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Abstract

¢ AIM.To investigate the effects of high-altitude hypoxic
exposure on retinal injury and the associated changes in
oxidative stress-related indicators in rats.

¢ METHODS . Twenty-four healthy male Sprague-Dawley
(SD) rats were randomly divided into a plain group and a
high-altitude group, with 12 rats (24 eyes) in each group.
Rats in the plain group were housed under normoxic
conditions in an SPF-grade animal facility, whereas rats
in the high - altitude group were placed in a special
environmental chamber simulating an altitude of 6 000 m
for 7 d. Optical coherence tomography (OCT) was used to
assess retinal layer architecture and quantify retinal
thickness. Hematoxylin - eosin ( HE ) staining was
performed to observe retinal histopathological changes.
Immunofluorescence ( IF) was used to detect the
expression of hypoxia-inducible factor-1o (HIF-1a) in
retinal tissue. Transmission electron microscopy ( TEM)
was applied to examine the ultrastructure of retinal
ganglion cells (RGCs). Enzyme - linked immunosorbent
assay ( ELISA) was used to measure the levels of
malondialdehyde ( MDA ), total superoxide dismutase
(T-SOD), and reduced glutathione ( GSH) in retinal
tissue. In addition, intracellular reactive oxygen species
(ROS) levels in retinal tissue were assessed using the 2’ ,
7’ - dichlorodihydrofluorescein diacetate ( DCFH - DA)
fluorescent probe.

e RESULTS: OCT examination revealed disorganized
retinal architecture in the high - altitude group, with
increased inner and middle ring thickness and decreased
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outer ring thickness compared with the plain group (all P<
0.05). HE staining showed varying degrees of retinal layer
damage, blurred layer boundaries, loosely arranged
RGCs, and partial cellular necrosis in the high - altitude
group. IF analysis demonstrated significantly increased
HIF-1a expression in the inner nuclear layer of the high-
altitude group (P<0.01). TEM revealed mitochondrial
swelling, disrupted cristae, and reduced matrix electron
density in RGCs of the high - altitude group. ELISA and
fluorescence probe assays showed significantly elevated
MDA levels and ROS fluorescence intensity, accompanied
by decreased T-SOD and GSH levels in the retinal tissue
of the high-altitude group (all P<0.05).

e CONCLUSION: Exposure to a high - altitude hypoxic
environment induces marked morphological and
ultrastructural damage in the rat retina and significantly
enhances oxidative stress, suggesting that oxidative
stress may play a critical role in retinal injury induced by
high-altitude hypoxia.

« KEYWORDS: high - altitude; hypoxia; oxidative stress;
retinal damage; retinal ganglion cells
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AL R GE P 1 OB R o3, H R A8 7K1 BR324
B HERE . ABFFE S A R I e S0 AT g 25 A AR AR 1Y)
4 T-SOD & J3 Ml GSH % it , 3 /R i S8 AL B 8 R 52 )
REAZ AT, X — 45 3 5 B 2 450 56 F i SRR BT 23 R AR/ 1y
FUR i SHZH 2L GSH % BEMAFSE — 3, GSH AE Sl —Fil
AR PT AL g Fi A (-SH) 5B A BB 7 A ik
IE A P R R 250 A R I TR A e G AL W B 4
( glutathione peroxidase 4, GPX4) f4i 1k T b g E AL &
(H,0,) FIRE BT AL ¥ . MDA fE R Y2 —  Hik
HIE VAN E AN P SR, A FRE W E B AN
RERR A 14 2 AS 4 A0 BE 1 B2 ( polyunsaturated fatty acids,
PUFAs) ,{fi PUFAs iRREE & A= 228 OB iUBE =B i, 7
KAt E AL, FRSE RIL[E B AR Bk 4 i
155 SOD-GSH A LRl DIRE , 5 B 9 5 i o i 4 A it
WESIE Y UR T e

ARWTFERI A PR 2 B T e it ol S B 58 T A e R 4R
AR A A5 I BIL R ST T AT Ak KU PEAR FE AR . X
RSSO PR A i e JEE N TR HIR £ B LA 8 225 X, [+
N Ry 55 1 HE 1] 5T AR IR YT BEE T BS kAL . AR T AR
WFFEMAFAE— E BRI BRE : (1) WF 5808 B — R[] 35 6, R

765



ERIRRIZAE 2026 FE58 2608 F5H
B335 : 029- 82245172 85205906

https ://www.ijo.cn
BB 31555 :ij0.2000@ 163.com

RE B A WL 25 T 45 FF 455 X0 1L 190 JI88 385 1l A 52 4935 (2) OCT
ZZ HE 4278 RGCs WY &5 Ve, R E — 28 K ] (brain—
specific homeobox/POU domain protein 3A, Brn—3a) $F 5+
PEpRICE AL RGCs, TTHEVHAL RGCs B3 L9l = SL B
GEE AL I [ B A AL R AR HIF - Lo X 75 Jirl 2 6%
5 | A L 0 A5 1 T AL, LA 42 T 7 HAR R
A AL

55 SR B AR SO AR A 2 58

YE& SRS B R AOR SR S 1B, 58 LBh W) S5 5, W
BE; BEEFUOTER; VRS SR R D
SCHR A 2R B 534 5 250 PR LS 5 8 SO B b i I
BT A A T B IR R e 4 1 SOA

S &K

[1] Yang Y, Han C, Sun Y, et al. Effects of acute high — altitude
exposure on morphology and function of retinal ganglion cell in mice.
Invest Ophthalmol Vis Sci, 2024,65(10) :19.

