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Abstract

Protective effect of injinhotang and its components
on acetaminophen-induced hepatoxicity in rats.

Choi Jae Woo, Bae chang wook, Park So Young, Yun Hyun Joung, Park Sun Dong
Department of Herbal pharmacology, College of Oriental Medicine, Dongguk University

Acetaminophen, which causes acute liver injury in humans and animals, has made
useful inducer of hepatoxicity for studying hepatopreventive drugs.

Injinhotang is known as one of the hepatopreventive drugs. However, its mechanism
of recovery of hepatoxicity treated with acetaminophen is poorly understood. this study

was performed to observe the antioxidative effect of injinhotang extract and its several
combination groups.

The results were obtained as follows:

1. In the study on free radical scavenging effect in vitro(the suppressing effect on
peroxidation of linoleic acid on concentration, the scavenging effect of DPPH radical,
inhibitory effect of superoxide in xanthine-xanthine oxidase system and the inhibitory

effect on lipid peroxidation reaction by hydroxy radical in H202-Fe2+system,
injinhotang have more effect than its components groups relatively.

2. In the study on antioxidants system in vivo(the level of serum LPO, the level of
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hepatic LPO, catalase, GSH, GST), only injinhotang has a significant effect.

3. In the study on hepatotoxicity(GOT, GPT, v-GTP, ALP, LDH, b ilirubin), only

injinhotang has a significant effect.

These results suggest that injinhotang has the protective effect on acetamino-

phen-induced hepatoxicity. The mechanisms of these are supposed to be involved in

antioxidant and three drugs’ cooperative synergy effect.

Key Word : injinhotang, acetaminophen, hepatoxicity
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Table 1. Composition and contents of Injinhotang

7P<lm_ #he YeEEAd g a7
x] . meAd AAE 2
%FQ¥5J Z‘}' fﬂ:{n = °}‘°:]

13t om, BBk

Contente fem 1 pupec | AB | Asc | BeC

Artemisiae Capillaris Herba (A) 150 150 150
Gardeniae Fructus (B) 75 (6 75
Rhei Radix et Rhizoma (C) 45 45 45
Total (g) 270 225 195 120

2) Alek

2 ¥ AMEE Aok 1,1-diphe-
nyl-2-picryl-hydrazyl (DPPH), bovine
serum albumine, 5,5 -dithio-bis—(2-nitro-
benzoic acid) (DTNB), sodium dodecyl
sulfate (SDS), thiobarbituric acid (TBA),
sulfosalicylic acid, potassium phosphate,

malondialdehyde tetrabutyl- ammonium

salt, linoleic acid, xanthine, xanthine oxi-
butylated hydroxytoluene (BHT),
tocopherol, sulfanilic acid, N-(1-Naphyh-

dase,

yl)-ethyl-enediamine %<&
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ethanol, methanol, acetic acid $}
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GOT, GPT, ALP, v-GTP, LDH, bilirubin



12 ANS, A=, %Ay, 28d, 9Ns
238 kite olA G FUste AL F 532 nmolA FREE FANG 2
3t o} Jxu AR de] #FFE MDARZ ET
Ago) AHRE 7]7]E= UV-VIS spec- AZFIAEL 34T of, oo 4AF =
trophotometer (UV-2401PC SHIMADZU A X & MDA pMZ 7]t
Co)& AH&3la, o1 o Age A8
EE AYEL AFdA EFFE 798 (2) DPPH radical 2#%
o AME-3F AT ok %ZE29] free radicaldl W& £A
EHE UolR7) Y3 Hatano 59 ¥
2. 4 15)el uwa DPPH radical 2AA&#HE &
1) Hd =H APt 4 FEEL FHT v
BBl 3w el 80% methanolg Y F o EFE 4wt 15x10-4 M
78 T & 4847 B9t 2Z5lm o] w3y  DPPH/MeOH 1 mE &3] & &5
2 28 BEad A3E F s3en 52 T2 ALolA 0 FL WAE F 617
Az3Ao nmol X FF=& FH3A
2) in vitrooll Al Q] EALSL &3} (3) Xanthine-xanthine oxidase 7l ol A
(1) AARAFASANN ] S35 superoxide<] 449 1Al's
Linoleic acid & £&ol& Osawa = Xanthine-xanthine oxidaseAlIA A4
gel Az linoleic = superoxidee] ¥z FEEef oA
EHE &A387] Ystq dSFd 22 v
LAL 2AsGE. WA 250 pM xan-
thine 05 M3 ¥=¥ F&9 01 m %
50 mM sodium phosphate buffer (pH
70) 1.3 Mg 3 HFLEYES A2
L2

2 13)90
(o]

mM phosphate buffer (pH 7.0) 10 m&
FEES
A 387 AXF L, 0.1 unit xanthine
oxidaseE F71sl ¥Hg&deo] FFE

M2 288 290 nmolA 18N F3%

9
acid 013 m¢, 99.0% ethanol 10 m¢, 50
Fryg A

EFsta, 7+ A
7H3 e, TFFE total volume®] 25 ml
HE2 ZAE3AT o] EFAE test
tubed] 1L, v E7 o Al Bt
AEA4EE ZAAA.
TBAH 9l
5o w6l we YAsA. 5, oc o EHE FHAAAAIG).
ol A % AlZ linoleic acid E& % 50 w
8.1% sodium dodecyl sulfate (SDS) (4) H202-Fe2+ Al = A3atst g
02 me, 20% acetic acid (pH 3.5, 10N
NaOH) 15 m¢, 0.8% TBA F£9d 15 m
A9 total

o]
AZ% %7t 75 mg/mel BFHAY xF

40T
23 MDA A %L Ohkawa
o A 5
FAN 1 mM FeCl2, 3 mM H202& 3%

§3tE fenton ¥H&ACA H202-Fe2+7)
o) g7 Bz AN Wl AG
AT AHRY] 8 52 g8 F&

o
ZHTF2 9
e 4 mE 2% g, 5CA 60
231, Al 95CAAN 6087 &
FEEAA YA

& 23,
volum

23 3

AxNZ H, BE2F
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o] #H7I¥ 01 M sodium phosphate
buffer (pH 7.4)9] ©& &AL 1 M2 3t
37TCAA 10837 ¥3AZ thg, TBAY

