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RZE] B8 7B BB E T R R B R BUBRRY, B FMicro CT. MigZEAk . JRBISZ R FBL, T E SR
PEEXHT R A L B A M psem, FEST TR RpLRl . sk HSDR Rz B H1 T RS S (4250 m),
SVESRA. 8, 184 A S, K shiiz [l sl U )1 | KR 4606 B2 g 43 TR AR S0 % OBE 3500 m) , 5 [ Ao HR 20 K SRR AR OGS
W, KT AR MR AL2Es 24 Micro CT; i BI2FELISA . Western blot, HEFITRAPH (0 Z i &y . R 5
[ 30105 R R B EE, w8 JEUAR 3R 44 A (i B4« 5 JRUERI SR 184 A (5 - 18) 28 K UM B R I (v J-4 2 vs . - -4 241
(513.75+35.10) g vs. (649.18+60.03) g, P<0.01; 125 Jfi-182Hvs. - JFi-184: (535.58+66.65) g vs. (670.86+44.96) g, P<0.01);
rIEARI S8 A (i -8 ) 21 . ves JB- 184 LI P Ca™ W B 00 IR 21 7 e (v -8 2 vs S JR-841: (2.48+0.09) mmol/L vs.
(2.38+0.07) mmol/L, P<0.05; & J§i-182H vs. - Ji-1841: (2.55+0.11) mmol/L vs. (2.13+0.27) mmol/L, P<0.05), P** 22 % T4t
H2EE o FRHEAR T AU RSB R FE A K (cross-linked carboxy-terminal telopeptide of type I collagen, CTX-1 ):
1 TR L BT SR A H e 25 (5 JR-4 4 vs. T JE-4401 : (1.44+0.08) ng/mL vs. (0.70+0.13) ng/mL, P<0.01; 1 JF-841vs. - J& -84
(1.52+0.10) ng/mL vs. (0.75+0.10) ng/mL, P<0.01; /= J5i-18Hvs. V- Ji-184H: (2.70+0.13) ng/mL vs. (1.94+0.15) ng/mL,
P<0.01), MANCTEEIR Wos & 32 B/ N B R FR AT B R AR (5 -4 vs T Ji-4 4 : (7.4842.35)% vs. (10.40+2.93) %,
P<0.05; &5 )-8 2 vs. VI -841: (7.17+2.68)% vs. (10.09+2.95)%, P<0.05; /& J5i-182H vs. - J5-182H: (2.90+2.91)% vs.
(8.68+4.11)% , P<0.01) L) K /NG 433 B b ok (o -4 vs - JB-440: (0.70+0.12) mm vs. (0.60+£0.06) mm, P<0.05; 5 J§-
82l vs. V- Jiii-84H: (0.68+0.07) mm vs. (0.59+0.05) mm, P<0.01; = Jiii-1841vs. - J5i-184H: (0.80+0.09) mm vs. (0.70+0.09) mm,
P<0.05), TRAPY 2554, 125 J5-1 820 B 414 22, Western blothi /i 25 FR R4 v g Rl F-x B2 A A6 R F- it 44 (receptor
activator of nuclear factor-«B ligand, RANKL) , #4815 K F-1a(hypoxia inducible factor-1o, HIF-1o) (28548 &, 1B AR 4"
# (osteoprotegerin, OPG) (IR Z EIH . 56  =RPAEENT T K BUBCE 52 234 F sl DA BB i, R Bt o
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[ Abstract] Objective To establish a hypobaric hypoxia rat model in a real high-altitude environment, to
investigate the effects of the real high-altitude environment on rat bone mass and bone microstructure using multiple
methods such as Micro CT, blood biochemistry, and pathology, and to explore the potential mechanisms involved.
Methods Sprague Dawley (SD) rats were transported to the Yushu Plateau Laboratory (at 4250 m above sea level) in
Qinghai Province and kept there for 4, or 8, or 18 months. These groups were designated as H-4, H-8, and H-18,
respectively. Upon completion of the high-altitude exposure, these animals were transported to the Molecular Imaging
Laboratory, West China Hospital, Sichuan University (at 500 m above sea level) in Chengdu for relevant testing and
comparison with the control animals raised in a low-altitude environment for the same durations (designated L-4, L-8,

