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GEE)] B BitHER— S84 (eNOS)E B 5 8 0 K B8 4% 4 £ B 50 3 & /& (CHPHD IO B
BifER . Ak MEW Wistar KR 24 REBEAIIEEANARE H A KE LacZ (H-LacZ) A KK
eNOS(H-eNOS) 4, 454 6 ., £ E 5% HE,H-eNOS 43 A 5X10% pfu/L AdCMVceNOS 50 pul, X
12 & ,H-LacZ HE A% & AJCMVLacZ, X A EASRAH#RK:3d R KR CHPH 8 KEEH
J& (2 F) ¥ B 11 3h 1 2 #5 45 Uk 76 3R 2 19 30 Bk FE (MSAP) , .0 3 (HR) #1 - 2 it 34 Bk FE (MPAP) ), i /) 1 %5 L
ABEGMDAOEPPHHKFS LA MELEEEERAELE/(ELZE+ZRB),HITHASR eNOS
EHRUEFBERELEHF (CGMP)AI—EABANO)ZRHE. R H-eNOSHAKXB MPAP. KL ZREHRK
Fp /NI ENALBERBET HAS H-LacZ AR T N 4 (P <0.01); 4 KB HR il MSAP H. 4
LBRYTLHHEE (P #>0.05);H #1 H-LacZ 41 eNOS B BB H T N 4.6 T H-eNOS 41 (P #<<
0.01);H M H-LacZ AKBMALA NO F B BMK T N 4,7 H--NOS 4181 8 % T3 b 3 4 (P<<0.05 &K
P<0.01);N.H 1 H-LacZ #HH K B R cGMP &9 BT H-eNOS A (P 5<0.01), A 34 M HELKER
TR FEL(P H>0.05), &i® B NOS EEHEBH, 0 M BM AL eNOS ¥ #, ¥ i1 NO/cGMP &
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[Abstract] Objective To investigate the preventive effect of endothelial nitric oxide synthase (eNOS)
gene transfer on chronic hypoxic pulmonary hypertension (CHPH) in rats. Methods Twenty-four male
Wistar rats were randomly divided into four groups with 6 rats in each group: normoxia group (group N),
hypoxia group (group H), hypoxia with LacZ group (group H-LacZ) and hypoxia with eNOS group (group
H-eNOS). AdCMVceNOS, AdCMVLacZ or normal saline (NS) was injected intratracheally 3 days before
the beginning of exposure to normoxia or hypoxia. Rats in group H-eNOS received 50 pl of AdCMVceNOS
(5X 10" pfu/L), rats in group H-LacZ received equal dose of AdCMVLacZ, rats in group N and group H
received equal dose of NS. Hemodynamic parameters (including mean systemic arterial pressure (MSAP),
heart rate (HR) and mean pulmonary arterial pressure ( MPAP)), pulmonary vascular remodeling
(percentage of muscularized arteries in small pulmonary vessels) and right ventricular hypertrophy (ratio of
right ventricle to left ventricle + septum weight) were measured after 2 weeks of exposure to normoxia or
hypoxia. The expression of eNOS, cyclic guanosine monophosphate (¢cGMP) and nitric oxide (NO) level
were also measured in lungs. Results The MPAP, right ventricular hypertrophy index and pulmonary
vascular remodeling in rats in group H-eNOS were obviously lower than those in group H and H-LacZ, but
higher than that in group N (all P<C0.01). There was no significant difference with regard to HR and MSAP
in rats in all groups (all P>>0. 05). The eNOS protein in group H and H-LacZ was obviously higher than that
in group N, but obviously lower than that in group H-eNOS (all P<C0.01). The NO level in rat lungs in
group H and H-LacZ was obviously lower than that in group N, and value in group H-eNOS was higher than
that in the other groups (P<C0. 05 or P<0.01). With regard to cGMP in rat lungs, there was no significant
difference among group N, H and H-LacZ (all P>>0.05), but they were all obviously lower than that in
group H-eNOS (all P<0.01). Conclusion Intratracheal eNOS gene transfer upregulates the activity of
eNOS protein, elevates the level of NO/cGMP in lungs, and alleviates CHPH in rats.
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s kB ECHMIERBERAIHME R
FRENERESEHED AREY, —ELE/F
BB HFENO/GMP)E S @M BB AL R
ARPEEEMRAY, B, BE# NO/cGMP 3 f8
+4EE, NORASTEIRIT PH BAM BHESIR
ARERS, @ FENEB—KLEA B (eNOS)
FENOERY WO EEREK N FAREEEA.
H i, Ed eNOS # 5% H &8 NO/cGMP T fE v #8
BRIT PH MBEBF % . £ T, A H5E SRR
ENSLSEHEA eNOS £H, it H 3K R #:
A6 4044 7 30 Bk 6 B (CHPH) By T 85 76 A
1 BEEAE
1.1 8RB EEYE Wistar KR(BERXHEEX
BEREZRINYHLEMH)24 B, 4hH 220~280 g;
S 3 A% eNOS £ H M LacZ % H W E AR
% AdCMVceNOS i AdCMVLacZ, i 2 [ ## 35 §&
PAZTBEERFL Gerard BB MRIEA
eNOS B Hi kW F £ E BD AR o ALK
FMEMBANAERERAANEW TR SEDHEAR
A7) ;cGMP Bt R E AN EWT LB PEH KE;
NO HAEM THEBEREY TRBRHK,

