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[ Abstract])
pathology in rats entering a low-pressure and low-oxygen (LPLO) environment simulating moving from the plains to a

plateau. Methods

Objective To explore time-related changes in renal function, renal injury biomarkers, and renal
Thirty male Sprague-Dawley rats were divided randomly into five groups (n=6 rats per group).
Rats in the Control group were placed outside the chamber under normal pressure and oxygen conditions. Rats in the
experimental groups were placed in an LPLO chamber to simulate a plateau environment at 5000 m above sea level,
and were maintained in the chamber for 3, 7, 14, and 28 days, respectively. Serum levels of creatinine (CRE),
cystatin C (CysC) , neutrophil gelatinase-associated lipocalin ( NGAL) , kidney injury molecule-1 ( KIM-1), and
interleukin-18 ( IL-18) were measured as biomarkers of renal injury. Pathological changes in the kidney were
observed by hematoxylin and eosin and periodic acid-Schiff staining, with quantitative assessment of the following
parameters: average glomerular diameter, peritubular capillary (PTC) density per tubule, tubular injury score, and
NGAL, KIM-1, CysC, and CRE were significantly increased in the
experimental compared with the Control group (all P<0.05). The average glomerulus diameter was significantly

reduced in the LPLO 3 d group and significantly increased in the LPLO 14 d group (both P<0.05). The peritubular

outer medulla (OM) congestion score. Results

capillary (PTC) /tubule ratio was significantly decreased. The renal tubular injury and OM congestion scores were
significantly increased ( both P < 0.05). Regression analysis showed that PTC/tubule was linearly negatively
correlated with the LPLO duration, while CRE, CysC, and pathological indicators ( mean glomerular diameter, OM
congestion score, renal tubular injury score) were curvilinearly correlated with the duration of LPLO (all P<0.05).
Variables with a curvilinear correlation were analyzed using restricted cubic splines( RCS). Each curve exhibited an
inverted-L shape, with inflection points on day 7, indicating that the rate of increase of all indicators was highest
within the first 7 days of LPLO, and the rate of increase then slowed from 7 days to 28 days. Conclusions A
simulated move from a plains to a plateau environment was associated with significant structural and functional renal
damage, but the kidneys then showed a self-adaptive adjustment process towards the plateau environment.

[ Keywords] high-altitude hypoxia; kidney injury; renal injury markers; renal pathological changes
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Figure 1 Comparison of renal function, renal injury indicators, and renal pathological scoring indicators among

different groups of rats
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Note. A, Pathology of renal cortex in each group of rats, the red arrows indicate blue collagen fibers. B, Pathology of renal medulla in each
group of rats. C, Pathology of renal injury in experimental group rats.

Figure 2 Simulating high-altitude environment and pathological changes in rat kidneys



84

FhE He e

YRS,
?‘%Am\

2025 4 4 A% 35 %5 4 Chin J Comp Med, April 2025, Vol. 35,No. 4

R 2 RAARSAR ] 5 W IRE B0 TR bn L2 B SO0 BRIV 20 G 2 89 [ 5 234
Table 2 Regression analysis of the relationship between the duration of low-pressure hypoxia and renal function, renal injury
indicators, and renal histopathological scores

WLEEHE b FR R 2 R
Observation target Model type R F P Constant Bl/p2/p3
— B
CRE/(pg/mL) #(AEE& 0.322 5.950 0. 008 1. 040 0. 123/-0. 003
Quadratic curve
itk -
CysC/ (pg/mL) Quadratic curve 0.238 3.904 0.033 1. 327 0.075/-0. 003
TR _ -
NGAL/ ( pg/mL) Quadratic curve 0. 161 2.495 0.102
Witk - -
KIM-1/( pg/mL) Quadratic curve 0.042 0.570 0.572
TR - -
IL-18/( pg/mL) Quadratic curve 0.017 0. 206 0.815
fiEE /g TR _ _
Weight of right kidney Quadratic curve 0.031 0.431 0.654
FE R EE/ em Zathe
Length of right kidney Quadratic curve 0. 081 1191 0.319
| 14 B 4% =iz
%/J\}j.%q:i’]ﬁf /pm . QU\FH? k 0.298 24.876 <0. 001 109. 074 -2.902/0. 454/-0. 012
Average diameter of glomeruli Cubic curve
PTC/tubule %%HZ 0.122 3. 861 0. 050 1.778 -0.010
Liner
NSt e 2 2 0 3577/ — Y
%mﬁ}f;ﬂll?ﬁ é{A.H-H% 0. 848 75.450 <0. 001 0.414 0.299/-0. 008
OM congestion score Quadratic curve
U2 [\ A L A5 7 — v il 4B
AABBYIES — Ui 0.707  213.811  <0.001 1.042 0. 348/-0. 009
Renal tubular injury score Quadratic curve
A 5.00 B 3.50 ¢ 160.00
400 3.00 £8 14000
-~ -~ ™ g
3 2 * g
E 00 : E 250 gf 120.00
= o %
E 2.00 o % 200 # 210000
o 8 o o) - E S
100y # 1.50 . ° o =2 5000
0.00 v r .
0 10 20 30 100 0 10 20 30 60.00 10 20 30
i AU B N 1)/ R R ) /d i SR B N )/
Duration of stay in high-altitude environments Duration of stay in high-altitude environments Duration of stay in high-altitude environments
D E ° Foog o
2.40 2
2 g
L, 210 ;/E_ g o \lf )
z g8 &7
2 130 i . B3 K5
= B2 &2
A 8 o - :ﬁ"‘?’ 8 E E
1.50 ) 2 3
° 4
1.30 0 v T 0
0 10 20 30 0 10 20 30 0 10 20 30
i J5 A BN 1)/ d A B )/d A B )/d

Duration of stay in high-altitude environments Duration of stay in high-altitude environments Duration of stay in high-altitude environments

T A AP JRUERE {52 B I ) 5 L3 CRE ; B o AP0 g JEU BRI 452 B I V) 55 LT CysC 5 C B0 ooy S PR I5545 B I 1] 45 W /N IR 2 AR D
O SR S5 452 R IR 18] 45 PTC/ wubule ; E < A8 55 JFUPR 85 452 B 1) 18] 45 55 166 5 5 AL DP9 5 F - ASEAD oo R 452 B8 I 1) 5 /NS BB 037 20
3 R SRR 5 B ] 5K B D BE S B 23 B AR SR 2 A
Note. A, CRE levels with duration of stay in high-altitude environments. B, CysC levels with duration of stay in high-altitude environments.
C, Glomerular diameter with duration of stay in high-altitude environments. D, PTC/tubule with duration of stay in high-altitude environments.
E, OM congestion score with duration of stay in high-altitude environments. F, Renal tubular injury score with duration of stay in high-altitude
environments.
Figure 3 Correlation analysis between simulated high-altitude environment residence time and rat kidney function and

pathological score
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Figure 4 Restricted cubic spline analysis of the relationship between simulated high-altitude environment residence

time and changes in renal function and renal pathological indicators in rats
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