3 =8

(1) 529 A

4852 4 2% 10784 579 2
oz Yyrqx, 2E A¥5Ee AY A

5UZ ratd AFAES & AT Qo

NExTe nPAIES EE 547 Al
glol T8 ¥ acetaminophen 500 mg/kg
& B FAsden, d¥de
AT o2 A EBE G, WBHE T, BB
K, WT+AEeE UFdew AIdE
2% 7} FEE 500 mg/kg/H209] %
2 5Y3 &8A171 ¥, acetaminophen 500
ng/kg/DMSOE 13 EZ FAEET. =2
AFFTELS AAANE HF A 1242

= k=1
o B9 F3 A4 ARG,

(2) BAXNFY A=
AYFES ether2 U A7 B
A& wet st A st
on, PG AL A2 1AL F
WAg vy 83§ E8stdd TBA wb
R Egrgdog AL3AT
Adg AdF2 #FHRAD L 23FH o
EEA FEE Fodte o] F
AAE 7R A Adged F R
whatman G2 AAdFE AAST F
-70Cd 52 REI}A ARSI B
3 E

24T 24 99 AA 24 F 9

kv
jujied

oo 2 ¥ o¥
O+

A

4¥) £39] 50 mM photassium phosphate
buffer (pH 758 718t LS5 <tolA
homogenizer2 4% #3339t} o o
AoBg 110xgolAd 1087 AT 3
A=olo marstal A (lipid peroxide) 3%
Z2A387] Y43 ANFEE AESRI,

U
AzAe 600xgol A 1587 AR
%

O:

)

Al

A3 AzAHE AAS B35
b 5 ohal 12,000xgol M 30% < 4
SRt A% Pelletol
photassium phosphate buffer= 2} 314 gt

Ol

w7 oo
o o
2

>

= o O
FENE

t} 8 catalase, glutathione, glutathione-s
transferase TAEE A&7 s A=
2 Apgsnh 47 BE 23e
Rl e @
(Scheme 1).
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Liver

Added 4 vol. of 50 mM photassium
phosphate buffer (pH 7.5)

Homogenate

Centrifuge at 110xg for
10 min

Supernatant

Pellet

Centrifuge at 600xg for 15 min

Supernatant

Pellet

Centrifuge at 12,000xg for 30 min

Supernatant

Mitochondrial fraction

Scheme 1. Preparation of hepatic mitochondrial fractions for enzyme studies

4) in vivoollM 2| shitsl &1}

(1) A% lipid peroxide &3

TBAZ 74L& Suematsu 59 WH17)0)
2} clean test tubed] ¥AH 200 wE ¥
a1, 81% sodium dodesyl sulfate (SDS)
solution 225 pf, 209 acetic acid 1.5 mf.

7T 75, 12% thiobarbituric acid
solution 1 ME ¥ & HoAF F 3083
water bathol Al ZHth o]F HA24 30
3t cooling3t3L 3000 rpmell A 2083+ €
A A8t A4EFAE 532 nmolA &A s}
At
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(2) 7Zt=3Z lipid peroxide &=
zZAY LPO¥HE A& Ohkawa T9

P1oel gtk z23 vy #Ede
1,000xgdl A AR & FEAE A
81% sodium dodecyl sulfate, 20%

acetate buffer (MPH 35 % 08%
thiobarbituric acid (TBA) &%& 713] 9
5CAA 1A B A 7|5 ALo=
Wbk g A4 " 42 TBA reactive
substanceE n-butanol : pyridine (15:1)
Aoz oPAA A 532 nmolA FF
=9 WslE A% FFAAY. Y49
A 29 malondialdehyde (MDA) FE&
free MDAZ EFHE T3t9 AdsAe
W MDAZEHL ZZF ng? nmole YE
=

(3) 7+=4 % catalase &4

ZAW catalase EAAEE Aebi®]l ¥
18yl wet FAs4c. 50 mM pho-
tassium phosphate buffer (pH 7.0)9] &
A9 4A3FE 43 71E=2A4 10 mM
H202 &4& 7teted 7 240 nmol A &
FEe WMEE 28% FAHI}AY. dxAd
Hozx 7122 10 mM H202 £ tjil
o] 50 mM photassium phosphate buffer
(pH 7008 718 tt2 21L& 99 FL3t
A st FHES e 2HeAoH &
A0 FAEE 1R g9 1 pMe H202
E BEeAIE 549 ¢S 1 unite® 3
A
(4) =A% glutathione &%

z2 W GSH &% % & Ellman 59
wel19)o] whsirl 27 R AL 1,000xg
A AR F F, IR 4%

sulfosalicylic acidg 7ttt E@T *F
1000xgel A 1023 dAdEedsts 45

o 3l 1 mM DTNB €43 &34

AL A 2087 I F 412 nmolA
TFEE =H}Pew GSH IS

protein 1 mg & nmoleZ YEH AT,

(5) 7+=x=%F glutathione-s-transferase
24

%AW GST &AL chiorodinitro-
-benzene (CDNB)3 GSHE 7|22 A&
& Habige ¥d200e2 ZA3&%Ach 0.1
M potassium phosphate %8 (pH
6502 XA T FEFAd 1 mM
GSH, 1 mM CDNBE #7bsted g4 340
nmol A @A mg?d 187 conjugateds
= CDNB9 nmoleZ ®7]3t4th

