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ABSTRACT : Panax ginseng has been used for various diseases including hepatic disorders. The aim
of the present study was to investigate the hepatoprotective effects of ethanol extract and saponin of
Panax ginseng in thioacetamide-intoxicated rats and to compare with silymarin, a known hepa-
toprotective agent. Male Sprague-Dawley rats were given single intragastric administration of
thioacetamide. Aqueous solutions of ethanol extract and saponin of Panax ginseng with or without si-
lymarin were administered intragastrically dalily for six days from four days before until one day after
thioacetamide administration. At the end of the treatment, the rats were fasted overnight and sacrificed.
As a result, thioacetamide caused significant increase in serum levels of AST, ALT, 5-nucleotidase and
bilirubin. Thioacetamide increased Ca++ content but decreased protein content in liver tissue. These
thioacetamide-induced biochemical changes were prevented both by ethanol extract of ginseng and si-
lymarin, but not by ginseng saponin. Silymarin did not potentiate the effect of either ethanol extract or
saponin of ginseng on these parameters. Thioacetamide-induced confluent necrosis was not protected
by the test drugs. In conclusion, ethanol extract of ginseng protects the liver possibly by stabilizing the
cell membrane and by inhibiting thioacetamide-induced Ca' increase in the hepatocytes, which was
comparable to that of silymarin.

Key Words : Panax ginseng, Silymarin, Thioacetamide, Hepatotoxicity

2

L A

7F5A] E24l thicacetamide= WHA] 71 8t &, vbA]
Zd, 7ZvAsh, 7Ashse] Adrds ARSET gl
(Fitzhugh %-, 1948). Thioacetamide+ 7%} microsomal
mixed-function oxidaseol] 2]&] AAAF=o] FA] L
WAl 7heARS gkskel (Hunter 5, 1977;  Sa-
tyabhama 2}Padmanaban, 1984). Thioacetamide2] 3]
E.ol(single injection)d FA1 7k A7} HwE|glow,
ZF Lol Helew 7 AET Asge] W
(Nikolaev %, 1988), mitochondria®] 3} (Moller £}

Dargel, 1984) ¢} bile canalicular membrane®} tight

*To whom correspondence should be addressed.

251

junctions®] 3} #A= it} (Robenek 2} Themunn,
1979). =3} thioacetamide+ ZFA| E ol Ca™g B|AHAMA
27 FdAFZA AEHA QA 2HES A A s}
T E SFHAFE A8k (Landon 3, 1986). °F&
Fof Z7]ol AR A4S fEsta Ao 7HA
W, ZHE FA], AA AxAA 5& ZdEct
(Gallagher 5, 1956).

Jake A2 RE A 24 3
A x| frofl AbEE] shet kel kRS a9 S
3t AFF = AF93IEEA:,  galactosamine, @-na-
phthylisothiocyanate 5-© 2 {Fx ¥ Zk=Ake] gt gl
Ab E2ZE (Lee %, 1978), t}A (Yang 2} Wang,
1991), polyacetylene (Kim %, 1988; 1989) % gin-
senoside RoS ¥3+3+ ALyl (Hikino 5, 1985; Han,
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1976; Matsudas-, 1991) o] B3 g 97} 32|} <l
Aro] 7lW T 7)Mo 2= free radical 27| 2HE, ZHA|E
A5 34 Y 243 B Z745o] A 3l
oh 3l el e Gk s 1
o7k qlorz uch ssteal nlolA) 154 E o
e &5 " /1A 87

2 AT Q4 oy 22% 9 ApEde] s
AHE sl o] 5 ZE TAZ deiAl silymariny}
wlssh Al steleh. 54 md2e AEdez 99
of] % thioacetamide ZFEA Bl o]8-31, ¥ A
U}l AST, ALT, 5'-nucleotidase 4] 2 bilirubin 33}

