g2

HIZo] AT 72 Bl Al el geisie] g A g#A glont, B A Y FEE Cd faoﬂzﬂ 71
A7} A= 27 giek. =4 )54 Aol gk =) A3 st B3 fr]5e R v‘i'—EW 7)E-

F7tA9] el FE¥E polychlorinated biphenyls(£., 1988)2} o) AR fr)EuE B} 25 M
acetaminophen &2 % ZFEAdel] mlx|< &A1&, 24 —r‘ﬂ‘ ZIRE FF7} ol 1:11-7:]30-1 © v

fr, BRal, OE, goE, e, A 4 BBy o 53 Ei 2% 7HA] 8ol wigte] AW ﬂﬂiﬂ"l s

7} ole] Bt SITHGd, 1993 4, 1992; 71, 1997). w3k
HEAQl ZHARA]
8= Silybum marianum®] <GufolA Nk ] oo (Mar-

&f&lxl, The Journal of Applied Pharmacology 6, 119-129(1988)

A Study on the Hepatoprotective effect of PS-1 from
Artemisia iwayomogi
Soon-Bok LEE*, Tai-Soon CHo, Ki-Wook YOON, Jong-Chan LEE,

Sun-Mee LEE and Sung-Bo SHIM'

College of Pharmacy, Sungkyunkwan University Suwon 440-746, Korea,
‘Kolon Group Central Research Institute, Yongin-si 449-910, Korea

(Received May 4, 1998; accepied June 5, 1998)

Abstract — The dose-response effect of polysaccharide extracts(PS-1) from Artemisia iwayomogi was inves-
tigated under various hepatic disease models. Silymarin, DDB and UDCA were used as reference compounds.
We found that the maximal effective dose of PS-1 was 100 mg/kg b.wt. in CCly-induced hepatotoxicity, D-
galactosamine-induced hepatitis, in ANIT-induced cholestasis and 300 mg/kg b.wt. in CClsinduced chronic
liver disease, 30 mg/kg b.wt. in chronic bile duct ligation and chronic ethanol fatty liver. These findings
suggest that PS-1 fraction protects the hepatocyte against various hepatic injuries, and this fracton might be of

therapeutic value.
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Fig. 1. The protective effect of PS-1 on serum aminotrans-
ferase activities in CCl,-induced hepatotoxicity. Values are
means =8 EM. for 8 to 14 rats per group. *p<0.05, difference
from control group. (CON; vehicle administration, SIL, UDCA:
25 mg/kg b.wt.)
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Fig. 2. The protective effect of PS-1 on serum aminotrans-
ferase activities in D-galactosamine-induced hepatitis. Values
are means+S.E.M. for 7 to 13 rats per group. *p<0.05, differ-
ence from control group. (CON; vehicle administration, SIL:
25 mg/kg b.wt., DDB: 37.5 mg/kg b.wt.)
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Fig. 3. The protective effect of PS-1 on bile flow in ANIT-

induced cholestasis. Values are means+S.E.M. for 5 to 10 rats

per group. *p<0.05, difference from control group. For explana-

tion of doses, see Fig. 1.
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Fig. 4. The protective effect of PS-1 on total bilirubin in
ANIT-induced cholestasis, Values are means+S.EM. for 5 to
10 rats per group. For explanation of doses, see Fig. 1.
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Fig. 5. The proteclive effect of PS-1 on cholic acid in ANIT-
induced cholestasis. Values are means=+S.E.M. for 5 to 10 tals
per group. *p<0.05, **p<0.01, difference from control group.
For explanation of doses, see Fig. 1.
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Fig. 6. The protective effect of PS-1 on total cholesterol in
ethionine-induced fatty liver. Values are means-+S.E.M. for 8
1o 10 rats per group. *p<0.05, **p<0.01, difference from con-
trol group. For explanation of doses, see Fig. 2.

%7F2 vtellichFig. 6). Fig. 7oA B whel o] Ak
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el ARl S E el vl F-ol't EU1E viebdich
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Fig. 7. The protective effect of PS-1 on total lipid and tri-
glyceride in ethionine-induced fatty liver. Values are means =
S.EM. for 8 to 10 rats per group. *p<«0.05, **p<0.01, differ-
ence from control group. For explanation of doses, see Fig. 2.