(6) w®d A
Ay R

X2 Lowry 59 #21)el
w@}l bovine serum albuming EFFLRE

3o} gude AFHAT

5) in vivooll M Zh 2 EFx=MEis
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) @3 % GOT 84 &%

3% GOT ¥A L Reitman-Frankel
o] "Wr22)e) wa ZAE A kitE A
439 24399 GOT 712 10 M-S
A ao] 7hste 37CAA HFE | g
g, 83 02 Mg go] & EFTE F 3
7CoNA 6027F ¥HgAI H A 0
wS H7tetel F EFst A4 207
7+ wAstd Weg FuEAJIZ, 04 N
NaOH £ 10 m& 78l & s o
& AedA of 1083 ¥A}ATT} 60%

401
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oo 505 nmoll A FHIFE Rz §3
=9 H3E SAAY. 84 F GOT &
AEe AT I AY JHAA A&
Ao 834 1 mF karmen unite® U
ER At

(2) 84% GPT &4

H3% GPT 842 Reitman-Frankel9]
W22)e] wel 2AE Al kitE AFE3t
o ZA3AY. GPT 7129 10 mE A
ol 7hsteo] 37CA 583 A& o
T, 8% 02 mE ¥ F EFH F 3T
A 30&3F AN H FHAY 1.0 me
£ A7t T EFEY A4 2083
WX et wbgS F8AYIE, 04 N
NaOH &9 10 m& 7138l # &3 o
= A2oA o 10&3 TA3AH} 608

o1 505 nmel +8 ng ;g-%

2%

=22
S T

1_°ﬂ“] e

o ¥Y 1 mF karmen unito
YERA AT
(3) HF v-GTP 84 &4

4% v-GTP A& 5-Aminosali-
cylic acid¥23)ell wal A" Al kitE
/\P%?ﬂ'&] Z4%49. v-GTP 7124 1.0

Al@ @ 7tste] 37TCA 583 %
i]f\‘} o3, 83 002 Mg ¥ ¥ S
5 37CAA HEs] 2087 32 & F A
A Ad 30 mE F AHAE F A2 20
B2 BA18 907k 608 ool 635 nmoll
A A% blankE W22 FFEE A8}
Ach VHE v-GTP BAHEE EZF 4P
T A AdEdd e mU/meE Jet S
o}.

(4) 3% ALP 84

d3F ALP 4L
w24)e] wetk 2A" Ao kitE A3
o ZA3Ach 712D 20 mE AP A
7Vate] 37ColA 587 WA g & o7]9)
23 005 mE 7Hste F EFed 37C
AlA A& 158 gAY HHYA A
20 M R3] EFD & A24A4
108 o4 wWAl7|z 60% ool 500
nmo) A A%k blankE 22 FF=E9 W
38 233t 3F ALPY AHEE
BE AY JAANA AEsFe EF A
2 king-amstrong unit2. 2 YERHAT)

=7

Kind-King %9

9n

(5) 3% LDH 24 =73

¥3% LDH 4L 5425 uwat
ZA"Y A kitg AMEstd EFAskAh
71dd 05 M FAAY 056 mg AEa
o] 7tste) 37TColA 5EZF IXE oF,
FHE 5 g4 A 005 mE et
o @ F3st 37CoA B 1087
NZA 84 wg HAA 30 mE
Wa 83 EFI F 608 ol 570
nmoll A Al¢F blankE iz FFx9 ©
38 ZAsch. 3% LDHY 4=+
F AF ZAAA  Assged
wroblewski unite.2 et

o

Ax

(6) A% bilirubin TF A

84 % bilirubin 842 Michaelsson2
w2g)el wEl ZA"E Al kitE A3t
o 2484t 8% 01 mt, tolAAA A
1.0 me3} HopzA Y 1.0 M Alddd 7
st A E3tsle] 1023 A0 WX %
F #HY AlY 10 Mg W3 FE3I £F
gt 2A17F ool AleF blankE WiRE
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3. SAXZ

APAFAs HaH 1 AAE I3
I $oA AZEL Sigma Plot 2001 (Win-
dow-§ version 7.0 ©°]£3to] unpaired
t-test® AAsHATH

m &'/ & & X

1. in vitrool A XtR7] &+ &3

1) XEXSAtstAH AL SaEt &

ot

X3 x el AF<Q linoleic acid9
AEASAE o] &8l FE FEEES
AN AFAE A A ZRE Wt AL
Mg BEagn. 2 A, o}Fd HAE
A @L dixTdAY AFAANsE
shere Alzto] Al wet A F7hkst
o HiY 10¥9AdE 1861x1.54 IME &
A Z712 Bk F4skAl¢l BHT ¥
H7He AP TAME wld
10946 2z 0.97+0.02, 1.11+0.07 uMZ
ol wis At Ee Aol &
AstA AAHAYLL. olol vl FE F
AdFdM e MAHoR Frrt EolATE
A4 &7t AASA JdeEbdoh. ERES
< W% 10494 &8 F=7F 1000, 2000,
4000 e W Zd 12.00+1.46, 451027,
1.39£0.06 pMZ m ¢ R4 (p<0.0D
A AR EHHET S g 10294

tocopherol &

222 %7} 1000, 2000, 4000 pgd ™
Z+z} 12.67+1.32, 5.21+0.30, 2.320.12 pM=Z
ey ml$ felA (p<0.01) A A E
Aok BB KES Wt 1094 FEE F
T7F 2000, 4000 pgd W 6.14:0.40,
311+020 pME Yy  w$ FelA
(p<0.01) YA JAHA. e T+ RS
ok 10¢A F&E w=7F 2000, 4000

g W 5.70+0.45, 2.67+0.36 UIMZ et
(p<0.01) A

LENKEE:

(Fig. 1).

