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O AP IR EEE T oA O RENZ L, F/NEEMmR
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REHEE B LTI, WRIOBRELES—K L X
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WEDEREL RSN BV, Lot CHEROIE
HBOMESFHERBIEELEZ ONS,

RATE D, FABRRIIHEEEROBE ALY
MFEHEREED LR -, BHThETBEEOK T
A EBFAISNTWSY, Bz, Bt hEHEREE
DETIR, BEEISDIVF b+ ORINEEL,
FIRMAPOE T > N b F & MAE, &Y A1 >0
FEDORE L 2D, ZhsBH S >HE-RHMiaEE, i
HEBDREEO—H TR LED|WENE SN
39, —HT, TR FFIR004 bAA Vi3, Th
2O BV CIMELEEYE TH 5 nitric
oxide (LAF, NO) EAHESEL TWwW5 I L5805
IhTsy, FEEMES Kupffer fifd % & o,
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1. BA®Z v MER

Wistar 27 v b (8FH250~350g) Z WA > 75 —
)V (40mg/kg) BERENIRE 12 CTRRER L LEEEShYIRE T
BERE, +fERRE i B CRIHE » BRI L
. BAEZ v ML LT, AR I HEE (n=14), 5H
B (n=8), 7HE (n=15) 2ERL, WEHELLT,
HEE LBIEEDOZH O & %1T-> 72 sham operation
Fv b+ (n=7) BEEILI,

1) BEZ v M zB U AMIRMHEE Y v E 1E, B
HBIMHEE & NO RBEDORIE

PIRIMAFOBE ) L E AE, FFESMRE, 8LV
NO EA D= E LT v MR NO,/NO; % #IE
L7,
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BEVNVEABRTAA ) 7Y EYAE S (HA
HERD, FEBORE X Vv —¥—F vy 77 —1fikE
(Periflux System4000 : Premid #:) A WTHIEL
fo, MIFRHER v — 7k, DHEIDEELHT 272
WP T EE L. NO,/NO;0#IER, BE
HHIES (Model TIC-NOX1000 : HE AT EM) %
BOTUTO L S 2fTok, 3 7 VOfERIL, Green
S DITEMNTHEL T3I5% ARV U FIUEEN. 2ml 2N
Z MRS Rk, @ik, bEW% 5 %NH,.Cl/5%
NaOH THMIL 72, % D&, &tk Cd-Cu b 7 4% M
VT NO» 5 NO,IZHBIL L, Griess reagent (1%
sulfonamide, 0.1% N-1-naphthyl-ethylene-diamine-
dihydro-chloride, 5%H.PO,) #inz, KGO >
TN ORI & SO ER & M L540nm DR T
HE L,

2) BA® 7 v bwxkd % NOS FHE#I, NC-nitro-L-
arginine-methyl-ester (LA, L-NAME ; Sigma )
i 2=

L-NAME 058 %HRET 51 DI FREREET
vy, EFEHLEE %60mg/kg/day & LI 7 HEEDOE
FeNiEH# S Uz L-NAME 858 (n=5) 2/E8IL
7z, i3, L-NAME ##5 U kW% 7 BREGER
58) L.

2. B Sy s FEZ T B 2 FH A ENOS
mRNA OEE

7 HEBA#& & U7z 7 » b, sham operation 7 v I,
B & Uf lipopolysaccharide (E. coli type LPS ; Sigma
#) 10mg/kg Z#EL, 3IFFRRICHBLRHLH L7
LPS#¥EET v M 2ER L. ZRZhoMEE2 RS
%, acidguanidium-phenol-chloroform % iZ T total
RNA 2 L7z, ZhEhlug @ total RNA % v
T, reverse transcription-polymerase chain reation
(AT, RT-PCRY¥ETE 7 v MBI 25EE NOS
B & U glyceraldehyde-3-phosphate-dehydrogenase
(LAIF, GAPDH) @ mRNA VL ORRE 21T - 72,
RT-PCR i3 RNA PCR kit (Perkin Elmer) %W T
BEIBIX30Y A 7 VT 7. Fv»7z primer 13 NOS for-
ward 21-mer, 5-CTGCAGGTCTTTGACGCTCGG-
3’; NOS reverse 21-mer, 5-GTGGAACACAGGGG-
TGATGCT-3 ; GAPDH forward 21-mer, 5 GCA-
GGTCTTTGACGCTCGG-3" ; GAPDH reverse 21-
mer, 5-GTGGAACACAGGGGTGATGCT-3ThH -
7N ZQERME 2% T K0 — A7 M TERK
L, rFYvLTavA FTRELEE L.
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3. HEMEERVE NOEECRIZTHEY 8LV
BEH B8 B3 2 525

