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Protective Effects of Water Extracts Composed of Adenophora triphylla var.
Jjaponica Hara on the Acetaminophen-induced Hepatotoxicity
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Abstract The hepatoprotective effects of water extracts composed of Adenophora triphylla var. japonica Hara (ATJH) on
acetaminophen (APAP)-induced hepatotoxicity were investigated in vivo and in vitro. The effects of ATJH on liver toxicity
induced by APAP were assessed by blood biochemical and histopathological analyses. APAP treatment (350 mg/kg) caused
severe liver injury in mice as indicated by their significantly elevated plasma aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels. Pretreatment with ATJH for 3 or 7 days attenuated the increases in ALT and AST when
challenged with APAP. The reductions in viability caused by high dose of APAP (450 mg/kg) in vivo were reversed by
pretreatment with ATJH. These protective effects of ATJH against APAP-induced toxicity were consistent with the results
from the histopathological examinations. We next examined the effects of ATJH on the gene expression of glutathione S-
transferases (GSTs) that detoxify the metabolic intermediates of APAP in H4IIE cells. The hepatic GST protein levels [o
class (GSTA2, GSTA3/5)] were significantly elevated in a dose-dependent manner by ATJH treatment. In summary, ATJH
is effective at protecting against APAP-induced hepatotoxicity by GST induction, implying that ATJH should be considered

a potential chemopreventive agent.
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Fig. 1. The schedule of in vivo study.
ol 27st(8) 7He Buals Zow dun dMES e AL T FEE700 ¥ E 20LF 718k 100°ColA 8A17F
oM ARHE AAER TR e s 2 = ¢t @ FEsnh €l S AEFol(Advantee NO. 2,

€
1
A=}
AE, F5, 7], A% 2 e 254 wolst 3 2197
B, AAhAL 7, EFd3 2 ok o
g2 7kt o] FE2ES 7048 ol 2 88 AE
BHFE ZHERAM 5

I
<k
ol
Ja
i)
32
X
<

=

2 AR AEETE oFEoR AR SN B gs
90%< sulfuric acid} glucuronic acid®t EE o] 754 ¢lo] Hi
A9, 4-10%= cytochrome P45091 2]8} N-acetyl-p-benzoquino-
neimine®} H/3F7HHEe] AT, olutathione(GSH) Z 34 el
ofaf wiMETh 22y 2hasF Haa) 7oA cytochrome P4509)
o8 YAk =4 FIRHEC] Sk Ha diAlE AT T3
o] Zof FLUAAZE 7HEA-E FukEiTH11). APAP 7HEA B
42 o] A7e g8 7RI 8% AZee F™3 A
AR B85 Jri12).

S, A 2% siE3) g4 2 U ghitathione S-transferase
(GST)= GSH X23he Frjsld 54 704 228 SAAA
A& viE3l, alpha, mu, pi, theta 4572 1t} GST alpha
T GSTA3/SE EA WHEAS aflatoxin Bl-epoxidest
GSH 23H& Zuisith(13). 35k ole}, APAPY 9Jste} {=w
Z+=73oll thsted chemopreventive agent?2 27 oltipraz®} 43¢
st o] AR phenethylisothiocyanate™ GST E2ES9]
AL STARICEAN EAEY F AW Hrd AEYAS W
o] 3ITH(14,15).

2 AFMe 17k HE £ Fgor H4F5y 9= X
HE FUER 3te We P AEEY 259 23 APAP
54 Holfss IS, RT 7% /1AL s

HEx=

APAPE= Sigmark(St. Louis, MO, USA)IA Zgugrom o
AJAE  anti-GSTA2, anti-GSTA3/S9F anti-GSTMI12 A &
Detroit R&D(Detroit, MI, USAYIA 7481t} o[x}3k4121 HRP
(Horseradish peroxidase) conjugated¥l rabbit anti-goat 1gG2} goat
anti-rabbit [gGE Zymed Laboratories(San Francisco, CA, USA)
M FUstA AMg-EFRom, FEAA aspartate aminotrans-
ferase(AST) 2 alanine aminotransferase(ALT) kit(YD Diagnos-
tics, Seoul, Korea)S 73}tk

THIE FUE=Z 5l= FSEATIHE M=
2719 1kg, A 3kg, 23 400g, NG 400g, A 500
g A& 3kg, #5 300g, th&E7) 3kg, A7 600g, HE 150

Schwabach, Tokyo, Japan)=. 3}sle] FE2ALS 21332 FU7]
(Heidolph WB 2000, Germany)E ©]€-3la] 40°C ojaloll A gt
FEIAL -T70°CAA FEARS] BRE £ FEEL A

At}

Af B
AHEES 7% ICR(Institute of Cancer Research)Z -4
mices 2 AE(Seoul, Korea)oll Xl FU3t] FFARSAA Yol

A 13 B AEA 3 Aol ARSI B4 AR e
7b 2 sk AREEI T AEE AP 7 29 1132
nlele] SRR At AeEe 3@ T 1903
7)) FHZoE il ATIHE 100-1000 mgkg/dayd] $ 22 7
T5o 33, HEF APAPAHATS vehicle(Ba)S 343}
797 BAEATHEIE. 1). AF ATFA F 12A12F F¢ "N
21 ¥ APAP(350 mgkg)S 20%2] Tween 800 HEES H+F
ofstal 12A17F Fofl AP 7h2AE AU L& APAP F
Ardola A FEEL 100 mgked 1000 mgkee] TEZ 3
A7t ATFA F93, APAPE 450 mg/kge] BFo® Fol3lg]
T} APAPES - 24A174) mouse?] AEES HA3IAT

