APCs) after stimulation with specific
antigen, and two cell lines sensitive to TNF«, a murine fibroblast line and a human
hepatoblastoma line. GL suppressed the cytotoxic activity of the T cells against APCs and
also inhibited TNFa-induced cytotoxicity in both of these TNFa-sensitive cell lines in
vitro. These results suggest that the decrease of elevated transaminase level by GL in
patients with chronic viral hepatitis is mediated in part by inhibition of immune-mediated

cytotoxicity against hepatocyte.

(FEEE. J. Nara Med. Ass.

51, 157~168, 2000)
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Fig. 1. Structure of Glycyrrhizin
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FHhIATR7 (FE) L WBEA L.

SICrif#t7 v 2 A

5X10* {8 » 3DO 54.8 flifig & 1X10° f > Cr £z A
20-2] #ifE% GL 83X ' OVA =7 5 FHLE (B ERE 2
ng/mDOIFEFETH B IFELET T, 10 % FCS &1
RPMI1640 51 0.2ml DA 5796 7 = A VE~< 1 7
R 7V — M THEE, BRR EETCERET S Y Cr B
#HIE L, CD4* T cell-mediated cytotoxicity % SFffi L
7o, FTiebb, L 100 ul B OBEEES 4 K



Immune-Mediated Cytotoxicitylzxf34 % 751 ) F v DIER

vvFv—vavhvvE—CHEL, HEEERY T
RNCTHEHL .

HifaEEER (%) =[(A—B)/(C—B)I X100
A, A, B, CikoCr £ A20-2] il b rnrh
KEROBSERILE, BRBUNERHEE, RAHEER
HE®FET. BAKHEER, OVAXTF FEIOGL D
FEFFET CTHIR L BEE L & &1 A20-2] ffiash
LHRHBENDCrOETHD. RABKEER, 1%
TritonX-100 K T A20-2] M &M Uiz & 21
ENBCrDETHB.

DNA o *H 5 § 2 v bic X 5 DNA B (ko HiE

RO FECELCT7 7 A= FRT7 4 v E—%
Wy, A20-2] ZRS#IRE O DNA MR b2 BIE L. $7b
B, A20-2] Mifg® °H 5 3 2 v (185 kBq/ml) & 3 B
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Fig. 2. Effects of glycyrrhizin (GL) on spontaneous *'Cr-releasee from the $!Cr-labeled
cell lines (a) PLC/PRF/5 and (b) A20-2] in the absence of T cells. $'Cr-labeled
cells, PLC/PRF/5 hepatoma cells and A20-2] cells, were cultured in the presence
(2 pg/mL(——) ; 20 ug/mL(--%--) ; 200 ug/mL(---0--)) or absence(—®—) of GL
for the indicated periods. °!Cr release from cultures containing GL was compar-
ed with that of GL free cultures at individual incubation times. All determina-

tions were made in triplicate and each data point represents the mean. The S.
D. was less than 4.4%. *P<0.05 **P<0.01
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Fig. 3. Effects of glycyrrhizin (GL) on the kinetics of T cell-mediated
cytotoxicity. 3DO 54.8 cells and *'Cr-labeled A20-2] cells were
cocultured for indicated periods with chicken ovalbumin (OVA)
peptide antigen in the presence of GL at concentrations of 0(—e—),
2(--m--), 20(--x--) and 200 xg/mL(---0--), All determinations were
made in triplicate and each data point represents the mean. The S. D.
was less than 9.2%. Specific **Cr release in cultures containing GL
was compared with that in GL-free cultures at individual incubation
times. *P<0.05 **P<0.01
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Kz, o THilaoMBEESEEZENME A20-2]
O DNA O L E B HRE L. BERES IO
APC oF#ETCTHIMETESE/ILL, APC I DNA ¥k
xS 7b Lic(Fig. 4 /k). ¥7-Crit#T v £ 112 X
BHEET R & R, GLEKREE 2, 20 ug/ml Tk
DNA 0¥ AL #iE X s hs» 723, 200 xg/ml Tk
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Fig. 4. DNA fragmentation of A20-2] target cells by 3DO 54.8 cells and its inhibition by
glycyrrhizin (GL).
Left : One million A20-2] cells and 5X10° 3DO 54.8 cells were cocultured for 12H in
the absence (lane 1) or presence (lane 2) of chicken ovalbumin (OVA) peptide. Cells
were harvested and the low molecular weight DNA fraction was electrophorezed.
Lane M shows Hae-III-digested ®X-174 DNA fragments as molecular markers.
Right : *H-thymidine-pulsed-A20-2] cells (1X10%) and 3DO 54.8 cells (56X 10*)were
cocultured with OV A peptide for 12h in the presence of the given concentrations of
GL. Cells were hypotonically lysed and were harvested onto fiberglass filters ; DNA
fragmentation was then measured. All determinations were made in triplicate and
each data point represents the mean *=S. D.. Specific DNA fragmentation of A20-2]
cells cultured in the presence of GL was compared with that of A20-2] cells cultured
in the absence of GL. **p<0.01
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Table 1. Lactate dehydrogenase (LDH) activity in
cuture supernatants of 1929 cells treated
with various agents