PrEMlaERIcE, vy ALSHHE LYo O
77— JREERIER JTT4% F iz, JTT41310% 4F I
47 Dulbecco Z'¥:, Eagle 3 TITCTIEELSE
L, EB I i396-well 7L — biZfHE S w72 B
7z,

J774MFC 513 5 NOS OFEE 3 1ug/ml @ LPS #
TV, 24k E, 85E EEBRO NOBE % Griess
EONCTHEIEL, UToket &Mz,

1) 7w MEHO NOEES L UHlEECS 25
B
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BELZ2L5HBI Y VB THEAEZ Y MO
[E¥-%2hN%, 20 NOEEIS 2 2HEEBREL .,
&5 IR EE T OWT SR .. Bitd
2 I ORI DWW TR, 24BFRIEEER O
3 bay R TRERMERE NTT 7 v 21 TH
FEPT B EIE > TIToTe.

2) RFEEHEEO NOEE IS 2 2 HE

0.1, 1, 3, 10, 25, 100xM DEE D 5 BIHOIHH-BE
(x—nNFEECA, 4% a—EE I DCA, V Fa—
LE I LCA, ¥ /74 %y a—Eg  CDCA, Sigma
M, BXUUALYFAFy a—NVEs - CDCA, HEHZI
H) 2Nz, NOEEESZ 2FELRE L.

4, HRETERIFT

A& mean+SEM TEL, FREKZ (E5#%

S84, Student’'st BRE 217\, FEKE (GERE)
p<0.05TEEEHY L L7

® =

1. %Sy b 2HVER

1) #E VALY VE, NORH#EY, FERnEED
HizE

a, BEILE VE

BYULE R, BE 3 HEED»56.910.2mg/di
BRI AR IR R, 7 HEFT8.3+0.5
mg/dl L REEE ko (Fig. .

b. NO,/NO.f#

BAE 3 HEED v b Ti368.946.5uM, 5 HEEZ v b
86.4+11.84M, 7 HEZ v M120.3+18.2¢M L#&EH
BICEME RS, NBECeHAEEERD L
(Fig. 2).

c. FHES Mg

FFAE MR B 3B 3 BEEH ©76.1+8. Operfusion
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Fig. 1 Bilirubin concentrations in portal plasma
in rats with bile duct ligation. Data are means+
SEM of n observations. *p<0.01 versus control
(sham operation)
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Fig. 2 NO,/NO; concentrations in portal plasma
in rats with bile duct ligation. Data are means+
SEM of n observations. *p<0.01 versus control
(sham operation)
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unit (BIF, PU) L{EFL, 5HEET67.6+6.5PU &
REEEED, THETLERCEEEELL (Fig.
3).

2) L-NAME #5.4z & 2 %1k

L-NAME %580 MIRINH NO,/NO,1351.0+3.1
£M LIRS D115.6+11.3uM & Hx, B S i i/
Ufz, SRR BT Y, BE5ETII47.8+3.1
PU LIEREFEDT5.945.9PU KHAREBERET 3R
»i- (Fig. 4),

2. RSN ZEER NOS mRNA

M7 v DB IZFEER NOS mRNA i34
HEhkdroied, LPSEET v + HESIC 3G X
NOSmRNA #3538 5 i/, 7 HREA%S v bickBw
Tk, LPSEES Y b D HEVLLTIED B2,