AST U ALT SNsH

APAPE Foi3laL 12A7F) 2 A9 miceEs #HFSH F 7
Baled Ao zRE N AHATE XL 3,000 rpmo A
1577 AEFstar Gzl Aedoz, AST ¥ ALT kitg ©]
4315 Reitman-Frankel®] "H(16)2.2 S4 319t}

sle] 10% 2] 2N T BA4HQ o
BARS AR sEbd 4232 Imsieith TuE 2FE 5um
AR wpEel $ f hematoxylin-eosin
(H&E)S. 2 HAg oh He| &4 A
g ST =45t g T2
2 Agste olgddez Hrlsiidt.

o ™
oﬁﬁg

©
T !
o
o -z
x
=K
N

RO
N
ol
rlo
N
N,
ofl
By
N
,
il

MIZ ulQF

ZHA| oA 71213F HAIIE(CRL-1548)x= American Type Culture
Collection(Manassas, VA, USAYIZFH FY3ld, 37°C incubator
ol 4] Dulbecco’s modified Eagle’s medium w Ao 10% fetal
bovine serum 50 pg/mL2] streptomycin® 50 unit/mLe] penicil-
ling #7iste] % CO,E FASIHA HjdstAct

I‘:|_10=1

A
= —
HA4IIE M| Z3F0]] ATIHE Minimum essential medium BiX]<l} 3]

HI



690 2 EEB)A] A 39 P A 6 F (2007)
*: 3 days s 7 days
” 60

AST (unit/L)
s

AST (unit/L)
5

0 20
0- 'R
APAT (350 mg/ gy — * + + APAP (350 warkyy — o+ + *
ATTH (mythg) - - o0 1000 ATJTH (mg¢ g} - o 100G 500

Fig. 2. Effect of ATJH on serum AST activity in APAP treated mouse liver. (A) Mice were orally preadministred with ATJH (500 mg/kg/
day, 1000 mg/kg day) for 3 days following with or without APAP treatment (350 mg/kg in 20% Tween 80, p.o.) on day 4. Enzyme activities
were determined in the plasma of mouse at 24 hr after APAP administration. (B) ATJH was administrated orally at a dose of 100 mg/kg/day or
500 mg/kg/day to mouse for 7 days. After the final administration of ATJH, a single dose of APAP was treated. Each value represents
mean £ 8.E.M. for 5 mice (**p < 0.01, significantly different from control; “p < 0.01, significantly different from APAP control).
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Fig. 3. Effect of ATJH on serum ALT activity in APAP treated mouse liver. (A) Mice were treated as described in Fig. 2A. ALT activities
were monitored in the plasma of mouse at 24 hr after APAP administration. (B) Mice were treated as described in Fig. 2B. Each value represents
mean + S.E.M. for 5 mice (**p < 0.01, significantly different from control; *p < 0.01, significantly different from APAP control).
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Table 1. Effect of ATJH on the survival percentage in APAP-treated mice

Acetaminophen (450 mg/kg) - + + +

ATJH (mg/kg) ; - 100 1000
The number of mice alive / Total mice 11/11 20/32 1724 17/21
Survival rate (%) 100 62% 71* 82.5%

Mice were orally pretreated with ATJH at 100 or 1000 mg/kg for 3 days with or without APAP treatment (450 mg/kg, p.o.), and the survival
percentage was monitored at 24 hr after APAP administration. Statistics were performed using Kaplan-Meier (Log-rank) test for survival rates
(*p <0.05, significantly different from control; *» < 0.05, significantly different from APAP; *p <0.01, significantly different from APAP control).

Table 2. Morphological index scores in the livers of APAP treated mice with or without ATJH

APAP (350 mg/kg) - + + +
ATJH (mg/kg) - - 500 1000
Necrosis 0 - + 0
Degeneration 0 -+ + 0

The liver sections from mice treated with APAP (350 mg/kg) alone, ATJH (500 mg/kg/day, 3 days) + APAP, or ATJH (1000 mg/kg/day, 3 days)
+ APAP were stained with hematoxylin & eosin. Living hepatocytes were defined as the cells with well demarcated nuclear membranes and with
prominent, round and central nucleoli after hematoxylin and eosin staining. Severity of liver lesions was classified as follows, based on the extent
of cytoplasmic necrosis and degeneration of hepatocytes: no lesion, 0; mild (+), 25% or less; moderate (++), 25-50%; severe (+++), 50%-75%;
and extensive (++++), 75% or more. Multiple analyses of four independent samples yielded reproducible and comparable data.
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Fig. 4. The effects of ATJH on the GST expression in H4IIE cells. (A) The representative blots of GSTA2, GSTA3/S and GSTM1/2 were
assessed by western blot analysis. Cells were treated with ATTH (0.01-1 mg/mL) for 24 hr. (B) The graphs of muttiple analysis show the

densitometric relative levels of GSTs. Each value represents mean = S.E.M (**p <0.01, significantly different from control; *p <0.05,
significantly different from control).
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