Agents LDH activity QU/L)
Medium alone 67.6+£2.4
TNF« 65.0%£1.2
TNFa+ActD 105.6+6.6
TNFa+ActD+GL (2 gg/ml) 78.7+4.1*
TNFa+ActD+GL (200 ug/mD 75.641.8*

1.929cells, just before reaching confluence, were in-
cubated for 16h in the presence of agents as indicated.
Data are the mean *=S.D. of the determinations for
three separate cultures. The LDH activity of cultures
containing GL was compared with that of GL-free
cultures containing TNFe (1ng/ml and ActD (0.5
pg/ml). *P<0.01
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Fig. 5. Effects of GL on the viability of 1929 cells after treatment with TNF
a and ActD. TNF a-senstive 1929 cells (5X10%) were cultured for 24
-30h just before reaching confluence. After replenishment with fresh
medium, they were treated with TNF « (Ing/mL) and ActD (0.5 ug
/mL) for 16h in the absence or presence of GL. The number of viable
cell was quantificated by the trypan blue-exclusion test. All determi-
nations were made in triplicate and each column represents the mean
+S.D.. The number of viable cells in cultures containing GL together
with TNF & and ActD was compared with that in GL-free cultures
containing TNF « and ActD. *P<0.05 **P<0.01
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B LR L2y, GL BN X b LDH oEEZEE~ DR
T %2 S hic(Table 1).
HepG2 #ifa1ic 313 % TNFa-mediated cytotoxicity i&
XiF3 GL o2

v b FFEMRaRE HepG2 © TNF o BSR4, 1929 #
Bt R, TNFa B ci3#¥5E & h¥, cyclohex-
amide 7t & DEEAAKIAERS ActD 7t & RNA &HFH
EHOFE T TEBIRSZ LML TW5. HepG2
MR % ActDOR KB 0.5 ug/mD & B« DBRE D
TNFa OFFfEFC 24 BERIEE L MTT $cC, Ml
FEPHE L (Fig. 6). TNFao BERFEECHM4EF
EITMETL, TNFa EBEZ 1ng/ml TIXAEHFE 33 %,
0ng/ml U ECcREELMBEREWE L. £2 T
TNFo EBE% 1ng/ml CEEL, #HEFRCRET
GL 0% Zi- & = 5, GL PRI I b A =%
#in L7 (Fig. 775). 24 KefksE# © L+ LDH Z O
AST fExHIET % &, TNFa %X O ActD O WEFFE
Bz it g LDH, AST fEiX EH L7723, GL o¥sin

X b WFE OEER A~ ORI E B S uiz(Table
2.

Table 2. Asparate aminotransferase (AST) and
lactate dehydrogenase (LDH) activity in
culture supernatants of HepG2 cells treated
with various agents

Agents AST LDH
Iu/L au/L
medium alone 12+1 47+3
TNFa 12+1 48+4
ActD 1442 52+4
TNFa+ActD 48+4 1567
TNFa+ActD+GL (20 g/mD 24+3 104+3
TNFa+ActD+GL (200'g/ml) 22+3* T4+ 6*

HepG2 cells, just before reaching confluence, were
incubated for 16h in the presence of agents as indicat-
ed. Data are the mean +£S.D. of the determinations for
three separate cultures. The AST and LDH activity of
cultures containing GL was compared with that of
GL- free cultures containing TNF« (1ng/ml) and
ActD (0.5 ug/mD. *P<0.01
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Fig. 6. Apoptotic cell death of HepG2 cells induced by TNFa.
HepG2 cells were seeded into 24-well culture plates at 2 X 10° cells/1.0
ml per well and cultured for 24h. They were replenished with fresh
medium and incubated for another 24h with TNF « in the presence or
absence of ActD (0.5 xg/mL) and their viability was assessed by
MTT assay. Percentage of survival, relative to survival of HePG2
cells cultured in medium alone, is plotted versus TNF « concentration
on a logarithmic scale. ActD was used at a final concentration of 0.5
ug/mL. All determinations were made in triplicate and each point
represents the mean. Standard deviation of each point was less than