Table I. The effect of PS-1 on body weight and liver weight
changes in chronically CClL-intoxicated rats

Group  Dose (mg/kg) Body weight (g) (leer weight

2/100 g b.wt.)

CON 0 13.1+£6.4 4.43%0.15
SIL 25 26.7+3.7 4.63+0.18
DDhB 375 21.3+3.0 4.85+0.22
PS-1 30 25.0+4.5 4.47+0.12
100 14.2+54 4.4810.20

300 14.6+7.3 4.20+0.23

1000 10.4%2.9 4.581+0.23

The values are means+S.E.M. for 11 to 16 rats per group.

Z71e Uehia, 9B FelTe $49E

Aol 7} Q19 chFig. 7).
CCl, BHZhaksH

25} W zaled

CCL E3 2] ulESodA] PS-133] Sed 1000 me/kg bwt.
$UEE AU BE FolTolA 2T vlme}o]
AE 7} Awke] velghen, AFd AFAE AAEF
ZHEA(3.43+0.25 g/ 100 g b.wt.)e]| H]'a}ﬂf] =718 =
24 b, aAaaa aae o Zhel
el Se 72 Qlgich(Table T), @] ALT & AST
&3 w]23}e] silymarin, DDB % PS-183 &
A 2% sk e 4248 gigle s (g 8) 3

FIEIEIJ oil, _1£.

g4
o F-o|
ARtk LAY 22 ¥ 2sko] silymarin, DDB 2 PS-
128 FAT 25 BeTO FAE U 3
gkl olejr = SAdlE=T v wsle] PS-123 &=

| ZHSEE 20| e o7 123
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1500 . AST
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500 —
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Fig. 8. The protective cffect of PS-1 on serum aminotrans-
ferases in chronically CCl,-intoxicated rats. Values are means
+S.E.M. for 6 to 10 rats per group. For explanation of doses,
see Fig. 2.
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Fig. 9. The protective effect of PS-1 on triglyceride and total
protein in chronically CCl,-intoxicated rats. Values are means
E£S.EM. for 5 to 7 rats per group. *p<0.05, difference from
conirol group. For explanation of doses, see Fig. 2.

300 Z 1000 mg/kg b.wt. £FTollA {-&J g F4F vhehy
L1t(Fig. 9), B5 FFd| 2| &3 glolM= PS-123 £
J 300 2 1000 mg/kg b.wt. £FFol A A 2T} v w
atod folah /s Vehlek(Fig. 10). ZrEAW 474
ol glo] PS-183F Fof 30 mgkg b.wt. LT A7t
A2 vaste] o 718 vhehdlow, Zg
ol sle Al PS-18-3) Fof 300 mg/kg b.wt, $EFFo) 52
A gelet Huxg Jeblc) o velrt w33t

o o %
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200 < *

Total Cholestercl{mgidt
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Fig. 10. The protective effect of PS-1 on total cholesterol in
chronically CCl-infoxicated rats. Values are means+S.EM.
for 5 to 7 rats per group. *p<0.05, difference from control
group. For explanation of doses, see Fig, 2.

3 2 A mAL fET A2 J8uE kA hy-
droxyprolines}~2- DDB Fojio] #9Ae gadot #HA
=& vehfch(Table II). ZFER 73 A )X &A=z} ¥)
I13le] FAgdSo] PS-1HE Feod 300 Y 1000 mg/kg b.wt.
Lol A Zhaste A3E el on, ®ubZE(steatosis)
o Ax® PS-183 %4 300 ¥ 1000 mgkg b.wt. S
of|A] Zh2Fs A g el oHFig. 11).
ECZEN QlF UMFsl
477ke) A3 st pS-128 o] 100 2 300 mgkg bawt.
STl A AT v)E foek A GAF Y
E}II}D o], 7L Al §le] PS-18-3 Fo]hg Qo]
22 Zrigen gANET v nge of $o9 25
q-e}gdﬂr(rable o). A ALT 8A4-2 7} F7bel 524
gle]l 60~80TULE vie}ym AST X4 9leiME= Ps-
185 Fof 30mgkg b.wt 4-3F0] SANET ) H]5te]

Fig. 11. Prevention of CCli-induced hepatic changes by
chronic PS-1 administration in the rats. Fourteen days after
CCl, treatment in saline control (A), steatosis and inflam-
mations were observed around cemiral vein, whereas PS-1
treatment (300 mg/kg b.wt., po; B) apparently prevented the
hepatotoxicity. H&E (x 100).

