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HE.HH KA T4 MCT )JiF F4H SD X R 3h Ik & E( PAH AR | UL AR Ja] BRoMAR R AKX E( THH )
*t S PR PAH 69 TS VA B L5 il e B 69 SR P AU . TTiE KR AL A B x4 (CON 41), Mg
Pk A28 (PAH 28 ), R BRPAAKEAR AL (IHH 48 ) F= IHH+MCT 21, CON A RFATAETLIE, 28 d 5 A
BAACERSEE (RVSP) FMighik-F¥/E (mPAP) #9052, A B4 (RVHL) 470 % 2R
BARTNE F R WA T, PAH AZ B ESH MCT 14 d 6 3047 55 8, THH 204858805 km HHK 5
JE, 6h/d &9 IHH 422 28 d & 55, IHH+MCT A% % 28d 49 IHH &, MEEH MCT 14d B %58, ER
PAH 21 XK SMIES MCT /& 1 AR T4 CON L4, BB, wiE, FHF. TR, [HH+MCT 44K
R—AH LA R B 69 PAH A P&, 124 CON 4L £, EIadAE P PAHARRT 2 R, L4&MH4LNF
7. PAH #8469 mPAP, RVSP, RV, LV+S, RVHI 5 itbartir, ZRpA 45 EL (P <0.05), PAH 43
FH A, ITHH+MCT R85 354745 PAH 20 % 3 M4k, PAH 20K S 3) Bk 49 I RAR BUPE f 85I 45 B AT 3K BB
5 CON 4E, 2 F A %5 EL (P <0.05), PAHAZH, @ IHH TG, TR &L % 5e9 N EAR B
A WG RATIR R, 4518 THH #8495 7 s Ak MCT #5349 PAH X R &4 mPAP, RVSP, RV, LV+S,
RVHI, HAF PAH K S o B 64 1 BAR UM o Bl 20 B AT 3K R L AR AP AR
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Preventive effect of intermittent hypobaric hypoxia on pulmonary
hypertension in rats and vascular protective mechanisms

Jie Zhang, Lei Gao, Jun Liu, Hui-lian Tan, Ling Liu, Qing-hou Zheng, Mi-lin Zhang, Zhen Wang
(Department of Cardiology, First Hospital of Hebei Medical University,
Shijiazhuang, Hebei 050031, China)

Abstract: Objective To observe the effect of intermittent hypobaric hypoxia (IHH) on function and
morphology of rat pulmonary vessels and explore its protection mechanisms. Methods Male SD rats were randomly
divided into 4 groups including a CON group, a PAH group, an IHH group, and an IHH+MCT group. The rats in the
CON group did not have any treatment. After normal feeding for 28 days, right ventricular systolic pressure (RVSP)
and pulmonary artery pressure (PAP) were tested directly, right vetricular hypertrophy index (RVHI) was calculated
and the changes of vascular reactivity were observed in vascular ring perfusion experiment. In the PAH group the
indexes were measured 14 days after injection of monocrotaline (MCT). The rats in the IHH group were tested after
IHH treatment for 28 days. The rats in the IHH+MCT group were subjected to 28-day IHH first and then injection
of MCT, the indexes were tested 14 days after injection. Results The rats in the PAH group had reduced weight,
activity levels and food intake, tired lying, breathlessness 1 week after injection of MCT compared to the control

group. In the PAH group 2 rats died during the experiment, the remaining rats were all survived. The indexes in the
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IHH+MCT group were improved compared to those in the PAH group in the same period, but worse than those in
the CON group. RVSP, mPAP, RV, LV+S and RVHI in the PAH group were significantly higher than those in the

remaining three groups (P < 0.05). Endothelium-dependent contractile and vasodilation of pulmonary artery in the

PAH group induced by MCT were significantly impaired as compared to the CON group (P < 0.05), however, IHH

intervention could significantly improved them (P < 0.05). Conclusions IHH can effectively reduce the elevated
mPAP, RVSP, RV, LV+S and RVHI in the rats with pulmonary hypertension induced by MCT. IHH has protective

effect on endothelium-dependent contractile and vasodilation response in pulmonary vessels of the rats with

pulmonary hypertension.

