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F/=TL2 RFT 2 THSB Lipopolysaccharide Z/REICRE L T, EEBX
U7V d—)VARFTO mRNA OEBICBIIETHEEZRE L.
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DFEBL X)L D7t % Northern analysis, RT-PCR EIZ X DEE L 7=,

¥ 7= [Fl & 57 )L T Lipopolysaccharide (LPS, E.Coli serotype 026:B26) %
Img/kg. BW BEEIRE DIEA L. 6 B OFBE L )L 2 ERITERE L7z,
Northern blot @ probe . BEHI D sequence IZ & U primer ZE# L . rat cDNA
%Z PCR T amplification U CHW/Z,

Northern blot: 65 °C hybridization, 0.5x SSC 63 °C wash

RT-PCR: 5 ug total RNA /5 oligo-dT primer IZK D, reverstranscription
%P Z7svy, PCR IZT amplification L7z,
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Abstract

Various physiological active substances, such as nitric oxide (NO),

carbon oxide (CO) are implicated in the pathophysiology of chronic liver
injury. However, these substances have several aspects as vasoactive
substances, cytokine-modulator, etc. It is speculated that these substances
and their synthesis enzyme are complicatedly involved in the
pathophysiology of chronic liver disease. In this study, we investigated the
expression of NOS and HO in the model of alcoholic liver injury.
Alcoholic model was induced by the administration of lieber diet for 4-
Tweeks. The diagnosis was confirmed by the histological examination. The
mRNA expression of NOS isoforms (endothelial type: eNOS, inducible type:
iNOS) and HO isoforms (HO-I, HO-II) were examined by the Northern
analysis and reverse-transcription PCR (RT-PCR) methods. mRNA of eNOS
and HO-II were constitutively expressed in alcoholic model and there was
no significant change under LPS administration. iNOS and HO-I were
remarkably induced by LPS injection in alcoholic model as well as control.
mRNA of HO-I was detected in both alcoholic and control model without
LPS in almost same intensity, but HO-I expression in cirrhotic model
(thioacetamide, 200 mg/kg BW, 3times/week for 8weeks) seemed to be
increased.

In the process of chronic liver injury, biological substances and their

synthase show different dynamics dependent of the primary disease.
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2. JFEZERED hyperdynamic circulation IZHV}F % Heme oxygenase DE¥E|

TR

B MEFIIRIETTELEIC R 5315 hyperdynamic circulation (&4 & IfilE DT
ERHBEAR 2T L o TR 55, Nitric oxide (NO)E Z D & D 72iREEIC
BET5MEEBENME L L TESHSNTWSA, DA REEEEYE
T# 5 Carbon monoxide (COIIZDNWTH ZDXIMEH. Z EITHFANDOER
B D ICE < AEEMEYE L U TOERABBRE N TN 5,
Heme oxygenase (HO)ZCH#EESR T, hemogilobin (Hb)H M D heme DR
WZEEH D, CO 2FHAET S5, CO I cGMP 2T HBEWMEZERICKD., MED
F—XARAF > F v RV OFREREICEEG L., COXDBIERICEK>TH
BREBRBICR<BED S, CO id NO LFREICIENSRIER 2 6 DAEEEENE &
LT, FIRETLEEDREICES T H50FEELS5NS,

BACKGROUND (i)
Heme - Heme oxygenase system

Hemoglobin—»> Heme

Fed+ /

V
B.|.verd.n Carbon monOXIde (CO)

Soluble guanylyl cyclase
B|||rub|n GTP > cGMP

Intrahepatic circulation Systemic hemodynamics
in pathophysiological states?
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KERIFEZ S v O hyperdynamic state 2BV} 5. CO 725 RITZE DR
HEER ThH 5 HO DRE|ZHRETT 5,

Wik
1) ERHY

HEME Sprague-Dawley 5 v K (200-220g)IZ. Thioacetamide 200mg /kg BW
Z. 3 EEBENREL. 8HEME TS,