—nn__] & 7\;}'_1_“‘ L}E}' }J\—' > QQJ] EH & 1_]_ DCA "TE‘D:l:{E‘qI
A% $olA 9le A4S JJeldil ZAdSsle] e s o

5= 9] hydroxyproline&¥ol] glojA) = €A 2=} v)asl

Table II. The effect of PS-1 on triglyceride, total protein and hydroxyproline in chronically CCl,-intoxicated rats

Group Dose (mg/kg) Triglyceride (mgfg liver)  Total Protein {mg/z liver) Hydroxyproline (ug/g liver)
CON (] 33.0+55 61.4+1.9 85.3+7.40
SIL 25 43.5£5.2 61.2£3.0 71.7+6.40
DDB 37.5 45.0%2.4 64.4+3.8 65.84-12.4
Ps-1 30 49.14+4.3* 65.92+3.2 71.0£10.2
100 44.8+49 66.613.0 75.5+13.0
300 42.745.0 67.243.3 97.2+£159
1000 453437 64.6+2.3 85.3+15.8

The values are means +S.E.M. for 9 to 13 rats per group. *indicate significant difference at p<0.03 lcvel when compared with the con-

trol group.,
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Table IIL. The effect of PS-1 on body weight and liver weight
changes in bile duct ligated rats

Group Dose Body weight Liver weight
(ng/kg) (8 (8/100g b.wt.)
CON 0 18.6+2.1 2.57£0.10
SIL 25 29.543.3% 4.174+0.49*
UDCA 25 26.8+29 3.71+0.38*
PS-1 30 23.314.6 3.95x0.51*
100 33.814.4* 5.114+0.54**
300 33.8L£3.5%* 51240.53*%*
1000 29.5£4.] 4.811£0.43**

The values are means+S.E.M. for 6 to 12 rats per group. *, **
indicate significant difference at p<0.05 and p<0.01 levels
when compared with the control group.

Table IV. The effect of PS-1 on serum aminotransferases and
hydroxyproline in bile duct ligated rats

Group Dose ALT AST Hydroxyproline
(mgkg)  (UL) (IU/L) (ug/g liver)
CON 0 739+16.8  260L£57 236517
SIL 25 73.1--8.8 257+70 30546
UDCA 25 58.0+13.3 90+29% 15612
PS-1 30 88.4+14.0 94+12% 161+23*
100 61.1--8.3 295+54 231+16
300 79.6+9.6 28471 213430
1000 6824107 169+50 203+28

The values are means-=S.E.M. for 6 to 11 rats per group. *in-
dicate significant difference at p<0.05 level when compared
with the control group.

o] PS-1%3 o 30 mgkg bwt. G374 F-3 s
vebfith(Table V). k2217040 o5k A, Kupffcr
cell HlA)3} (hyperplasia), &A% 4 (portal inflamation)
U ] azlo] YRS RN FEE o4
e ent, PSR $o 30 mgkg bwt. $HEIAE
T R =7} vl eke ek (Fig. 12).
UEN Xz

Fe7]17be AFdEE 39 2AddaTe] AFHsl
10.7+4.9 gP_E Lield=d] o]9} Bl mshe] silymarin £
29 AZZ7} Hol4S gRovh o ) +E o2 vt
dos, AAEAL wE AuEeld fedel v
(Table V). 72kz2A) 22 2T v E3e ZE YF T4
A ETR} vl aste] fojgt WEte oo, FAAd

E PS1EE FolTeld GapelaEide vhepdle] 300
mg/kg bwt. SN FAEAE dehhe A% 24
chH(Fig. 13). Fig. 140l &3 FAa#kE Al 2o 55.1
+4.89 mg/g liver24] ofA ) =E F 33} PS-143F £
gopz wRelx SAUET) Hld Feld Sl AaE

Fig. 12. Prevention of bile duct ligated hepalic changes by
chronic PS-1 administration in the rats. Four weeks after bile
duct ligation treatment in saline control (A), bile duct pro-
liferation, portal inflammation and fibric change were
observed around portal vein, whereas PS-1 (reatment (30 mg/

kg bwt, po; B and 300 mg/kg b.wt,
prevented the hepatotoxicity. H&E (X 100).

po; C) apparently

Table V. The effect of PS-1 on body weight and liver weight
changes in chronically ethanol treated rats

Group Dose Body weight Liver weight
(mg/kg) (® (g/100g b.wt.)