4.3%.
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Fig. 7. Effects of GL on TNF «-mediated apoptosis of HepG2 cells

Left : HepG2 were incubated for 24h with 1 ng/mL of TNF « and 0.5 xg/ml of ActD
in the presence of various concentrations of glycyrrhizin, and their viability was
assessed by MTT assay. Data are expressed as meean £S. D. of triplicated cultures.
Right : A half million HepG2 cells were cultured in a 9.1 cm?® dish with 1ng/mL of
TNF « and 0.5 xg/mL of ActD in the absence (lane 1) or presence (Iane2) of GL. GL
was used at a final concentration of 200 xg/mL. After 12h culture, cells from each
dish were collected and used for the detection of fragmented DNA. Hae-III -digested
®X-174 DNA fragments were used as molecular markers (lane M.
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B MEo 7 R - 2AFERERE 2R TL
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TNFa 3 X "< ¥ 2 TNFa %M~ v G HEF M
BB X O'e b TNFa BZH e MR AV,
GLOT7H b~ AFEIE LITTHEYRA L.

BT 1 L AR RO MEEERE X 5=7 =
7 2= CTLCT®b,CTL (X FasL #%H. L, Fas &M
a7 A — v R 7 FARFET 51219, — 1T
CTL ©% <X CD8* TV v BRTH 5 h, EEII, KW
TR NTULCDAT T Y v BREFERIHE L. Z0E
L, CD8* CTL oM+ » BEEKE I,
FasL-Fas X 37 R+ —v2BFEITz T A—7 % )
VRIS I VA AR HENREERENTET
BBt L, CD4Y CTL oZRfc 3 5 EEkk
B, FasL-Fas it X 57 E + = AFENET, -7
F VYR T VA AL BEEIBTHS. £
¥ %z, T cell-mediated cytotoxicity @ 5 %, FasL-
Fas R X 37— 2FEiek LT3 GL oFEY
BT 5701y, CDA*CTL AN EFE L EE %
7o, APFGECHA Lic< v & CD4* CTL i3, HEESRM
RELNT, BENHEN APCR X D ERIhEE,
FasL ##H L Fas BHEMEICH L C7 A b —> 2 %5
ERITZ L MBRTWS. 2T, FasB#o APC
FHEAL, HEHERB T TCD4 T Y v 5D APC
X3 5 MR EEIC RIS T GL o8 v L.

BEFETHS OVA T 2 1 FOFELETIZ A20-2]
# B2 (APC/target) % X 0°3DO 54.8 #i g2 (CD4* CTL)
BEETHE, TV vEKo APC icxt+ % filafEEiE
ERFEI NS ERURTIL hAabh T, FER,
Z ® 3D0 54.8 MM X % A20-2] M3 5 EEE
HH, BDNA OWHtE b5 7R =2 THSB
ZERETHR L. T0%, ZORBRRICHKEE 2~
200 ug/ml o GL ¥ L, CD4* CTL Iz X % Fas BB
HMEO7 A~ 2AFEIC GL BN ie 28 % B LIS
THRDWTHEH L. TOER, GLEE 2~20 ug/
mL TE7 R b — > RFIRDRITFETR T X s - 7o dd,
GLEE 200 pg/mL T GL JEFR Nk ic b L5 16 By
fHte o MMIEEME 34 60 RBICIE S i, Fie, R
RE T\ A, keyholelimpet hemocyanin(KLH) #25
BALB/c =¥ Af3€ CD4* TV v <Ek#k%x, KLH % Xk
Y A20-2] fif & s B L MR BRI h b fifagE
EMES, 2~20 pg/mL © GL TR S uiehs - 7o by,
200 ug/mL © GL TIIEFHINREDOH 50 % Il & hie.
T 7B GL 13, 200 pg/mL L EOEEE B\ ~Ci, CD
4 THila o MaEEEE2IE T2 LB 2 bRt

L T AT, FFEIL, CD4T THilEOMIfEREEE TR X
3 GL o &% “'Cr R T TR T 58 b5 T,

(165)

