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[ Abstract)

under two hypoxic stress modes, namely, a high-altitude field and simulated high-altitude environment, to evaluate the

Objective A comparative study was conducted on rapid high-altitude models established in SD rats

reliability of the simulated high-altitude test chamber. Methods SD rats were placed in a simulated rapid high-altitude
animal experimental chamber (4000 m) or rapid high-altitude field laboratory (4010 m) to establish a rapid high-altitude
rat model. After 24 or 72 h of exposure, physiological and pathological indicators related to high-altitude changes were
collected and measured, mainly routine blood parameters, blood biochemistry, blood gas, oxidative damage indicators
('superoxide dismutase ( SOD ), malondialdehyde ( MDA ), glutathione peroxidase ( GSH-Px)), and inflammation
indicators (interleukin 1B (IL-1B), interferon-y (IFN-y), monocyte chemotactic protein 1 (MCP-1) and interleukin 6
(TL-6) ), and pathological tissue analysis and hypoxia sensitive gene (hypoxia inducible factor-la ( Hif-1a) and vascular
endothelial growth factor A (Vegfa) ) testing were performed. Finally, differential analysis was conducted on the result to
obtain a differential evaluation report. Results At the same altitude, both high-altitude field and simulated high-altitude
exposure for 72 h caused significant lung and brain damage. Under the same exposure time, the routine blood parameter,
blood biochemistry, and blood gas result for the rats were similar. There were no significant differences in the detection of
inflammation indicators (IL-6, IL-18, MCP-1, and IFN-y), oxidative damage indicators (MDA, SOD, and GSH), or
hypoxia-sensitive gene expression ( Hif-loe and Vegfa) in the brain. However, partial pressure of carbon dioxide (PaCO,)
and base excess ( BE) were significantly higher in the simulated-72 h group than the other treatment group. The lung
hypoxia-sensitive genes ( Hif-la and Vegfa) in the simulated-72 h group showed no significant expression difference with
control group, and the brain coefficient of the high-altitude field treatment group was significantly higher than that of the
simulated high-altitude treatment group. These result indicate that there may be slight differences between models prepared
in high-altitude field and simulated high-altitude environments. Conclusions  The simulated high-altitude animal
experimental chamber can successfully establish a rapid high-altitude animal model. The simulated altitude can be
appropriately increased on the basis of 4000 m. If an altitude of 4000 meters is used, the exposure time should be greater
than 24 h but slightly shorter than 72 h. The simulated high-altitude experimental module has good reliability, but it is
advisable to use plateaus for on-site experiments as much as possible, if conditions permit.

[ Keywords] SD rats; high altitude field; simulated high altitude experimental module; rushing into the plateau;
differential research
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12,5 B H HUAE bl

W T 22 A R A AR B e A 7 BV R O R o3 A
ACGHEAT RN 32 220 22 48 BR A« 20 48 L 4R (red
blood cell, RBC) . 1 41l ifd 31 % ( white blood cell,
WBC) ZL 40 it 43 17 5 & (red blood cell distribution
width, RDW ) | Ifil /M 43 4 T J& ( platelet distribution
width, PDW) F i/ 3142 ( platelet count, PLT) ,
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TE Applied Biosystems 7500 %€ & PCR A kAT
qPCR SN, AR BB Y TN Z: Gapdh BEATHRUEAL
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g 1 R,
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Table 1 ¢PCR primers

514 SIYIFHI(5-3") 519 /bp
Primer Primer sequence(5’-3") Product size/bp
Hif 1o F. CTTTCTCTGCGCGTGAGGAC 20

¢ R: TCGACGTTCGGAACTCATCC 20
Vegh F: GCACATAGGAGAGATGAGCTTCC 23

cere R: CGCCTTGGCTTGTCACATTT 20
Candh F: CAATCCTGGGCGGTACAACT 20

7P R: ATGAGACGAGGCTGCTGAAC 20

1.3 SitEHH

FH Graphpad Prism 9. 3. 1 #2817 %4 20 #r
ARSI P B 1 O o 1 BORE, AT S IE AR 4 A 1 4L
WELLEIME + bRMEDE (& + s) Fom , AIRMIES /M
K F LB Y - $ BN EE (ML 1Q) Ron . A5 IE
BorAn B 2257 Z 41 0] Fe AR SRR R 5 2
Sy BT 2 & T 22 40 A, R LR T Turkey
P, AP <0.05 HASI#EX,

