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¥ (congenital heart disease, CHD) i sh k& FEIRBUHRIE , 73k (B IS S SD KRR 50 H &R & 200~230 g Y BN
FHEBENLAT N 5 ARTFARE(S ) sh kS EH (P 4 WAKFRINZ (N 2H) | W A5HR 81+ 3 IE R4 1k 78 JE B (xanthine oxidase,
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Effects of sodium nitrite on rats with high pulmonary blood flow

and pulmonary hypertension and its mechanism
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(1. Department of Anesthesiology,The First Affiliated Hospital of Chongqing Medical University;
2. Department of A nesthesiology,th.e Children’s Hospital ,Chongqing Medical University)

[ Abstract)Objective . To investigate the effects of chronic sodium nitrite treatment on rats with high pulmonary blood flow and pul-

monary hypertension and to explore its mechanism in order to provide references for the treatment of pulmonary arterial hypertension.

Methods ; Fifty healthy male sprague—dawley rats were randomly
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assigned into 5 groups (n=10) :the sham group (group S),the
PAH group (group P),the sodium nitrite group (group N),the
sodium nitrite +xanthine oxidase (XOR) inhibitor group (group
NX) and the XOR inhibitor group (group X). A left—to-right
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shunt pulmonary hypertension model was established via an ar-
terial ~venous shunt surgery,creating a shunt between the ab—
dominal aorta and the inferior vena cava in all groups except

group S. After 11 weeks,sodium nitrite was administered (6 mg/
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kg) once per day for 21 days in group N and group NX. Allopurinol (30 mg/kg),which is a XOR inhibitor,was administered in group
X and in group NX one hour before sodium nitrite administration. The same volume saline was given in group S and group P. At the
end of the 14 weeks,the mean arterial pressure (MAP) and the mean pulmonary artery pressure (mPAP) were monitored. The hearts
were weighted to calculate right ventricular hypertrophy index(RVHI) :the weight ratio of the right ventricle mass to left ventricle plus
septum mass(RV/LV+IS). The NO contents in serum and lung homogenate were determined by Nitrate reductase method. The struc—
tures in pulmonary arteries were examined in goptical microscope. The endothelial nitric oxide synthase(eNOS) and XOR contents in
lung tissues were measured by using Western blot. Results : Shunting of the abdominal aorta and inferior vena cava resulted in a sig—
nificant increase in pulmonary artery pressures. The intragastric administration of sodium nitrite (6 mg/kg) and XOR inhibitor resulted
in a significant reduction of the mPAP in PAH models. Compared with animals that received no inhibitors,the use of inhibitors
caused no significant change in the mPAP. There was no significant difference in MAP in the five groups. Rats with high pulmonary
blood flow and pulmonary hypertension had significantly higher RV/LV+IS weights than the sham operation rats. The rats with high
pulmonary blood flow and pulmonary hypertension that were treated with intragastrically administered sodium nitrite (6 mg/kg for 21
days) had significantly lower RV/LV+S weights than untreated rats with high pulmonary blood flow and pulmonary hypertension. Com—
pared with animals that received no inhibitors,the use of inhibitors caused no significant changes in RV/LV+IS weights. Compared
with that of group S,the serum NO level decreased in group P and group NX(P<0.05). Compared with that of group P, the serum NO
level increased in group N(P<0.05). NO levels in the lung tissue decreased in groups NX(P<0.05). The histological analysis of sec—
tions from the left lower lung lobe revealed the development of medial hypertrophy in the small pulmonary arteries from animals with
high pulmonary blood flow and pulmonary hypertension. Treatment with 6 mg/kg of intragastrically administered sodium nitrite daily
for 21 days resulted in a reduction in the extent of medial hypertrophy in the small pulmonary arteries in comparison with the vessels
from untreated animals with high pulmonary blood flow and pulmonary hypertension. Western blot revealed that eNOS/GAPDH and
XOR/GAPDH ratios of group P were significantly lower than those of group S(P<0.05). However,the XOR/GAPDH ratios of the sodi-
um nitrite—treated groups were significantly increased. The XOR/GAPDH ratio was significantly decreased in groups NX. Conclusion .
These data suggest that long term administration of sodium nitrite improves the hemodynamics in rats with high pulmonary blood flow
and pulmonary hypertension and attenuates pulmonary vascular remodeling induced by pulmonary hypertension,but the mechanism of
sodium nitrite that underlies this effect requires further study. ’
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KA, 3k Ha2h ) B SR BRA T AR 3 IR DRCAE
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AL A (nitric oxide, NO) & H: Xt Bl 3 Bk EL A % £t
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1 #R5hHE