1.2 ZRHYHE.24 AAXREHILETFRES
AEEMNABKEM A KE LacZ(H-LacZ)H
FI{E4E eNOS(H-eNOS)H 4 4,84 6 H.,

1.3 BEARFEEABRMAMER . BEEAKE
EEAMESRRAR, 2O05BHETIHES,
WSBOVD2. 5 ml BSHE @60 K/ min, RALK
% BF (Fi0,)1.00, H-eNOS 4l K REEREA
5X10" pfu/L B AdCMVceNOS 50 pl, H-LacZ 4
HEALRZAICMVLacZ, N AN H AT AZEAH
HAB5min EEEA LR HL 12K AHEX
B EA 200 pl EEERBHIDH T EM
H, BRAREZHRERELRRN 3X10° pfu,
FEERUKESE, WEEHSEFEHAO 3 ml
(100 g/L) L ERF 3 d FHEHITER.

1.4 KK CHPH BEIM B B} N 450, Hh s 4
ABETEN, MEERA.BH8h,EE2A.
1.5 REEHERFE

1.5.1 MBS A%ERGEREGLERERBERN . K
2R BEEAKERERBERR, &K K
B8 W08 08 3R F- 39 3 Bk FE (MSAP) #1.8 % (HR),
HOFEEN BT3Bk EMPAP)Y, B ik
AR, FRBEOE,ABEGLEEHERY) A
LERZERREALV+S)HHFE. iHH RV/LVES)

REGLEEEER.

1.5.2 FimERBREHANE - BIVASAFHHE
KEBRBEWBER VA EFNTHFAR-FAO
HEREMM AL LG, & T WE B 3k
(CMA). ¥ 4 Nl & 3h Bk (PMA) #1 X WL B 3h Bk
(NMA)YTEZ . 400 fFHE T HH CMA 5B/l
BEMOREWES LR NLENAEE. §
YA EENE S MU ERENE.

1.5-3 FEHHE%REE %P (Western blotting) 4 #i
fiff 1 R eNOS: B 100 mg S AR HEEMBHR
WRCAZEFEERZ _BYRELARBEREEH
B EOHREER, R RBCARNEEA
TR, NELEANREE S+ _ERRN-BR
15 BB B 3k (SDS-PAGE)E , B EHHKBE
WRAHERBE L, Tris ZB(TBS P ¥k, iR T M
& 938 & 1 i /b B A eNOS B35 & 41 & (TTBS
1: 25008, BEEH. TBS gt fgmsim g g
LY B HRPFICHEH R G, ZRTHEFE , %
HSfb¥EE R EECLRBA, BRERAERE S
W ERAFHREEDE.

