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HE . BE HiHRR T REER K RAE 4 300 ~5 000 m & /R I SAKE BA L5 & RIS Ik S B K RAR
A AREE 0T ) 5 iR R £ AR A I A0 R, ik RAMRERSAe A 5 RIS ARAEA Ry X, ik
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AR B R B AR ), FOBAR R T B 18] R ) 48R FB) 4K KR 0 Bl Bk = 5 SRR Peason 34T KRR IR {41
Fobi A 5 bl B 00 B R £ B IR, R Rl —ARARATRE R B TR 2L 09 % SD K R & R I
AR WG ISR ek, 2 A it 2 ESL(P <0.05), REA IR AR S AT 1) 38 K, R R ShBOR 2 %17t &, KA
FE R B B 1) 28 % SD K RAKE AR Bl — B B T 9B Zh kR WAk, 2 R A it F & 3L(P<0.05), FAE6~12°C
KR FHf BT, KRARER —IELAE % SD X R & /RAGFKEEABA e I sh IR ILE, 2 FH G5
FEX(P>0.05), KARES 1 RA F7RM F 15K F 30 R FAH R R KR 4 500 m iy RIS BLAL 64 5
BRIEER , 2 F A % FEL(P<0.05), RBHERBARK KA IES T RBERZ SO RR; KA
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Abstract: Objective To investigate the high-altitude pulmonary hypertension animal modeling from
different low-altitude rats in the 4,300 to 5,000 m plateau or in the hypobaric hypoxic chamber, and to compare the
influence of the altitude difference on the two models. Methods The rats were divided into hypobaric-hypoxic
chamber model group and plateau field model group. According to the influence of temperature on model building,
they were refined into normal temperature group and low temperature group. According to the influence of the
source altitude of the rats, they were further divided into different altitude source groups, and then compare the
modeling effects of different modeling methods to evaluate the differences. Results The pulmonary artery pressure
of Xi'an SD rats exposed to field hypoxia for different time groups at the same altitude was statistically significant
(P < 0.05). With the extension of hypoxia exposure time, the pulmonary artery pressure of rats gradually increased.
There was significant difference in pulmonary artery pressure of Xi'an SD rats exposed to simulated hypoxia at
different times and at the same temperature (P < 0.05). Similarly, there was no significant difference in pulmonary
artery pressure between field and simulated hypoxia exposure groups at 6 to 12°C and normal temperature (P >
0.05). With Comparing the pulmonary artery pressure of rats from different altitude sources in the field model at
4500m plateau in different time groups of hypoxia exposure, there was significant difference in the first day group,
the 7th day group, the 15th day group, and the 30th day group of hypoxia exposure (P < 0.05). The pulmonary artery
pressure of rats from low altitude was higher than that of rats from high altitude; After 30 days of hypoxia exposure,
the pulmonary artery pressure of 15 Xi'an SD rats was > 30 mmHg, and the success rate of model replication was
100%; The pulmonary artery pressure of 17 Chengdu SD rats was = 30 mmHg, and the success rate of model
replication was 100%; Only 8 of the 10 Lanzhou SD rats met the requirements, and the success rate of model
replication was 80%. There was significant difference in pulmonary artery pressure between rats exposed to hypoxia
for different time groups and 5000 m hypobaric hypoxic chamber model from different altitude sources (P < 0.05);
After 21 days of hypoxia exposure, the pulmonary artery pressure of 10 Beijing SD rats was = 30 mmHg, and the
success rate of model replication was 100%; After 30 days of hypoxia exposure, the pulmonary artery pressure of 10
Xi'an SD rats was = 30 mmHg, and the success rate of model replication was 100%; After 30 days of hypoxia
exposure, only 8 of the 10 Lanzhou SD rats met the requirements, and the success rate of model replication was
80%. There was a positive correlation between the altitude difference between the altitude of the source and the
altitude of hypoxia exposure during model replication and the increase of pulmonary artery pressure (r = 0.875, P =
0.000). Conclusion For the plateau field model or the low-pressure oxygen chamber model, the success rate of
model replication is closely related to the altitude of the source of rats and the time of exposure to hypoxia. When the
model replication is carried out at the same altitude, the rats from the lower altitude need to be exposed to hypoxia
for a shorter time. High altitude temperature did not affect the model of pulmonary hypertension.