3, Cr 7 X L7 A20-2] Ml X33 GL o &
COWTHN, GL 28 A20-2] #iffad 5'Cr o H RiEE
BB LI\ ERHENDT. ZOBAE Fig. 2 1RT
X5, et FFEMEERR PLC/PRE/5 s Eie B\ T,
GL 23 %Cr 3 < L7 PLC/PRF/5 #ifa o 5:Cr © B &
EEEE T 500 THB. 2D GLILX % *Cr B
B3 5 HEI%h R, GLIBE 2, 20, 200 xg/mL ®
ThEEWTHRIEFLELBEIN. Zofl, EEiL,
v  [Ffakk Chang liver cell T3 Cr o BREH
GLIZX > THH I 2 BREBEL T\ 5 CRFER).
GL 3z h b otk T 5'Cr © B RBEHE 2 IE 3 5 55
BB THBHH, EEL, GL BB EA L, g
DEENE SO L, HRNCEET 5WE O MiEs~
D|HEIZ TN B DTV EE 2T 5.

ST, BEVA A AMFABE LR VT, MEFD
TNFa B E 0 EH %, FF#ila o TNFRZE o
e R E Ty, M TNFa 23FRE O
TNFR C#E& LT 7 £ —v 2 2 FE T 51
BbE2bh T35, T, TNFa 0F 7 %L
~7mT7 7 —=—ToR7 v A—fiTHBH», CTL H
TNFa #EET 5 Z LR T 5229, CTL D
B35 TNFaBI<7ry7r—o7 v X—filaictt
L& <72y, CTL il aE Ll <FET 5
W, Iok 2H5WEND TNFa EXVETH- T, 9%
X HFfEfED TNFR e#& L, 7 A+ —v =2
YFETHLENAETHSD. DX 5K, TNFa-
mediated apoptosis b 18¥: 7 1 v 2R LIBT3 FF
MREEREO VL DL o TW 5.

% T, #E#HY, TNFa-mediated apoptosis iZ53
HGLOEELZBRHN L. ZTOHBMDLEDIZ, <7 R
TNFa Bt~ v 2 fEMESFE MRk 1929, © b TNFa &
ZH e b FEMEL HepG2 @ 2 % A\ 7o, WMEIRE
1%, BEABEHEHR cyclohexamide ®° RNA &R RHEX]
ActD DFHET T, TNFa i2X D 78 b — > RFEHHE]
BThr LML TS, EE T ET, 1929 #ikaic
8% TNFa-mediated apoptosis iz %13 GL 0 &
Bz oW TiRE Le. L929 fifa% ~ v 2 TNFae (1 ng/
mD 3B X O ActD(0.5 pg/mL)BFEFE T IcEERL, R
GL #% L C 16 BB o A FMEE LY RE Lz L &
5, GL #INE X b FEERIBFIC e~ 7 1929 Mfast v38
iz, &b, #EKHO LDH ERET 5 &, GL
e X b fifa s HEEER R~ 0 LDH % o #1238
BEh, SROOKEE X v, L929 ke TNFa-mediat-
ed apoptosis GLIc X h Il & h 5 & L BHER S i,
FENTL, ~ v AR L929 1o\, vt TE



(166) & B

Wtk HepG2 I\~ T, TNFa 38X OV ActD THE X
NBHTHRE =T ACBIIFT GL OFERHREF L. GL
Wne X b HepG2 MIBR4 #3213 GL SEHR IR i e ~18
mL, ¥EETO LDH B X O AST 0BT iis &
7o. b b FFJE M K Bk HepG2 © TNF« - mediated
apoptosis d GLIC X v #IHl Eh 5 & & B HER I iz,
GL iz X 5 TNFa-mediated apoptosis ®#flix, 1929
T GLEE 2 ug/mL U kX b, HepG2 #ifaTix
20 ug/mL U EX hBEI .