and L-18). The tests performed included blood biochemistry, Micro CT imaging, and pathological assessments such as
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ELISA, Western blot, and HE and TRAP staining. Results Compared with that of the control group, the body mass of
rats in the H-4 and H-18 groups decreased significantly (H-4 group vs. L-4 group: [513.75+35.10] g vs. [649.18+60.03] g,
P<0.01; H-18 group vs. L-18 group: [535.58+66.65] g vs. [670.86+44.96] g, P<0.01). The serum Ca’* concentration was
higher in the H-8 group and H-18 group compared to that in the control group (H-8 group vs. L-8 group: [2.48+0.09]
mmol/L vs. [2.38+0.07] mmol/L, P<0.05; H-18 group vs. L-18 group: [2.55+0.11] mmol/L vs. [2.13£0.27] mmol/L,
P<0.05). No statistically significant difference was observed in the concentration of P**. Bone metabolism indicator cross-
linked carboxy-terminal telopeptide of type I collagen (CTX- I ) was significantly increased in all high-altitude groups
compared to the low-altitude groups (H-4 group vs. L-4 group: [1.44+0.08] ng/mL vs. [0.70+£0.13] ng/mL, P<0.01; H-8
group vs. L-8 group: [1.524+0.10] ng/mL vs. [0.75+0.10] ng/mL, P<0.01; H-18 group vs. L-18 group: [2.70£0.13] ng/mL vs.
[1.94£0.15] ng/mL, P<0.01). In addition, CT results showed a decrease in bone volume fraction of trabecular bone in the
three high-altitude groups (H-4 group vs. L-4 group: [7.48+2.35]% vs. [10.40+2.93]%, P<0.05; H-8 group vs. L-8 group:
[7.17£2.68]% vs. [10.09£2.95]%, P<0.05; H-18 group vs. L-18 group: [2.90+2.91]% vs. [8.68+4.11]%, P<0.01), and
increased trabecular separation in the three high-altitude groups (H-4 group vs. L-4 group: [0.70+£0.12] mm vs.
[0.60+0.06] mm, P<0.05; H-8 group vs. L-8 group: [0.68+0.07] mm vs. [0.59+0.05] mm, P<0.01; H-18 group vs. L-18
group: [0.80+0.09] mm vs. [0.70£0.09] mm, P<0.05). TRAP staining showed an increase in osteoclasts in the H-4 and H-
18 groups. Western blot results indicated an increase in the expression of receptor activator of nuclear factor-xB ligand
(RANKL) and hypoxia inducible factor-la (HIF-la) in high-altitude environment, while the expression of
osteoprotegerin (OPG) was inhibited. Conclusion The impact of high-altitude environment on rat femurs is
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characterized primarily by a reduction in trabecular bone mass and damage to bone microstructure.

[ Key words] Hypobaric hypoxia
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terminal telopeptide of type I collagen, CTX- 1 )i
W
1.3 Micro-CT AU RS i%

i B & bR AR FiMicro Computed Tomography
(Micro CT) #£47434i (Perkin Elmer, QUANTUM GX ).
HISHCH: B K80 kv, HHLHL100 pA, FOV 25 mm,
Voxel size 50 um, E{% 5 # K HHigh Resolution, 3##5¢
J&, AL BRAR 7F Calipers Analyzesr#r & A %S
B EHEE 2.5 mmAYVOI(the volume of interest), 73
B B izt v A AR L R SE i = i ikl . S BT S8
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Fe JBEJELEE (C. Th, B pm) TAN B2 BH
14 HALREZHM

UM I 5 e S 2 R W RS 52 24 he [T
JEIZHE, SR HTEDT AN B85, i £5 56 im HEAT K | £
WA SRS ) ALK AR A ZH 2L DD A3 pm
MY . XS] R BE S HTHEG: (6 1] T2 1% 00 B i/
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activator of nuclear factor-«B ligand, RANKL) (## B 1 : 1000,
Affinity, AF0313) | ‘B4 (osteoprotegerin, OPG) (F5
JE1 : 1000, Affinity, DF6824) | 42175 51 7-1a(hypoxia
inducible factor-la, HIF-1a) (Fi B 1 : 500, Affinity,
BF8002).
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(P<0.001), MiAE8A H Al 22 R LI L. m=R-
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F1 KRGEEURMLFEHRC™ P*.CTX- | F8
Table1 Ratbody mass and the levels of Ca™,P*,and CTX- | inserum