CON 0 10.7+£4.9 2.44+0.28
SIL 25 29.3+6.9 2.624-0.12
DDB 37.5 12.0+5.6 2.45+0.08
PS-1 30 114+11.0 2.70+0.17
100 15.0+£12.9 2.79x0.31
300 5.0£10.8 2.31£0.09
1000 15.7+4.6 2.51£0.09

hehiout, PS1EE FelTel gle1A SRSHL et
WA ghghenl, SR Qloids =E FATA
Fo0d sl Wil b e 2a9y ades

A 5_:_;\4:;]

9] A9

= RAeA 2%

H 315k sinu-

soidal caplllarlzanon) 2] H]' 27 (Fatty droplet), S}AHA
(ballooning degeneration) & *]9+Z(steatosis) 52| A7 o]
22 o]Ale|gitH(Table VI). eFAId] 275 silymarin £
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Fig. 13. The protective effect of PS-1 on total cholesterol in
chronically ethanol-treated rats. Values are means~+S.E.M. for
4 to 7 rats per group. For explanation of doses, see Fig. 2.
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Fig. 14. The protective effect of PS-1 on total lipid and
triglyceride in chronically ethanol-treated rais. Values are means
=S.E.M. for 4 to 7 rats per group. **p<0.01, difference from
control group. For explanation of doses, see Fig. 2.

Fig. 15. Prevention of ethanol-induced hepatic changes by
chronic DDB and silymarin administration in the rats. Nine
days after ethanol treatment (5 g/kg b.wi, po) in saline
control (A), sinusoidal capillarization, fatty cell and balloon-
ing degeneration, were observed whereas DDB treatment (37.5
mg/kg b.wt., po; C ) apparently bad more protective effects
against hepatotoxicitythan silymarin (25 mg/ke b.wt., po; B).
H&E (x 100).

T& 2A4UETT} £5 42019121, DDB Foj Zel s
= A oA debient Akl skl
15). PS12:8] Fof BeFFAAE SHAEHOL A
Z(fatty cell)®] zhz, Z]Ha]':’ﬁz—'lg 717} viehgte s 74
A7) $rdt $FO2E 300 mgkg bwt o velgel
(Fig. 16).

_‘L

Table V1. Histological evidence for the protective effect of PS-1 from ethanol-induced hepatotoxicity

Group Dose (mg/kg) Ballooning degeneration

Fatty cell Sinusoidal capillarization Fal droplet

CON 0 -+
SIL 25 +
DDB 37.5 +
PS-1 30 +
100 x
300 s
1000 *

4 +++ +
+ + +
+ + +
_l_ =+ —
+ + +
- + +
+ + +

Finding grade (- : negative, +

: trace, +: mild, + +: moderate, ++ +: severe)
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Fig. 16. Prevention of ethanol-induced hepatic changes by
chronic PS-1 administration in the rtats. Nine days after
ethanol treatment (5 g/kg b.wi, po) in saline control (figure
not shown), sinusoidal capillarization, fatty cell and balloon-
ing degeneration, were observed whereas PS-1 treatment dose-
dependently prevented hepatotoxicity (A; 30 mg/kg b.wt., B;
100 mg/kg b.wt., C; 300 mg/kg b.wt.). H&E (X 100).