Keywords: intermittent hypobaric hypoxia; pulmonary hypertension; monocrotaline; mean pulmonary artery

pressure

Jiti s Jik 2 < ( pulmonary artery hypertension, PAH )
& LU Bl Dk s g T e AR i A RE 28 L PN IR A A
a0 B B — Bl BDIRZS, H AT PAH 894 9%
HL i A B B, {ELCE B PN B D RE R I 2 PAH &A=
N J %) i S P AR B, DR OHR A 2 A Y ol A
W B DIRESEIRYT PAH B ZEEMG . [A] AP AR AR 48
(intermittent hypobaric hypoxia, IHH ) J2& 5 255 3 4[]
Wi i TIRIRARAEIAGT, MHARIN RIAL T4 53 3
Bitp. CAWBTTERY, HH MHUAARZ 254k, (HE
AN R DL PAH R SRURAT TR K AR 1 T O I 5
- S1E8

ARSI K B E A58 ( Monocrotaline, MCT ) 55
HfEdk SD R B PAH AE8Y, IZE THH X PAH K UBERL
ZH AR A ThRes: . JBEPER], JFRIBRT
FO A R LA PLE, il RIAST PAH S BBy S
0 e PSR -

1 MB5AEZ®

LT K 5r4E
B ISP AR R SD KL 40 R Fimdb R K
ST YL, KT 150 ~ 200 g0 KERBENLS K
IEHXTHRZ] 8 L (CON 41) Jilishfikems 4l 12 2 (PAH
ZH). TRIERMEAREARA 4L 8 K (THH 41) Al IHH+MCT
12 H,

1.2 ZRHREIEABWERE

121 %k%B&E MCT, ¥ ERZE (Phenylephrine,
PHE ). ZBEAHAR ( Acetylcholine, ACH ), 4% KA AT
a3

1.2.2  Krebs—Henseleit (KH ) & /& 49 Et ) Atk
B NaCl 3.45 g, S AL B KC10.175 g, S 1L 45 CaCl,
0.1 g, Wil — %8 KH,PO, 0.0815 g, M2 EE MgSO,
0.148 g, BRIRE4M NaHCO, 1.05 g, #iZik% 1.1 g (pH

1.1

7.35 ~ 7.45), BLE AL 500 ml %K

1.3 KEHARTFM

131 CON#  KEMFE 28 d J5EHHH PE-50 &
Rl Ay Oy a4 s ( right heart systolic pressure, RVSP )
Je it 3h ik SF # H (mean pulmonary artery pressure,
mPAP), 8 A0 = B E 45 (right ventricular
hypertrophy index, RVHI ), Jf FH Ifil 55 R 3E 78 I 56 W 5K
A8 SO P R AR o AR S HFSE 28 d.

132 PAH L KEUEIEHEMIE 14 d, 5L 60 mg/
kg B9 51 B — UM R IR T S MCT, LU S R U2
Pk PAH BB, 7E 7E 5F 14 d J5 I & PAP, 4R >
25 mmHg WAL, AL SR 28 d.

133 IHHZ  KEE TEWS km IR E (K
WP 11.1%, KK 400 mmHg ) REMRESE, 6 b/
d, HARR BRI E R AR EST, E88%
28 d 1Y THH J5 #7500 . A2 900 d34E 28 d.

1.3.4  IHH+MCT 20 KESEEZ LR IR
AbF 28 d J , FHMCT L 60 mg/kg 7l — U P s T 5T
14 d JE T30, ARG SEB0HESE 42 d.

1.4 SEWRFEMTER

141 A4 PAH AR PAH 2152860 K B — Mg g
5 MCT W (60 mg/kg ), AWFFERM, EHES 14d
B AT B B AR Y K B PAH R U I T AE VE S
MCT Ji 14 d i [ Powerlab ZE¥){5 B RE S R G
T i 3 kR 0 D e AR I At B k. (PAP ), Gn2R
PAP>25 mmHg B, WA Ry &2 AR % Ty . AR SE 56 v
KR & 34 52 T )

142 iRz hFae  KEREEHKSEET
8 1 3 SRR . 5 Bl Powerlab ZE WM B R 8 S5 a0 3
R, Pl —0E R SREES AU, JREE
TIREAE o W IRRIR e 1) R B2 588 A ) i s i ik s FH
PE-50 R Z4di N, PE-50 1155 —i 5 5 S hE o8
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I, ZSERITA, ARG LT BRI R ES K
T RZR AR AR I A (07 B, 24 B A G A0
B ITEOE Ktish k= e, e S0 E, il
5% Powerlab AEW{5 BRI R G ) RVSP I PAP
{8, BT EEE I mPAP JEJ{E.

1.4.3  RVHI #9355 IMGSH ) 25k I 45 o s s F
Wi, ¥ O MEBCHE T K-H WPy T4, 39 RO lEE
W RN BT 0 s MR B 4180, Z )5 Zish
i SR R i 7))l e e a1 | R SRIING ~
A TR A 220 % R E B PR 2 (Left ventricle and
septum, LV+S), HUEAUN T2 1 A/K 53 5 FE RV
BB RE LA S LV+S By FE &, 118 RV/ (LV+S) % UMl
Rk RVHI, S Wefitishi e AR B .