1.5.4 FFALANO FEWE BUKRMASH RA
LK, OB LR, BT R %R W NO; Ml
NO; W B, AAUREMALNO &,

1.5.5 B4 H cGMP FEBEE  BUTHSR, AR
BERRZE P A RS, B DB, R A s
R E cGMP X%,

1.6 Geita4bs . B SPSS 10. 0 3k 4, $ i A 1
WEAREE @O RN, BER T EHT, R
Ji SNK 83 ,P<0.05 WEFHRITEEX.

2 & R

2.1 MBEHARERGED - BHRKE 2 AEEAKX
B HR\MSAP R XA HFHE X (P 5>0.05, 5
N 4 8, 34t 3 41 MPAP B 8 7 %, {2 H-eNOS
#HAPEBET HAS H-LacZ 41 (P $<<0.01),

2.2 FiAmENAMELZEEERE . HE REE
7N 8 i /) 3 Bk B B SE L P9 B 4 MR P R 2K, 4
M AHHE, K/ E#E—BGH 4 H-LacZ 4
it i 5 B BA (B 3 5 B /DB Bk P R B A IR KL
BRI R P B R A, B B 9 B Bk A ; H-eNOS
H B/ kISR R RAERE S H 41 H-LacZ 41
BERR. BHHEREER R 2),H-eNOS 4
AL ESF CMA T EHAHAREETFHARM
H-LacZ4,BHE & F N 4 (P #<0.01);H 411
H-LacZHB B Z R XA ¥ 8 L (P>0.05),



* 224 -

B

B E SIS 20094E 4 A% 21 %% 4 #  Chin Crit Care Med, April 2009, Vol. 21,No. 4

RV/(LV+S)5 CMA/A B4 R—3, RYAME
#

A eNOS AT H] B BB H KA i 1t &
EHEBRGOEER.
81 FAKRMKAHNEHRFLE LD
Y HR MSAP MPAP

A ® (&K /min) (mm Hg) (mm Hg)
N4 6 375.0+16.0 97.0%+ 8.0 16.5+1.6
H4 6 386.0%19.0 101.0%15.0 30. 243, 2%
H-LacZ 4 6 392.0+18.0 95.0+£15.0 31.042. 3%

H-eNOS @ 6 376.0+19.0 106.0110.0  24.3%+1.4°

.5 N 4 & ,"P<0. 01,5 H-eNOS 4 i3, P<<0. 01
1 mm Hg=0. 133 kPa

%2 S4KEKCMA/AFIRV/LVHS)GER(xEs)

A5 HYH CMA/A RV/(LV+S)
N 6 6.5+2.2 22.8+1.5
H4 6 27.44+4. 8> 42.8+4. 6%
H-LacZ 4 6 25. 944, 1% 45.244. 5%
H-eNOS 4 6 16.943. 3% 33.1+2.5°

.5 N4, °P<0.01; 5 H-eNOS 4 W ,°P<<0. 01

2.3 BAH eNOSEHREB(E 1):eNOS EBHE
K HEWAH FLEHEHAEME S FEE 140 000
), EEAH B, HAFR H-LacZ 4 eNOS EH
SBEHEMGAX A {H:2.8040. 68 1 2. 40+0.58),
HERETF N 4 1.00+0.00,P #<0.01),88 B#&
F H-eNOS 4 (4. 95+0. 86,P<C0. 01),

1 Western blotting 1 ¥ & 4 KR
WA eNOS BB RIELER

2.4 AR/ NO.cGMP &R (£ 3):H4AR
H-LacZ# NO S BEHH BT N 4, H-eNOS
2 B B & FH A 3 4 (P<<0.05 8] P<<0.01). N
4. .HHMH-LacZ £ 26 cGMP SEBHYABET
H-eNOS4] (P #<<0.01), H 34 M X RHE
gitERE XL,