2) B7UY S UA, MEOHE

Inactin (10mg/100g BW i.p )BT IZT. KEBROEZE=y—L. MK
DY TV T aBIiBrolz,. REEBIRICH=a2l—a> L. 2.5% Inulin
ZMATE 0.9%EBEAHE/KIZT. 1mUhr/100g BW OFEETERL. BEHEELD
ATF—F I TERL 2,

heme oxygenase inhibitor 'C & % zinc protoporphyrin IX (ZnPPN, 30
uM/kg dissolved in 50 mM Na,CO,)ZEMENIZEG L. HEGRIRTHRR, il
L. gLz, FEEKROTO FI—)VIZT, mRNA 2L, RE5R1E#
5 3R THRE & Lk L -,

Inulin clearance, urinary volume, urinary Na excretion (IRFEIERRICL D
R L. FHEIRIMEIX transducer (P231D, Gould-Statham, UK)IZ XD
T —EN, D Inulin ® Na BEIL Anthrone method 3L flame
photometory IZ& D HlE S 7z,

3) RNA analysis

Northern analysis IZ& 0. HO-I, HO-II, eNOS ® mRNA Z#Hr L7z,
HO-II iIZDWTIiX., & 5IiZ RNAase protection assay ZH Z7& > 7o
antisense cRNA probe % a-3P UTP T X)L L. 10 pg total RNA & hybridize
L (45 °C 12hr ). ribonuclease A BLURT1 IZ°T digest L7z, protected
fragment % 5% polyacrylamide urea gel (7M wurea) T 7k B L .

12



autoragiography Z1T>72, band @ intensity (& densitometory THIE L .
glycraldehyde-3-phosphate dehydrogenase @ intensity ZX D fiEL 7=,

R

Macroscopic features and histological examination of liver
in thioacetamide treated rats.

1 thioacetamide IZ XA FEZE T v~ kOO AR & OHERRFT R
i EE¥IE control v b @D, TFERIL thioacetamide {2 LA FEZA T v b OFIE
OHERFT R, AiL. thioacetamide IZ X AHFHEERE T v ~ OHERBE (v >

2.

13



Comparison of renal parameters, PNOx and UcGMP
between control and Thio-treated animals

Control Thioacetamide
MAP (mmHg) 118.3+ 2.2 88.2 + 5.5*
UV (¢ 1/min/g) 6.2+3.9 43 + 2.8*
Cinulin (ml/min/g) 1.2+0.1 0.84 £+ 0.2 *
UNaV (1« Eq/min/g) 52+0.5 16 + 0.9*
Plasma NOx (uM) 10.2+1.8 22.2 +5.8*%

Urinary cGMP (pM/hr) 13.2+5.9 21.3 + 6.8 #
*p<0.01 #p<0.05

2 control BXL U thioacetamide ¥ 5 F v MIBITHME. 1 XU U
7S5 A, RE. Na &, 148 NOx, BLUPRH cGMP 72 £ D parameter

D g

MAP uv
(mmHg) (HVmin/g)
140 . 10 #
120 0/8\9 8 E/l\{
100 /\1 T
* . .
% 6 / *
60 T T 1 4T T T 1
before ZnPPN 1 ZnPPN 2 before ZnPPN 1 ZnPPN 2
Cin UNaV
(mymin/g) (HEq/Umin/g)
167 ’ 3 control B K O
1.4+ 6 M@\e
i . B JL C=
12 E//;EIJ : thioacetamide # 5 5 v k
14 _
. . 2 . 2 - I 2%
o P BT 5. ZnPPN 5%
" before l ZnPPN 1 I ZnPPN ;‘ ‘ before anPPN 1 l ZnPPN 2 I
DO parameter D21t
PNOx 0—— 0 Control :
(Mlddl @®——@ thjoacetamide
354 * *p<0.01 before vs ZnPPN
204 'I\ . #p<0.05 before vs ZnPPN
25 |
w0l T
::' Changes in MAP, UV, Cin, UNaV
1 & ¥ o and PNOx after administration of
¥ ZnPPN in control and cirrhotic rats

T T 1
before  ZnPPN 1  ZnPPN 2
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ZnPPN
v

w1 [wllem

eNOS "“

B-actin

HO-1I

GAPDH

i

Representative blotting of HO-I, HO-Il and eNOS mRNA

before and after ZnPPN administration in cirrhotic rats.
HO-1 and eNOS were determined in Northern analysis and standarized by B-actin
and HO-Il was in protection assay sandarized by GAPDH.