ZF2AY Ca™ o whuiglers. &x]3)3 7h2A] o gt
24 pelerd ATE G A1 Sl i

S H dEx

AR L2 FF 200-300 g] 47 Sprague-Daw-
leyAl 3FE Ab43pich AT dE2d,
thioacetamide(100 mg/kg) F-o9+*, thioacetamide2} ol €}
5 FEE5 (5, 10, 20 mgkg) Foi+, thioacetamide <}
AFEH (S, 10, 20 mg/kg) T3, thioacetamide2} si-
lymarin(20 mg/kg) Foi7 2 2 el o, 8- ol
o] = thioacetamide % silymarin(20 mg/kg)d} ol el5 5=

22 (20 mgke) = AFEH (20 mgkg)yS Solskdct.
m;q;m EE v 10 2 Ehgdch 4 AbEd =
ol 2250 FLtglabe] 2ol o 7 Y| gk
3}_0_ Ab#E112 ginsenoside Ra,, Ra,, Rb,, Rb,, R,
Rd, Re, Rf, Rg,, Rg,, Ro% 11£2] ginsenoside & T4
E/¢dt}. Silymarin Aldrich Chemical Co.(Milwaukee,
WI, US.A) A& = silybin, silydianin, silycristing
3Z9] isomer® A= gt}
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2. 215N 7Y A A4EF0

QA ofelE FEE(S, 10, 20 mg/ml), AFEH(S, 10,
20 mg/m/) ¥ silymarin(20 mg/ml)e] 4-oH-& Azl
o] F|A, A|28be] 2w, thicacetamide(Sigma Chem-
ical Co., St. Louis, MO, US.A)E= 2% fo] H L%
AP ZHE AF kg 100 mg §FO2 ]

wof sjginh Q4 olEbE F2E, AEd U si
lymarin ©H5 & AP E3} silymarin®] ¥ -8-Fol=

6207 Wh o] shede.

=, thioacetamide 5

44 RE 1 IR Folsigd ow, HAA 7] 2 th
Fol thioacetamide o] 484 7F & F A A}t 2T
9 thioacetamide®t F-ojuk-& Al -o oFE- Al Az
Al 8 Rojulghr} A aA|E-2 o)l 9} .

Day 1 2 3 4 5 6 7
[ I L I |
Pretreatment j
(9:00 AM) Fasting
(6:00 PM)
Thioacetamide Sacrificed
(11:00 AM)
§ 4 4 bilirubin &2 25t} ARAE F IAS
gejsglon, e APEAE AEF 223AE 9
gl mAAFon, Ca g whdlel 2318 2]3le] =

1.15% potassium chloride €422 10% (w/v) T2 H
o] Hx=% Astsldct AY eix]hd 7 FA 9 A
& At 7HA/AF vle-S AkEstalct

3. sty 2y

¥ aspartate aminotransferase (AST) % alanine
aminotransferase(ALT}:= Reitman 3} Frankel®] v
(1957) 22 Z&A3}edct. A S-nucleotidase ¥ bi-
lirubin-& Z+z}+ Reddi] 8H¥H (1980)2} Brean 3} Schenk-
er®] Wkl (1971) o2 ZAsiodct. 2k =& Ca++ g
28 Moore S| WMy (1976) & AF&3k o.m], shulg)
=S Lowry 2] Wby (1951) .2 245}2ich,

4. xZ|stx| phat

A% 71e] A ENE 10% formalin g0l 4
8} 3 paraffinel] Eojste] 6 ume] v T RS AzHgk
% hematoxylin-eosin %42 s}¢ic}. F3H&u|AF oz
A ul&(x100)ell 4] 374 -8 I3t

5. X232

ZEAEA A8 F-ARE-A(analysis of variance)d}
Newman-Keul test (Zar, 1984) & o]&3}laic}. 2y
mean+SEZ FA]5}9].0m, P glo] 0.05 vt 3¢
oulz} o= Ao AA st

n. 4 nl}

L. QIpMED silymarin2| CHEFO0{7} ZHRAI/NS
9| H|E HESo| njxl= FE



Table 1. Effects of ethanol extract and saponin of ginseng and si-
lymarin on body weight, liver weight and liver weight/body weight
of thioacetamide-intoxicated rats.