144 KA BRI T A B LR ErR
B HRAE Mt 21 K—H WRRERC S FR= b I [ , 76 5
TR 2 8 il et A ) sl Jk R G 4 =, s 8 e A 45
HA, W iilishhk, EBRERNT 300 ~ 500 pm
BRI S K 3 R 290 2 mm B S AT Sl KR

145  MiShBRIRR SR S Ie 0 AR B ATIF
DMT Myograph Systems, 4 fif il 4 FF B HE T 7l # 5 ml
K—H WA P, A7 1058 (A A v Ak Sk 30 1 il
HIRIGTK 71, LR e S5 PHE (107 mol/L ) W4 Il
BRI TIEAE, A ACH (107 mol/L ) #6156 145 14
Reoedet, AW, FEAETRCE, AR
FUHEE ) PHE (10°~107 mol/L ), BRAIA 1 /e Y
PHE, FRRWAREZJG FIMA S —WREE, ARBUKJE -
A5OSR I 5 PN B A A T g 5 B R A
MK S FEH A5, FH PHE (107 mol/L ) T4
MBI RN VG, B 8TINA RS R
(10°~10" mol/L )iY) ACH, A\TMii3kA% ACH 1) BRI -
AR 2 IS IR A B AR P 1 A 5K DD RE

15 Sit=AiE

Jiti 1 Jok A 1A S E Tk S 6 79 e 4 508 S 43 ol AR
A [] Ve 2 A0 T 245 00 % g A il 0 ok ot 78 8 104 Wi 4
EPakATRIME, SR RIS A e s &7 sk sk e 5
PHE (107 mol/L) & KIRAHH /3 bR, IRl &
TR B2 — 2000 1h 28 o B 43 Bk F SPSS 17.0 Ge 3414,
SRS R R R IEZS A BT TORE, THERORIL
BB+ BRifEZ (xxs) Fon, 4 B0 LGS A
B2, MU B GiTEE X, R
B0 SNK—q K656, P <0.05 NESAGH %53 X,

HR

IR —RERKRESETER

PAH 21 K RIS i 1 3 MCT J5 1 AT i iR dE 4%
XFRRAER, RN, M, EahE . EEEE. b
FEIETEHE, v LA RGN, BRI, s, 24k
Sk, A7 O IR . THH 40K RATE s |
PEECIRIE K TR % PAH 247 Firikc %, {H# CON 41
%, WUJE VLRGN, B, HiEE2E, CON
AR FRANFEE v] WL R G, AL, A b,
PAH %L1 2 H R, HRSH KRN, 5
TR RRATRESRISL S8, PRIHR T DL R R s R, L |
iR = BN 4 E AT S S o2 2R T DTN 1
CIE=g I aetia=1: diiyt
22 LKAKER RVSP 1 mPAP Lbik

4 20 K BL RVSP Fil mPAP FL A5, 22BN & 5 22
SrHT, ERA G E L (P<0.05), PAH 41
RVSP Al mPAP 5 HiAlh 3 4l bAs, 2R A GIHFEX
(P <0.05), PAH 4 T HAth 3 41 ; IHH+MCT 20 K F
) RVSP Ml mPAP 5 PAH 4l b4, 27 A500 25 X
(P <0.05), THH+MCT 2 {iX ; IHH+MCT 4. IHH 4
() RVSP #ll mPAP 5 CON 2l IbAs, 2708015 X
(P >0.05 ), THH+MCT 2 F1 THH 215 . W35 1 FIEl 1,

2

2.1

#1 KHAKKRVSP, mPAP, RV, LV+S B RVHI tb& (X +s)
205 RVSP/mmHg mPAP/mmHg RV/mg LV+S/mg RVHI/%
CON4 (n=8) 24464 + 1214 16.423 + 0.466 0.103 +0.036 0.420 + 0.028 0.244 +0.038
PAH4 (n=10) 45.145 £ 0.623" 35.282 +0.946" 0.246 +0.063" 0.582 +0.032" 0.488 +0.028"
IHH#H (n=8) 25.743 + 1.163” 17.863 = 0.428" 0.161 £0.027" 0.504 +0.032" 0.277  0.042"
IHH+MCT 21 (n=12)  27.585+0.987"" 19.456 + 1.035°"" 0.125 +0.024> 0.488 + 0.045” " 0.256 +0.041>”
Fii 11.247 10.143 19.548 25.179 24.434
P{E 0.000 0.000 0.000 0.000 0.000

e 1) 5 CONHILE, P<0.05; 2) 5 CON L%, P>0.05; 3) 5 PAH 4HIb%E, P <0.05
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%22 W
60.000 .
50.000 A o RVSP
2 40.000
£ 30,000 - N\
% 30.000 ” .. §
20,000 = § § §
* 10,000 - \§ \\ \ \
0.000 § § § §

