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Abstract

Objective: To study the effects of high altitude exposure on blood indices, cardiac enzyme profile,
myocardial perfusion, pulmonary artery pressure and immunohistochemistry in rats. Methods:
Twenty rats in the plain group (Chengdu, Sichuan Province, about 500 m above sea level) were
reared until 4 weeks of age, after which 10 rats were transferred and transported to the animal
laboratory in Mado, Qinghai Province (4200 m above sea level) for 24 weeks. After 24 weeks, the
differences in blood indices, cardiac enzyme profiles, myocardial perfusion, pulmonary artery
pressure, and immunohistochemistry were compared between the two groups of rats. Results:
Significant differences were observed in blood indices, with higher levels of RBC, HGB, HCT, MCV,
ALT, Cr and TC in the high altitude group than in the plains group (P < 0.05). In addition, myocar-
dial enzyme profile indices including AST, LDH and CK were significantly higher in the high alti-
tude group (P < 0.05). In terms of myocardial perfusion parameters, MBF values were lower in the
high altitude group compared with the plain group, while TTP and MTT indices were significantly
higher (P < 0.05). PA levels were higher in the high altitude group than in the plain group (P <
0.05). There were obvious pathological changes in the myocardium of rats in the high altitude
group, including disturbed arrangement of cardiomyocytes and vacuolar degeneration. The expres-
sion of immunohistochemical markers HIF-2a and VEGF was significantly higher in the high altitude
group than in the plains group (P < 0.05). Conclusion: This study demonstrates that exposure to
high altitude leads to significant changes in blood indices, cardiac enzyme profiles, myocardial per-
fusion, pulmonary artery pressure, and immunohistochemistry, and that the myocardium is sub-
jected to some damage in rats. These findings suggest that high altitude environments can have
profound physiological effects on various body systems.
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1. 51§

TE iR DX A 3 B AR 2060 NP2 A PR 5, S0P A= B AN 7 10 (i e XU [1] [2] E T
SR Bk R AR B SR BN, S R R B AR BT MR B AR . i R L X ORI IR AE
1500~3500 K [3]. ikl 2500 m, WI7E 1~5d P I R B AEIR[4], AR TR0, Bk, Ho
P R HEAEREIR . KSR R T S Ik B A Y, 2 B804 AR S I E K s R R,
A SBOR RN R AE[S] e w5 O I & — P AE mf R X R B T WO L B, FLRHL
il 32 EE AR & A RGN A o IR T, A AW, SEWUREASSE A, O
I 95 B B K B gy SR 4 e /2 0 B SRV SUHE R, RIS LA Y AR 2 205, U N B ThRESZ 4, VRN
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PEREAR S R A B AR 7] H T L R S v A SBOR A XA [8], LR JEAT A A X
WMWNIL 2 R S S IRV ATEP S

AHIEFCT AT IT m iR B0 K R MR bR« OGS . S AUk ONLREE A S bk &
fFrsni . 8 LB B R AL IR 2 A, BATEAE T ik SR AR EAR L, I X AR
WHTELENLE] . X TR LB R BT B T BRATER AR i A SE (T S S 4, R W REER N T AL R
AW YA D A A B S

2. MRS E
2.1. SLEFMINAFRESEE

20 HOKER(SD M)W 35 [ A [ RSB IA A S 536 A7 PR A 7] (B P2 VF AT HIES . SCXK (J1]) 2020-030; A1 H ¥
AMIES: SYXK (JI]) 2018-119). ¥ KERFFEE 4 ke, BENLY w2 4H, & 10 H, HHAp ) 10 HKREE
B EH IR 4200 m)Z sh)SLie S35 24 Ji o 7 IR ALK SR (B0 B S R 2 ) A i R 4K R34 B R
FEAAIRI S50 2 26 A, 2= 2 SR RRIAUE, B AT EASE B ARG, B R 18°C~25°C, 1 JiE 40%~60%,
KHMFERRE EEFFE. ARG ARRIVE 1555, AR shm RSB I EET .