Factor Duration High altitude group (n=28) Low-altitude group (n=27) t/z P
Body mass/g 4 months 513.75+35.10 649.18+60.03 5.687 <0.001
8 months 658.38+32.73 684.22+55.36 1.151 0.268
18 months 535.58+66.65 670.86+44.96 4.749 <0.001
Ca’™/(mmol/L) 4 months 1.80 (1.60, 2.50)° 2.52(2.30,2.50)" ~1.761 0.078
8 months 2.48+0.09 2.38+0.07 2.487 0.032
18 months 2.55+0.11 2.13+0.27 3.575 0.005
P™/(mmol/L) 4 months 1.65+0.46 1.78+0.31 -0.556 0.590
8 months 2.44+0.43 2.46+0.35 -0.096 0.926
18 months 1.54£0.26 1.54£0.26 0.033 0.974
CTX- 1/ (ng/mL) 4 months 1.44+0.08 0.70+0.13 11.746 <0.001
8 months 1.52+0.10 0.75%0.10 13.762 <0.001
18 months 2.70+0.13 1.94+0.15 9.435 <0.001

" Median (P, P,s).
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2.2 Micro CTH &R
TR, FAIER,

R4 KBV, BV/TV, BS/TV,
Th. N4 - JF 20 Y975 A [RIFE L AU BEAIR, Tb.SpAsi Xt i
JE4 T+ (PH< 0.05) . CortexMean BMDYE &5 -4

x2 BRECTHXSHER
Table 2 Results of CT related parameters of femur

T J-84H TR 5 (P< 0.05), Ti7E18 A 4l [l 2 R B4 it
HFE Y, Conn.DIEE -4, mE-184 P I T K

(P<0.05), M1ES H 4B 22 55 6 g it

%5 Y, Trabeculae

Mean BMD., Tb.Th. Ct.Th. Ct. Ar{E = JF34H ik &I

Factor Duration High-altitude group (n=28) Low-altitude group (n=27) t P
CortexMean BMD/(g/cm’) 4 months 1636.60+73.07 1566.19+34.85 —2.395 0.045
8 months 1651.63+41.31 1615.15+28.36 —2.184 0.044
18 months 1673.39+72.01 1626.70+44.40 —1.543 0.141
TrabeculaeMean BMD/(g/cm’) 4 months 1115.68+90.98 1106.48+41.35 —0.253 0.807
8 months 1095.29+71.01 1079.67+46.53 —0.552 0.588
18 months 1141.88+97.97 1111.76+86.61 —0.673 0.510
BV/mm’ 4 months 2424117 3.76+1.27 2237 0.040
8 months 2.59+1.23 3.95+1.18 2.402 0.029
18 months 1.12+1.01 3.131.59 3.387 0.004
(BV/TV)/% 4 months 7.48+2.35 10.40+2.93 2217 0.042
8 months 7.17+2.68 10.09+2.95 2.196 0.043
18 months 2.90+2.91 8.68+4.11 3.600 0.002
(BS/TV)/mm™" 4 months 2.3140.94 3.2540.69 2431 0.027
8 months 2.37+0.84 3.23+0.81 2.186 0.044
18 months 1.01%0.93 2.67+1.17 3.413 0.003
Tb.N/mm™" 4 months 0.57+0.23 0.79+0.18 2.226 0.041
8 months 0.58+0.18 0.82+0.19 2.732 0.015
18 months 0.24+0.22 0.58+0.22 3.290 0.004
Tb.Th/mm 4 months 0.1620.03 0.160.03 0.088 0.931
8 months 0.14+0.04 0.160.02 1.174 0.258
18 months 0.16+0.03 0.160.04 0.474 0.641
Tb.Sp/mm 4 months 0.700.12 0.60+0.06 2.342 0.033
8 months 0.68+0.07 0.59+0.05 2.949 0.009
18 months 0.80+0.09 0.70+0.09 2.472 0.024
Conn.D/mm’ 4 months 18.32+9.84 29.37+11.24 2.128 0.049
8 months 23.49+14.55 28.18+13.93 0.698 0.495
18 months 13.61£17.02 29.75+12.64 2.174 0.044
Ct.Th/mm 4 months 0.55+0.06 0.58+0.04 1.063 0.303
8 months 0.59+0.06 0.54+0.06 1.894 0.778
18 months 0.55+0.07 0.59+0.07 1.249 0.229
Ct.Ar/mm’ 4 months 8.06%1.15 8.72+0.67 1.543 0.142
8 months 8.7140.94 8.50+0.86 0.481 0.638
18 months 8.73+1.31 9.74+1.15 1.682 0.111
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3 HERBBE/NMEHRRET R (x200)
Fig 3 Representative section of HE stained bone trabeculae (original
magnification x200)

The same notes as those given in Fig 1.