CON 4 IHH # THH+MCT 4 PAH 4

E1 &EHAR RVSP. mPAP tb#

2.3 HHAKR RV. LV+S 1 RVHI tb%&
4HKELRV, LV+S, RVHI L8, &N E T2
SN, ZZRAESIEE L (P <0.05), PAH 411 RV,
LV+S, RVHI 5 HAh 3 4l i, ZRAESLIF¥HE X
(P <0.05), PAH 2= T HA 3 20, IHH+MCT 2079 I
RFEPREE PAH 4 25 R4 5 THH+MCT 2. THH 40/
Bhr S CON Al Ib#e, 2ZHRTIguit2#m L (P >0.05),
{H THH+MCT 2H 71 THH 20w, W% 1 A 2,

M RV
[ Lv+s
A RVHI

CON 41 THH 4 THH+MCT 41 PAH 4

(x+s)

B2 &KHAKR RV, LV+S #1 RVHI k%

2.4 FHHAKXRBEMBIAKR MEINEE

TE 4 26, PHE M 107 mol/L | 10™ mol/L ¥ 7]
o R I A PN R A M A B, ACH A 107 mol/LL %]
107 mol/L B AT 5| 3L 1M 45 1 PN Bz AR Ik &7 5K S iy, HLLA
- S22 %o L SR BT KA R LA YR AR
bk
241 BRI RIRT PHE 89 2% N AR BRI 45
B H PHE 55 00 1l sl ik 1 1 48 P9 B A it i
45ThfE PAH 41K L5 CON 4R RUIbEe, ZRA%3T
2 (P <0.05), PAH 4155 (W4 2), XM
£ PHE AU ROE R M2 LRI A&k A% (ILE
3). fHJZ, IHH+MCT 219 P4 Bz AR a8 1 i Wi 4 T g
PAH 23455, Bl THH FiAbBR 28 d nl23% PAH 41K L
SRt B K P R s S AR TR
242  BIKEIFBKIRST ACH % f0 % ) R AR BUPEAT 7K
B ACH 1755 i 2l Jik A 1 104 P B2 A i 1 47
it PAH 41K 5 CON 4I R AR, ZRA G
M (P <0.05), PAH 4855 (W3R 2), XFEONAE
ACH BRI Rk Rt a R (WIE 4),

100 7
80 -
S
S 60 -
%; - CON#H
5 40 -= [HH 41
—— [HH+MCT 4
20 1 — PAH 41
O T T T T T T T
8 7 6 5

PHE Log ( mol/L)
3 &l PHE FSH BRI ME M R
RF W AR T BE LL 3L

F2 BHRKRERRENBERETKIEL %

251 10" mol/I, 3 x 10" mol/L, 10" mol/I 3 x 10 mol/L 10 mol/L 3 x 10"mol/L. 10" mol/LL F{i Pfa
PHE
CON 4 54.631+4.323 74.282+5371 85366+5842 92.135+5.745 98.274+7.485 99.546+4.574 99.983 +3.455
THH 41 55.522+5.833" 68.532+6.478" 86.363 £8.432" 91.375+6.687" 98.478 £8.195" 99.582+9.376" 99.983 + 3.844"
THH+MCT 41 48.393 +7.383" 62.536 +7.488" 79.453 +4.756" 85.567 +6.738" 96.589 + 7.485"" 99.283 + 8.478"" 99.967 + 4.788 30000
PAH 41 12.673 +4.485" 27.338 £6.739" 47.338 +6.484" 59.333+3.959" 73782 +4.749" 86.673 +4.839" 96.456 + 4.587"
ACH
CON 4 44335402 15.283+6525 24.166+4.147 36.183+6.245 53.574+7316 71.465+5778 82.988 +5.454
THH £ 33345712 12334+ 1.522" 21.365+2.337" 30.376+2.517" 47.337+2.084" 67.677+2.519" 79.677 +2.086" 10287 0.000

IHH+MCT 21 6.464 £2.247" 14.676 +2.881" 21.335+3.219" 29.554 +3.648" 47.335+9.483" 67.284 +8.478" 82.353 +3.584’