r &

CClz & 48l 7FH5Ae] ¢J= £y 2 methylchloro-
form3} trichloro-ethylene 742 Zdo) A& 8] &= )
w2} Abgo] AR} 2o ghel(Mathnewe}t Donald, 1963). &
ek A-4714-L deA 9= edx]9 C-Cl bondr} A A
4] Az trichloromethyl® monoatomic chlorine free rad-
jcals7} A]AFAA4MEE oF7]3}o] (Gordis, 1969) Azld ez
ZHA = FALE 9o 7]v|(Pohl &, 1986) trichloromethy] rad-
fcal2 7]Alo[u} iz} F-FATAES W24 0,9 1t
53} trichloromethyl peroxy radicalsZ )4 & chloro-
form$ =H=Th(Pohl, 1983). wh=hr] Adalel 9loja] AT}
F4) 5~10 mlg] oko2 = Ak 4 SlekStewart, 1963).
olzlgt FrlollA & o] Pzl &332l PS-1 £E| of
&S] UDCAS} 555F 05 ALT 2 ASTS| 24
At A 22 Hol free radicals scarvenger® 2}-£31-2
AR ok

D-Galactosamine-2- 4| 3 UTP I}¥-Z AFg) 5 ¢l o7)n]

o

il

i

74+ uracil-dependent RNA synthesisZ oA 8}A] H)h(Krell
%, 1982). o= uialAl o) o Ao} MEeh Fxe] e
714 2 A = vlelgl2Ad Zha) falel Seje] A ET AL
& 2qske Aoz el glrH(Schanne F, 1980). o]
% D-galactosamine XFdxde)x] PS-1 £33 Fo 100~
300 mg/kg b.wt. &3] FAdEEZ A DDBRE ALT
= AST 844 AAgh Aoz wol Azl 8L o)
e HeE AR

a-Naphthylisothiocyanate(ANIT)Z. 4% PH&EEu1A
A Abe(cholestatic state)el] #g}; o= HelH, T8
A AR el 2ol el el 2,
7)Ae] $3A8] B-EHEka HTe)e ANIT/F E3) tight
junction®] FIA G S A FEAHELS YR 9574
AozH FEEAE o AAm dHA IchKrell 5,
1982). o3t wE-gA mde| glo] PS-18E Fof 100
mg/kg b.wt. §-FTo] FA =] UDCA T B} @&
ek AT F715 Jehis A2 Hol 179
kvl ulE 37} dEeA o 9lo] gEuEek 271
2 vehd Zeg Ao

Ethionine-2 ZVAY] ATP 252 7ZtAA =4S &
A 7|51 (Farber, 1971), 53] zF 7k el w2 oFe] A
ZF(fat dropletsyE £ A)A vl E 292 (microvesi-
cular steatosis}2- 4.¢ 71t} (Hoyumpa £, 1975)7 27 §)
o 3 z<] DDB £ 7 7 259 2H 2ol 4 ) b
F ¥of cthionine 538 Zkel] dhaled T} Qe AL
2obehdon], 2% PS-1¥-E S Y kA 2EA si-
lymarin o] Fell4] EI7}F gle ALE Hol 37 o
A2 PS-1-2 ethioninedl] o1s) 43 2yzlele ~9
£} gl AR Azsel A

CCLe} 22 7H54 232 7hEAY 1418A S $%=
sto] Zbate] A& WEgAA TSR E AEEAEE
Hak A ZIE}(NOII%, 1984; Geerts 5, 1988). A4k 7HA) 1)
o) Ak AR, o8-8 2 FH-go] FH-2 o] F Ay
ojct. A Wkzke] A<l wEAzle B3 LAWY F
AAAko] WAoo 2 FuE nAo] XotEe Ao Ank
ZbellA] 7} A3 x| uko] A= 7t PFake] FrEe] 234
o fash 24 ¢ vk 3% 9)cl(Hoyumpa
%, 1975; Lombardi, 1966). CCLE 4% = zalsha] wiw
L 25 AAFHIEZ Q8 YA Hs fee radicaldl] 93 F
7143} (midzonal)e}  Z4173 9 5.9] (centrilobular regions)e)
452 49} Kupthor colle] 27} 2 93AL BEEE
£ o 9ged, B dFedx PS-183 Fojfolla] 48k
AEa e A FA Atk Zebaeke] 2h4v) o}
el X HkE(steatosis)2| FF4rF Vel 722 ¥e} ps-
1282 CCLel A8 A2 AE 22908 & 4= ginh