Group Body wt(g) Liver wt(g) B};:i\;erw:\é";za)
Control 227643 6.971+0.268 3.061+0.101
TA alone 217.4+5.1 8.755+0.220"° 4.038+0.050°
TA+Extract

5 mg/kg 223.5+7.7 9.190+0.370"  4.110+0.070"

10 mg/kg 229.0+73 9.846+0.285"  4.305+0.079"

20 mg/kg 2258+7.8 9.170+0.363"  4.06040.075"
TA+Saponin

5 mg/kg 226.8+5.4 9.1324+0.257° 4.035+0.132°

10 mg/kg 2169+73 8.627+0.278"  3.983+0.066

20 mg/kg 226.6+7.1 8.861+0.241"  3.920+0.064"
TA+Silymarin

20 mg/kg 231.4+5.2 9.270+0.233"  4.010+0.075"

Values are means + SE. "P<0.05 difference from control.
TA, thioacetamide, Extract, ethanol extract of ginseng.

oFEFod % 7R AY vixehd AT AF
#lol= g1l e thioacetamide Fol7-2] 7F —‘117‘“? 2l
Z72 697110268 g ¥}t ZE71%F 8.755+0.220 go]9d
oo, ZFFA/AF2] v §L WRT9] 7$ 3.06:0.101
% ©]93 1 thioacetamide o 72 4.038+0.050 % o]}
th(Table 1). Thioacetamide = £7}5l 7H-A] U ZHF-A|/
A 58] u&-2 A4t ollels 3555, 10, 20 mgkg), A
Z41(5, 10, 20 mg/kg) B silymarin(20 mg/kg) £l 2]
sto] W5t 2] ofgheh.

2. QIAMMEN silymarin®| EHREE0{7} thiocacetam-
ide ZHRAMO2 FRIE 3 §4 U bilirubin HE0|
OjxXl= d&

Thioacetamide Fo3A] ¥A AST, ALT, 5'-nu-
cleotidase®] A} 9 bilirubin®] 3tek =717} Fabx| gl
ot ) F27e A e AR FEE= 65.8+3.3 IU/L,
46.0+1.2 TU/L, 13.5+0.56 U/L 2 10.94:1.0 pg/L3] 2
], thioacetamide FoA] 1150.7+91.8 IU/L, 501.6+
35.4 IU/L, 36.5+1.1 U/L % 97.5+5.7 pg/LE F7}%]
2 c}(Fig. 1, 2). Thioacetamide 2 F7}¢ d A AST ¥
ALTE F5 &AL of |7t 4t odebs 3%
(5, 10, 20 mg/kg)?t AFEY(S, 10, 20 mgkg) % si-
lymarin(20 mg/kg)ell 2]3le] 7Fax .o (Fig. 1), &
] 5'-nucleotidase 4] % bilirubin ¥=F2 QA o€}
= &Z% (5, 10, 20 mg/ke)s} silymarin(20 mg/kg)F
ofell 2jate] ZhAE drh(Fig. 2). A4t oebEs F2&
ol 7F4E = dHE 4 34 2 bilirubin HEFES ¢

A oelebs 3229 Fogiel ddE WA sk
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Fig. 1. Effects of ethanol extract and saponin of ginseng and si-
lymarin on the activities of AST(A) and ALT(B) in serum. Ethanol
extract(5, 10 or 20 mg/keg), saponin(5, 10 or 20 mg/kg) or si-
lymarin(20 mg/kg) was administered everyday by intubation for six
days, i. e. four days before, onc day along with, and one day after
thioacetamide administration(100 mg/kg). Each bar represents mean
+SE. 'P < 0.05 difference from control. *P < (.05 difference from
thioacetamide alone. Extract, ethanol extract of ginseng.