Keywords: high altitude pulmonary hypertension; hypoxia; altitude difference; exposure time to hypoxia;

models, biological; rats
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S ] 45 5 TR AF FE R R 23 B o i A ) A g AR R AE T
FEVE XML A= L B B2 5 i A Tl A A AR DA
TROELS RIS (8] 25 5 KK, AIRARFR20d1, £
#FZ 30 dAY, ELE60 d BRI K, XERIIRZE
OHIF 5 3 08 SRR e i A 230 ok e s A R A ) G 2 e
it I ] 2 AN 7 19 o ASIF S L e it R 3 4 2 5
] RAR I 4 4SS R0 A2 ok i A A R 25 5, 0 R B
PR S 2 R I ) LR 2R A S Vg A5 A R A 2 R
AOARSCAE AT 208, BRARIE AN .

1 RS

IR sh¥ K 5 4H

SPF 2% SD Mt K B . 744 380 H, /& & 160 ~
200 g, K 396 m[ VY & A2 KA sh ) o R S
s A PR AT IE S . SCXK () 2017-003]; 22
100 2, fRHE 160 ~200 g, W41 517 m (2L H =2
Besh Py el ) s et 73 K, R 150 ~ 180 ¢,
505 m[ VU1 KA 5256 s oo 4 it SEe sh ) 4
FEVERIIE S« SCXK (1) 2009-09]; b 5% 50 H, /&K
140 ~ 160 g, 4K 50 m (At 5% 438 F| 12 5255 Sh Wy H R
F IR T, i & IES « 1400700292756 ) o

111 HaegSD KR AR § X0 e
J R 37 A5 A 4G 4 (228 ) AR R 4R A AR &2 4
(152 K)o Hor, i JE B 570 52 il 76 ¥ 4K 4 300 m
4500 m f14 614 m &b AT, KR T6 Ky 3RS
50 AR e IR A 2 B8 I RS R 20 S 55 1 R4 (15 H) |
B3RA (15H), HB7R4 (15 H), H15 K4
(15 H)MEE 30 R4 (16 H)S4l. IKEAMBRE
o B AE R R 6 ~ 12°C 1 TR 20 ~ 22°C A7 52 8,
B 76 H 5 2 YRS o AR i AR A 2 5 I ) AN ] 43 Ry
BIRASH) BFEI3IRANS ) HET7RLL(15H)
15 KA (15 H) M 30 K416 H)54.

112 ZMegsSD KRR AR G X0 R
J B A B AR A ) (50 H) RIE e AR AR A5 U 42 4
(50 H) o Forpr, v s 903 B A &2 i) SR 48 A1 4 2
EERFERNE L A RERS LR B3R BT R,
HAS KM 30 RS, 410 2. AT A A A
SR TE 20 ~ 22°C K I N AT 00, MR AT A 2
FEAFERNFE LA A RES LR, B3R BT R,
IS KM 30K A, HAH10H,

113 scARey SD KR ARV i Oy =Xk & R B

1.1

BV ) (73 H) o AR5 A1 4 2 68 15 (] AS [R] 43 A I
AT RS H) 3RS H) TR0 ), 4
15K (10 HO)FEE 30 K (17 H)54
114 dewmedsD R R AL il KO R A
BRI (40 2, 7620 ~ 22°CH IR T AT 59256
R A I 4 2 5% B R AS [) S A AR AELER 1R L B T
K. HEI5K, o1 RK4a4, 4102,
1.2 BEIZERSH
12,1 WHzagSD R MK 4 300 m b 5 BE7E T
BRI L2 B (IRIR 8 ~ 13°C, i) ; 14K 4 500 m
b g5 V8 AE 75 1 8 S0 M 3 22 B A A e (L 18 ~
20°C, L HLBE ARG s MK 4 614 m MR AE T
VA8 T AR N R R S EL AT AT P HLUOR OR AR Pl (IR
6~ 12C, =) . KRERENWRSE, EWWK, Hk
ORI R
122 ZWARARN SD KR Mg H S kAR T
A RN 3 Z2 B AR A W BE (F IR 18 ~ 20°C , dl ik
e a4l )
1.3 RESMIEESH