2.2. CT AR IR

CT ¥ #%: GE i Revolution CT ##i{; iS4 &k 80kV, & HLJL 100 mA, 16 cm R
R %, FJE 5 mm, 5% 0.5s/r, SFOV small body, DFOV 10 cm; i&547): il %' iz (A% 100 ml:
62.34 g); FAHEFE: SeHRAAHM KB RER), HEFERIT AR 5 IE R270) (F% 1] 0.2 mI/100g Ak 2~3
WFHEES K, R 50 s, WAWIAIRE 1s, JHEmE2s, FMUEOlREE TR, #45
O ETE U D it 30 ik e i A B IR < RS O I VEE v RS 5 N GE AWA.6 4B, #E N\ CT tumor
body B /) 4D perfusion A, JEHUA O & H EBLONIF I ROL,  H A & #EE S % MBF.
MBV. TTP. MTT {8 K} B [ 8] - % i 2k (TDC).

2.3. MEIsfrFEHEH

CT Hfi4di )G, B RREZE M TmEEEEH O, fFFRRREESE, BEEXNEFHFRE
o MBS, #% e REMME, BE/NOBIF R WUARF G, A EE O A B
B, LMK, KM FESR(RBC, HGB, HCT, MCV, ALT, Cr #1 TC), /r#r- 0o lEEE1%(AST, LDH
Al CK), PASOLUEESE(MBY, MBF, TTP Al MTT), 4 ib g il(HIF-2a, VEGF). #ica,
B EPA) . RS — Rk AR R M e briE 5, #— RO S =R br A ] A .

2.4, AARRIBE

SERUALBCR LG, 85 7R PO HE LSk AL, 2y BOHE, T 4% KPR R, A,
fl AT R, B, JRRKS - BHL(HE) e, 6 BB T o

[‘F

2.5, BEHK
B ZLL 4 pm A BEEESY) . BT 5K, PBS Jeirhi =ik, BN 3% H,0, &l
15 min, PBS 4Lyt =¥k, ¥ hnidE & 5% BSA B AW, MEZ 1h, IMA—PL4Cilh, PBS 4uiirhik

=W, IMAZPIET 37°CHEE R 30 min, PBS Juiirpt =7k, DAB &, Bi/K. BHAE A .
SEHHERRUE: S T (x400) W0 S EF Y ] 5~10 AN, U JULAH A F o 5% B 4 A% o o BAG: E £ R
NG ERHME, et nn 5 A0 M0 FH 4 T o R IR AR 2 FE N e A, IR R 1 R,
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Table 1. Immunohistochemical scores

=1 REANTS

FoH 4= &4t it 1355 Yuth i 54y ail
FHVEANNL < 5% 04y TGt 04 0~1 4% 1
P 40 5%~25% 14y T 14 2~3 4y 1
H 1 40 . 26%~50% 24y e 24y 3~4 4% 1t
FHIEZH > 50% 34) R 34 >4 55 FH 1

2.6. GiitFEE

fiiH] SPSS25.0 Giit“# kA T Geit o0t RS A TR BRI ISR + briEZ (X +s)Fon, WA
] LA IS REAS ¢ K30 ARIEZS 20 A (0 vH & BORHH DY 4 Az $00e) BE (P25, P75)%7n, PIALIA ELEH
Mann-Whitney U #:56;  THEZ0RH Bl(%)FoR, PRI LLEH R7GE. 4 P (/N T 0.05 BN A
it .
3. &R
3.1. FEMMEFSH

BT, W5 3 B B AE iR DX 1 KBRS Bk EE G v TR A TE P L XK . AR, EfE R

FR R, W82 3 f 5 2L 4K R 22 S R B et 2 2 U(P > 0.05, P = 0.109). mrifFik 40 K R RBC. HGB. HCT.
MCV. ALT. Cr fl TC /K FREE T FEA, HEREGIHFE (P <0.05). VHiE L% 2.