A A = Aot

Antioxidative activity (MDA uM)

4000 2000 1000 500 200

Dose (:9)

[A} Injinhotang : A + B + C

Control  BHT Tocopherot

Antioxidative activity (MDA uM)

Control  BHT Tocopherot 4000 2000 1000 500 200

Dose (ng)

[B] Artemisiae Capillaris Herba +
Gardeniae Fructus : A+B
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Antloxidative activity (MDA uM)

000 2

o4 . i
Control BHT Tocopherol 000 1000 500 200

Dose (ug)

[C] Artemisiae Capillaris Herba + Rhei
Radix et Rhizoma : A+C

Bl

Antioxidative activity (MDA uM)

E 73
Control BHT Tocopherol

4000 2000 1000 500 200
Dose (ug)

[D] Gardeniae Fructus + Rhei Radix et
Rhizoma : B+C

Fig. 1. Effect of the Injinhotang (A+B+C,
A+B, A+C, B+C group) extracts in
linoleic acid system on antioxidative
activity after 10 days.

Each values are the mean * S.D of
triplicate experiments

(#+ : p<0.01, * : p<0.05).

BHT, tocopherol ; positive control
[A) Injinhotang : A + B + C
[B] Artemisiae Capillaris
Gardeniae Fructus @ A+B

Herba +

[C] Artemisiae Capillaris- Herba + Rhei
Radix et Rhizoma : A+C

[D] Gardeniae Fructus + Rhei Radix et
Rhizoma : B+C

2) DPPH radical &=+ &=}

7} 2zEs9 wEdE FAId U
DPPH radical 2A&%& #2% 29, o
BB =L BT o&F2 radical &
A&FH7t Jelge. 53], FE2E F:=
4000 pgol A BEBER, WBRET, BB+
K, WT+R#ES 247 8256, 6893
7969, 53.25% = Wi$- AHF A2A &I
veb ot (Fig. 2).

100 4

DPPH radical scavenging activity (%)

o —
,ﬂ':—?"’f" —e— BHT
7 o A+BHC
20 4 A ——y-——  A+B
e} -
://,/ ——g s ASC
= — - — B+C
o5 1 2 3 4 S5 € 7 8 S 10 20 40(x100
Dose (ug)

Fig. 2. Effect of the Injinhotang (A+B+C,
A+B, A+C, B+C group) extracts on
DPPH radical scavenging activity
*Radical scavenging  activity(%) =
[(control O.D. - experimental O.D.)/Con-
trol 0.D.]Jx100

Each Values' are the mean of triplicate

experiments.

3) Xanthine—xanthine oxidaseA| 0l A
superoxide2| MM <X Fof
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Zr FEEEY T sddd g
superoxide®] AA JdAEI}E #HA3 A
#, 74 FEEAA sE 94EAA supe-
roxide?] A4 JAEZHE BT FEF
A 1000 pgd W PR 27.56, BEBR+
fid 7 2399, BB+ K 2647, FET+KE
2098% = W HES EUr FRAYGE =
g By a3 Ag #FE & Y
(Fig. 3).

100 4

80

20 A

Inhibition of control (%)

40 100 260 400 1000
Dose (ug)

Fig. 3. Inhibitory effect of the Injinhotang
(A+B+C, A+B, A+C, B+C ¢group)
extracts on superoxide generation induced
by xanthine-xanthine oxidase system.
Each values are the mean of triplicate

experiments.

4) H202-Fe2+Hol M x| & 1Lkt gt
S dAx gl
Hydroxyl radicaldl thd oA &aste

2ad 2 23 fzdNe Fasx2
o §FL 3872 uMolR o}, FABAN
BHTZ #7tg Agadde 309 iM2
Jehd dzzdl e o 1%l oA &
ﬂri R
q BE 3 o&2"9 ox mHE v
mai%tﬂ, =289 o] 1000 g2 o, B

Bi# ¥ 6.35 UM, HBE+HET 854 nM, HEK
+K# 755 UM, HET+KE 956 UIME ¥
Bismo A B F3d AdAdste A
A A a7t YeEbRy (Fig. 4).

40
35 q
30 4

25 4

MDA uM
3

40 100 200 400 1000
Dose (ug)

Fig. 4. Effect of the Injinhotang (A+B+C,
A+B, A+C, B+C group) extracts on lipid
peroxidation in H202-Fe2+ system rat
liver

Each values are the mean of triplicate

experiments.

2. in vivooil A &tekst ot
1) &8 Z lipid peroxide &
= g
Ao Mel AT MDA L

2.31£0.40 MDA nmole/m¢ <1d] H]3] =

& 7.26+1.84 MDA nmole/md & BT

o wlsl 3wl o}t FrtetArh AP oNA

Eﬁ&ﬁ%@* 5.84+1.14, HB+ET

6.62+1.02, A+ K#E 6.99+1.45, #E T+ A3E

6.98+ 160 MDA nmole/mt 2 ZAF8S &

F AAHFig. 5).

gkoll o] x|
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Lipid peroxide (MDA nmole / mg)

Control  A+B+C A+B A+C 8+C
Group

Normal

Fig. 5. Effect of the Injinhotang (A+B+C,
A+B, A+C, B+C group) extracts on the
level of serum lipid peroxide in
acetaminophen-treated rat

Results are expressed as the mean *
S.D.

In each wvalues are the mean of
triplicate experiments.

