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Abstract

AIM: To assess the effect of endogenous nitric ox-
ide/nitric oxide synthase (NO/NOS) and carbon
monoxide/heme oxygenase-1 (CO/HO-1) on the
portal pressure (PP) in rats with hepatic cirrhosis,
and to explore the role of NO/NOS and CO/HO-1
system in the development of portal hypertension
(PH).

METHODS: Sprague-Dawley rats were randomly
divided into three groups: a normal control group
(NC), a cirrhosis model group (CIRM), and a cir-
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rhosis model + L-NAME + ZnPP-IX group (CIRM
+ L-NAME + ZnPP-IX). PP was measured using
indwelling catheters. Plasma concentration of NO
was detected using the nitrate reductase method,
and the plasma CO was measured using the
Chalmers method. The expression and localiza-
tion of endothelial NOS (eNOS), inducible NOS
(iNOS) and HO-1 in endothelial cells of the portal
vein (PV) were studied by immunohistochemis-
try. Western blot was used to analyze hepatic tis-
sue eNOS, iNOS and HO-1 protein expression.

RESULTS: Compared with the NC group, the
CIRM group had significant increases in plasma
NO and CO (160.12 pmol/L + 4.18 pmol/L,
111.12 pmol/L £ 2.26 umol/L vs 81.11 pmol/L
+ 291 ymol/L, 70.51 umol/L £ 3.10 umol/L, P
< 0.01), PP (16.08 mmHg + 1.16 mmHg vs 9.85
mmHg + 1.10 mmHg, P < 0.01), and the expres-
sion of eNOS, iNOS and HO-1 (165.59 + 1.71,
164.66 + 1.34, 166.38 + 1.17, P < 0.01), but a sig-
nificant decrease in hepatic expression of eNOS
(118.65 £1.29 vs 160.77 + 2.12, P < 0.01); howev-
er, the NC + L-NAME + ZnPP-IX group showed
significant decreases in plasma NO and CO (52.06
pmol/L + 3.17 umol/L vs 52.51 pmol/L * 2.63
pmol/L, P < 0.01), and the hepatic expression
of eNOS, iNOS and HO-1 (130.83 + 1.57, 120.81
+1.47,111.03 £ 1.45, P < 0.01), although the PP
showed no significant difference. Compared
with the CIRM group, the CIRM + L-NAME +
ZnPP-IX group had significant decreases in plas-
ma NO and CO (100.24 pmol/L £ 3.80 ymol/L,
83.73 umol/L £ 1.78 umol/L, P < 0.01), PP (14.13
mmHg + 0.56 mmHg, P < 0.01), and hepatic ex-
pression of eNOS, iNOS, and HO-1 (87.50 + 1.07,
150.66 +1.42,139.88 +1.73, P < 0.01).

CONCLUSION: NO and CO as new messengers
may have a very close correlation with the PH,
and the NO/NOS and CO/HO-1 system serve
as an important regulatory system for the PH.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.
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BEY: A% AR —FA R (nitric oxide, NO)/
— AL R A B(nitricoxide synthase, NOS){k
% B — A (carbonic oxide, CO)/frtr &4
Bx(heme oxygenase, HO-1)4k & s AF A AL X
RV FH IR F 8%k, RITNO/NOSHK & &
CO/HO- 14k & £ K ST ARACTT # Bk & & F 49
EA.

Fik: ¥ SDRAMMAMS A4 E7 2T BA
(NCL). JE% 5t BB+ A 7% 5l A 45 S BR 7 B
(L-NAME)+%% & #hotk-IX (Znpp-IX ) A (N C+L-
NAME+ ZnPP-IX#0). AFARALAEA 28 (CIRM
2) . T AR AC BE A+ A sk AE R HE R BR W BY
(L-NAME)+4% . 7k~ IX (Znpp-IX ) 28 (CIRM+L-
NAME+ZnPP-IX£8). ¥ 7 46 & &M 2 11 # bk E
7y, M REBRE R Bl ik T PNOS=, BR—
TARER 338 B kM E e COLZ, 2 &G £
5 PP 3% H AR (Western blot)] & AT 2842 ¥ A i 4@
e, — F AL R4 B(endothelial nitricoxide synthase,
eNOS). #FF& —A MRS H(inducible
nitricoxide synthase, iNOS)&HO-1% & #9 & &
B