P2z . 22 WAL 5T SD K LA SR T i Ko
P 27 e v JE IS 24 A 5 o0 AR R I (185 DY C-
3000, 5 M AT ML ZS A R STAEA ), BEEIA
95000 mo P2 SD KB R S 56 % R PR AR AE 20 ~
22°C, AV 52 304 R BRI T 0 S v ) el o
VAR, TRERRTE 6 ~ 12°C; 22 MR 59 SD K
BRLUHY I S 00 R PR FFAE 20 ~ 22°C
1.4 Rlish Rk EH

T A0 G 5 55 AN (] [ ARG 0 A ) 0 ke VR KRR
PR B K . R ARS 49 8 0 A 0 3 o i ok
FAIFZ AL B 253k BT 248 (B AR 0.28 wm) HE 3
ST A, EL R TSk, A AL R O A
AT , FE 7 4 e s 280t i 32 MP150 175 34
5D RAE R 50 (26 Biopac 247 ) , 384 7R 50
LT AR Ak, F AcqKnowledge 3.7.3 B 47 SR 45 Fl
I3 Mo Il B kORI R 5E R 45 T R IR AR AR A
1.5 HitFFHE

BOHE 43 M7 K FH SPSS 13.0 e iF 4k, F & okt
DLIIEL + AR 25 (x£5) T, PIALILEH ¢ K05,
Z ] LW T3 2250 B, A0 5 43 B R FH Pearson 5
P<0.05 h 2 mA g E L.

47 -



EBREAE

4324

2 #R

21 AEKEAELSDXREELREFKAE
im TR BBk E LE 3R

211 #ESDXAZHRAGER HEIKAREE
FRF 8] 1) PG 4 SD K B iy 5t B0 4 5 76 AN [) 0 45 14 il 5
WK E, @05 200, ZR g FE (P>

0.05) o [7] — Vg $k AN [ AR 40 2 5 15F 1) 1 <22 SD R BRI
fili sh Wk e b, 207 25081, ZERA LR X
(P<0.05) . W% I% A 5 FR R A AE K, K S 3h
Jik 2R T s IR R A T R, AR KRR it B
ik T 30 mmHg; LA RIS 30 K, ifik
B4 i 30 Ik B 2ok 30 mmHg, SR F T v S 30 Bk s
FE BRI bR . W3R 1,

F1 REREFEAHEATERSDXRARBEARRETHMEEKELE (mmHg, x+s)

251 n 4300m(8~13C) 4500 m(18 ~20°C) 4614 m(6~12C) F{H P
H1R4A 15 20.68 + 3.30 20.55 +2.97 20.73 3.37 0.012 0.989
3R 15 22.82+2.98 22.01 +3.30 22.46 +2.58 0.264 0.769
5TRA 15 27.60 +3.23 28.55 + 3.68 28.59 +2.97 0.405 0.670
S5 KA 15 32.99 +3.79 34.47 £3.62 33.67 +4.49 0.485 0.619
230 K4 16 38.14+4.28 39.41 +4.49 40.57 £3.93 1.228 0.302
FAH 60.846 68.122 73.059

P 0.000 0.000 0.000

212 HESD K SARERAEAR  MFEILAR R
R 8] 7 PY 22 SD R BRGS0 A A B AN [) 3 B2 ) il
SIPKE R, &k, 2R LI FEL(P>
0.05) o A [FIER 402 2 I 8] 174 74 22 SD K BR [) — I B2
RSl bk R R, & 07 2200 B, ZERA G R
X(P<0.05), W2,

®2 REFFJARMEHARSD XRKEAMKE

T ERE T R h Bk & b 8¢ (mmHg, xts)

415 n 20~22C 6~12%C tfi  PE
E AN 15 16.74+3.15 1845+224 1753 0.202
H3R4l 15 2229+3.77 21.93+292 0.053 0.823
557K 15  28.03+3.15 27.61+2.66 0.094 0.763
W15KRMA 15 3351577 3333422 0.006 0941
H30KRMA 16 38.94x1037 38.05x442 0.056 0815
FAY 19.899 49.944