1 2B HIMicro CT &KL E
Fig 1 Micro CT sagittal image of femur

A, B, and C show rats raised in high-altitude environment for 4, 8, and 18 . | s
& 4 HER & BRBSRMBE AR H ( x400)

months, respectively, with the three groups designated as H-4, H-8, and H-18; D,
Fig 4 Representative sections of HE stained bone marrow adipocytes

E, and F show rats raised in low-altitude environment for 4, 8, and 18 months,
(original magnification x400)
respectively, with the three groups designated as L-4, L-8, and L-18.

The same notes as those for Fig 1.

(P<0.05), Mi7E8 M H A a2 TGt it Lo $nffik
BRAAAEE TR AR AL 1 (353, 5) .

&3 TRAPRBHEHAMAERESLE
Table 3 Area percentage of TRAP stained osteoclasts

High-altitude group/ Low-altitude group/

%, n=6 %, n=6 iz P

Duration

4 months 1.23+0.50 0.80+0.40 -2.866  0.007

8months  0.76(020,1.30)"  063(0.20,1.10)° _0.728 0.467

2 BIMNRHI3DE
Fig 2 3D image of bone trabeculae

18 months 2.69+0.92 0.93+0.29 -7.726 <0.001

The same notes as those for Fig 1. " Median (P,s, Ps).
5O S ] 1) 25 5
23 HAARENSER
23.1 HE} &4 X

TE[] — IS 1] 62, o S 2 /N Stk 1 B 2 R,
T2 BE AR o 2/ N R TR A 2 o 23 i T
J 2 T, A R REAOMERRN, TEULIEI3 S, FEHES
0 1 AIBCH )57 & i U0 R UL A 7 A48 L, v Dt 2
i A0V S 2 AR T A0 B 22, O HL18> H 4R s 4

R, TEILPE 4 5 TRAPREMBAMMRFITH (x200)
0 Fig 5 Representative sections of osteoclasts stained with TRAP (original
232 TRAPREZLR magnification x200)

E%E—‘L %}Jﬁ-lgéﬂ *ﬂi)‘l%?ﬂ@i’%’éﬂiﬂ@ E@%%‘:‘éﬁ The same notes as those for Fig 1.
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2.4 Western blotZ5 R
B 341K FURANKL. HIF-1af9 3215 5 5% F 5
4, TOPGFIR ML T X R4, WL El6.

H-18 L-18 H-8 L-8 H-4 L4

[ 6 Western blot#& Ul /5 A 5 F R A FFRANKL . OPG K HIF-1afj 5 3%
KF
Fig 6 Expression levels of RANKL, OPG, and HIF-1a in the high-altitude
and the low-altitude groups

Group designations are explained in the notes to Fig 1.
A Ay
3 itig
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2500 m P b B HE XA 2 o i AR PR, AR e TR B
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Hi DX B RR R SRS BRENTS5 M 16 A 4 4 /) Bl 5
FZ7£500 mbar (W 4K 5 500 m ) EEAE & BRI,
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A5 R, IR R AR R T B A A S Rk
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20 B EL A T i 75 AL 53 T A R B v A
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BRI S A0 R PR R ARG, X E 9 7 AR 5, HIE-
LafEHROSHY T UWER F-, #E- T ¥ hi 25 OCHEE I, AT
FEH R I SR ZH HIE- 1af 5 2R3k, 38R (I8 R B A A 8175
S E R/ SHIF- 1o BB G, B8R, &
PRA T i S P AT R 24 T B 4 Ak -1 ek o 1 240
JRUIE A