[2] Rana V, Pannu AJ, Sadhukhan A, et al. Delayed high - altitude
retinal hemorrhages in well — acclimatized lowlanders: a hidden risk
unveiled. Eur J Ophthalmol, 2025,35(3) :1061-1066.

[3] Li JX, Kong YZ, Wang PY, et al. Fundus changes in healthy adults
after high altitude exposure. Photodiagn Photodyn Ther, 2025, 53
104542.

(4] MOITHESE, B0, DilgEpk, 45, T ISR EAR D 5 3 REAS B X
SRR R 0 T B ST, DI R AR (B, 2024,
55(6) :1-6.

[5] Han C, Zheng XX, Zhang WF. High altitude retinopathy: an
overview and new insights. Travel Med Infect Dis, 2024 ,58.102689.
[6] To HY, Chen LL, Su DH, et al. Three — Minute Step Test for
Predicting Acute Mountain Sickness: A Post Hoc Analysis of Rhodiola
Crenulata Extract for Prevention of Acute Mountain Sickness, a
Randomized, Double — Blind, Placebo — Controlled, Crossover Trial. J
Acute Med, 2018,8(1) :22-29.

[7] Xu Y, Tummala SR, Chen XM, et al. VDAC in retinal health and
disease. Biomolecules, 2024 ,14(6) .654.

[8] Boshm EW, Buonfiglio F, Voigt AM, et al. Oxidative stress in the
eye and its role in the pathophysiology of ocular diseases. Redox Biol,
2023,68:102967.

[9] Xin XR, Yang K, Liu HP, et al. Hypobaric hypoxia triggers
pyroptosis in the retina via NLRP3 inflammasome activation. Apoptosis,
2022,27(3) :222-232.

[10] Mesentier—Louro LA, Rangel B, Stell L, et al. Hypoxia—induced
inflammation; Profiling the first 24—hour posthypoxic plasma and central
nervous system changes. PLoS One, 2021,16(3) :e0246681.

[11] Shi XL, Li ML, Zhang X]J, et al. Longitudinal assessment of retinal
and visual pathway electrophysiology and structure after high altitude
exposure. Graefes Arch Clin Exp Ophthalmol, 2025, 263 (6 ).
1573-1583.

766

[12] Ibrahim E, Sohail SK, Thunwo A, et al. Effect of high—altitude
hypoxia on function and cytoarchitecture of rats’ liver. Sci Rep, 2025,
15(1) :12771.

[13] Ho TY, Kao WF, Lee SM, et al. High—altitude retinopathy after
climbing mount Aconcagua in a group of experienced climbers. Retina,
2011,31(8) :1650-1655.

[14] Tian X, Zhang B, Jia Y, et al. Retinal changes following rapid
ascent to a high — altitude environment. Eye (lLond), 2018,32(2):
370-374.

[ 15] Bosnyak I, Farkas N, Molitor D, et al. Optimization of an ischemic
retinopathy mouse model and the consequences of hypoxia in a time -
dependent manner. Int J Mol Sci, 2024,25(15) ;8008.

[16] Drakontaeidi A, Papanotas I, Pontiki E. Multitarget pharmacology
of sulfur—nitrogen heterocycles: anticancer and antioxidant perspectives.
Antioxidants ( Basel) , 2024,13(8) :898.

[17] Wang Y, Liu X, Huang W, et al. The intricate interplay between
HIFs, ROS, and the ubiquitin system in the tumor hypoxic
microenvironment. Pharmacology & Therapeutics, 2022, 240, 108303.

[ 18] Priya Dharshini LC, Vishnupriya S, Sakthivel KM, et al. Oxidative
stress responsive transcription factors in cellular signalling transduction
mechanisms. Cell Signal, 2020,72.109670.

[19] Kurihara T, Lee D, Kunimi H, et al. Degeneration of retinal
ganglion cells in hypoxic responses: hypoxia—inducible factor inhibition,
a new therapeutic insight. Neural Regen Res, 2022,17(10) :2230.

[20] Hirukawa—Nakayama K, Hirakata A, Tomita K, et al. Increased
choroidal thickness in patient with high — altitude retinopathy. Indian ]
Ophthalmol, 2014,62(4) :506-507.

[21] Chen WL, Lao W, Chen YX, et al. Mechanisms of erythropoietin—
mediated protection against retinal ganglion cell apoptosis. Med Sci
Monit, 2025,31: €946148.

[22] Du JL, Gao LX, Wang T, et al. Influence of hypoxia on retinal
progenitor and ganglion cells in human induced pluripotent stem cell -
derived retinal organoids. Int J Ophthal, 2023, 16(10) . 1574-1581.

[ 23] Whitehead M, Harvey JP, Sladen PE, et al. Disruption of
mitochondrial homeostasis and permeability transition pore opening in
OPA1 iPSC—derived retinal ganglion cells. Acta Neuropathol Commun,
2025,13(1) :28.

[24] Babizhayev MA, Yegorov YE. Reactive oxygen species and the
aging eye:
maintaining lens function and in the initiation of the oxidation—induced

specific role of metabolically active mitochondria in

maturity onset cataract—a novel platform of mitochondria — targeted
antioxidants with broad therapeutic potential for redox regulation and
detoxification of oxidants in eye diseases. Am J Ther, 2016,23 (1)
e98—ell7.

[25] Alvarez - Barrios A, Alvarez L, Garcia M, et al. Antioxidant
defenses in the human eye: a focus on metallothioneins. Antioxidants
(Basel), 2021,10(1) :89.

[26] FEeS, WXZCMS, b, 55 @ FARE R ER )R /N R S gat T
A AL, AR FRE A, 2024,76(4) :507-516.



