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Effects of high - altitude hypoxia exposure on brain injury in rats based on

WE:BE AR R SRR 28 T SD RS E L. ik
FIEEAR S S S AR R M 35 6 000 m A4 7 K B 7 JEUI /K i ( HACE ) #8255
#5361 SD HEPE BB Dy Xk BEZH FIAIR R A SE 2 8 3.7 (14 d 2, B 41 9 HL
s BREEL AT , AR 4% R BT B SR AR S 25 5 3.7 14 do LSRG , &)
EBBKIUAL , SR ML TN GUREAS . TN 0% T H (W/D) 4 0 1f
TH R ZH 23 P AR DG AU A 2 i, T ST 908 O 8 2 3R 5 AR Do o 12 e T iy 2 42
AR 3T — Lo (HIF - 1o) FUKIEE H H 4 (AQP4) mRNA {32 KK,
SR NIRRT 3.7.14 d HAYINA . W/D 4330k 4.46 £0. 12,
4.98 = 0.16,5.07 + 0.18 F14.95+0.07, #8 %A 1k ¥ b 1L f & & 2 5 N
(111.86 £2.45) .(90.73 £1.48) .(79. 64 £2.56) F1(55.33 £ 1.45)U « g~' | %
e H K & B4 Bk (126.91 £5.18) . (125.26 = 1.53), (56.20 = 2.17) #
(12273 + 1.78) pg-mL™', 7§ — /& & & 4 % (230.94 = 2.00),
(362.65 +3.28) . (407.34 £3.47) 1 (237.50 = 1.59) nmol - g, HIF - la
mRNAMIK A KF- 4351 1.00 £0,2.99 £0.49 4,72 £0.49 1 1.91 +0.28,
AQP4 mRNA #f %F 35K F 4> 5 K 1.00 £0,2.62 + 0.34,8.38 + 0.84 Fl
5.27 0. 42, RIEARSARER 3.7 14 d 419 EIRAEbR-5 %0 IR UL, 7ESE i 24 |
FIAGET RSP <0.05,P<0.01) o £85I AN[RIAR T AR 480 2% 55 ) i) 227 )
PA b3 HACE R AQPs 3 [ A 2 1% I Jit Ji I i J7% e £ e IR, L A1 s 4 i
6 000 m 1% 7 d #4 ) HACE BiAIECNERGE
SRR < /K I A T 5 e SRR AR5 i DU 7 A 5 S TR 5 I i 5 e
DOI:10. 13699/j. enki. 1001 - 6821. 2025. 01. 017
hE 5> ES RI7 MRS A
XEHS 1001 —6821(2025)01 -0081 —05
Abstract: Objective  To explore the brain damage of SD rats under
different time points of hypobaric hypoxia exposure. Methods A rat
high — altitube cerebral edema ( HACE) model was constructed by
simulating an altitude of 6 000 m in a hypobaric hypoxia animal
experimental chamber. Thirty — six SD male rats were randomly divided
into the control group and the hypobaric hypoxia exposure 3, 7 and 14 d
groups, with 9 rats in each group. Except for the control group, the rats
in each group were continuously exposed to hypobaric hypoxia for 3, 7,
and 14 d. At the end of the modeling period, serum was collected by
blood sampling via the abdominal aorta, and brain tissue samples were

taken. The wet — to — dry ratio (W/D) of brain tissue was calculated,

and the levels of relevant oxidative enzymes in serum and brain tissue
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were measured. The expression levels of hypoxia — inducible factor — 1ow (HIF — 1) and aquaporin 4 (AQP4) mRNAs
The W/D of
brain tissues in the control group and the group exposed to hypobaric hypoxia for 3, 7 and 14 d were 4.46 +0. 12,
4.98 £ 0.16, 5.07 £ 0.18 and 4.95 = 0.07; the superoxide dismutase contents were ( 111.86 = 2.45),
(90.73 £1.48), (79.64 +£2.56) and (55.33 +1.45) U - g~'; the glutathione contents were (126.91 +5.18),
(125.26 + 1.53), (56.20 +2.17) and (122.73 £ 1.78) ng - mL™'
(230.94 £2.00), (362.65+3.28), (407.34 £3.47) and (237.50 +1.59) nmol + g~'; the relative expression
levels of HIF — 1o mRNA were 1.00 £0, 2.99 +0.49, 4.72 +0.49 and 1. 91 £0. 28 ; the relative expression levels of
AQP4 mRNA were 1.00 =0, 2.62 +0.34, 8.38 +£0.84 and 5.27 +0.42, respectively. Statistically significant

differences were found between the above indexes in the 3, 7 and 14 d of hypobaric hypoxia exposure group compared

in brain tissue were detected by real — time fluorescence quantitative polymerase chain reaction. Results

