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Abstract—The aim of the present investigation was to examine whether YH439, a hepatoprotective
agent, exerts protective effect against hepatotoxicity and reduces the production of cytokines and NO
in lipopolysaccharide (LPS)-primed rats with carbon tetrachloride (CCly. Administration of LPS fol-
lowing a single dose of CCly injection resulted in remarkable elevations of the serum TNFa, IL-1p and IL-
6 level. The serum NO level was moderately elevated and severe liver damage was evidenced by in-
creases in serum alanine aminotransferase (ALT) and sorbitol dehydrogenase (SDH) activities. YH439
decreased the levels of TNF, IL-1B, IL-6, ALT, SDH as well as NO in the serum elevated by CCL+LPS in
a dose-dependent manner. Inducible nitric oxide synthase (iNOS) level was decreased in the liver of
rats treated with YH439. The increased iNOS activity induced by LPS and interferon-y was significantly
decreased in RAW 264.7 cells by YH439 treatment. YH439 increased the GSH level decreased by CCL+
LPS and suppressed the ratio of GSSG/GSH. The reduction of hepatotoxicity by YH439 may be as-
sociated with the decrease in the production of cytokines as well as suppression of iNOS protein in
conjunction with an increase in the GSH level.

Keywords [_] Tumor necrosis factor 2. interleukin-1p, interleukin-6, nitric oxide, hepatoprotective agent,
glutathione, inducible nitric oxide synthase.
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Table I — Effects of YH 439 on serum alanine aminotransferase (ALT) and sorbitol dehydrogenase (SDH) ac-

tivities in rats treated with CCl,, LPS, and CCl,+LPS
Treatment ALT (SF U/L) % Change SDH (U/L) % Change
Control 23.842.2 10.2+1.4
CCl, (1.3 g/kg) 252.8+45.9” 471.4+122.9°
LPS (300 pg/kg) 215429 9.0+27
CCl+LPS 1678.6+93.9% 100% 1713.4+123.59 2 100%
+YH 439 (10 mg/kg) 214.1+21.07 13% 255.1+49.7¢ 15%
+YH 439 (25 mg/kg) 180.8+27.7¢ 11% 203.6+46.57 12%
+YH 439 (50 mg/kg) 102.9+18.3Y 6% 108.0+£29.7% 6%
+YH 439 (100 mg/kg) 39.4+3.0" 2% 35.1+3.5° 2%

Rats were pretreated with YH439 orally once a day

for 3 consecutive days before intraperitoneal treatment of

CCls and intravenous treatment of LPS. Blood samples were obtained 4 h after LPS injection. Values are
represented as mean+8.E. and percentage of decrease from CCL+LPS. (n=8/group)
¥ p€0.01, ¥ p<0.001 vs. control: * p<0.001 vs. CCL: © p<0.001 vs. LPS; @ p<0.001 vs. CCL.+LPS.
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SDHEA 9A] CCLEF Tt A9 tx #(10.2¢
1.4 U/L)9 46%H(471.4+122.9 U/L) Z7tstd ot
LPSFH #& dzx 23 22 +5(9.01£2.7 U/L)°)
Atk CCLS LPSE HE AMEd9s Wi g=ad
16940(1713.4+123.5 U/L) Z7+atath. YH439 10,
25, 50 2 100 mg/kgoll A 242+ 85, 88, 94 % 98%
A= AHTable 1.

#3 TNF-o, IL-18 9 IL-6 $=F0f CHEt &7} -
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Fig. 1 —Time course of serum TNF-o concentrations in
rats treated with CCl,+LPS. Rats were treated
with CCl, intraperitonealy and LPS intravenou-
sly 20 h later. Blood samples were obtained 0.5, 1,
1.5, 2 and 4 hours after the LPS injection. TNF-
o concentrations were measured in 1-929 fibro-
blast cells by the lytic assay. Values are repre-
sented as mean+S.E.(n=8). ** p0.01, *** p¢0.001
vs. control.

J. Pharm. Soc. Korea



YH4399) 7+ 54 Wo3E 201

Table I — Effect of YH 439 on serum levels of TNF-a IL-1p and IL-6 in rats treated with CCl,, LPS and CCl+

LPS
Treatment TNF-o (pg/ml) IL-1B (pg/ml) 11-6 (ng/ml)
Control ND 29129 ND
CCl (1.3 g/ke) 153+73" ND 514247
LPS (300 pg/kg) 759+189" 80+17" 870+82"
CCL+LPS 2437 +74% 2930+411% 1743458
+10 mg/kg YH 439 1922£107% - 1412+47"
+25 mg/kg YH 439 1909+65Y 483+53% 1255+55%
+50 mg/kg YH 439 1544+ 119" 422+83" 763+99%
+100 mg/kg YH 439 975+ 139" 10919 576+81%

Rats were pretreated with YH439 orally once a day for 3 consecutive days before intraperitoneal treatment of
CCl, and intravenous treatment of LPS. Blood samples were obtained 4h after LPS injection. Values are

represented as mean *+S.E. (n==8/group)

¥ 1¢0.05, * p<0.01, ¥ p(0.001 vs. control: * p¢0.001 vs. CCL and vs. LPS: ¥ p<0.001 vs. CCL+LPS.