##  Significantly different from normal

(## : p<0.01)

ZellX e HAsiA A dFe BA AN
Tl Mo F3FLE 11.67£1.99 MDA nmole/
mg 1El ¥lE iz2Fe 30.35:4.72 MDA
nmole/mg &2 3ul o]A ZFJlatgct AF
TN BEEE 2489+341, HEE+ETF
27.62+4.11, PHBR+AK ¥ 28.35:4.90, HEF+X
# 30.10+572 MDA nmole/mg &2 bk
EEel w4 (p<0.05) UAA FAFP
(Fig. 6).

30 4

20 4

Lipid peroxide (MDA nmole / mg)

Controt A+B+C A+B A+C B+C

Normal

Group

Fig. 6. Effect of the Injinhotang (A+B+C,
A+B, A+C, B+C group) extracts on the
level of serum lipid peroxide in
acetaminophen-treated rat

Results are expressed as the mean *
S.D.

In each wvalues are the mean of
triplicate experiments.

## . Significantly different from normal

(## 1 p<0.01)

* 1 Significantly different from
control (* : p<0.05)

3) ZE=EF catalase Mol ojx|=

PR

ZolAe] APT  catalase BAAL
10.44£1.04 units/mg ©l HFH HRTL

6.55+0.71 unit/mg &2 o] A AT
AT E HREEH 828+0.85 , B+
T 7.62+1.07 , BEB+XE 751069,
T+K#E 764£1.41 units/mg &2 WHNE
o] ul$ {4 (p<0.01) YA F7HsA}
(Fig. 7).
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Fig. 7. Effect of the Injinhotang (A+B+C,
A+B, A+C, B+C group) extracts on the
level of hepatic catalase in
acetaminophen-treated rat

Results are expressed as the mean *
S.D.

In each values are the mean of
triplicate experiments.

## : Significantly different from normal
(## . p<0.01)

*x ! Significantly different from
control (** @ p<0.01, * : p<0.05)

ZEZEEF glutathione Eakoll o]%]

of 5t
=R

of A 2 A4 GSH F
19.56+1.94 nmole/mg A& ¥ =T
1592+1.15 nmole/mg &2 23ttt 2
FTAAE BBED 1745+1.14, BEE+E
T 16.85t1.67 , WEBH+AHE 16.89+1.49, #E
T+AK# 1654+1.78 nmole/mg 2.2 HHE
Bol fAAd (p<0.05 AA ZUHEa
(Fig. 8).

o &
juie

Mo rlo

>

N

Glutathione (nmole / mg)

Normat Control A+B+C A+B A+C

Fig. 8. Effect of the Injinhotang (A+B+C,
A+B, A+C, B+C group) extracts on the
level — of  hepatic  glutathione in
acetaminophen-treated rat

Results are expressed as the mean =*
S.D.

In each values are the mean of
triplicate experiments.

## : Significantly different from normal
(## © p<0.01)

x o Significantly  different
control (* : p<0.05)

from

o1

)

r\l

Fx=AE  glutathione—s-transfera—
A

tdofl olxle A&

L.

1l

o

8
=
2

X

YA el glutathione-s—tran-
sferase 842 258+0.13 nmole/mg ®] H]
3 dNE=FS 3.82:033 nmole/mg o2 F
7ttt AT HBER 3.2310.-
22, HH+#ET 3.53+0.30, BB+ A% 3.53-
+0.30, ¥e T+ A# 3.59+0.48 nmole/mg 2=
AERESB e o4 (p<0.01) IA 7
233 (Fig. 9).
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Fig. 9. Effect of the Injinhotang (A+B+C,
A+B, A+C, B+C group) extracts on the
level of hepatic glutathione-s-transferase
in acetaminophen-treated rat

Results are expressed as the mean *
S.D.

In each values are the mean of
triplicate experiments.

## © Significantly different from normal
(# 1 p<0.01)

*x . Significantly different
control (** : p<0.01)

from

4. in vivooll M Zi2tH EH=AH 3|
1) GOT &AM ojx|= Hs&
A9 AYTEY GOT BAHL

4094569 karmen unit/m¢ ) ©] uls) o

2L 82.22+11.25 karmen unit/mé &

ol 2w 7t Frhstdnh AFFAME

B &% 71.254551, HEBE+ET 82.22+-

112, BHBE+K# 91.99+1148, HET+KE

84.99£10.48 karmen unit/mé Z R

o] ]9 A (p<0.01) AA FAadIYch

(Fig. 10).

GOT (Karmen unit / ml of serum)

Effect of the

Fig. 10 Injinhotang
(A+B+C, A+B, A+C, B+C group)
extracts on the level of serum GOT in
acetaminophen-treated rat

Results are expressed as the mean =*
S.D.

In each values are the mean of
triplicate experiments.

## . Significantly different from normal
(# : p<0.01)

=% | Significantly different
control (x* : p<0.01)

from

2) GPT &Mof o|x[= 9g

Ao HdTed GPT €4&
23.24+7.69 karmen unit/m¢ Au] Hs| of
FTL 46904352 karmen unit/mé 2 ¥
Zdeo] 2uh 7t Fristdth A¥TAAE
HEEE S 39.69+2.00 , HBE+HET 41.98+-
523 , BB+ KFE 51.62t4.98, #ETF+AkA
47.79+3.75 karmen unit/mé 2 BB E %
#94 (<0.05) YA Ta#AT (Fig
11).
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Fig. 11. Effect of the Injinhotang
(A+B+C, A+B, A+C, B+C group)

extracts on the level of serum GPT in
acetaminophen-treated rat

Results are expressed as the mean =
SD.

In each values are the mean of
triplicate experiments.