ZR: 5NC4M, CIRMA R ENO. CO
4% 291 %(160.12 umol/L+4.18 umol/L,
111.12 pmol/L£2.26 pmol/L vs 81.11 umol/L
+2.91 pmol/L, 70.51 pmol/L+3.10 umol/L,
¥P<0.01), 1Ak E A 90 2% (16.08 mmHg
+1.16 mmHg vs 9.85 mmHg+1.10 mmHg,
P<0.01), FF2022 PINOSAHO-1% & 4% &
##(165.69+1.17, 155.79+1.29 vs 13522+
0.54, 125.440.94, 3P<0.01), 12eNOS £ AT 41
4R Rk 2P A% (118.65+1.29 vs 160.77
+2.12, P<0.01), @mNC+L-NAME~+ZnPP-IX
ZINO. CO2 2 M ¥ 2 H%4K(52.06 pmol/L
+3.17 pmol/L, 52.51 pmol/L=+2.63 pumol/L,
BP<0.01), NM#HKEH LLETFEL, FA
2 FeNOS. iNOSEHO-1%8a 4 F A%
%4%(130.83+1.57, 120.81+1.47, 111.03+
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1.45, 3P<0.01); 5CIRM#LAak, CIRM+L-
NAME+ZnPP-X4A & ENO. CO& =2 2%
4%(100.24 pmol/L #-3.80 umol/L, 83.73 pmol/L
+1.78 umol/L, ¥P<0.01), I#/E /¥ B1E
1%(14.13 mmHg+0.56 mmHg, P<0.01), AF4L
£ FeNOS. iINOSAHO-1% & &3] L HA4%
(87.50+1.07, 150.66+1.42, 139.88+1.73, ¥
P<0.01).

Zig: NO. COEA#FHABAMRIET T, 5iTF
RACIT R 1 69 BALE AR %, MNO. CO
Fp ) 7 809 F A5 N 3t — B AR T R IR A
NO/NOS#k & & CO/HO-14k £ 3T AFAZAC T
Pk o R0 T B By A AR
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FAL T I RALIT #hk & R 6T %, 2113k /E
HEBAHZTZwRATAER.

RIF, FRDNI, XBEE, KT, 77200 WRM—S/a/—8kE
BRI R RS/ R SEARN AR JEIKED
HISAE. HREAHILRE 2014; 22(19): 2686-2691 URL:
http://www.wjgnet.com/1009-3079/22/2686.asp DOI:
http://dx.doi.org/10.11569/wcjd.v22.i19.2686

0 31

T D i H E A2 AT T K R G Lt ) ) 2 e
SHREAE, T i B0 A8 PR A A T K s )R
AEPE A, IX M B ) A8 A R AR A 16 e AL
H, H AT R AN TS R O 2B LR, BIA
JE R AN RS Tz 7 5k e e R R e, <
A5 51— A & (nitric oxide, NO). —% kL
Tk (carbonic oxide, CO)J& I JLA: A I 1) 1L 45 4% 1
Wi, 25 KIS, 78R TR K
JEP T B B E A . AW
HIAJEPENO. CORY™ A, MEEIH-AEAL K BT T
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1.1 A Ze i3k 20 FR(L-NAME). #F
JRARBE-IX(Znpp-IX) FH Sigma/s ) ; HI A Y
NOW 7 B &8 H w5t it A1) TR SR,
A Bz %A %A B (endothelial nitricoxide
synthase, eNOS). i3 8 —4 L& & (induc-
ible nitricoxide synthase, iNOS). HO-1% 7%
1A B Santa CruzA w5 HLAti 71424 1k 4%
afi. T1800%4M e ETl . £ EBIOPACA ]
MP1507 2 FAHE{Y . HEIR KIS R 4E(BIO-RAD
Gel 2000)%.