1.1 héhrELHa \

7% S 6 3o B £ o VS T R R SD KRR S0 R ,42~49 H
1, R 200~230 g, HE K ERREZ YL PO 8R4,
BHE : SCXK (%7)2012-0001, RFIFEHIEFFEE ¥ 50 H
fRFRIE G R MEVE SD KEBENLAY 0 5 41 (n=10) MR FRH(S
) Fish ke A (P 4H)  WAHERGAZH (N ) W AHER N+
N5 S AL 3% IR B (xanthine oxidase, XOR) I 74 (NX 4) .
XOR M FI4 (X 4H),
1.2 R &R s FE

AR SD KRR 12 b, 28K 2 h, RGP
g, F 10%/K6 88 (0.3 mL/100 g) 8 M R 55 0 ik
A5 H BRI, 1R Sh W) i ELWH R B A RO B, g AT B i
FAFRE, RIFH A TR, SBICRTIN B,
BB BT ARBERS K, BURES, AR EHEESF
R FEEREE S O A7 BT, X h
ERAEYPLIE RKBREN, EHTE TS EHRBEE
BT ek . T TCE Nl ke o e S8 R 3k - 5
VT B B RRAL AN T 5 IR S B Bk o AL, R B F B ko
T 1/3 &b, 18G #BkZF RIS TR E3h K IE LA o AR £ 300k,
RIE UL 4o RAUTING DOV RIBE e k- T R IkE A RE
AT BRI RO, BB R, L —a N R
FAREEFEH D, 30 s FMIT/shkde, URWERR TR
FikOA R B kst a o iR BT R MONA B
BN, WESE o iR RSB ST B Th , B s AR 28 07 , R TR
B S ok, BAUHTTIE E k- T gk m i FA  #ar A
A4 R R S bk R KRR R, RE 11 A R4 T
N 2571 NX 41K I AEBER4M 6 me/kg, X £H K KL XOR #1i7)
RSB 30 mg/kg #E B T, NX HETLRBRMA LR 1 h
#F XOR 17| HIESBE 30 mg/kg, KA 2 HATEAR
FAE K TER , 8K LR, 3 B RKRAHLE R 24 h
JRHATUTHe AR,
1.3 HLEIAF _
1.3.1 FHEIBKE (mean arterial pressure, MAP) F1 -1 fifi Zh
Bk JE (mean pulmonary artery pressure, mPAP) W5l %5 KB
FRE G, FI 109%7K 4888 (0.3 mL/100 g) 38 i I e i S i
PR HRREE R BUTEML EE TN FR &, B & &,
BT, 2FER Y OTKENHF BA 16 SHkE B4
£, B TKR-200C BL/Nah 4 v R AL (717G 47 7 BREERF I L
AT, BAE 2 mL/100g, FEM SRR 40 Y/min, K
BB, RFBLTSIIK, REt7EA 3.4 BhESTF K 2
BBk, 2 A IR — KSR F RIS EE B AL
TR BBk sl Bkt |, 25 e 145 AR B PM-9000 £ 5 4E
TR (RYEFRAEY BT R FROERAR), BEG
ICEMAP F mPAP,
132 ALZEIRBEHRENE  MAP F mPAP IEMSEEESS R