FAZEMBIEIZ 3 1) % nitric oxide OFFHIIREIEH

Hs=st 29% 35

Fig. 3 Peripheral blood flow of the liver in rats
with bile duct ligation. Data are means+SEM of
n observations. *p<0.01 versus control (sham
operation).
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Fig. 4 Effect of L-NAME treatment in vivo on
NO,/NO; concentration in portal plasma and
peripheral blood flow of the liver in rats with bile
duct ligation. Data are means+=SEM of n obser-
vations. **p<0.01 *p<0.05 versus no L-NAME.
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Fig. 5 The inducible NOS mRNA expression in
the rat liver. The rats were untreated (1), bile
duct ligated for 7days (2), or LPS treated (10mg/
kg, IV, 3hs) (3). Arrows indicate the predicted
size of the PCR products.

NOS -4-741bp

GAPDH -~ 309 bp

5 »i2 NOSmRNA OFEHSR S i, —F, RT-
PCR Xt & U THES L7z GAPDH @ mRNA L~
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Fig. 6 Effect of whole bile juice on nitrite production and celtular respiration in
LPS-stimulated J774 cells. Cells were treated with LPS (1gg/ml) in the pres-
ence of various concentrations of bile juice from control rat (H) or bile duct
ligated rat (B) for 24hrs, after which nitrite accumulation in the culture
medium (A) and cellular respiration (MTT values) (B) were measured. Data
are means+ SEM of triplicate determinations. **p<(.01 versus control (no bile

juice)
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Fig. 7 Effect of bile acids on nitrite production in
LPS-stimulated J774 cells. Cells were treated
with LPS (1ug/ml) in the presence of various
concentration of bile acids for 24hrs, after which
nitrite accumulation in the culture medium were
measured. Data are means+=SEM of triplicate
determinations. **p<0.05 versus 0.1yM
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(Fig. 5).

3. BEEEHIKE AV KB

1) v MEHO NOEE S L UHMlEECS 2 2
-7

NEZ Y FETE, ARy MEFRERERR
NOEL#MH L, 2 0MHBBEREN TS

Respiration (% of contral)

0.5 125 2.5
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(Fig. 6A). 0.5, 1.25, 2.5, 5%DEET, A v

MHHTEMRTREZIED shx oot R
79 T 5 BOBE CHERN LB L TRESM
farpgEE 2R Lz (Fig. 6B).

2) BEHHEO NOELIE 2 238

3 U7z 5 SO HE8 L, 25, 100uM OEET
NO;E4 =TI L7 (Fig. 7).
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NOWRL-7A¥=rins NOSIZ k- TEESNS
2%, NOS MDA V 7 + —LBREET 279, T4
bb, Ca*'ic ko> THEHEES R 2RBRBINOS £ LT
BME B L UMBERNEESSH D, —7, CaIEKFHE
THLZFHEENOSIE, v7u7y7—Y3RUbEL
Oz BT F FFy T4 a4 VRl
o TRBT 2 EBAMENTREY,

NO OB 3 %% ERR, LR cb:
D2 OBEEPHECES L THLE I ENHELMIS
TERDY BRI BWTHELORE2ET S
ZEDBBICHEINTW A in vivo TlE, NO
B RmEORR 2 G L7 D2, LPSHIEKIZ LD
NO ZE£ 281~V X T, NOS HERIDKRSIC LY
XL IHFEENHEL RSP, LPS: &5 L
F v bT, NODELREDONBBI MY
FHEEEIZIZET 2% S L LIE 9% L cytoprotecive
nEERE VS, —H T, invitro I BT IX, FHlE
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FRRE?2DR S b a v R Y FHEER KT EE 3 L 1o
7z cytotoxic & b R oh, NO OFMICIZVWE
BROL W,