# . Significantly different from normal
(## : p<0.01)

* . Significantly different from control
(x : p<0.05)

3) v-GTP &Mof ojxl= H&

gAgolel Ao v-GTP 842
4081544 mU/m¢ <ld ®ls) d2Te
7063721 mU/md & &Alo) 2v) 7t F
7het Aot AP FA A e HBRE 5
56.63+3.68, BYBE+ET 64.97+9.40, BB+
# 69.36+9.85, #& T+ A# 70.36+10.29 mU/
m 2 EBERCl F94 (<005 A
A3 (Fig. 12).

1007
E 60 %
%7.40- 7
. Group
Fig. 12. Effect of the Injinhotang
(A+B+C, A+B, A+C, B+C group)

extracts on the level of serum ¥-GTP in
acetaminophen-treated rat

Results are expressed as the mean =
S.D.

In each values are the mean of
triplicate experiments.

## © Significantly different from normal
(## : p<0.0D)

* © Significantly different from control
(* : p<0.05)

4) ALP &XMof nlxjz &

YoM Aol ALP
33.22+452 king-amstrong unit/d¢ <idl
H8 tZTL 64.35:853 king-amstrong
unit/d¢ 2 o) 28] 7t FUbESch
AP TAME EBES 53.04:4.25 , Hp+
¥EF 56.23+15.23 , HBH+K#¥ 61.36115.65,
ETF+k% 64691859  king-amstrong
unit/dd 2 ZaTE ¢ & AU (Fig.
13).
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Fig. 13. Effect of the Injinhotang Fig. 14. Effect of the Injinhotang
(A+B+C, A+B, A+C, B+C group) (A+B+C, A+B, A+C, B+C group)

extracts on the level of serum ALP in
acetaminophen-treated rat

Results are expressed as the mean =
S.D.

In each values are the mean of
triplicate experiments.

## . Significantly different from normal

(# : p<0.01)

5 LDH #dol ojxls g

Aol e AT LDH AL
713.25+41.32 wroblewski unitQld] u]3j
2T 114250+79.39 wroblewski unit

o= o] 28} ¥ FrhEAT AEE
M E HEEE 956.24+42.41, BHB+ET
1078.58+165.74, Wi+ A# 1105.86+135.69,
FEF+AE 112838423748  wroblewski
unit &2 HHEEC 943 (p<0.05) U
A ZA3IR T (Fig. 14).

extracts on the level of serum LDH in
acetaminophen-treated rat

Results are expressed as the mean *
S.D.

In each values are the mean of
triplicate experiments.

## . Significantly different from normal
(## : p<0.01)

= 1 Significantly different
control (x : p<0.05)

from

6) Bilirubin & 2koll O|X|

A Mo AT Bilirubin %3
4056545 mg/d¢ 9 wF RS
69.42+6.06 mg/dt 2 2] 7}F F7HSIA
o APFAME BHEEE 57.88+467,
Bi+HET 65.63£10.36, BEPR+ K& 67.43%-
997, ¥ET+K#E 74431738 mg/dl E K
Eigol 94 (p<0.05) YA #HAsIAY
(Fig. 15).
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Fig. 15, Effect of the Injinhotang
(A+B+C, A+B, A+C, B+C group)

extracts on the level of serum bilirubin in
acetaminophen-treated rat

Results are expressed as the mean +
SD.

In each wvalues are the mean of
triplicate experiments.

## : Significantly different from normal
(## : p<0.01)

wk ok Significantly different from
control (** : p<0.01, * : p<0.05)
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HE o& X3 E ga@TdY
Oddigeta & ol g3ty ae F
=3 ¥F9 cholesterol® B-lipo-

1 state] g@ulo] ol AR

2] gt} HETE crocin, cro-
cetin©] ‘“’""4 ol et M-S
83F bililubinX & AANA BFLEE AFH

Al a28lal K#EF e sennosidex
ZWolA rhein anthroneo] =HojA 4wt
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Faolgtn stgoen, we Eowye
223 BEEEEC) CCU f= FHRAA
PR3 ETHE RudAx, @0 wEE
BAAA E2d s gy ol
e 2usiden, AL @HF
230 ity FHPAAE dAsn
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ae EBEERY AdetEel stAE
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3 AAe 3t
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HHE=Ag Lelnsich
£ a A4

] APTEELAAN E3
E gFo2¥E CCHU% acetaminophen©l
Q+=d), ©] ¥ acetaminophend MEIF
AzA E3 AHEHAAR, kA giALE

of A¥og wjAEEH, 4% cytoch-
rome p450°l &3] A SAZE
etyl-benzoquinoneimine (NAPQI)®]
"t} o] 2R glutathioned] <& ¢
Ho] A EA T, n{FL ALY HS
glutathioneo] E.xI&tA =3, NAPQIZt
AE Yol 350 5 o9& A
oz g HZ9 AT osid
NAPQI®] EAwto 2+  acetaminophen
o] EAE AYsied FEI}A Fun
ste, NAPQIS) 4 olslel @A
(ROS)% NO<9 A4, A HatstEe A
A, RiEE=gele 7ERA, eI
¢} 83, apoptosis® FE Fol E
acetaminophen® ZFEA 7] Hd &
e AoZ HiEHI Qri32-35).
HEESY MY S5 2ITEY TR
378 718 ¢olr 1A acetaminophen
o EQRE F g4k AT Fists
gde 233849} In vitro A9 43 &
Zol A linoleic acid 48t A] &%, DPPH
2ART,
oxidase systemoll 4] superoxide A& 3},
hydroxy radicalel <& A@I}irst g

A9l n-ac-
A

£ 1 ox

rad:;:al xanthine-xanthine
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P,E
R
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ol superoxide radical, hydroxy radical
o] #4E ¥3#3lo fatty acid radical&
A ole Al AAEAY AgsY
peroxy radical® A3t ol tA] <l
Hg 594 e @3t difFe=
gt (A RASES A IH36).
Z8 A9 linoleic acid®) A EAEAES
° Ad#nsE A JA aHE
3} AAHAsES FFE AT
] ugt AH Sk g2l
st F7HE Reow, ksl
BHT % tocopherol—% A7HeE Ay oA
© dExdo) uiE A AasEe] QAo
A EA AU, ol H|F FEF
AT E HAiHo R FEIl FolALfE
A7 EIH7E AASA dgwt. 2%
Biss o wBi+E T W 1098 F
2}

o:: Olﬂ i« o

.
n}{n:

5]

X
2

=]

£ F%7} 500, 1000, 2000, 4000 g2
oA (p<0.01, p<0.05) UA dALE S
F AR (Fig. 1).