Ll ED X 5 wAkpfFgec, E3E13, GL 28 T cell-mediat-
ed apoptosis & TNFa-mediated apoptosis izt L #I
#HOERT 5 2B bncl, T cell-mediated
apoptosis DN 200 pg/mL O GL EE2, TNFa
-mediated apoptosis O FHENZ 1L 2-20 ug/mL BE D
GLBENLETHH LXTEHLI. 50, BEYI 1
AUEFRBECHRARE IS GLOFHAER, 1E
Hi=b 80~200 mg TH 5. GL 80 mg #EHE K X OF
REBEBWEE THIRAZEE LcHE, BEERIII100
pg/mL M EoRREE ST 525, #5 30 54, 4 K
%, 24 BRIz h Zh# 20 pg/mL, 10 gg/mL, 5
pg/mL LT & MAEBENEECETT 5 2 & 2HE &
HT\5282 F 7 GL 200 mg OFEIRAE L0 MFRE
1}, 85 30 512X 30~60 pg/mL, #5 6 B T
10~30 ug/mL TH B & Eh B, §£5C, GL % 80 mg
F 7213 200 mg CEEIFIRANE S LSS, £FRMMm
¥ GL #EE X, TNFa-mediated apoptosis %l
LB REL LRI hDLELOND. ¥, BY
BLELGS, BAERS XY, GL 0B MFEE»—
BRERECh VRO EITRETHS, LTHD, &
D X 5 5T h, T cell-mediated apoptosis Z#]
H3 512 EDFE GL BE R MK b © IR 138
bhd, GL @ T cell-mediated apoptosis @ #IFHI{EH 5
EHVVTHREI RS LR EFELDRSE. Ly
L—T, GL %7 v Mc#IRAHEL L, ZoEBS H%
BRUCARE D ORE Tk GL 3 X CREE
BETHMTHILNHEEIRTRY, FEE X OHE
TIXGL @ T cell-mediated apoptosis OHEIEH 3%
BEINDFEELIEZELONS.

723, GL DML AEMEM X T, £ ORE OBk
3 T fifa oo fHfaEE S oM BIS L <\ 5 FTEEMES
BB, GL IF i 28 U BB el S h, BRMHE
oD B-glucronidase L X » 25T D 7 N viERKRES K
TZ7 V52 vF v (GRER#M I 5. 20 GR B
TEBROFEF S h Tk b, GL ofR@EH D GR 23
1IZEBF % immune-mediated cytotoxicity IZfZZE L T

E X

LA EEH S # P X A 5. GR @ immune - mediated
cytotoxicity K RIFTEHEIC SO\WTIE, £ HRENEL,
5D E AL DFMITRE & VWbhEBEER. EET,
20O GRICHRERIBIEALR DB DT EE LT
Wh. ZOERELT, ¥7, GL & GR 0BfRIZ, b
5 EIHBARSI s T 2 a6 TR L & T BR
OBERICELIL TR, LIRERBELLTAT RS
FEBEELTWAETHS. HETE, BIMRCRE
FMIEROD S Z L HRIBL TE 73279 2%, ZORED
e, ERAEBHERIEEIBEHRIC b5 REF
FAHEAOI B EXWESLMCL T 5. ZOBAFRA
GL £ GREBWTHE D2 ETHIE, GRIZGL £F
U RERETER 2 AL, TOEMAIXGL X hifv L
ET 5. 21, GL OPRBEIC R W T RERE 52
X BB EREZDHRIILEHSDD NS VAT I F—
EHETEARRD LR TWBIL: bbb, MKHic
GLE®BHERY, —F, GRIE, b¥rekH &h
%%, GR OREAHEAIABRE T NEBELE 2
T\ 5.

& B

GL @ immune-mediated cytotoxicity I T3 HE
% EEEHICK S L7z, T cell-mediated apoptosis 23 =
7 A CD4* CTL © Fas Bt~ v 2 B V v < [E#ifa st
ThMfaEE e S A% A\, %7 TNFa-mediated
apoptosis IZ1Z = 7 2 TNFa B M~ v 2 B HESF i
R X O'e b TNFa BZH e + FREfiatkx Ay, GL
WO RIfEEEE R THEYRE L, T OB
B,

1. GL i, 200 pg/mL Ll ED#EEE s\ ~C CD4* CTL
MR R A B L e,
2. GL 1%, 2 pg/mL Ll EDEE 1z 3\~ T TNFa-media-
ted apoptosis 2 L 7.
Z b oL, GL 2% immune-mediated cytotoxicity
it LEIHIRER T A L BRL TR Y, BiEv AL
AMFRICE T B GLEED F 5 v A7 I 7 — ¥ HEE
R L REFHRIE 5 25 DTH 5.
iz sebich, HEERHHEIEE, HAKRMLE
S BMEAEERCFEELIHEEELET L LD,
HENE, HRBEEE -, REFRBEFE BB
b O HERFRERNERBF TR EH# L L E
T SORAMRORTICL I W EEO CIEEXH Y %
L IEEERCEH L LET. K08, #nh
W R EE LIS 3 IR HER LT Lic LT
AMFEO—HIL, 1998F2 A7 o7 K PFHEREXS
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