{HA3 N JE, BV, BV/TV, BS/TV, Tb.N, Tb.SpA
RS R] AN - W R 7 &= e = R e SR B 7 N D!
KB wREAS, Jo 2R /N, {HCortexMean BMDYE 5
Ji -4 LA B e Ji- 84 v S IR g, E 180 H 2L 1A i L Yk
225+, TrabeculaeMean BMDE ARG E)| HA G452 XY
G B RE R A HWA m B E . BRENTS!
22 U P /DN B SR AE IR AR v, R AL REX ik
KB/ BB BMDRER . SR LIESEGANG A X 7E 15
VAR PTI98 R R BT S A
PR T R M DX 34 B PR T R R X —
28 5 e AR DX B W AR s ) A A (5 AR 4 il X
AFEL, o 4 DX ) 5 ELA S8 gy 114 805 R SR A B 2 )5
UV-Big#k [z ik VitDIIE L. ABiF5E 1 5 LIESEGANG
FRAIF 5[] Ry B 1) e S R 5, (AR SI2 36 g D K B P it
KREIRIESR, I B3 HEBR T8 s As . 99 i
BAMESR . S FEBMDIE & 1 R K ] (e 5w i
L IX 50 AR DL S UV-BAH G . FEUR B o1 A o 1



AR TS5 3 R SR P K SR R ) R SR T 7 1475

X T e T A DX BR B (IR B 4L iR 2R AM R L B IR 22
K H BRI R A5 ) 1 BN AN AR [R], 7 Bt A7 7E 22
5o AU REAR, DLACE S AR A (BN S
JEAFZH0), AR RS EE . SR B B A R R g B
HEAYIRSY, BMDHS 2 — A U2 R R I, AT RE S5 N
FHOC, WATRE S H B 0 RAILIAE G, o iy P Ay
JE SRS o X AEE R TE AT = L B s & A
KU B}, 2 #: CT(quantitative computed tomograph,
QCT) ] LA D31 B Jot i FIRA B, AHAE TR 58 i) 285 BE X
BB S T e i R I 1 A B ST

TEARBFTE TP iseit 1 3N ) B, FRAR 4% If [R] B v Jit 2
REIRI T B8 I REAR, B r ko, HRIFK
A B A I 0 A B I R A S, i SRR T R
TN PR A AR S Bl 1 VR 2 A AL, S5 T A0 Y 4R
AR IFAE XS — e FERE BT A2 1 . A 5L -4
JR-18ZH R E BT S 2 W A bR . a4, R R84 B
s UASCE/NREE AR o SRR B T N Y
M A B —E RIS, TR Rl b 45— Bt ] i
SR AR, R E R RS, XA A
PR, ATt R R BTRR e -84
Xof IOV L ZE A F, JA00R e IAA B B A P 58 LA B
H/NREH % S Conn DY 22 5 A Gei 27 5 3, (B e H
5 a4l K - 1820 — 3, RRB AR EE A H A, 1K
JoT | RN R A0 A R G DL R /N B B 4 9% B Conn . D
R - T 2H 1) 2 S 40N, IR AR B A R A v
BUA ST —EFRBE T 52 AR AB ST . BRAR K BRAE
AW, 2B SRR ARSI B #5224k, (AT i
AR A W00 SO B2, A4 IR 25 S 0 R R R AR
JEREHITE DA R IR X — R B, TS T B
P RE I o FE A58 v i it - 184, il B 4t ¢ 3k DA I
RANKL, OPG/KF- 5% - SR A bR B 13 KA 22
FEUESE T IX— WA

AWFFERYA R Z A TE TR B AR BB K2 7R
L SR R T, T R AR A TR, R R [ R
Gy F IR E AT IS SR o RS SRR [ P 5 B
JITA S, AELAN T s DA BURSE 28 [ 1) Ji R 52 T 4
X T RIAR A . FORABETAE IR RS HT, AL
WAL ER I T AR S 400 BB B 4 L B AR 1 5
M, AR AR R PR3 B IS

* * *

EERBAEN BT R STE SO Bl & 4, IER . IR AT
g8, W05 AT MR B AR B S i S A, EE R ITEA
B ARG, AT o 352 5 S S 1R, FHALRL ST IE 0 | AT
T\ WO B 5 5 1E, £ MR T IER 0T, M

WEFTRN A 525 2 5 1, SRR S E AU L BRSOy TR AN T 5245 i
G, EER TR AT RGEROR L B A S g S AE,
H R S SFSTIRSCHI AR Bl o 4 22 03 AR AT L RS L WP
DUHAERE, POtRE MBHE T . BER T B S MRS 1. I fEE T
ZefF) RER SCREAR SR AT, EXPR B R R BRA AT I 22 T, R
XA AT J7 T 55

Author Contribution ZHAO Sisi is responsible for conceptualization,
data curation, formal analysis, investigation, methodology, visualization,
writing--original draft, and writing--review and editing. WANG Zhetao is
responsible for formal analysis, investigation, visualization, and writing--
review and editing. YIN Hongke is responsible for formal analysis,
investigation, methodology, and writing--review and editing. WANG
Chunhua and SUO Jinghang are responsible for formal analysis,
investigation, and writing--review and editing. LIANG Boshen is
responsible for formal analysis, methodology, and writing--review and
editing. WANG Lei is responsible for project administration, resources,
supervision, and writing--review and editing. GAO Fabao is responsible for
conceptualization, data curation, funding acquisition, investigation,
methodology, project administration, resources, supervision, validation, and
writing--review and editing. All authors consented to the submission of the
article to the Journal. All authors approved the final version to be published
and agreed to take responsibility for all aspects of the work.