DPPH radical
A ZRE A% T& F2YAE
24 A4 Peo] YHEZ A3
oz @A Y F 7 FEEE
=¥ Moo g DPPH radical 44 &
FE #H3 A gRRY FRAAM F
= 9&AQ radical 2A&ZFH} L}E}‘*‘:}
53], WHGED, WBivkETS g2
TERTD 438 RS AR £ Sil‘iiﬁ}
(Fig. 2).

Superoxide<

A - P J

Hk5-7d o)

o
ol
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£
do o

ol
rir
of W lo rx

4
ol

It

A2} o} A
23 Aggg GF3Aw 2 A AAs ek

(o]
o
FUNZY W olue o weqel ¥

fo o ofx

hydroxy radicale& AAAI71€ AFEZH]
7 E @02l 4 FEEEY vEE 8
Ao thi superoxided] A A&
B 27, 4 FEEANAN & 9
9l superoxide®] XA AAEHE H
L FEE AW 1000 pued W OHEBE
Bi+AkfEae] a3/ & dPLER
3% ASs BFY F Y} (Fig. 3).
Hydroxy radical<

i L

o2

superoxide anion %
hydrogen peroxide 59 #/ditAol H]3}t
o Aol ER At QYA METel A
AAkgl whg& JfAIE Y AES 9 A
A dig A3 &48 dodle F=
free radical2 ¥ AF?. Hydroxyl
radicale]l e oA E3E HFZs] B Z
3, dakEAl Q) BHTE H7He Ad oA

zTtol vls] oF 91%9 oA EE
roMe dEzad Blsted 2
A A EH#E JdetdAE
b, 2&E9 %o] 1000 ugd ™ HHHE
N Bt GEd AARAEHE Y AA
'3 7F vdeEb Y (Fig. 4).

ool in vitro A¥ ZAI{E Ko}
acetaminophen®] EA42-& F 44ad
g3 gistsged JdolM BHEELS =
FE A, WH+A¥S DPPH
A&, xanthine-xanthine
oxidase systemolAd & ¢ JU& &3S
Yet A (Fig. 1-4).

In vivo’del FAitst EFdNANE FAirs
o} #H 9 lipid peroxide?] ¥, catalase
24, glutathione &%, GST &4 F&
Z3 At

Lipid peroxider A¥ =9l X7 AEo]
2HgtE o] Yehue dh3AlEo Rz, AH

ZAFNA Aeex 27 &4 HEZ

= s
' =3

radical



28 I, &=

o]
gAH B

o
0
2
Iz
il

g o] &Hn Ao aslA &) o3
ob7lHe WdAde HzEE LA
Y "yn BzAdMe MDA ¥Ie
HzTo] Aol ws <o 3w Frlety
o, 4¥TE 5 WHEE TdT o
Z3) B3 Z2saqn (Fig. 5-6).
Catalasex AXJ EA3e F4das
A4, HO:& Ed38l9 AAsEe F&e
HARAG?, dzAe|M e catalase BAHL
FAY 23 gzxee ZAFd =8 g4
sdxon, dPFAME BHEEE 592
ol mWi$ A (p<0.0D) KA Frsgx
WEHET R WEH+AH FATE F94
(p<0.05) UA F7+stAdt (Fig. 7).
Glutathione2 R A Hd8 HE5E
A3 NS 39 Az vEAz
299 25844 W A Wol5Y
S THALE FAHE F Jde 71F) =
T Aok A9 glutathionee ¥ A o]
1 DNA#A, amino acide] o]|Fy¥rg @
thiol7] 8] 353 o] AEFHA Fg
g g2 7R ¥kl AF BT o
7FA i ERrgol A AuelN dxF o=
AEE dAES EFgste B0 Y
d WkE-A <l glutathioneE o] &3t AU
o SHEZES Hol BIANINE 9L
GST7I 8t Roez o8xd Y ? 7
Z3Zo|x 9 glutathione ¥FL WzFL
AT vE i, APTAgME
HERES FoATol fAA (p<0.05) AA
F7tst Aot (Fig. Q).
Glutathione-s-transferase=
AF3tn, o]F A EA L AYE wjAMds
= #8& Zv39 organic hydrope-
roxideE peroxidationdts] =x|wAtslg u
At AEe] WAL FIAE Fa%

P

0;

E48Ae

Bge #uY zFoAe glutath-
ione-s-transferase 4L Wx2FL A4
ol "l St APToAE Bl
HEE FATo) Wy fF9948 (p<0.0D UA
#4899 (Fig. 9).

ol dell Al in vivodl A el 4itst WA
d "X d%E FHE v EEELS
)5S dASA AQAAINY, = §at
gAY 22 438 2 NFAFHANEE
AA dAE FFE v ALZ B