BRI I BB O RANC & 0 BEPIHITES OREFEAS &
D BEENLSOTYF MY ORINBEEINS.
XS IR REEEET I & % spillover Bz L v
FroRbrEYUBHETIOOEELZONS, B
BRiz PRSP = F b F B LELIEEME %R
L2929 Z@x v F b ¥ Y RN Kupffer 182
B Eh, 20K, Kupffer fiaix, EEETHRT
(TNF), IL-12 ¥ DH A b4 RREMEAT 4 = —
F—RBEESWTHEEZONTVSE, ZhesDYA
FAAYBIYR P EY Y EEENCERL, FEER
WNOS #FHET2HDEHEZ SR TVLB,
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100, 80mg H{HED T v MILFFETL, 60mg 55 »
M ik EMOEFESE SN, %72, NO/NOEE Dl
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BREFMTHREIND EEZ SN0 T, FHEKFOITE
AT NOBEEERLT EThE, BFNTEEKIND
DRI E R B, PFAEKFO 7 v IR NOS
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FERMRE 22 L, BAESy NEETE, 7
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252 LT, BHEED NO EEICT 23058 % et
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1 20RFIZE D EFEZ oz,
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IO % E TET Lz, 2hictLT, B
MBEOHMER 2 SO 1 FIRR BV T NOELES
JHEL, BT 38R NOS mRNA SFEHL
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NO OB R X3 2 #EFhR 1, L NAME #&
Sk O HEBMRMET 32 2 L THHL L TH -
7z,
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KN OEE THE2E H AR SBE (19954 4
H, KR), F46EHAMHLREARIESEE (199547 B,
B wBOTRELL.

X #®
1) Hatfield AR, Tobias R, Terblanche J et al:
Preoperative external biliary drainage in
obstructive jaundice. A prospective controlled
clinical trial. Lancet 23 : 896—899, 1982
2) McPherson GA, Benjamin IS, Hodson HJF et
al: Preoperative percutaneus transhepatic
biliary drainage: The result of a controlled
trial. Br J Surg 71 : 371—375, 1984
3) Pellegrini CA, Allegre P, Bongard FS et al:
Risk of biliary surgery in patients with hyper-
bilirubinemia. Am J Surg 154 : 111—117, 1987
4) HFHE  ABMRERRGROMEBEERT L L
TOLYF b ¥y VfEEY 2 ZBROKRS., B
S5k 81809—815, 1993
Deitch EA, Sitting K, Li M et al: Obtructive
jaundice promotes bacterial translocation from
the gut. Am J Surg 159 : 79—84, 1990
6) Pk, T B, HEEIs HEMEED
HEMEREELER 7T 2BIKA, EERBR
2. H¥EsEEE 241 2517—2522, 1991

7) Stark ME, Szurszewslo JH: Role of nitric
oxide in gastrointestinal and hepatic function
and disease. Gastroenterology 103 : 1928—1949,
1992

8) Nathan C: Nitric oxide as a secretory product
of mammlian cells. FASEB J 6 : 3051—3064,
1992

9) Green LC, Wagner DA, Glogowski J et al:
Analysis of nitrate, nitrite, and [®*N] nitrate
in biological fluids. Anal Biochem 126 : 131—

(32
Ry

10)

11

—

14)

15)

16)

17)

18)

19)

20)

29(689)

138, 1982

Lin S, Adocock IM, Old RW et al:
Lipopolysaccharide treatment in vivo induced
widespread tissue expression of inducible nitric
oxide synthase mRNA. Biochem Biophys Res
Commun 3 © 1208—1213, 1993

Terada Y, Tomita K, Noguchi H et al:
Polymerase chain reaction localization of con-
structive nitric oxide synthase and soluble
guanylate cyclase messenger RN As in microdis-
sected rat nephron segment. J Clin Invest 90 :
659—665, 1992

) Gross SS, Levi R: Tetrahydro-biopterin syn-

thesis: An absolute requirement for cytokine-
induced nitric oxide generation by vascular
smooth muscle. J Biol Chem 267 : 25722—
25729, 1992

3) Moncada S, Palmer RM, Higgs EA: Nitric

Oxide : Physiology, Pathophysiology, and Phar-
macology. Pharmacol Rev 2 : 109—142, 1991
Biliar TR, Curran RD, Harbrecht BG et al:
Modulation of nitrogen oxide synthesis in vivo :
N¢-monomethyl-1-arginine inhibits endotoxin
induced nitrite/nitrate bio-synthesis while
promoting hepatic damage. ] Leukoc Biol 48 :
565—569, 1990