1.2 7%

1.2.1 FFARACAE AL 69 ) &0 SRS KR T
T 40% (1) DY S AK B HE 40 e v o, o RS
0.5 mL/100 g, LAJ54 d/ik, &:1%0.3 mL/100 g, H
30%1) SREF AR IIK, 12 wkFH20%% i
+80% FOKEAFE, Jo F0.5% A [ Bk + K T
Tl 0f BEZH K B R R VRS AR B ER K, ARE S )
A SR A, SR AR HETAI TR, R AR PR 4 DA
HIERILE I, AEIERES2 disF, KU RT3 g
JH-AE A0 2 TR

1.2.2 S5 o20: FKSDAKRBENLY hadl: 1F
HRALINCHL, n = 6) 1E 5 6] i+ A0 e i 3oks
S F S (L-N AME)+£5 5 1 -TX (Znpp-1X) 41
(NC+L-NAME+ZnPP-IX4, n = 6). JAH#{b R
R (CIRMZL, n = 8). JFAEALAR IR+ /2 Jig firg 3
A5 5% S (L-N AME)+£¢ JE k- 1X (Znpp-1X)
ZH(CIRM+L-NAME+ZnPP-IX4, n = 8). NC+L-
NAME+ZnPP-IX 41 F1ICIRM+L-NAME+ZnPP-IX
HAEERES2 dJF 2 T M L-NAME(S mg/
kg)s % NS Znpp-1X(20 pmol/kg), 1¥k/d, 37
d; [A55E77 50 RISEF = TPNCAl. CIRM41 A3
K, 1/, 257 d.

1.2.3 118k E A w52 I 10% 0 7K A SR I8 s
WRIEE(0.35 mL/100 g), | ] kA (A TR 41 e
R JTVE, I Sk B BT 22 il e ). Sk B gt —
i 1 4 T AR B 22 O I I R oy, O A
(R0 3 3% 45— 5 mLid S, v SR P AR I 5
B, HESVE G A, 0 SR PR 2 A 7 Sk R
BRI, DARIMEE I, JFHERR Sk BB I S
T, DA e [ DK g BRI s 2 SRR R LT
EEF ARG b, TR IR 2547 89 I R bk A
JGIVL, SR 5 P B K SO0 T P B2 R FIILIAL, DA 78
Oy SRR, SR TEIK R, B B TR,
SR 5 FH IR TR0 P A i ] )bk, R T 2
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A Sk B BEAE TR K P A T BT ARAS, SRR
I KO ) 1 AR AR, RS IR R ) 2R
FRaE I, A0SR BRI IR R
1.2.4 23 NO. CO#g#m: K RASETHIE]
L, T O iR R S L TP NO B i, T
P P SR J Y U 2 1 3 CO 7y Y,
1.2.5 7% & 50 TFHZUT40 g/LI F s v [l
S, AR D) L AT ARG, Ol
B RS AS= 0.
1.2.6 Western blot#il o #7: B & U il 41 21
AR ER AT Western blot/3 AT, I 5E 421
eNOS. iNOS. HO-1E [AMRIE. HER G
RGN 2 MR 5 45 I AR TEAE.(A), BAAH Y. X
AR TR 2 1 £ 23 o, I HIB-actind
NWNSIE FFE AL

Beit b PR R HISPSS13.048 it 24 i,
Htls lmean £ SDFRIR, £ 411 USR] 56 42 b
HLBETH 5 2 20 M1 (One-way ANOVA). P<0.05%
ZERA G L

2 B8

2.1 FFRETS 3 LS JTHREAL K U T, T ]
AP R SR, U, B WA R, M
AR £THELs A A 230G S AR TR (B ).
2.2 1M#FmEaZ 5SNCAMLE, CIRM4T]
ik 9 T 55 (16.08 mmHg+1.16 mmHg
vs 9.85 mmHg+1.10 mmHg, P<0.01), NC+L-
NAME+ZnPP-IX 4[]k Hs 77 W) G B 2 2=
S HCIRMAHAH L, CIRM+L-NAME+ZnPP-
IXZH [T ik s 0 B 2 B4 (14.13 mmHg £ 0.56
mmHg)(P<0.01)(F1).

2.3 mENOFCOKF LA CIRMAIMIHENO,
COH EHNCAAM LI BT 5(160.12 pmol/L
14.18 pmol/L, 111.12 pmol/L£2.26 umol/L vs
81.11 pmol/L+2.91 pmol/L, 70.51 umol/L£3.10
umol/L(34P<0.01); LCIRMZIAH L, CIRM+L-
NAME+ZnPP-IX41MLIKNO. COF &= W] i [EL
(100.24 pmol/L+3.80 umol/L, 83.73 pmol/L+
1.78 umol/L(}1P<0.01)(3:2).