THAF37F ke 7HR 8 Awe Y dsle Y2,

L

=
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2 W 77|5RA, S5, 93T 288 bk
Flalglz] (portal hypertension)yS- A 7T}, 735
(liver fibrosisye> Zb23he] ubx|=t wtA|ql 7S} (liver cir-
thosis)2 Ao]Ew o]2)gh 1HAR3te] AL 82 =
3} Qi ol m 2peha ol shals) walxx) e k. 2
ZAo]| 4] proteoglycans, collagen, glycoprotein®} elastin -5
A9 BAFTEE AgEAE §ATTHBabbs 5, 1988).
AelA Ak 7 AREA e okl AL EA
collagen®] <Fo)t}. o] collagen&- A EZ=ol| 4] procollagen®]
e ATA S FAs AEsheE fejEmA o2 4
714l N-2} C-terminal peptide 2 Ea&l%| 2, o] 13 A&
FAFAA 3] A 4+ ek 2 ARSI 249
collagenoh& AR AR 4500 o] E7heieh.
Collagen®] o}n|x4te] F-zFol|l= hydroxyproline®| <F
10% #-R-=o] glolx &A Fof procollagen ]9} 27| F
2] hydroxyproline %8 &2 AbgAl-& o]=rhH(Chojkiers}
Brenner, 1988; Galambos %, 1985; Tsukamoto 5, 1986
and 1990; Jezequel 5, 1987; Anthony 5, 1978). B E=R
hydroxyprolinesFe] &4 7H{-31e] AT 2 AME-E=
ol B odTella PS-183E Fo] 30 mgkg b.wt-g3TelA
$0)% g oo n 2 PS12Ee) 244318 oA
e ¥ % 2l
AgaA] i AsHe WA 244 (Ebrogene-

sis)F A-f-de -3l (fibrolysis)7he) F&e) wa)g e 24 v}
ehtied 2 712 ofA] EAls] BhE s 1 vl GA = AlEH
Ql Zh&toll 28 7124 52] macrophages] Kupffer celle]
gA3s]o] TGF-B, TGF-0, PDGF, EGF, TNF-o.F # A S
cytokinee] ¥H]¥c}. o3t cylokine$- w|7|2 Zk2A] F
2ubA|z el Tto cello] BAzIE o] Az 4L 24l
F= Ao 2 ojakE 31 9] 2w, CCl, DMN, BDL/S -l 2]
at A3 ZhgAlA] Kupffer celldt Ito cell®] ZAle] &<l
A u} glck. o|shRe HAL AA AEA T AgEAe]
slr}a 2hel A9 7ko) sinusoid” | A8 B3 (capillarization)
# c}(Meher2} McGuine, 1990; Schaffnere} Popper, 1963;
Sherlock %, 1989). Sinusoid® 7HA|E7} Y3 oJokF, =
A% 2 2F AR 5L 785 §5olrt o] £2E 7o)
Tl o g &l 9le o 2 sinusoide] ZAgEA Fol
2% el caplllanzatlon°1 Ho] 7HH 2] 7]FA she}
7rA|E2] Helsle] BAng, AFte] 3F Fel HAH
31(Friedman, 19903} 1993), ZhY €F¢] w52 (intrahe-
patic shunt)7} & A Fck(Huet 5, 1986). *]2 %} sinusoidal
capillarizationo] <24 Aubzh Adea] PS-14E F
300 mg/kg bwt, 3FT-ollA HAE] 4EE A2 Hot
PS-1 23J0] k3] Sak Azt 94 B RS A
ATz AR ol TelAl 2EEEF B 2
91 PS12He] G4 A4 bR Ao 2 GEEF

of] &8 F 9k Auk7ke] 28 9 ke g AtE|ejzlt

wheha) oleid B2 Fatsle 2w WlAle) oA
23] PS-14-8l¢] ethionine - R1Hb7E 2 @A HS A<
3l3 7*7%:@ a3zt 9lglen, o)u HPaHNE vfeh
L g=ke 100~300 mgkgo 2 FARAT

2l 2

o] A 1996 % BB R B AL 27| eA /AL
G2 A Qo] o) HH AL E o)o] Zlo] PAlEFIT
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