™, silymarin(20 mg/kg)
ek

FoiA e} fAlt 58 viE}

3. QIMMED silymarin®| CHSE0{7} thioacetam-
ide2 QI3 ZEXE|LY Ca™ I CHY F2F0| HZ0| 0|X]|

ZbzZ bl g Ca™ gheke el A9 2192+
4.4 mg/g & 56.6+3.5 ug/g ©191 27 thioacetamide -]
Al 170.142.1 mg/g % 97.7+8.2 ug/geldct.
Thioacetamide $-o 8 2z whagtake 7143k ubd |

Ca* ek Z7)sleichk(Table 2). Thioacetamide F-of 2
Zha¥l kA chlgkeke 20 mg/kg w52 Ak ollgh
FZE o silymarinel] &Jsjr] FjHo g 3E=g]

iy
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Fig. 2. Effects of ethanol extract and saponin of ginseng and si-
lymarin on the activity of 5'-nucleotidase (5'-ND, A) and bilirubin
content (B) in serum. Ethanol extract(5, 10 or 20 mg/kg), saponin
(5, 10 or 20 mg/kg) or silymarin(20 mg/kg) was administered
everyday by intubation for six days, i. e. four days before, one day
along with, and one day after thioacetamide administration(100 mg/
kg). Each bar represents mean=+SE. "P<0.05 difference from con-
trol. *P<0.05 difference from thioacetamide alone. Extract, ethanol
extract of ginseng.

2.7, thioacetamideol] 2J&] AW %
A%E5(5, 10, 20 mgkg)e] oNelE =
(20 mg/kgyell 28k 4 et

F7H Ca™ ek

& % silymarin

4. Thioacetamide®2 M= 8§ &4 Y bi-
lirubin0f| CHEF Q1AM E D} silymarin?| HHRSE0{ &1}

m-

QAR silymaring 459 3gE A si-
lymarin = QAR @5 FofA] &3tel] digh Al
285 el =] oot R ] 213ked, 20 mykg 52
At eelE F5F 2 AL S silymarin(20 mg/kg)t
H8-2of 3}gich(Fig 3). Thioacetamide ol 2 Z7}%]
A AST(1150.7+91.8 IU/ml) & ALT(501.6+35.4

IU/mly= 4t olebs 3283 silymarin ¥ -8-Fof A]
y

Table 2. Effects of cthanol extract and saponin of ginseng and si-
lymarin on hepatic contents of protein and Ca™ in thioacetamide-in-
toxicated rats.

Group Body wt(g) Ca"(ug/g)
Control 219.2+44 56.6+£3.5
TA alone 170.1+2.1° 97.7+82"
TA+Extract

5 mg/kg 178.5+4.0 75.41+4.6*
10 mg/kg 180.9+5.0 69.9+5.1%
20 mg/kg 185.6+2.0* 63.7+3.8*
TA+Saponin
5 mg/kg 171.0+5.1 953+7.1
10 mg/kg 175.1+4.6 96.5+7.8
20 mg/kg 1743+5.0 91.8+7.0
TA+Silymarin
20 mg/kg 184.6+5.0* 67.3+4.3*

Values are means+ SE. "P<0.05 difference from control, *P<0.05
difference from TA alone.
TA, thioacetamide, Extract, ethanol extract of ginseng.

ASTS] 7% 560+59 1U/ml, ALT®] 7% 195+ 29 U/
m/Z silymarin = offelE 58 ©hEFoi AR} of
7F ZFAhe 73 Eks el AbE ) silymarin©)
W8 roll ASTO] 7% 10824170 IU/mi, ALT2] 7
- 410189 IU/mIE ALZY] ©5Fof Al velgd o
2] AST(667+116 TU/ml) & ALT(288+45 IU/m)xc}
=2 A9 vehlgich ¥ A bilirubinel] gk Q1AL o)
s 3259 silymarin®] W85 F3}(69.1+11.2
ng/Ly= Qb olels FEE(75.0+10.0 pg/l) == si-
lymarin(78.0+7.8 pg/L) ©H=-5-o] A] & 3}o} F-A}shed o
oAbyl A bilirubinol] th3F ©F 5(95.0+12.0 pg/
L) silymarin®} 3-8-%03(100.0+10.7 pg/L)E ¥ 3}s}
2| Qdsket.