2 HR

2.1 KROERESS

W 1 7R, HE Y 045 5100 9 4% 41 K R0 ik
HALO NI EE Y IEH B 58 HEFI 35T 4l i
[i] PR B A L Z2 3] B Jd S (R A
2.2 KEMFESS

2% [0 R ZH AL, 24 h 20 i 20 23 25 4 5 2 | Jili
HOEESRR IR N R o= I SRR 2N VN [ RO
T, TG ) B 0 AR s L2 S0 43 7 4 O e
PSS AR IRAIAH LG, S 24 h 21 il i BE L
i Y R M O PE o T . S 72 h A RIS
72 h 575 O R L35 2R B O TR R B Y A5
P, Iyt B 14 S B ded M 9 1 4 /0N L v gk M 8
K, A SR AN MR, B 455 043 T s, (EX R
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s T e
Z A R, S
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B 1 KEHE HE Q2] 54558 (n = 10)

Figure 1 HE staining section results of rat heart(n = 10)

a0 e BT E R, WK 2, AL 24 h 4117 BE Fll Ca® " i & FEAK
2.3 KRAXRFREDH 2.5 MEMSHER
A 3 fras, 25 X IR ATRAEL 24 h 2H K BUK g3 pron, ML Tas I BR A, 52 Hb 24 h 4

HAAMILE I IE R LSS, M EBRECE JTK AL 24 h 40 WBC PLT #1 PDW 3% T &5 ; S Hl
Jif W X AN M HES 5, RS %R A % 72 h AURIREH 72 h 40 WBC, RBC, RDW , PLT #i
WAL, P LG B AG xR S PDW B ETHE, M TSI 24 ho 4, 52 72 h
24 h 2 ML 72 h RNALHE 72 h A RBE RFEAR 41 RDW M PDW & 35 FH &5, #5400 24 h 41 RBC Al
FER R RAR M AR U AR M HE S X AL AR v PLT SRR, B4l 72 h 4169 WBC Ml PLT & 3%

SR AE | R PR G2 B T . LI 3, i, RBC F1 RDW S 3&Fh, AH L TSCH 72 h 41, 5
2.4 KEMKHHEN %R #8124 h 4114 PLT F1 PDW I 2%, B0 72 h 4119

N 2 PR M T2 FIX R4 MRALH WBCPLT Ml PDW (K,
ZHIK PCO, Fl PO, ¥ i WK, 5o 24 h 4 54 2.6 MERSHER
72 h AL 24 h 4HHY BE & A%, S2Hb 72 h 41 W 4 FrR A T2 O BRAL 4 AR AU Ak 3
Ca” W ETHE, M TS 24 h 41,848 72 h 4149 ZHAY ALT .Glu A1 UREA 338 %%, AST/ALT IBIL
PCO, F1 BE B E T, Ca® B EREAL; SCH 72 h ] M Cr BT, AST el 2 5, SCHh 24 h

A 7 0 A 5224 hii SEHL72 h 4
Control group Field-72 h group B

aabb
aabb

ALK RIS HE e U] R 4555 B R BN ERB 5T 43 s 528 (I BRALATEL,*P < 0.05,P < 0.01; 5920t 24 h AAHMIHE, ™ P < 0.01;
552 72 h AALE, P < 0.01, (FE/ER)
2 KEUEEST (n = 10)
Note. A. HE staining section results of rat lung. B. Lung pathological injury scores of rat lung. Compared with control group, P < 0.05, “P <
0.01. Compared with field-24 h group, P < 0.01. Compared with field-72 h group, “P < 0.01. (The same in the following figures and tables)
Figure 2 Pathological analysis of rat lung(n = 10)
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Note. A. HE staining section results of rat brain. B. Lung injury scores of rat brain.