P 0.000 0.000

2.2 1HLDRETAEREERE A RAMBKER L
VK 4 5 8 AN [) Ao [i) 4 75 22 SD R R s D 3 A
%14 300 m(8 ~13%C) .4 614 m (6 ~ 12°C ) i it 34 ik
FEEUHE UL 1, G 402 58 R [ s ] 40 V5 22 SD oK BTG
JEAEMR ALY 6 ~ 12°CF 19 il 2 ik e B dis W2 2. [
FE 6 ~ 12°CAR IR T R 4 2 3 7] — I B) 26 3 D 3037 1
R AR A RS AL K R I 30 Dk e LA, &8 ek e, 22 5

TGt 2 L (P>0.05) o Ik 42 55 A [F] s ] 4 74
% SD KB JE LA 4 300 m(8 ~ 13°C) .4 614 m
(6 ~129C) B AR EE MBI S 000 m (6~ 12°C) 1Y
ili g ik PR AR A AR — B (LR 1) . IR R
[Fi] B[] 2L 74 22 SD K B sy J I 3 155 8 4 500 m (18 ~
20°C ) B4 il s Jok R B0 DL 1, IR AR RO () i ]
75 42 SD K BRI AR AR A 20 ~ 22°C T 1) il ) ik
FEECHE WA 2 H R AR S 8 R — Ao i) 2 85 D
IR 3 R SN R 750 R R s 3 ik R B A, 28 ek
¥, 2R G FE L (P>0.05) . K45 R T A R
Ji] 2 75 2 SD K B SR B B 7 4 500 m (18 ~ 20C)
FMIE R A AR AAL 5 000 m (20 ~ 22°C) Y fiti 2 Jik 48
LB IEAR - (WE2).

451(5) : ------- 5000 m(6 ~ 12°C RS E4AAE
:E“ 40 F 4614m(6~12°C) = IFM
£ 35| -= 4300m(8~ 13C)REH
lﬂ&' 30 f =
% U T =
= 20 W
= st - : - -
EADNEE XN IR OHEISK 30K
(RS SRR A /d
E1 KRBT 2MEFEEKRNMIkSETLERE

2.3 BREMEXNAREEREXRERMIIKS
EHI 200
231 AKREREEREEFEEREBE R KR 4500 m
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95 W
50 [ .
sk 5000 m(20 ~ 22°C ){REEHE
0 —==- 4500 m(18 ~20°C) =5
= 40 o=
R —
2307 ===
= L
220 1.
£ 20 ¢ =
15 . : . :
IR 3R EUDN BISK  H30K
(IR EE R a)/d
B2 ®EET2MEHKEEKXRNMIKSET/LBEE

= L AR A

BRIMGEA G RERE REARBESE1KR.
TR 5K, 30 KMPEZL  RAS 22 M SD K
LAY Bl sl ik e e g, G 250, ERA G
(P <0.05), A [FIG 4 28 5% B[] Ok Y b Vi 4k
AR IR B it 20 Jok Hs e 1 oA T b T 4R 2 v Y KRR,
RV 22 A AR SD R LAY il 3h ik 1 v 2% 9 SD R
B, R 2s S, I A AR R I TE] Y A T Y K
[F] — 1 4 oA W5 A BRAS [ A1 4 2% % s [ 140 s 20 Joik e
BOVEZE . BHR . 2N SD KRKA R TS 1 K. B
3R ETR. BISK . 30 KNS E AL,

#3 RERFARMEARREBHRIEKXR 4 500 m 5 RILHEE §IAEH Bk E LB

G 2T, EFAGI R X (P<0.05)(WL5R3).
BRI, U R . 22N 3 AN R R
ke Vi K BRI 2l Jok e Y A AR b R SO AR — 3, ok
58t YA 205 AV A BRI il 20 Jok F 15 T >k VR b g kA
ERE (WLE3).