5. ZEEHY 24

3=F2] 7r2 AL portal tractell 4] central vein 2.2
2o A 7k xe] g B et (H 1),
Portal tractell 4] central vein7}z]2] o372 32} 2 central
veinoll ] HZEE] acinar zone I, II, M & X gk}
thioacetamide-§ Fo38F 7}%41-2 acinar zone NIE o}
g2} 4] confluent necrosis& ¥.o3Fgir} (AF2] 2). 5=
1ol central vein®} %37 =]i= central to central bridg-
ing necrosis. Ho]m Z}A|Eo] 4~} A A E Ao
T sh(clearing)=] ] gl thAIAE2] & go| W
2}, Thioacetamideol] &3t 7F =A]& 3= A ¥x7} w2
o]+ focal necrosis®} Al 7+ 223} non-
specific necrosisE ighs gelsle] i+
silymarin®] =5 %) W 8-Fof x| £aky] 7hxzo] £
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Fig. 3. Effect of silymarin with ethanol extract of ginseng or gin-
seng saponin on serum levels of AST(A), ALT(B) and bilirubin
(C). 20 mg/kg of either ethanol extract or saponin with 20 mg/kg
of silymarin was administered everyday by intubation for six
days, i. e. four days before, one day along with, and one day aft-
er thioacetamide administration(100 mg/kg). Each bar represents
mean+SE. ‘P<0.05 difference from control. *P<0.05 difference
from thioacetamide alone. Extract, ethanol extract of ginseng.

g 3] 8-& A 4= glodvh. Thioacetamide} 7] Q1
A} ollebE %520 mgkg) HEFI TR 3) F si-
lymarin(20 mg/kg) WHHEFATRR 4)e] 7rFAL

thioacetamide w5 7(A}Al 2)ofl B]3}e] tfAlA|E
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Photo 1. Photomicrograph of control rat liver. Normal ar-
rangement of liver cells around central vein was shown (H & E
stain, x100).

hatrd AN 2 i 7% 4 A &
Photo 2. Photomicrograph of thioacetamide-treated rat liver.
Thioacetamide(100 mg/kg) caused confluent and central to central
bridging necrosis of liver cells with autolysis and the infiltration of
macrophages (H & E stain, x100).

Photo 3. Photomicrograph of thioacetamide-treated rat liver re-
ceiving 20 mg/kg of ethanol extract of ginseng. Nonspecific
necrosis of liver cells and the accumulation of macrophages were
observed (H & E stain, x100).

o Feh AE 2ol A vhehtont Aube el
RbzA 9] LS wR|alr) = Rt
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Photo 4. Photomicrograph of rat liver treated with thicacetamide
and silymarin (20 mg/kg). Macrophage infiltration and necrosis of
liver cells were shown (H & E stain, x100).

IV. &

K

Thioacetamideol] 2|3} 7+ 5412 A EW microsomal
mixed function oxygenaseol] 2| &} thicacetamide2] 2§ |
A 3boll 71213k} (Dwivedi =, 1991). Thioacetamide2]
HE-S-A) T AFAHE-S A Z 72} (Nikolaev 5, 1988) 3} mi-
tochondria® (Moller ¢} Dargel, 1984) = bile canal-
icular membrane 5 (Robenek ¢} Themunn, 1979) &
38}, mitochondria matrix®] 3}# = -§2] Ca™9]
ANEA §08 Z7AZ o2 A E 5L A&}
(Landon %, 1986). Thioacetamide & -f4-5 A o}
A (precirrhotic) 7} =4Fe] X F & A Fut glaof wE
FaEe] YW RS whEo] A A =it (Nikolaev 5,
1988). . o3 F-of| 4] = thicacetamide U3] Fo & A E
uhol 2] E & 4¢) S-nucleotidase2] #A|3+ &7} #2
zl9dr}. Thioacetamide F-oiof] k& Hol AST, ALT
= bilirubin®] F7h= M E &S SH 6 = A
2 Dwivedi 22} 23} (Dwivedi =, 1991) 2} ol 3] 5}
t}. o]2} 72+& HAIEE thioacetamide U3 Fo& <l
gk FA AR QlEte] ubelE = A EEA,
thioacetamide BHE-Fol 2 frbw|= %1%l Alele| 74
£Abol| A= 23]8] AST, ALT. S-nucleotidasc % &4
o] YH§-Zo] vu|sl, microsomal mixed function
oxygenase Aol FASIA F7}xelv} (Zimmerman
=, 1986; Dyroff 2} Neal, 1983). o]i= thioacetamide 2]
ZAlo) 7hA|3E ] microsomesel] 2]8F A 2] HEE S]] v}
epvbs A3l & vheled, thioacetamide®] kg4 of
AbibEel ZHAlE AnAd AT Abel]l covalentahA] A gH
7] wiro2 Wy al gl (Porter &, 1979).
Thioacetamideol] 2}&F HAd4H2] of 3R vhaial b4y