PAH 4

1.535+£1.788"  7.338 +1.432" 12.534+ 1.485" 21.502+2.156" 35482 +4.245" 42.315+3.537" 50.258 +2.884"

. 1) 5 CON 4%, P>0.05; 2) 5 PAH 4 Ib%, P<0.05; 3) 5 CON 4%, P<0.05
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{HJE, THH+MCT 2109 N B AR PEET sk DhRE S PAH 41
R B THH FARRE 28 d J5 nf ks PAH 4K LAz
PRI T B Jik N B2 S P K D B

100 71 o con
4
g 4 = MHHHA
—— [HH+MCT 41

§ 604 =~ PAH#A
I 40

20

0

T T T T T T T

8 7 6 5
ACH Log (mol/L)

B4 ®EMH ACH FSHIEKIHEEKIRHME M K
R AT K TN BELL 3L

3 ik
CAWERY, HH XPUAZFHL . fREY
Ak ", ] R g KRR B T AT
XFHUACI £ AE A R I v A B 2k ™ 5 e
A SCHRARTE THH AT X476t/ F5-3E 7 B B0 DR
i B R Y, BRI B SRR 2
SANCHIS-GOMAR"™ 2 i f 52 Uk W THH X .0 LA AT
(T AR S 25 AP VE T 5 FARIAS™ SRR BIFTE
UEB THH X1z 3 5L F0s sh I L0 A0 iy A= . die
KA 4R A AR I FE A DR AR . A 5 THH X HL
WRAYA G5 AF T H 452 BI0CTE, (EHXT PAH Y 78 b5 1
F E i E N SMGE L

FHIOCT PAH WY RMALE MRS 2B, HE
WA N B D g 2 R 2 PAH k2B KOk R 1Y) B B 3
Az BUEERE o TE RO T LA A R AN BRI 4300 P
Wk £F 7K N T (endothelium—derived relaxing factor,
EDRF ) K P J (it i - endothelium—dependent
contraction factor, EDCF ) £ F T W5 WL 40 I 1 % 4%
AT VEVE . 2R & A N B I RE R A%, U NO 2
EDRF J8/DaE PEREAR, 107 0, 25 EDCF B, ff
il A WA S A, BB PAHL, [RIK SR A2 45 Y
M B DIRESERYT PAH 1Y B30

AWIE B, AR Lead THH Ak #1452 56 21 K R
MCT MR 2 8, Hishbk e b, Ao s
JE, MO BEUEHE THH TGS 7 i, s
X AERY A58« THH U5 AT RE AR MCT Jiris S 7

e PR BRUI 8 Bk e B A 0 22 A TR

LIN %" fyfF58 2] MCT 509 PAH KBRS 14
it sl ok Fi ACH A3 (14 PN B ARt M 47 ke S g o5, L
VEAE AL AT B2 -1 LA BT EDCF A Uskd:
TR LA K AT PN B YRR NO 1 SR PR AR ELIF 25
B MCT 509 PAH KR T 21d JGA0SE, Ui Y i 3
Tk F= AR B AR It B KBRS 58, IFf 5B AR R T
W i s ik 1 I W G H FRL 3 R A R R T R RN
SR BN SIEE X AMLL, PAH AN F1Y
EPIKINBEN 2%, XM MCT 15519 PAH K B 37
WA TR EF SR DI REIRSS 2 T N K NO 97 A= 32 40 il
M5 % .

AL ML IR HE TR LB h 2 B, #E MCT 5%
() PAH g, H1 ACH 3755314 PN R AR5t 1k I 45 47 5k
NS IE N FRZE R BRI, 31X 5 MAM %5 " (a5t 25
FRIR], B, THH+MCT 2H /Y P B e &% i o g
3¢ PAH 23458, B IHH Fidb# 28 d J5 Al k35 PAH 41
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RS R F MW FIUE H] THH X MCT %5319 PAH
KU B k&7 sk iR A G 7, AR IR AT
R R FH T 105 235 4 ) e AR R 1 HCT I A7 e 4 ) Jo
RVTE, X5 WITTMER % " i ss M) whss
F SRS THH B8 %38 o FF 2 ik i A KATP 38 18
FUE AN NO ¥ FE U ZE MCT 553 (19 PAH (IER, M
PR R AR A i A i Tk T E

ARG FHSCIER) DMT Myograph Systems, Allfi
PRIGIT PAH $2 (L —Fh 7 b B 11 A1 24 W 1k 15 it 2 1)

R, TR AT Bl T SR A B PAHL [ BEE
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% XX #k:
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