2.4 FF4R42 FeNOS. iNOS. HO-1%& & &k I
ECIRMALITFAZIFINOS LHO-14 & i
NCA W & TF5(165.69+£1.17, 155.79+1.29 vs
135.2240.54, 125.44+0.94, ¥JP<0.01), {HeNOS
TR R IE B B PG (118.65£1.29 vs
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B 1 FFIERZZSEA x 200). A: WFTALH; B: TR VAL,

® 1 KEIIEBKENEE (mean = SD)

& 2 KENO. COZE (mean +SD, umol/L)

pax:l n  EAEMmmHg) pax:l n NOSE cozs

NCZ8 6 9.84=%1.10 NCZH 6 81.11+291 7051+3.10

NC+L-NAME+ZnPP-IX4A 6 9.16+£1.17 NC+L-NAME+ 6 52.06+3.17° 5251263

CIRMA 8 16.08+1.16° ZnPP-IXA

CIRM+L-NAME+ZnPP-IX42 8 14.13+0.56° CIRMA 8 160.12+4.18" 111.12+2.26°
CIRM+L-NAME+ 8 100.24+3.80° 83.73+1.78°
ZnPP-IX4A

°P<0.05 vs NC4H; °P<0.05 vs CIRMA. NCH: [FENBA
NC+L-NAME+ZnPP-IX4H: [EEWIR+ el ErE R fRtPEs+£F
[RONM-IX4H; CIRMEE: FHIBERLE; CIRM+L-NAME+ZnPP-
IXA: AT+ Zieis XS iR tP s+ £ Nt - TX2E.

160.77£2.12, P<0.01), NC+L-NAME+ZnPP-IX
HRFH L HeNOS. iINOSHO-15 & &R
W G P&A(130.83+1.57, 120.81+1.47, 111.03
+1.45, ¥JP<0.01); 5 CIRMZLAH L, CIRM+L-
NAME+ZnPP-IX4IF41£1HeNOS. iNOS K
HO-15E A& = 2 F%(87.50+1.07, 150.66+
1.42, 139.88+1.73, ¥JP<0.01)(3K3, 2).

3 11e
JFFAE Ak ) 5 Bk v O R A R AT AE P R IR 3%
PR S 2 DR 2 B P A H T B 4% e,
& B H P RS B0 R A T S S —
o AR R IR 2 B 3 R R, R A
BUE, TR 5y kP8 2 . 4 il 55 Y
SR A A i 65 et oA 9052 4 6 A0 O s v
B AT DR 2 5 1 i ik e s v 3 0 A B 1R TR
TEEANO. CO. I T W ZAIA
P 255 NOTEVF 2 A5 B R R B A BUIR A& vh
AN A5 0S40 M Lh B RS R 7 (K Th g, 2
FRARTEIRIA B B3, b B 76 BERS 2 RIE N OS
(IR A5 R 5 5 R AT I 5 W il 4 o
NO? S )35 P B A, 3 B0 52 A % 41 N O™
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°P<0.05 vs NC4H; “P<0.05 vs CIRMZE. NCAH: [FENIRA;
NC+L-NAME+ZnPP-TX4H: IEENIR+ el ErS 2R tP s+ (7
[RONSF-TX4E; CIRMZE: FHBUIRALE; CIRM+L-NAME+ZnPP-
IX4E: AP R+ iR EERIREP I+ FR0NM - IX4H. NO:
—& k&, CO: —&{LhiK.

D, AR LR 0 A A4 e 48 5 AN T A A A
BB, A& R FR K . LA, NO/NOS/H4&
B ) IR O 4 R I 4. CO R &
L M PR, SORFE T KO A stk A,
Jo I PR I 52 10 £ kRS R A L E L
fEH, M2 28 Al (heme oxygenase, HO)Mf 4=
PP R CORY = BE SRR, A0 A 1] ik v s
I, HOMFIA B 158, 41l COZK-P-th B 2 7t
= FHZn PPHOMHIF) IR N IEPECO, fiE
o | FFF A BEL g ey B S T ™, RO O
BEEAR, HF IE 3 K BRULRE 5 1 P38 8l bk e 4
T, XA T TR K K R C O i 22,
TE 11K o 138 o B D RS vh kg T
(R FAU, 3= LR 30 1 I 52 1 e B
SEEDR AN A i A A
NOS5HO H ik e T kb A ik, H.
ZATAE TN 4. NO. CORLARIY A9 I 4%
Poe, oL IO P ML A R A EE AR R A, (R
PR 0T IR0 B A R AN TR : NO =224