FRA 5 3 Bk e > 30 mmHg B9 B 5K, (R4A R 55
7K, 15 HpE4e SD KB A 6 Hak S BOR B4 il
B F R 40% 5 10 HUBL AR SD K B A5 6 H ik #1) 22
SR, AT A ) 1T 2% R 60% 5 10 H 22 JH SD K L H
A 2 HIR BRI T AR 20% . K4
BB 15K, 15 AP SD KA 12 Lk 3 E
SR, R At IS Rl 80% 3 10 HUSHR SD K BV A
8 FHIKBIZER AR AT ] il D Fe Lk 80% 5 10 H == M
SD R BUH A 4 Hak I EOR BRI ) i ) 3k 40%
IR R FE S 30 K, 16 VG4 SD Kl 4Bk 3 2ok,
B A ) ) 3250 100% 5 17 HE#R SD K B 42 7
IR EOR A ] L) %R 100% 5 10 H 22 M SD K
B P AT 8 IR SR, AR A i) 1 ) 2R 80%

(mmHg, x £ s)

- V§2(397 Iil) FAR(505 Iil) 2200 (1 517#m) Pl P
. il Sk n TSk n il Sk
EaAb Nl 15 20.68 +3.30 18 18.31 +£2.20 10 19.13 £ 1.51 3.409 0.043
RPNl 15 22.82 +2.98 18 23.07 +3.39 10 21.00 +£2.33 1.515 0.232
HITRA 15 27.60 +3.23 10 32.24 +5.41 10 26.48 +3.31 5.505 0.009
15 K4 15 32.99 +3.79 10 30.00 = 2.81 10 28.18 £2.18 6.880 0.003
530 K4 16 38.14 +4.28 17 47411194 10 33.98 +4.39 9.083 0.001
F{E 59.047 46.896 40.775
P{E 0.000 0.000 0.000
232 MMAREARFRRAREZEK KRR XK
j‘;j 5000 mAKE RALBER 6 WS Bk R L K A R %
ﬁ: ar1 BIRETREISK B2 Kb, 1%, 220
ﬁi; SD K BBl B Bk Fe g, &0, ZRES
= o5t RN (P<0.05), 9% 22 SD KRR A 552 56
=L 4 , , , , 30 K BB IKIE e, 28 ks, 2% SHAGIEE
MUK W3R AT ISR 30K M (P<0.05) . fIREAZEEE TR, U 3 AR
AR gg TR/ b5 SD Sk B A Bl 30 ik 6 5t 76 22 0 2% 90 SD KRR,

OJB#B SD KRG 152 SD KR AL, P<0.05; @744 SD KR
=M SD KEL LA, P<0.05,
3 REFEEAREMEIAREEERIEKXR4 500 m
B EIAER KMk ET AR

5551 R &, b 5T SD K BURY il h bk R TR T
21.68 mmHg, 75 22 F1 2% M SD K KL By il 3 ik & 43 1)
FF 5 T 8.53 mmHg Fl14.94 mmHg., R4 R TR 21 K,
5551 R &, db AT SD K BURY il sh kR TR T
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29.39 mmHg, PG % F1 2% M SD A KA fiti 34 ik 5 43 531
TIiE5 T 18.59 mmHg 1 8.62 mmHg., [ — ¥ 44 5K W K
BN [F AR 40 22 8 e 80 %) il 8 ik e, BPb 52 SD KRR
RAEFR S 1 K 7R 15K V5 21 KAl 3 ik
JELLEE, VU2 22 SD R BRI B RSB 1 R BT R
B 15 K VBB 21 K V5 30 KA M s bk R Hed, 4y 22

b, ZERAGHEE L (P<0.05) (LE4) . KE
SRR AU R VUG | 2 M3 A AN TR AR SRR R OK
R 0 ok s #) S PR A B AR — B, B R
S i I () Py 19 R O AN AR TR, (R SRR BR 20 1 R AR
BRI 30 bk J 1) 4 2R SR, Ok B TR SROBIR I R R
HAI U7 32 fili 3l ok s LA (UL 4)

x4 REEBEABHEAREBEEKKBEKRRS 000 mRESBEBPHEIKELE (x+s)