FZEWR  Irf1EE R AER 35 5

Declaration of Conflicting Interests All authors declare no competing

interests.

£ % X W

[1] BASNYAT B, MURDOCH D R. High-altitude illness. Lancet, 2003,
361(9373): 1967-1974. doi: 10.1016/S0140-6736(03)13591-X.

[2] CHENH, CHENC, QIN'Y, et al. Protective effects of epigallocatechin-3-
gallate counteracting the chronic hypobaric hypoxia-induced myocardial
injury in plain-grown rats at high altitude. Cell Stress Chaperones, 2023,
28(6): 921-933. doi: 10.1007/s12192-023-01386-1.

[3] FANGX, JIY, LIS, et al. Paeoniflorin attenuates cuproptosis and
ameliorates left ventricular remodeling after AMI in hypobaric hypoxia
environments. ] Nat Med, 2024, 78(3): 664-676. doi: 10.1007/s11418-024-
01781-7.

[4] CHEN G, LI B, CHEN H, et al. Epigallocatechin-3-gallate ameliorated
iron accumulation and apoptosis and promoted neuronal regeneration
and memory/cognitive functions in the hippocampus induced by
exposure to a chronic high-altitude hypoxia environment. Neurochem
Res, 2022, 47(8): 2254-2262. doi: 10.1007/s11064-022-03611-2.

[5] BRENT M B. A review of the skeletal effects of exposure to high altitude
and potential mechanisms for hypobaric hypoxia-induced bone loss.
Bone, 2022, 154: 116258. doi: 10.1016/j.bone.2021.116258.

[6] TERRIZZI A R, RUGOLO G, BOZZINI C, et al. Mandibular
biomechanical behavior of rats submitted to chronic intermittent or
continuous hypoxia and periodontitis. Sleep Breath, 2021, 25(1): 519-527.
doi: 10.1007/s11325-020-02158-2.

[7] KOHLER M, LEIBER F, WILLEMS H, et al. Influence of altitude on

vitamin D and bone metabolism of lactating sheep and goats1. ] Anim Sci,


https://doi.org/10.1016/S0140-6736(03)13591-X
https://doi.org/10.1016/S0140-6736(03)13591-X
https://doi.org/10.1016/S0140-6736(03)13591-X
https://doi.org/10.1016/S0140-6736(03)13591-X
https://doi.org/10.1016/S0140-6736(03)13591-X
https://doi.org/10.1016/S0140-6736(03)13591-X
https://doi.org/10.1007/s12192-023-01386-1
https://doi.org/10.1007/s12192-023-01386-1
https://doi.org/10.1007/s12192-023-01386-1
https://doi.org/10.1007/s12192-023-01386-1
https://doi.org/10.1007/s12192-023-01386-1
https://doi.org/10.1007/s12192-023-01386-1
https://doi.org/10.1007/s12192-023-01386-1
https://doi.org/10.1007/s12192-023-01386-1
https://doi.org/10.1007/s11418-024-01781-7
https://doi.org/10.1007/s11418-024-01781-7
https://doi.org/10.1007/s11418-024-01781-7
https://doi.org/10.1007/s11418-024-01781-7
https://doi.org/10.1007/s11418-024-01781-7
https://doi.org/10.1007/s11418-024-01781-7
https://doi.org/10.1007/s11418-024-01781-7
https://doi.org/10.1007/s11418-024-01781-7
https://doi.org/10.1007/s11064-022-03611-2
https://doi.org/10.1007/s11064-022-03611-2
https://doi.org/10.1007/s11064-022-03611-2
https://doi.org/10.1007/s11064-022-03611-2
https://doi.org/10.1007/s11064-022-03611-2
https://doi.org/10.1007/s11064-022-03611-2
https://doi.org/10.1007/s11064-022-03611-2
https://doi.org/10.1007/s11064-022-03611-2
https://doi.org/10.1007/s11064-022-03611-2
https://doi.org/10.1016/j.bone.2021.116258
https://doi.org/10.1016/j.bone.2021.116258
https://doi.org/10.1007/s11325-020-02158-2
https://doi.org/10.1007/s11325-020-02158-2
https://doi.org/10.1007/s11325-020-02158-2
https://doi.org/10.1007/s11325-020-02158-2
https://doi.org/10.1007/s11325-020-02158-2
https://doi.org/10.1007/s11325-020-02158-2
https://doi.org/10.1007/s11325-020-02158-2
https://doi.org/10.1007/s11325-020-02158-2
https://doi.org/10.2527/jas.2013-6702