Billiar TR, Curran RD, Ferrari FK: Kupffer
cell: Hepatocyte cocultures nitric oxide in
response to bacterial endotoxin. J Surg Res
48 : 349—353, 1990

Stadler J, Curran RD, Ochoa ]JB et al: Effect
of endogenous nitric oxide on mitochondrial
respiration of rat hepatocytes in vitro and in
vivo. Arch Surg 126 : 186—191, 1991
Harbrecht BG, Billar TR, Stadler J et al:
Nitric oxide synthesis serves to reduce hepatic
damage during acute murine endotoxemia. Crit
Care Med 20 : 1568—1574, 1992

Frederick JA, Hasselgren PO, Davis S et al:
Nitric oxide may upregulate in vivo hepatic
protein synthesis during endotoxemia. Arch
Surg 128 : 152—156, 1993

Stadler J, Harbrecht BG, Di-Silvio Met al:
Endogenous nitric oxide inhibits the synthesis
of cyclooxygenase products and interleukin-6
by Kupffer cells. J Leokoc Biol 53 : 16—172,
1993

Harbrecht BG, Billar TR, Stadler ] et al:
Inhibition of nitric oxide synthesis during en-
dotoxemia promotes intrahepatic thrombosis
and an oxygen radical-mediated hepatic injury.
J Leukoc Biol 52 : 390—394, 1992



30(690)

2D

22)

Curran RD, Billar TR, Stuehr DJ et al: Multi-
ple cytokines are required to induce hepatocyte
nitric oxide production and inhibit total protein
synthesis. Ann Surg 212 : 462—469, 1990

Billar TR, Curran RD, Stuehr DJ et al: An
L-arginine-dependent mechanism mediates
Kupffer cell inhibition of hepatocyte protein
synthesis in vitro. ] Exp Med 169 : 1467—1472,

BASEMEMIE 2 B 1) 5 nitric oxide OISR EER

Hi#stse 298 35

pounds inhibit hepatocyte protein synthesis.
FASEB J 5 :2085—2092, 1991

24) Nakagawa K, Matsubara T, Ouchi K et al:

Endotoxemia after abdominal surgery. Tohoku
J Exp Med 150 : 273—280, 1986

25) WAEA | FAENRE BT 2 FRALITER T

IR OFBIZ B 2 EBRIPE, PR 35!
39—50, 1994

1989
23) Curran RD, Ferrari FK, Kispert PH et al:
Nitric oxide and nitric oxide generating com-

Experimental Study on Hepatic Cytoprotective Function of
Nitric Oxide in Obstructive Jaundice

Mitsugi Shimoda
Second Department of Surgery, Dokkyo University School of Medicine

Obstructive jaundice is closely associated with endotoxemia. Bacterial endotoxin (LPS) and proin-
flammatory cytokines induce nitric oxide (NO) synthase in various organs iz vivo as well as in a variety
of cells in vitro. I investigated whether NO production is increased in obstructive jaundice by determining
NO;/NO; levels in portal plasma of common bile duct-ligated rats. While the NO;/NO;3 levels in portal
plasma of control rats did not change during the observation, a gradual increase up to day 7 was seen
after the ligation. Although the NO synthase mRNA in the liver was undetectable before the bile duct
ligation, it was substantially induced by day 7 following the ligation. A decreased peripheral blood flow
in the liver was observed in the bile duct-ligated rats, which was further reduced by treatment of the rats
with the NO synthase inhibitor, L-NAME. I also investigated the effect of bile acids on the induction of
NO synthase in LPS-stimulated J774 macrophages. Whole bile from control rats and, to a lesser extent,
from the bile duct ligated-rats inhibited NO synthase induction in macrophages. Five different bile acids
(cholic acid, lithocholic acid, chenodeoxycholic acid and ursodeoxycholic acid), all inhibited NO synthase
with similar dose dependency. In conclusion, obstructive jaundice is associated with increased NO
production which is derived from induced NO synthase. Elevated NO may play an important role in
obstructive jaundice, especially in the peripheral blood flow in the liver.
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