215 n 657 (50 m) V4% (397 m) 22M(1517 m) F{E P
F1RA 10 10.99 +2.53 16.70 + 3.20 20.31 £2.39 26.721 0.000
W7 RA 10 32.67 £3.28 2523 +2.76 25.25+2.97 18.242 0.000
FEISKA 10 32.11 +8.88 33.53+5.77 25.45+3.46 4.042 0.029
5521 K 10 40.38 +3.74 35.29 + 4.41 28.93 +3.25 20.203 0.000
530 K4 10 - 38.94 + 10.40 30.60 + 2.66 5.446 0.032
FI 51.971 18.341

P 0.000 0.000 0.000

fiti sk ./ (mmHg )

BIK IR OEISK 2R 30K
TR A S R 1o ]
DJbxt SD KRG VG4% SD KR4, P<0.05; @54 SD KRS
22 SDRERIBAL, P<0.05,
E4 REFEFBAERBEEREEGRFKIEARS 000 m
RESMERXMBIKETHERE

FR A 20 k> 30 mmHg B9 SR, R RS
7K, 10 B AL SD KR A A 7 Hak 5B AR A
B F R 70% ;5 10 H PG4 SD KR A 47 3 H ik 3 2
K, AR IR R 30%; 10 222 JH SD KL
A1 HGREIZR, BORLE 6l D%k 10% . KR
B 21K, 10 At 5t SD KR A #Bik R Eok,
RIS IR A 100% ;10 K642 SD KA 9 H
IRBNER, BRI )% R 90% 5 10 H == JH SD
KEH, RE7HRB 2R, B8 6 %R
70% . fRARTES 30K, 10 562 SD K4k
FNEOR, BB HI T FE R 100%; 10 H 220 SD K
B AT 8 HUR B R, BRI ] il 2 2y 80% o
2.4 KRFEHBHMERS HISHNEHEE
5 i zh Bk g ME A9 48 5% 14

it sty Jik s T v %) B R, R R M TR B A IR

IR E, B S B 2 ks o X =20 . P42 .
At 5t R BR R VR b Vi R RIS 78 5 T B Vi AR 2 T Y
JE V& 22 5 1t 3 ik Fe o v e B (86 R ) 2R AT A DG 43
Br, S5HRFREL, P E 2 IEAH S (r=0.875, P=0.000) ,
B BE s 22 B, i 3l ok s T e i R R K
LS,

60
50

40 ‘
30 r
20 ‘
10 +
0

Jils 23k 1 34 i /mmHg

3400 3600 3800 4000 4200 4400 4600 4800 5000
TR 7% 2%/m
E5 #BHEESERKIEIEAHEXE

3 itig

1o JE IR B I AR AR U6 LA A 5w 22 4b
FEVR R E AR B R, R R A AL
il (5 000 m) Fl = Ji B 7 155 U 52 1fi] (4 300 ~ 4 614 m)
AR R UIIIF 5T AT L 35 % BAE ) — TG 4K BRI T 4K
TCIE A AR, [)— oA YA Hls K B i 50 ik e 44
R R AR — 2, AW €8 IR R 2 5 8 TR B0 ik v
FE B TE BUAL T o A B 90 4 3 I e SR 455 78 5 o
1o VLB A R A i B TG 18 I A B AR AR AR o AR
Py 2 o i A S Ve LG JRE 0 2 2 45y T 4 R A
— OSSR X BE A R, R BRI VR Hb iR
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G VRS B T 1 P 2 4575 U A0 i 22 X v ST 0 K v 1A A 80 S ) 52 )

P 5 5 R 5 ] B 98 B 2 T 1 A TR 2 2 Y ) i D
i3 31 Jok e e 2l A5 780 5 i) ) B R IR, AR AT 4 R
O, BB JE A P 25 N Y R RO TR b
T AR 30 7 5 A 5 o AT T A A0 AR R A ] I T 4R
Vo ZE MR BEALG, i it 0 Jok s 185 s RS 750 5 1 ok, 2 2%
WARIK TR HArdb 5t K EAE S 000 m 44 K 4
fits 52 AR 275 21 K B AT 35 #] 100% 1Y R ALk
PR, 5 b nT [R) — 4R BT T 4 0 R B A T e i
it B ok re s ABE AU A B, R 21 d BPAT, B2 30 d,
hE N WAL ] 220 RORS ) IR 2. TS Y
B ) — ¥ B R R K B HE AT e D i 3 ok vy e A Y
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