Figure 3 Pathological analysis of rat brain(n = 10)

*£2 KREUMAIERMELER (0 = 10)

Table 2 Measurement results of blood gas indicators inrats(n = 10)
ity 25 FXT R4 S 24 h 4 SEHlL 72 h 41 i 24 h 4 FEqEl 72 h 41
Index Control group Field-24 h group Field-72 h group Simulated-24 h group Simulated-72 h group
Wﬂ{ﬁﬁﬂﬁ&_ 7.37 £ 0.05 7.39 + 0.02 7.34 £ 0.05 7.36 = 0.07 7.40 + 0. 04°
(1= 7 A
PCO ’ 48.20 + 8.89 35.96 + 2.75% 34.18 + 3.38" 34.84 £ 5.50% 41.73 + 5. 53
2
[liE=R3 90
PO 78.76 + 11.52 54.55 + 9.32% 48.51 + 9.27% 53.84 + 10.92* 52.11 + 6.23%
2
R
ﬂjazf?ef; 1.09 = 0.01 1.28 = 0.02 1.19 £ 0. 03" 1.08 + 0. 12" 1.10 + 0. 09"
a
PN ance N A »
Eﬁéﬁér 1.24 + 1.43 -3.27 + 0.76" -6.51 + 2,72 -5.41 + 2.49*" 0.42 = 1.48%

. 550 24 h AR, P < 0.05; 5520 72 h ZHAALE, P < 0.05,

(FHE/ZRE)

Note. Compared with field-24 h group, "P < 0.05. Compared with field-72 h group, “P < 0.05. (The same in the following figures and tables)

LAY ALP B8 Tas I IR, Hofl 3 MRS AL
I ALP 555 AXT AT R E 25, ML T3
24 h 41, 55H 72 h 4R ALP 1 Glu S FRA%, B4
24 h 2014 IBIL Fl ALP I ZREAI%, B4 72 h 41 IBIL
Glu 1 ALP & 25 BEAR, AH L THLHL 24 h 41, B4
72 h 2019 IBIL B FAIG,
2.7 R=SEHIWER

W5 Frs AT 25 FUOC RRZH ) S 24 h 21
IS 72 B5CRI il 2 4500 35 T v, S b 72 b 2 M R AR 0
FECR G R 2 T B 72 h AL R EORG &R
B ETE, AT 24 h 4, B0 24 h L0 Al
FEORIG R ED AL, B 72 h 40 s R A
B, AR LTS 72 h 41, 45548 24 h 2 A9l R 50

Jib 2250 . SRR ARG AR 72 h 2 P G 2R R SRR A
2.8 FWMHIERSMTEET

WE 4 frs , H T2 E ,SCHE 24 h 4
) MDA 235 T+ 55, GSH 5 3 B A A48 24 h 411
SOD il GSH i ZFEAR ; S 72 h 2RI 72 h 41
) MDA {2 F 5, SOD Fl GSH It Z A%, AHIL T
SCHL 24 h 4 AR 72 h 409 GSH 3 AR, MDA
BET
2.9 MiFERAEEFHH LT

WE 5 s, AT 25 A R4, S Hb 24 h 41
B 1L-6 A1 IL-18 & 2 Tk, IFN-y I 3 [ A% 52 i
72 h 9 1L-6 IL-1B F1 MCP-1 .3 Jh &5, IFN-y i 3
FEARG B4 24 h 19 TL-6 1 IL-18 SB35 71 IFN-y i

HE 2H

/\,
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TR B 72 h A IL-6 IL-1B Al MCP-1 BT+ 2.10 AXREEHBREFLNER

o IFN-y B R AK, AL o 24 h 41,553 72 h WK 6 Fis A as X BRZH , SHb 24 h 20 52
SHEY MCP-1 S8 T Hb 72 b ZH R UL 24 h Y B S AR Hif-1a N

£3 OKRBULHEHIEFRIEL R (0 = 10)

Table 3 Determination results of blood routine indicators in rats(n = 10)