Ao mestath. 2 olF st 4AF ol
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Fig. 2— Effects of YH439 on serum nitrite/nitrate con-
centrations in rats treated with CCl, LPS, or
CCL+LPS. Rats were orally pretreated with YH
439 once a day for 3 consecutive days before in-
traperitoneal treatment of CCl4 and intravenous
treatment of LPS. Blood samples were obtained
4h after LPS injection. Values are represented
as meant+SE. (n=8). *™p0.001 vs control: i
0.05, *p<0.001 vs. CCL+LPS.

< o 10, 25, 50 2 100 mg’'kg T4 242 17, 15,
24 2 36% AAsAHFig. 2).

iNOS &EMOf| CHEH E3} - LPS9} IFN-y= &443HA
71 RAW 264.7 A28 cytosolellAe] INOSEAIE 3.2
(“C)-L-citrulline pmol/min/mg protein® A+,
DMSOel &&i3 YH4395 AH7isle 4398 de
10, 50 = 100 pMo A BiZ (3.2 pmol/min/mg pro~
tein)oll Wlated 242} 25, 41 R 40% 723k Noni-
tro-Larginine 100 pME& H718198 de 86% 24
(0.45+0.04 pmol/min/mg protein)3tHtHFig. 3).
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Fig. 3 — Effects of YH439 on inducible nitric oxide syn- cl brel B B b
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of LPS and IFN-g for 6 hours. iNOS activities .
E Fig. 4— A) Tmmunoblot analysis : Effect of YH439 on the

were measured as described in Materials and
Methods. Values are represented as mean+S.E.
(m=6). "p(0.01, *p<0.001 vs. LPS+IFN-v.
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ot 25 mg/kg B9 #& CCL/LPS o 1ol )3
14%, 50 mg/kg o Foll A= 32% (p<0.05) Tzl 2
do] A=t 100 mgkgs B35S W= 4%
(p€0.01) A=A} Fig. 4).

GSH U GSSGZ0l st &1} - CCl/LPSE]
T(4.1£0.3 pmole/g liver)ol HlsiA] YH439 100
mg/kgS397 AFEAF F CCL/LPSE gt 29
GSH#H#2(5.3+0.2 umole/g liver):= 1.3uf =7}
(p€0.005) 3k Th. GSSG5-2 YH4392] S0 o)5)
Hadhe Aol Ao fode itk 1eu &
GSHell thg GSSG9] H]€-2 YH439 100 mg/kge]
T2 32% Al (Fig. 5).

ZIEZE[LY Glutathione reductase §24J0f CHEH &S0} -
tiz=79] 7P E 9] glutathione reductase 8442 J#
247.6x7.5 mU/mg protein®] =1 YH439 100 mg/
kgs 33] Foghi 24A17F $ol] AL 2204 389.9
+3.8 mU/mg protein® & F7Hp<0.001)3rgct. YH
439 100 mg/kgS 3Y7 AFAS ¥ CCL/LPSE &

expression of iNOS protein in rats treated with
CCL. LPS or CCL+LPS. Rats were pretreated
with YH439 orally once a day for 3 consecutive
days before intraperitoneal treatment of CCl,
and intravenous treatment of LPS. Liver sam-
ples were obtained 4h after LPS injection. Lane 1,
Control: 2, CCL (1.3 g/kg, ip.): 3. LPS (300 ng/
kg, iv.): 4, CCL+LPS: 5 YH439 10 mg/kg+
CCL+LPS; 6, YH439 25 mg/kg+CCL+LPS: 7.
YH439 50 mg/kg+CCL+LPS: 8, YH439 100 mg/
kg+CCL+LPS. B) Cumulative data obtained
from 8 different experiments. The level of INOS
protein was quantified by densitometry, and ex-
pressed relative to the levels in CCl4+LPS treat-
ed group. Each bar represents as meantS.E.
(n=8). * *: Significantly different from CClL+
LPS-treated rats, p<0.05, p<0.01.

31518 v Glutathione reductase®] 84 (376.0+27.7
mU/mg protein) YH439 H]Eo](222.1+22.3
mUy/mg protein)oll H]34A] glutathione reductase &
3£ 69.3% Z7M 1A (Fig. 6).
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Fig. 5— Effect of YH439 on the liver reduced glutathione (GSH) levels (a), oxidized glutathione (GSSG) levels (b) and ox-
idized glutathione (GSSG)/total glutathione (tGSH) (c) in rats treated with 40% PEG and CClL+LPS. Rats were
treated with YH439 (100 mg/kg) orally once a day for 3 consecutive days. Liver samples were obtained 24 h after
administration. Rats were pretreated with YH439 orally once a day for 3 consecutive days before intraperitoneal
treatment of CCl4 and intravenous treatment of LPS. Liver samples were obtained 4 h after LPS injection.
Values are represented as mean+SE. (n=8). *p¢0.05 vs. control "p<0.05. "p<0.01 vs. CCl,+LPS.
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Fig. 6 — Effect of YH439 on liver glutathione reductase ac-
tivities in rats treated with 40% PEG and CCl,+
LPS. Rats were pretreated with YH439 orally
once a day for 3 consecutive days before in-
traperitoneal treatment of CCl, and intravenous
treatment of LPS. Liver samples were obtained 4
h after LPS injection.Values are represented as
mean+8.E. (n=6~8). ***p(0.001 vs. control *p
0.001 vs. CCl,+LPS.
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dase(GPX), superoxide dismutase(SOD) ¥ ca-
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