WA R
AX EEHA, L
H—m3HFEL
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4R n eNOS iNOS HO-1

NCH 6 160.77 £2.12 135.22 +0.564 125.44 +0.94
NC+L-NAME+ZnPP-IX4H 6 130.83+1.57°  120.81+1.47°  111.03+1.45°
CIRMZA 8 118.65+1.29° 165.69+1.17° 165.79 + 1.29°
CIRM+L-NAME+ZnPP-IX4H 8 87.50+1.07° 150.66+1.42°  139.88+1.73°

°P<0.05 vs NCZH; °P<0.05 vs CIRMZH. HO-1: [T X EHE; eNOS: ARBIB—RILREEE; iINOS: iF
SA—SvESEE. NCAH: [FEWRBAE; NC+L-NAME+ZnPP-TX4E: [FENIR+ e E s S iAPis+
BRINF-IX4A; CIRMZE: FIBCIERE; CIRM+L-NAME+ZnPP-IX4A: AT EB{LIER+ Rl EaE s

ERES+ B RON-IX2H.

eNOS A .

2 BF4ALRDPeNOS, INOS, HO-1ZEBRIEMZE. 1: NC
2H; 2: NC+L-NAME+ZnPP-IX%H; 3: CIRMZH; 4: CIRM+L—
NAME+ZnPP—IXH. HO-1: M4 A& eNOS: NRZ4HlE—
HLA S iINOS: i S —S L F Al NCA: IR
%H; NC+L—NAME+ZnPP—IX4H: 1E B+ 7o e Ak s
RS+ BB NN — IX 2H; CIRMZH: FFRE{EISEAZH; CIRM+L—
NAME+ZnPP~IXZH: I VT + /- e RS i FH e+
MNBA—TX 2.

JHE BT KA, K T TR LA PR R M /N, (HCO S
JHF 0465 BEL O 1) 2 R 2, 6 LR T KR oK
TRFRIF SR R AT A TR

AR DUAERIE TR B, 5K UG R
JEMIAF B, M3ENO. COR RN M,
B A R 0 o o R A R AT T
fik s 3 2 L 3ENO . COR R &, MU T
NO. COTE- A1 Bk e Fs 1 A 4 +5 b
RAE T BB, AR, e R A
KSR, NO. COME R ET M, X5 H
BIIAFSERIEA — 3. Pannen®P FZnPPiY &
WIEPECO, BE 51 T I B g e B S T, 1T
L-NAME MY & 5 [ T i 8 B (it 7. A
ST A 0 T IR TENORIC O = 4, it
Western blot/Eill 7€ T AF4HZ1HeNOS. iNOS.
HO-1EE A& &, 453 KILNOS. HO-1E 7R
FFHZR AR R IE BN CHL I B T =, I CIRMA+L-
NAME+ZnPP-IX 41 % I 22 45 b W B CIRM 4L
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B S BRARG, X ) E A AT 9T 08 DA R AR TR 2
PAFEFIF 5T — 3, XU Tl A2 TNO
FICOMFIHIF, AT AR 5 HA SC A AR 1,
HET O LR P NOMICOS . 78S B ik i,
I RILT eNOSTE T2 4 () 23 A1 A1 S 1,
CIRMAL 8 A ZIA W] AR TNCAL, &5 313 T
JHFRE AL I 2 RN O ik & AE il 2 B2 INO S
LT

BRIEZ Ah, AHEFT 5 T B — T2 W5 T
ALK BT R KO D0 AR 4k, AT B R 1
YL TNOFMCOXS [ Bk R s ¥, 4551 k%
L: CIRMAL T Tk s 77 B 8 iy TN C4, NC+L-
NAME+ZnPP-IX 41 5NCAIAHLL, [T k)T 5
S 027, T CIRM+L-NAME+ZnPP-IX 411 &
FIMBH AR T CIRM4L, UiHH TNORICOXT]##
Jik S A S LS.

B2, AT gt REHNO/NOSIE R L CO/
HO-1AR S5 7 AL ] bk o e R P R, )
IV KO S B AR A, i A
VEFIRLEIEAT A3 — 2D AF 5T

4 B
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