4 7ZnPPN #5-4 D thioacetamide %57 v MIHBT % HO-I, HO-II, eNOS
@ mRNA D21t

(AYHO-T mRNA Kidney Liver

14
12
10

on e ®

C  ZnPPN C  ZInPPN
(B)HO-11 mRNA Kidney Liver
8
6
4
2
0
PPN
R C  ZnPPN C In 5 ZnPPN fx"-‘ Ia_;% 0)

v thioacetamide &5 7 v
0 M BV % HO-L, HO-IL,

eNOS @ mRNA DEE
HIZAL

0.2
0.1

0 - {

C  ZnPPN C  ZInPPN *p<o.ol

-

Effects of ZnPPN on HO-I,HO-Il and
eNOS mRNA expession in cirrhotic rats.
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thioacetamide {Z X A FEZE T v k@ systemic hyperdynamic state 12817
% heme oxygenase (HO)DERENZ DWTHEL /=,
D ERZy TR MEMETF. A XU2UT7 5 ADET, RE. Na
PR BEDOETABEE I N, M NOx, BEIWRHF cGMP iZDWTIE, #inas
HHNTZ.
2) heme oxygenase inhibitor Td % zinc protoporphyrin IX (ZnPPN) D% 5
W&, MEPEI VY I 2 ADEIZEENRA SN,
3) FFEZLZ v MiZBWT, HO-I ® mRNA X, ZnPPN O EICKDRED
HRA A 5 37278, HO-II, eNOS @ mRNA IZDWTIZEMNERD 51 7aho 72,
4) ZnPPN 50 &0, FFEZE S v b TiX, AEICMEE NOx OEMAA S
7z
5152

HO WHEEDRERRKRIZ, BEERZEZELC TV ENANRZIENS,
heme oxygenase inhibitor D5IZL D . R¥ NO REEMIIWNTS Z &
M5, HO & NO system OFEWHEERIVRE I, FEEOREBIZHBNT
HIEEDKRENIEETH 5,

abstract

Hyperdynamic circulation observed in portal hypertension is
characterized by generalized vasodilation that results in systemic
hypotension and renal dysfunction. It is well known that nitric oxide (NO),
has been involved in the pathogenesis of hyperdynamic circulation. On the
other hand, another gaseous mohoxide, carbon monoxide (CO), has been
reported to act as a physiological substance, especially in heme oxygenase
~ (HO), a catalyzing enzyme of heme to produce CO, in modulation of
systemic circulation in experimental cirrhotic animals. Liver cirrhosis was
induced by administration of thioacetamide (200mg/kg BW) for 3 times per
week 8 weeks in Wistar rats (n=8). The expression of HO isoform and

endothelial NO synthase (eNOS) mRNA were estimated by Northern and
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protection assay. Mean arterial pressure (MAP) and renal function were
determined by clearance study and serum NO,/NO, (NOx) was measured by
Griess method.

Typical feature of cirrhosis were histologically observed in treated
animals. MAP was markedlly decreased in cirrhotic rats (118.2 + 2.1 vs.
88.2 + 5.5 mmHg, p<0.01),and basal inulin clearance (Cin), urine volume
(UV) and natriuresis were significantly lower. This group also showed
serum NOx elevation and urinary cGMP increase. Intraperitoneal injection
of zinc protophyrin IX (ZnPPN), a specific HO inhibitor (30 uM/kg BW),
demonstrated a greater MAP increase in cirrhotic rats than in control rats
(+BP £ 6 vs.+12 + 4 mmHg, p<0.01), and significantly improved Cin (+22.5 +
3.9 %) and UV (+38.3 + 5.9 %) and natriuresis (+48.4 + 9.3 %) in cirrhotic
rats. The expression of HO-I mRNA was increased 82 + 9 %, but not that of
HO-II in liver in cirrhotic animals. In contrast to our previous data
investigating cultured normal endothelial cells of the rat aorta, eNOS
mRNA in liver and kidney in this study were not affected by ZnPPN
treatment. However, serum NOx was elevated by ZnPPN administration
from 20.0 + 2.9 to 34.3 + 5.9 uM/1. In conclusion, 1) HO may be implicated in
the pathophysiological mechanism of cirrhotic state; 2) the changes of HO-II
and eNOS mRNA expression were not observed during in vivo study: 3)

there may be an interrelationship between NO and HO (CO) systems.
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