Table 2. Comparison of body weight and blood parameters between rats in plain and high altitude groups

2. PREMSERAXRAENMES LR

fabw “EJER4H(n = 10) EER A (n =9) ES AR P1H

1A (g) 608.60 + 35.02 632.00 + 23.27 1.694 0.109
RBC (10%%/L) 10.40 + 0.84 13.82 +0.95 -8.322 <0.001
HGB (g/L) 199.90 +9.10 230.00 +5.55 -8.518 <0.001
HCT (%) 63.70 (61.30, 67.65) 74.20 (70.15, 75.25) ~12.244 0.005
MCV (fL) 54.61 +1.22 61.11 +1.81 -9.278 <0.001
ALT (U/L) 89.67 +21.40 168.40 + 95.54 2.536 0.030
Cr (U/L) 6.70 + 12.70 52.00 + 7.65 3.420 0.003
TC (mmol/L) 2.33+0.3 1.30 +0.21 7.308 <0.001

vE: RBC: ZL41Mf1; HGB: M HE A HCT: LAMER; MCV: TFHLMMpAR, ALT: WEBREILHELE: Cr.
LALEF; TC A JH [E g,

3.2. AEGIEEH

AHEFEH, WS E SR AR Y AST. LDH FI CK OB ke H0Y = TP R H, HZERASITY
HEX(P<0.05), I3,

3.3. 1A R Bl Bk FE

AW T ik A 5P R 4 K RAE MBV. MBF. TTP. MTT 1 PA J5TH 25 . W 9145 K1,
TR A R BRI MBF EAK TP R4, HZ 5 A guit 4= (P < 0.05). mifgth 4 KR 1 MBV. TTP.MTT.
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PA $RtRY m TR 2RI, EMERERZE, PAZIER MBV fitrLgiit = (P > 0.05). VFIE W&
4o B 1 PR E TS B 1P R AN SR R B O WU R B A

Table 3. Comparison of myocardial enzyme profile indexes between plain and high altitude groups of rats
= 3. FRBAMEEHRERROANEGEIRIRELE

EEE “FER4(n = 10) R (n = 9) giitfH P1{H
AST (U/L) 405.67 + 135.27 721.20 + 359.25 2.476 0.024
LDH (U/L) 3079.00 (2667.00, 3581.50) 3722.00 (2749.00, 5263.75) —-3.511 <0.001

CK (U/L) 8068.00 (5430.00, 13093.50) 20593.00 (12378.00, 27571.25) —2.205 0.027

VE: AST: DE% N, LDH: ILEIAN; CK: JVIEZIES .

Table 4. Comparison of myocardial perfusion and pulmonary arterial pressure in rats from plains and high altitude groups

4. FREMSERAKRROHETMAHIAKELLR

Ei=17N PR (n = 10) R (n = 9) ZiitfE P1{E
MBV (S) 36.31+11.14 29.47 +5.09 1.750 0.104
MBF [mL/(100 g-min)] 722.95 + 31.60 566.06 + 64.14 6.648 <0.001
TTP (S) 3.30 (3.00, 3.51) 4.65 (4.13, 5.36) —3.512 <0.001
MTT (S) 2.99+0.78 3.78+0.38 —2.750 0.014
PA (mmHg) 14.78 (13.89, 17.66) 27.77 (25.65, 29.20) —3.464 <0.001

E: MBV: [M%#; MBF: [Mjifm; TTP: XUER[E; MTT: “FREETHE; PA: MishlkiE.
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Figure 1. Comparison of myocardial perfusion parameters in rats from plain and high altitude
groups. MBV: blood volume; MBF: blood flow; TTP: time to peak; MTT: mean time to pas-
sage; ns indicates no statistical difference, * indicates P < 0.05, and ™" indicates P < 0.001, as
compared with the plain group
B 1 FRAMSERAXROIEISHILR. MBV: A S; MBF: MRKE; TTP:
EUERTIE]; MTT: SEHi@i3 8 SFRAMLL, ns RRELIFEER, "RR P <0.05,
" ERR P < 0.001

DOI: 10.12677/acm.2024.1441280 2185 Il R 125 23k i


https://doi.org/10.12677/acm.2024.1441280

fhiphs 2%

3.4. MAFSH. (DANEEROHUEEHEROEXE S

A FUA8 ] Pearson R ZEAH G, I PR AR 2 [RIEEAT AH G 20 BT (L 1] 2) 0 i 1] 2 A DG SR B mT
MESH ONEERE . O VIEE S H (B EAR
MR R RBC 1145 HGB. HCT 2 IEAS(LE 3(a). &l 3(b)), 1H RBC it#5 MCV £ 1iiH
F(WE 3(c)). AWFFKI AST 5 LDH. CK Al & IEAH (L E 4(a). 4 4(b));