®3 S4HAKENASNO.cGMP SBEH (z+s)

#5 H¥ NO(umol/g) c¢GMP (pmol/mg)
N4g 6 0. 4040. 08 0.15+40. 04
H4 6 0. 18+0.08* 0.13%0. 03¢
H-LacZ 4 6 0.1240. 06™ 0. 181:0. 06°
H-eNOS 4 6 1.0240.16° 0.6010.11°

5N HHB,*P<0. 05,°P<0. 01; 55 H-eNOS 4 18, P<<0. 01

3 i #

AR HAKXBMAL NO S HE N 49
BHMK. MPAP BIBA R, FHAHENMH O TS
WEEME O EI K, T Y18 H MK A3 A H NO/
cGMP @EB RAMHER, B NO AR ETRER
CHPH 2 MEBEERH. HEN, AKHE NO &
NOS W TF, th L E B AE R, HELE
{5 cGMP RIEVER]. eNOS £ jifi I8 Py iz M H-&
BNOBFENRER, AEmEEETHRER
HBR HEORRYTYMNO ERE, BHit,
eNOS ZEFM NO =R ¥ 2 EME. RMEHED,
HHXBMAH eNOS REHBHETF N 4, NO
B AR T N 4, 3% 018 4 1% & & 7T {1 il 41 4 eNOS
RELABHREFEIBER, RARETRRN.
OG5 it M E WA T i m BB EN
BU90 71, R eNOS ik ; Q& {5k i E eNOS &
BRMAKE BRAZRQBRE LA T HARE
¥ eNOS # i 39 3E %3 BR ¥ — F 5 4§ & B (ADMA)
AP, FR_FEBER P EEKRE(KE
ADMA MEH K., B REBLER, L E H 4 NO
HBHEFNABWNA GMP 2RI EHKIT%E
X. X feEN CHPH B i A F 4 ik b
A, T H 1Bk BIEN cGMP £ BN B —& 2.

Pl E#%:CHPH MR B #E 5 eNOS ThiE R
BIEMABRENOARARA X, BKEAKRITA
HAGCGMPEEEEERRBEHBRI, HRREU
Bk PH 25 . Bt RIIEKEHAE eNOS EH
W E AR, LK S eNOS g, # m NO/cGMP
S8, HIETXKREZ4% CHPH, £28n~,5H4.
H-LacZ4 (8, H-eNOS 4 i 4 41 eNOS E B .NO
1 cGMP & 8 8] B 1#% %, MPAP, fili /b 1 & AL {6 8B
BERAOERBEREY 8K, T MSAP #l HR &
BEXR, FHAKMKA AACMVceNOS J5,eNOS
BERNFRTLETREFENOEY KERFRU
BEEESIEN KR PH MWL EEY. ERIH
BHRG.SREREABLARFEUFEEERRS
I"ES%FXSE LKA K . B KK,
BN IS B AT, B i #E Y, H-eNOS AL K R,
BitiBH 77 i eNOS $5 2 AL B EHRT eNOS &
#,38 1 NO/cGMP B4 TN EF KA.
BeAb, B b B2 eNOS ¥ 2 B 2% 34 75 A {3 B ] B
P94 L NO YR80 ZE %6 41 i 8 5 BB I /B, 72 A B
mEFRER.ATFEIKBEERER, HFEERIKN
R BR Rt U0, B8 e %K B, MSAP 1 HR Fres:
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03, DA T 35 B 2 R A I AT SR AR A
HEERNEEBNE.LZEER CHPH &
FEMHERE S RRBIT PH X, BIREY,
umnEREELRESBPEEEHEANY,
E i H-eNOS 4l MPAP TR 863 58 R T &R
BB BB AULEH A cGMP KA RIRA
BN EREER RN N EEY.
BB R T PH & BRI HE 0 Ag X
WEMLERERARYEE. AW, X HXRE PH
BEHTEPTHRM T KE.
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