SERBIPK AL 3~4 mL, B FTREOE N, HEMAN, R
R EBCT AT, R R SRCIR PRI, BUE K
SRR RS A B R K M o R 0L, /N AR BB %
OEHA UEMBAR, 7BRERG, B RG0E,
H—ENERBEOE . A AKX RIS kT
e, FIREUR K4, RES BTN T TR TFREL R
HER, UELCERE/(LELZE+ZRB) RERAAH LS
B4, Bl RVHI=RV/(LV+IS),
133 MBEMHEANO FEME MAP Fl mPAP Wil 58 5
J5 , REM B IMLAEE 3~4 mL, B T THREOER, HEFSE
A PR RS, 7E 4°CA&4 T L 3 000 r/min
(BN 8.5 em) B0 20 min, B BT XH EP &
H, B T80 CHUETER . SEHAFREUE Bl L lia 2, 1R
B (o) B (mL)=1:9 BHFIA 9 ARk k, F
SIREFEVOKB M THMER, HOKBEE T FEEL
B 7E 4 CHAT LA 2 500 vmin(B02ERH 8.5 em) B>
10 min, UL VEWR , B T-80 CHRAFFE ., B NO B %2 i)
B (FHRRE TR B ) , FHs T HR U I 5 op 25 BB, A ) i 7 % B
4P NO & & NO Wil &y g b st W IEM A YR
BABRAHE, o
13.4 FERBASFWEL - MAP M mPAP Wiis2se s  BUK
BUZEHs I AtiZE 4R, BT A A R K B SR LR ik 31K,
SRS FHUR AR T LUK Y , 4% TP REFE 2, 48 h JRiffT
AR YR S8FUHT HE i, R ke
1.3.5 Western blot A i ZH 4 P9 fz B — B AL B -5 B8 (en—
dothelial nitric oxide synthase,eNOS)iFﬂ XOR EBHWFEEX H
PIPA SUBEWRBUNHLEH , BCA BT EH TR, L&,
SDS-PAGE #EfSHL Ik , HL 56 ZRHERET HE K I, 5% Bifg 4 454
F, i — 3T (B B H B . XOR 1:500 eNOS 1:500 ,GAPDH
1:3 000)4 CHEF R, K H TBST il = B E 10 min x
3¢k, ZHi(1:5 000) =R 2 h, TBST ¥ 10 min x 4 K, BEME
J& ECL B #EEBLELE , 2R A Quantity One 3R{4#E47HR
FeEAT, BRNEAMNEERUBNEASHSEARE
BRI,
14 #hit$am

HEFR AN « A2 (2 £5 ) Fm, R SPSS 20.0
ARG AT ST AR, BT IE S A 16 5 Oy 257 1
5, J7 22 TP R 4H 1A EL R FH B BB B O 2004, T ARSI
o) LR P AR AR OB SR, BBk HE 0=0.05,

2 4 R

2.1 MAP #= mPAP 5]

5 S 4 ik, P K B mPAP A B FH5 (P=0.000) , %51
Jiti 5 ik B8 FEAR B EEE R Th ; 55 P 4 tbR , N 4H (P=0.000) 1 X
£ (P=0.001) KB, mPAP B & F&{5K(P<0.05) ; A XOR Hi5
J5,5 N @ g, BRI ER 2 R g 2 E L (P>0.05),
5 AR MAP thEE R THITRE L (P>0.05), W&,
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F1 KEAKXR MAP.mPAP 010 2R EHEHLL B x +5,n=10)
Tab.1 Comparison of MAP, mPAP and RVHI of each group

(x+s,n=10)

A5 MAP(mmHg) mPAP(mmHg) RV/(LV+IS)(x10?)
S#H 92.1+2.0 13.9+0.6 27224

P4l 92.8 +3.1 287+ 1.1° 374+ 1.00

N#H 93.8+1.2 150+ 2.0" 28.0 +2.6"
NX£H 92.4+36 16.1 +2.6" 29.9 +2.2"

X4 93.3+3.9 16.0 £2.6" 30.3 +2.5%
FA{E 3.162 29.227 30.113

P 0.531 0.000 0.000

TE:a, 5 SHHE,P<0.05;b: 5 P LA, P<0.05;c: 5 N 4HHEL,
P<0.05;d:5 NX 44, P<0.05

22 A FRRBIEHME
5 S g bbd P 4 KR RV/(LV+IS) B & 75 (P=0.000) ;
5 P4 A N 41 (P=0.000) 1 X £l (P=0.006) K RV/(LV+
1S) B i BRARG; A XOR IRIE , 5 ARG e tege , B8 hndm
IR 22 G TR E L (P>0.05), W# 1,
2.3 AL NO AF 2
5 S &, P 4L K RBUMLEE NO & B %K (P=0.000) , i
51 NO S REFLHEIERE XL (P>0.05) ;5 P4l s N 4
K RUMLTE NO & & T+ (P=0.000) , ili5)3% NO SRERTS
AR L (P>0.05), filA XOR MIHIFIG , 5 RSN 5%,
T 700 6 1M 78 A 513K NO & BEFRAIK (P=0.000) ; X £,
IS ARSI NO & R (P=0.033,P=0.021), W2,
K2 KAXBRME.FHSE NO FEBLLB(umol/L,x +5,n=10)
Tab.2 Comparison of NO levels in serum and lung tissues of
each group(umol/L,x +s,n=10)