Kl 4(c))-

021 020

T T
MCV ALT Cr TC

(a)

T T T
RBC HGB HCT

MBV MBF

(b)

MBF 5 TTP £ fikH (W

1.0

-0.5
TTP MTT

Figure 2. Heat map of Pearson correlation coefficients. Blood parameters (a), cardiac enzyme profile

and myocardial perfusion (b)

[# 2. Pearson xR HAE . MMikSE(a), (DAL R OALEE(0)

y = 5.510X + 153.9

y =3.003X + 31.31

R?=0.889 R?*=0.613
240 80
o
235 —'O"b o
I IRt — 75 °.0"0
3, 230 0 - ° s 70
2 0°.- - .-
© 2254 o 2 ° S
I s T 70 P
™ -7 o
220+ "
o
215 T T 1 65 T 1 1
12 13 14 15 12 13 14 15
RBC (10™12/L) RBC (10™12/L)
(@) (b)
y=-1.467X + 81.38
R?=0.593
66
644 o
— o o
=
3 62+ \°‘~~~\\ °
= o Tt~ o
60 S~
o~
o
58 T T 1
12 13 14 15
RBC (10™12/L)
(b)

Figure 3. Scatter plot of correlation between blood parameters. RBC: red blood cells; HGB:
hemoglobin; HCT: erythrocyte pressure volume; MCV: mean corpuscular volume
3. MRS HZ EREEEE S E. RBC: 440ff; HGB: MLZEH; HCT: 44

BaJEF; MCV: FILT4mpaikin
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Figure 4. Scatter plot of the correlation between myocardial enzyme profiles and myo-
cardial perfusion parameters. AST: glutamate aminotransferase; LDH: lactate dehydroge-
nase; CK: creatine kinase; MBF: blood flow; TTP: time to peak

E 4. CHESEFCAE TS BNMEXERSE. AST: REH%EEE; LDH: FLERM

Sf; CK: BlESHES; MBF: MRE; TTP: ikIERTE
3.5 (SAELRRES

0 5(a), 18 5(b)Fin: HE ettm, JoB N IR mik 40 B L LA HES 280, LR EUL
RV AR AR MR, 23 oL B P e B A AR

i

Figure 5. HE staining (x60) of the left ventricle of rats in the plains and high altitude groups. (a) Normal cardiomyocytes
were observed under the light microscope in rats of the plain group; (b) Disturbed arrangement of cardiomyocytes and vacu-
olar degeneration in some cardiomyocytes were observed under the light microscope of rats in the high altitude group (arrow

heads)

5. FREMSEHRAXRLOER HE £E(x60). (2) FRAXBAFEMRETURICINARIES; (b) =8
REXRAF BHT TUREOANMBAEHFIZEEL, B OAMARRA SIS0 (F55)
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36. REBAKRE

B 5t WL E) B R LI HIF-20. VEGF HIBAPE 22> 5109 70% (7/10). 80% (8/10) %% i T-F I 41 )
10% (1/10). 20% (2/10), HZERAH G iH24E (P <0.05). X 6 &/~ HIF-2a. VEGF F£iAE .

Figure 6. Increased brown coloring granules in the nucleus or cytoplasm of HIF-2a and VEGF cells
in the plateau group. (a) HIF-2« staining in the plains group; (b) HIF-2¢ staining in the high altitude
group; (c) VEGF staining in the plains group; (d) VEGF staining in the high altitude group.