£zt 25 X BZH SCHb 24 h 4 S 72 h 41 4 24 h 41 BBl 72 h 40
Index Control group Field-24 h group Field-72 h group Simulated-24 h group Simulated-72 h group
Eléﬂgvﬂ’géﬂﬁt 2,05+ 1.11 10.55 + 1.05* 8.28 + 3.67% 9.54 + 3.91* 4.91 = 0. 71
géﬂ]ﬂfgfﬁ 7.77 £ 0.35 8.23 = 0.66 9.41 + 0.58* 8.15 + 0.39" 8.85 + 0.50""
éﬁm’%’\f SR 30.02 + 1. 64 31.70 + 2. 11 39.30 = 2.89% 31.32 £ 0.49 36.28 = 1.47%"
m/jlfﬁ%'ﬁ 783.00 = 59. 41 1140.75 + 228.51*  1035.00 + 150.21* 849.40 = 96. 48" 851.67 = 89. 52
rm/]\*%gfﬁfg 14.77 + 0.10 15.13 + 0. 10" 15.34 + 0. 17" 15.10 + 0. 16 15.07 = 0. 11°*

R4 KREUMAERIEFRESR (0 = 10)

Table 4 Measurement results of biochemical indicators in rat blood(n = 10)

EEEL 23 % 2 S 24 h 41 S 72 h 4 K4 24 h 21 L 72 h 4
Index Control group Field-24 h group Field-72 h group Simulated-24 h group Simulated-72 h group
S e W
Ttlj\fzﬂ;%%ﬁﬁ 166.20 + 63.97 191.33 + 99. 36 153.56 + 63.21 125.17 = 12. 46 161. 67 + 30. 61
5B A o
W%E&%ﬁ%%% 101. 60 + 28. 81 49.83 £ 10.01™ 39.56 + 15.06™ 42,17 £ 5.46™ 43.00 + 9.55"
AST/ALT 1.63 = 0.33 3.85 + 1.05™ 4.18 £ 0.83" 3.00 + 0.40™ 3.86 + 0. 82"
[AEFiEENE u u aabbee aabbec
lﬁﬁ”}in ® -2.29 £ 1.10 0.08 = 0. 13" 0.08 £ 0. 13" -0.94 £ 0. 47" -1.15 £ 0. 18%"
mﬁzt&kﬁéfw 230. 80 + 125.00 324.00 + 57.80* 232.00 = 54.23 147. 17 = 36. 84" 172.00 = 57.23"
%Gﬁfu% 18.27 = 4.03 12.04 = 3.04" 5.81 + 2,07 9.94 = 0. 60" 8.16 = 0. 86™""
JRE
UREA 10.05 + 1.82 6.35 + 2.01 5.68 + 1.05 6.24 + 0. 66 5.95 +0.49
st 80+ 653
Cr . + 6. 28.67 £ 6.62 29.89 + 7.24 31.95 + 5. 62 31.10 = 3.76
x5 KEIESREOELE R (n = 10)
Table 5 Measurement results of organ coefficient in rats (n = 10)
it 25 X B2 S 24 h 40 S 72 h 4 B4 24 h 4 B4 72 h 241
Index Control group Field-24 h group Field-72 h group Simulated-24 h group Simulated-72 h group
ES a . . as
Hﬂi?%}gp ¢ 0.51 = 0.09 0.62 = 0.06™ 0.66 + 0.04™ 0.53 + 0. 03" 0.61 = 0.07*
Lung coefficient/ %
L FRE % .
Heart coefficient/% 0.31 = 0.02 0.37 = 0.02 0.39 + 0.02 0.33 +0.02 0.34 + 0.01
b R % . ac " aabboe
W22 9% 0.58 + 0.03 0.94 + 0.05* 0.96 + 0.04* 0.53 = 0. 03" 0. 64 = 0. 07"

Brain coefficient/ %
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Vegfa F&DRAHXT 2 30k B 44 & 38 TH e s A 48L 72 h 4
HOHY Hif-1oe F1 Vegfa FE AR XS 323k it 34 1 2 7 &
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Figure 4 Detection results of serum oxidative stress-related indicators(n = 10)
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Figure 5 Detection results of serum inflammatory factors(n = 10)
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Figure 6 Detection results of hypoxia sensitive genes in rats(n = 10)
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