AEHQ &AL oA wHAgA
& dAs 3, 3F glycogen® el #4, ATP
% transaminase® A% %

s doA, Aoz DALY §37
/\]- _’ll&tﬂk] A}

flo

ol Yojuin, N2
Zase Aoz ded ﬁw” AR
Ae ddstsgez PYFe T-BI,

bile acid, GOT, GPT, v-GTP 2@ ALP~}
255+ ¥ BUN (blood urea nitro-
gen), glucose, albumin ¥ ¥ @wWAZF
ZFaHE, 1 9 creatinine, cholesterol,
triglyceride, Ca, P, Na, K, &4} (HCO3),
Cl, CPK phosphokinase),
amylase, lipase ¥ globulin® %<& AXA
TXE YEtd, =3 gogstdoze: &
A8 T4, hemoglobin, hematocrit ¥ 4t
HE 79 FHRAT #EE ® Vg £
WE 4 band neutrophil, FAZANY
T, 497, g9F, A5G AgF, 475
A4 W¥F, MCV, #8 H¥F, Heinze
bodies ¥ ¥FAwL HAYHAZ @AY
o]z M E GOT, GPT, ALP, LDH &
AR A ZAAXLY &4 95t

o €339 BHEI F7H87] "WE 2

(creatine
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olel WHHSHA 1 T FELE
acetaminophen®. & 5% 7rEAd o3k
A71% Ad &HE Potrr] 98 GOT
GPT, ~vy-GTP, ALP, LDH o8l3n
bilirubinX} & & A 3t h.
dutzxior  GOTE Elg

aspartate transferaset® 9E
Haso] gl @iolg. 9
A zZNA HA TR
(striated muscle)ol =38
Yehlie Re2 484 9t GOT
B2 AL = ZhAE A

AL Al F7rEd wel, 838 (hem-
olysis) E+ AW ZF (lipema) Aldx ¢
kel F7h7r IFEY dwrd ez GOT
FEe T JA BE TAEY ANE
gu] e HoeZ wWolgodxa ok
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(p<0.01) A A3tk (Fig. 10).

&3] GPTEt Ed = alanine trasferase

= E85F9 TAE (hepatocyte)oll Tt
EAetE E4AE, TAXEY 93 £ &
271 BFoE e Aew ¥EA o
T GPTS A44e 1 993 7tgge o
T o, AR AT &Abo] EAT
9 vy ARE ol8E F e, A
A R B 3wl ojide] Aol @AW
2~54¢ oo Azst 7 &4do] FE Y
du #3 £ e Aoz ¢#EAd o
TR gHd e GPT BAHL xRl
Bkt vlE) 28 vhgF FUts A

X

o

X2

o
Jo g W
.&9-‘ -
o,

BB

(p<0.05) UA #FHAstAT (Fig. 11).

v-GTPE 2re] &9 o) dA F7tE=
Fxg ZEHY 45 9% AeFe
ALPS} frAtstut, o DshAl whgshe

2422 284 AP ?. GOT, GPT9 w1t
ANARZ DAL F AZA dFoz ¥
¥ 71dd

-glutamyl”1 & Y&

“

v-glutamylpeptide 2]

k

oo o ol <

amino acid
= &40tk T,
g Be) &40 o

5 g% v-GTP 2

il

o
o F7F & 2,
Aol e v-GTP &4

1 Aol vl 29 7k St
gon AFFAME HwWHEE FAT
freld (p<0.05) A A8 (Fig.

&3 ALPE ¢¥A I=

#A A 2 corticosteroid A A2l HF-8-A]
AFag” ) maq 8% ALPY A%

o} wo] FAbel o
AN AR E=HE Yo

¢

i

o 4o Y
S 2 o
>
Q
i
i)
rir
2
o
)
L

o3 HEHET Fove] tiERTd v
 Zagds & F A9y FdS
o)A ¢kt (Fig. 13).

LDHE Al REZE 7184 23 &
At BARA FEXF dE 3t

i F2 8HE AAR e Y8,



30 N2, HEs, %A

L

LDHY ¥+ 13, A%, 4

T AEH GHFTYL, dRE oA &
Fxjo] ASe T FES THE YU}
st she] AEZ ogsm U
Hol Aol LDH 84 & dizdo] AT
Hlaf 2] 7} Frtetda, AgadAe
HBEE FoTol woAd (p<0.05) A
ZAas Aot (Fig. 14).

Bilirubin® zF T& w39 FUASE
oA Bl oF A3} fYWGoFE A3
terrapyrrol StEE 2 Eo] ELolny ¥A
2 (hemoglobin)®] =3 Al A== EF
Z 8F A conjugate = unconjugate
FH 2 3=, ¥4 F T-BILY ¥%
< AW &89 &2, W FFEA, 19
GE A, TAEY bilirubind 2 H A 9 <]
Aol yehge® td8e ouste 3
e AxE AFEEZ QPP gy
A9 bilirubin #FL dizTo
s 28 7t FhEem, B 5
ool fFed (p<0.05) UA z%zc‘}ait}
(Fig. 15).

ool ZAFANA HWEREHT acetam-
inophen®.2 =8 540 g RS
At gAs L, 8 2T

0

580 FYHA ¥ee HelFD e,
oo g AL ATV WS WaF Ao

2 4zrgn,

V.& &

HEES AF7 2A gAts
Ad A 48 € 35 ] o
588 dolu 7] 989 acetaminophen®.
2 F58 1548 2Y dF4 EREES

03: °lr

HJS?L

o o%
o lr 9

o
L3 e AZL A
1. In vitro &9 343 &3el A linoleic

acid A3 &3, DPPH radical &
A &3, xanthine-xanthine
systemolA] superoxide A& &

oxidase

ZA4% Ay, 4 FE2E EF H=Ed
o HEEGBS RE AY IFHA94
AdHez F o v& EH/E HE
At

2. In vivo A9 s A BH
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