2 51 1M NO & ftisI% NO &
S#H 412+£43 40227
P4 16.5+3.4 408 +4.0
NZH 34.6+2.9" 428+39
NX4H 18.8 +3.0% 18.9 +2.4%
X4 222 +3.6% 15.4 + 3.0%
FAg 93.732 164.524
P 0.000 0.000

:a, 5 SHHEL,P<0.05;b: 5 P AH LA, P<0.055¢: 55 N 41 HK,
P<0.05;d: 5 NX 4 [t#, P<0.05

24 FHSHRBRABI B

FBE T Rtish bk HE Jetan] WL S 20 i sh ki e e, 2
YA , BN (B 1A) 3 P 4R BUBTT 31 fik P IR K% v s
J& S L4045 B W HHERI AL IR T AR B
AP | BRI RAEAIHLIZTE (B 1B) 3 T2 WA ER 4N
TRYT G i sl B R B TR RN e b A AR R 15 21 A sz, B
RS (B 1C); inA XOR MG | il 45 T w15
FNE(E 1D.E),

B. P 4K BB BIL 47 e

N\, - o

C. N 4R RUIEh K IE &2 e

D. NX 4K RUI s ke &2 g

E. X SR BUMEh BRIE 82 ¢

B EABETEEXRMEKESFENE (HE,400x )
Fig.1 Light microscope morphology of pulmonary artery
observation in each group ( HE,400 x )

2.5 Western blot 3 # M A 247 eNOS #= XOR & & 89 A&

Western blot Z53R i/, 5 S 4HHAS P 4 eNOS S B
FEKFHE (P=0.005) , X £ eNOS F1 XOR F ik A% (P=0.000) ;
5 P LAE N 41 eNOS 1 XOR & & B 74840 (P=0.000) ;
LRSI XOR #PiilFI4H Hhdr, #Hn XOR #7141 XOR %
AP (P=0.000) (3% 3,18 2),

% 3 Western blot &M &ARMALR eNOS F1 XOR Hy
EHRHKEE (x £5,n=3)
Tab.3 Average positive absorbance of eNOS and XOR

in each group ( x +5,n=3)

25 eNOSFEIE XORZik
S#H 0.951 +0.051 1.667 + 0.065
PH 0.794 + 0.009* 1.313 + 0.055°
N#H 1.864 + 0.065* 2.100 + 0.100*
NX4H 1.725 + 0.058" 0.490 + 0.053*
X4 0.311 +0.067 0.573 + 0.055%
FAHE 436.340 313.851
Pia 0.003 0.005

H:a, 5 SHHE,P<0.05;b: 5 PAHNE,P<0.05;c: 5 N 44,
P<0.05;d: 5 NX #H b4, P<0.05
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Fig.2 eNOS and XOR protein expression in pulmonary tissues

of rats
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BhBk- T REER kIt A BE AL , AT AR IETR AKS & 370 , A
Fr sl Bk e i A 2 PR Sk 28 ] O e M i s R e v S 4
bitgeg i1

i sh bk R &AL KBS NO A48 M AN R i
WD KE, NO VER N R R IR B &7 5K B 7 i 1m 4
PR 7 R A R, 2 it P — A A A
rju, Wk A NO AT DL I B W4 , V&35 40 B P A3
AN, ESR NO B B AR KAtish ik & 71 rfE
F (B2 NO 7ESERRls R P, B TRE S B E T
FRERE A M B SRR 4, RIR 2 LRt
WM A NO W H T A TR mE T, Rk F 2
37 T PR AR S B AR A 3 ik v 7, T e R 2 1
i sh ks BB BRI IRIEAR K, H NO fEFRTE]
B, AR TR S s BBk P It Bl Bk i R

KHILISR , WAHBAEL BA A2 NO B —FRICTE
RBTF=Y , AN AR RS TE LS B A K,
BRI FATIRF B G A REUE L X A SCBRM, B0
TR B RN, WHRNEMIL I EZANEEN SR
B LR A R AL | B R A SR BT
ToRIBRIPERUY, A5 S B M SE I 45 SR S SCHk
A ER N B 2SN B M A 256 1R) . 4SBT H B
BRENNEYRERE K UHRMES 24 h
& , FIHER T W ASER A i L B 2 Y IR MEH