6. BRERHIF-20 7 VEGF AR AR NBEERMAIES (a) FRAHIF-20 1 E;
(b) =iEHRE HIF-2a 6; (c) FIR4H VEGF £ &; (d) =/5k4H VEGF &

4. iFig

TEEBREEN, 28 4 10 NEELERR 1500 K UL BRI, S 1A 2 ARBREHRHL X 07 194k
2500 K PA ERIHBIX[9]. FiEAE A T e J5 AR AL ES, P44k 4000 oK, PUBRAIVE 2 /b % RG R A 4RI
H[10]. BATE AEBEHR SN SN R RS, O IE RE . BEIR &G R mi[11]. ABF S E
IS AR T, T R R R A A B AR

MRAE AT BoR, 5P RAME, miEk4iH RBC. HGB. HCT. MCV. ALT. Cr f1 TC /K V5
f#. RBC. HGB F HCT 7KF B3 i o] V=1 B8] - By Ao v i PR i Sl AR R M i B [12] o 3ot 5 82— A i ]
FIBE N, 5 7E G A U A SR [13] o X FIIE ML RRC N R GRS AR i ik R
Berp k) — M AR B S R . FE RS, T AU, SRl N RBC. HGB il HCT kg
e M A A A AT BE S o IR S8 S0 3 I ml AR iy S s R, (R SRR AU RIE, T
B B AR N R AEFA BT . ALT Cr A TC 7K 1T 50 2 W JHE AT 5 T R Reef3[14] [15] [16], ElmifEdk ol
ERE ST sesh, Aot B ik A O UERE fR BOK P TS, B4% AST. LDH fl CK. AST. LDH
A CK SO fE R MR B [17]. AST S 5REMMRE, RERRLERS o-FF k2 7
M, AST PTtER OS2 . LDH J& —Fi (b FLER L o N B IR B, 72O 03 5 SRR
FME P EAE TR T, ORI, Rkttt ol —. CK 25 < p, ¥
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Fo W IR i AT BR LR 1) ADP A ATP, 4 A st E AR R E 2 —, FEAEE T o4+, O
WA, CK-MB B, JCHAE IR FIRs it A EEE . 5P EAML, XK
PR e R W] A R R T RE R B0 IE A SR I 1 o 3K JULR PR T v 2 o UL T e s AT R A
T AR

AHFFOEVEAYL T PR RO ULEEESEU PA. IEZEEHE MBV. MBF. TTP. MTT 1 PA.
SRR, RN MBF ERAK. MBF J8/b nf 3R T @ik XA PR >, SO ITA M)
FURRIE FREN 245 . bAh, EERALE) MBV. TTP. MTT 1 PA fa¥kimn, St VE T i 1R) 28 K AN
PA FtiE . KEMWIFIEH, Sk Rz SEMaIE )7t 18] [19]. X —WEas Fchse 7 HRATE =™
MR KB s PA 183 BUS BT8R 1A RIS HC2 M i E ARG . % E) RBC 1445 HGB.
HCT RIEMC, R RBC iHEH N, HGB Al HCT /K FHfi. RBC i+%5 MCV 2 [a] 2 fitfo%,
FWIBE RBC 08, MCV # T F4(K. AST 5 LDH Al CK 22 [A] ff) 1EAH 6 11 22 W U B L4543 A 200 i 187 35k )
3N, MBF 5 TTP 261, Gl EH & S BUA R [ 2E K

R AL O U VPG s 7 B R AR AR Ak, RO LT HE 5 S ELAN AR A . xR
W Vo VA T 5 5 RS 1 o I AL A 5 R A5 N R I EEYB[20] o SCRFIX SR SR S 1) 2, oy L SUL 40 b
BoR, TERERAT, HIF-1a fil VEGF bricRE K B8 . AP, HIF-2a fil VEGF 2 51%
SASONE RIS A B PRI T [21] [22] 0 3X Sy A 8 2R WO T 4 U0 v i R AR SR R S

AW T B R R AR AR/, X W] RE 2 BRI FE 25 SR A AT HE) 1. 53 AR A 9T R B
R E . O FEHE . RS ODUEE RIS E . HAhEESE, WiliThREROIE 4L
B, WARREET T TR X SR AR o A T 1 A e v R ) AR B R

5. &hig

S, IR TN iR R Ee R KBRS A A B S MU R A T A A L. AR AR S CoE
BTl eI O JILREE AN T SH ik s T T UL % 21 00 S0 35 AR AR T, 68 VR IR M 5 14 S IS AT I 7
RN SRR U PR RO RN 2 A B AR R G 1 A BRI B AT 2RO
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