< Algbe]  (Herren &, 1982), % <dqtelA:e

thioacetamide FoJA] 7bzANY whwlgteke] 714v}
A= gdct. ¥ o3 7 A7 thioacetamide Fo 2 F71H¢
AU Ca” Geke Cavol Bl o2 AEAE
VHE FReFE AT TR F220%8
ehy Zrt

Silymarin® 7R &A 2 odejzl FEZA silybin,
silycristin % silydianin % flavonoid®] &3 Ao,
Silybum marianum2| XSt o 2 ¥y 5 Held &3
o]t} (Wagner, 1986). Silymarin-2 & & QA A8
oA ofz] FER QI ZhEAbe] BB ANE eRY
Ak AAEE GFErFHomE Az kA3
(Ramellini 2} Meldoles, 1976) £4] ¢]+ silymarin2]
radical £~-7 %28 = 34F3HAHE (Valenzuela =,
1987) ol &3} o] Fo) 2}, Lol 5= silymarino] A
Y glutathione®] A o]-8-A(bioavailability)2 3
7HA R o] BuElglt} (Valenzuela 5, 1989). B o3-F
A= A=} 7hol] L3eh )= thioacetamide 2 ¢13}<]
HEE = X ZEZ(AST, ALT, 5'-nucleotidase, bi-

Lodo N i

AEZCEkE F5F, AbEd)e] 238 vlasis o,

QAHE 2 silymarin] HgFoi7} HE Foflel
i

A=s =

5 ASAIA TR dotrstr). 4t dlelE 5
Z+2°| A% silymarin F-o3 A ¢} §-ARRE AE e}
ol o, of el 552 thioacetamide -4 7F5-A

= ojEAE viehliA] edskeh A silymarin
ol W&Fols 72 ARy AFHE ASAIZIA ZEkad
o, 958 ALEY P} silymarin®] ¥ §-Hol= &
FojAurt 7 wEEshE ephA Eaoich Q4
of ebis 5852 ALEW free radical A4S v}
elY]+= phenol % polyacetylene Al 3352 63t
olt} (Lee %5, 1978; Kim %, 1988; 1989). Al¥1-&
AAA AN 2] ohE 8 5-E vhebH = ginsenoside s
o] Bz, Abxde Ao r frx 7k
off thate] A E FA I Al E/E SV R
BEatas veldls 712 ®as w 9lv} (Hikino
%, 1985; Han, 1976; Matsuda =, 1991). =334 7
Wol| 4] Ak offebx %53} silymarino| thioacetam-
idei fursl Zbx# o) DALE b3 3 BA]7)A]) ¥
atol o, A AW WHEEe 54 2 bi-
lirubin, Ca™, st @ek5-g A AbshA 72 <14k of

TEE] dHEA el Fof7) 7hEA 0] ] FolA ¥
A8 BEAIA F 7R el ales AR 2
0.7 Q4 dlebE FEFE-2 silymarind} AR 7|
o2 7t wEase viehheler ke v, ek




59 F4 A #-<l phenol 335, polyacetylene 3}3}
E EEvEel AREEE FAeE 7tH s B &
o‘l b3
7

2+-2-7) 4 (action mechanism)ol| gl A77} &
ZHAIS| Y&

& e 19959 Fheeladdd Tl Sodd T

2 AA et o) Fos} ofel g Akl Fu|e) B

22 o] 7o 42

22
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