FEST IR B B ks FE A, A DA At i S

Fi AL A5 v i 1L R B R e IR BY B A R
A B i X 25 ET SR TH BB 324, 51 A2 eNOS kT
b eNOS BETEPEREMR , ZZH1H) eNOS i £ B L-
FERM-NOS-NO =4 HERE T, MAENO,
YR A A NO A= A F B A S B R e, =
BEBMEN L YRERIBRR, AT, 7 E 50
KA T R e Bk 2 1813347 B 40 3 T R e i ol 3 22 4
I, $8fom v i i 3 2 T AR D XL 3 B 410 3 5 P9 R e
T 545 , 1585 o Bk i R 4 K R S A s Bk A
BEWM,eNOS FIAWSS , MIF NO F B, Gl
FALESEEOG N, LB T i o Bk s e A | A RES
J& X 3R B v il i e i 3l Bk e R K U R B AR R T,
HMNEAE 25 /0 12 TV A R R ot i 26 21 S0 T R b vk F
FIRZFFASER ., (B X 123K e W AR ER AR S IR B 2
FEFESE 21 d HORTE) B, K4 B4 T il sh ik s
JE KR 6 mgkg B EFEER SN B T HS ,mPAP B
ETRE A OEICERSEEH S TR, M NO & &1
i, 2 BA i 50 ik R PR R B, mPAP F B AR I S R L
AL A NO F=A MY sk VE A 5% ; AR eh 72 %
R R BRI 30 Bk = 7 0 ) it 3 E 3 B R 2 B MR,
XS NO XG55  WRE RSN A
J7 )5 eNOS FikHhsk  Fish kS s R, &
REARVE DR T I B, R T MR ThREEREL.
AR ERFER, 23 UHRMK KT8,
TEARREAR MAP BRTHE T, Bl sh bk i K BR A9 mPAP
BETRE, AOCEEEER TR, BEUET Wi
BRRERE . WHBRAIH THMEMEER R ik
RE IR AT 57 (R 2 RAE K sh P St 45 R R &
HAjRAN =4 NO #y 7 NA MK LA 2R -
NOS-NO # # FAE R Eh - WAl ER EL-NO R, 7
IEHEAFRET ,NO HZ A L-KZBR-NOS-NO
WA MER BT, L-AEE R -NOS-NO i&
224, BT NOS AR TCHE IEH# 7= 4E NO B, 7
o Fhom BEAR Y v B & BIAT 8 1 AR R £k - U A R £ -
NO B854 NO, T Z A FA s E M, (B2
DL AR £E & 38 25 1R T SR ML R AR B E 1Y,
AN WA ER S T Rl BN A A EA M
M XOR % 0% W ASER th 551k NO i =
HHFER,
XOR MIIREZ &0 A AL IR &0 R 44
T ,XOR FJ 3t X434 [ 744 K B A R A2 0 — A% PR (re—
duced nicotinamide adenine dinucleotide, NADH) %
LESRIVER A=A B EE T HAEER T,
NADH/NAD+ LA 3 0, 22 i 7T K W0l B8 6 38 J %,
NOUS, £ R i FE-E R O AL K XOR #0#H)
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FIBLCARE B , S5 AR IMAINEIF ZBTAE L, O
AR 472 A NO RYR IR 80802 | U A ZE Sk il Bl & 21
i XOR AIREES T W iHER 1 NO M54k,
XOR 151l 771 ( 1) R4 P8 ) 6, 422 7 O P 11 A A S A
R vb g & B ] pl b WK BR ER M) NO By 4ie, 2458
W ASERENIEYT 5 ,eNOS . XOR & 1 A58 , A I,
— T T8 IV R 0 (] oAV i 3 Jok oy, 9 It 7 B 40
Xof PN Bz 4 P 4R A /R A B si 52, Rl eNOS 28
F R s R N R ThEEZERL; 5 — A Bm A
WHHER NS , XOR AR BB REIE , f NO & &
B, I XOR ##IFIE , B4R XOR FiBWS5,NO
SR>, 18R H) A BH YT A AR £k BT 3 ik E T
HIYE R, [R)B & BREA FH XOR 39 ) 55 T K Al 3 Bk
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