; the malondialdehyde contents were

with the control group (P <0.05, P <0.01). Conclusion Different time of hypobaric hypoxia exposure can up —
regulate the expression of AQPs proteins in HACE rats and cause the disruption of the blood — brain barrier, and the
HACE model constructed in the hypobaric hypoxia chamber with 6 000 m intervention for 7 d was more stable.
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Table 1 Comparison of the body weight, brain index, and brain tissue wet — to — dry weight ratio (W/D) of rats under plateau hypoxia

exposure at different time points(x +s)

Group n Changes of body weight( g) W/D Brain index
Control 9 89.46 £29.53 4.46 £0.12 4.41 £0.51
Hypobaric hypoxia 3 d 9 -54.87£7.95**4 4.98+0.16" " 5.80+0.26"
Hypobaric hypoxia 7 d 8 -30.29 £7.75* *# 5.07+0.18* " 5.96 +0.56* *
Hypobaric hypoxia 14 d 9 —3.92 £2 28 % *HAL 4.95+0.07" 6.57 £0.24 * **

Control group: Raising in a normal pressure and oxygen environment; Hypobaric hypoxia 3, 7, 14 d groups: Raising in a hypobaric hypoxia animal experimental

chamber for 3, 7, and 14 days; respectively, Compared with control group, “P <0.05, **P <0.01; Compared with hypobaric hypoxia 3 d group,
#P<0.05, P <0.01; Compared with hypobaric hypoxia 7 d group, #P <0.05, 4P <0.01.

B 1 AR BE 0 ( x400)
Figure 1

A; Control group; B, C, D: Hypobaric hypoxia 3,7,14 d groups, respectively.

Pathological morphological changes in brain tissue of rats in each group( x400)
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Table 2  Effects of hypoxic exposure at different times on the contents of superoxide dismutase (SOD ), malondialdehyde ( MDA) and

glutathione (GSH) in rat brain tissue and serum(x £s)

Brain tissue Serum
Group
MDA (nmol - g!) SOD(U - g~ 1) GSH(pg - mL™1)
Control 230.94 +2.00 111.86 +2.45 126.91 £5.18

362. 65 £3,.28* * A4
407.34 £3. 47
237.50 +1.59 *#AA

90.73 £1.48* * 44
79.64 +2.56* ***
55.33 £1.45* *#AL

125.26 +1.5344
56.20 2. 17 * ***
122.73 +1.78%24

Hypobaric hypoxia 3 d
Hypobaric hypoxia 7 d
Hypobaric hypoxia 14 d

Dose and n refer to tablet 1; Compared with control group, * P <0.05, ** P <0.01; Compared with hypobaric hypoxia 3 d group, *P <0.05, #¥P <0.01;
Compared with hypobaric hypoxia 7 d group, ©P <0.05, 24P <0.01.

R3 AR MR A B e K BN R R SEA N T - La(HIF - 1a) JKIEIEE F (AQPs) M5 8 ( Occludin) mRNA Iz
FIFRIB KT L (v £ 5)
Table 3 Comparison of the mRNA and protein expression levels of hypoxia — inducible factor — lae ( HIF — 1) , aquaporin (AQP) and

Occludin in brain tissue of rats in each group(x £s)

mRNA Protein
Group
HIF - 1a AQPA Occludin HIF - 1a AQP1
Control 1.00 +0 1.00 =0 1.00 +0 0.58 0. 02 0.41 +0.03

2.99 £0.49 * * 4
4.72£0.49* **

2.62 £0.34 " %40 0.25+0.04% *24

0.09+0.01* s

0.81 £0.08* * 24
0.92 +0. 04 * **

Hypobaric hypoxia 3 d 0.59 +0. 12 * * 24

Hypobaric hypoxia 7 d 8.38 £0.84* *# 0.85 +0.05 " *#

Hypobaric hypoxia 14 d 1.91 £0.28* 44 5.27 £0.42* *#¥A46 0 0.17 £0.02" "4 0.74 £0. 08 * *#4 1.12 £0.09 * *#44
Protein
Group
AQP4 AQP7 AQP9 Occludin
Control 0.29 +0. 03 0. 68 +0. 07 0.50 +0. 07 0.97 £0.09

0.50 0. 13 * * 24 0.83 £0.04* *24
1.05 £0.05 * **

0.80 0. 04 * * #HEAN

0.63£0.03**44
0.86 £0. 05 * *#
O. 73 iO. 02* *HEAN

0.64 £0.03* * 24
0.47 £0.10* *#
O. 58 10. 02* * #HEA A

Hypobaric hypoxia 3 d
1.02£0.01* *#
0.83 £0, 15" *HAL

Hypobaric hypoxia 7 d
Hypobaric hypoxia 14 d

Compared with control group, *P <0.05, **P <0.01; Compared with hypobaric hypoxia 3 d group, *P <0.05, *P <0.01; Compared with hypobaric
hypoxia 7 d group, 2P <0.05, 24P <0.0l.
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Effects of plateau hypoxia on the protein expression of

HIF -1a, AQP and Occludin in the brain tissues of rats in each

group
A =D refer to figure 1.
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