1476

PR A=A (B 2D

5 554

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2013, 91(11): 5259-5268. doi: 10.2527/jas.2013-6702.
USATEGUI-MARTIN R, DEL REAL A, SAINZ-AJA ] A, et al. Analysis of
bone histomorphometry in rat and guinea pig animal models subject to
hypoxia. Int ] Mol Sci, 2022, 23(21): 12742. doi: 10.3390/ijms232112742.
WANG XM, LIU H, LI Y, et al. Rosamultin attenuates acute hypobaric
hypoxia-induced bone injuries by regulation of sclerostin and its
downstream signals. High Alt Med Biol, 2020, 21(3): 273-286. doi: 10.
1089/ham.2019.0113.

LUKS A M, SWENSON E R, BARTSCH P. Acute high-altitude sickness.
Eur Respir Rev, 2017, 26(143): 160096. doi: 10.1183/16000617.0096-2016.
BRENT M B, EMMANUEL T, SIMONSEN U, et al. Hypobaric hypoxia
deteriorates bone mass and strength in mice. Bone, 2022, 154: 116203.
doi: 10.1016/j.bone.2021.116203.

BOZZINI C, CHAMPIN G M, ALIPPI R M, et al. Static biomechanics in
bone from growing rats exposed chronically to simulated high altitudes.
High Alt Med Biol, 2013, 14(4): 367-374. doi: 10.1089/ham.2013.1038.
YAN C, WANG Z, LIU W, et al. Resveratrol ameliorates high altitude
hypoxia-induced osteoporosis by suppressing the ROS/HIF signaling
pathway. Molecules, 2022, 27(17): 5538. doi: 10.3390/molecules27175538.
ZHANG L, YIN Y, GUO J, et al. Chronic intermittent hypobaric hypoxia
ameliorates osteoporosis after spinal cord injury through balancing
osteoblast and osteoclast activities in rats. Front Endocrinol (Lausanne),
2023, 14: 1035186. doi: 10.3389/fend0.2023.1035186.

BOZZINI C, PICASSO E O, CHAMPIN G M, et al. Structural and
material mechanical quality of femoral shafts in rats exposed to simulated
high altitude from infancy to adulthood. High Alt Med Biol, 2016, 17(1):
50-53. doi: 10.1089/ham.2015.0105.

TEISSIER T, TEMKIN V, POLLAK R D, et al. Crosstalk between
senescent bone cells and the bone tissue microenvironment influences
bone fragility during chronological age and in diabetes. Front Physiol,
2022, 13: 812157. doi: 10.3389/fphys.2022.812157.

APARISI GOMEZ M P, BAZZOCCHI A. Bone marrow and metabolic
bone disease. Semin Musculoskelet Radiol, 2024, 28(5): 515-527. doi: 10.
1055/5-0044-1788692.

XU J, HUANG Z, SHI S, et al. Glial maturation factor-f deficiency
prevents oestrogen deficiency-induced bone loss by remodelling the actin
network to suppress adipogenesis of bone marrow mesenchymal stem
cells. Cell Death Dis, 2024, 15(11): 829. doi: 10.1038/s41419-024-07234-z.
XIE L, CHENG Y, HU B, et al. PCLAF induces bone marrow adipocyte
senescence and contributes to skeletal aging. Bone Res, 2024, 12(1): 38.

doi: 10.1038/s41413-024-00337-5.

[20] ZOU W, YANG S, ZHANG T, et al. Hypoxia enhances glucocorticoid-
induced apoptosis and cell cycle arrest via the PI3K/Akt signaling
pathway in osteoblastic cells. ] Bone Miner Metab, 2015, 33(6): 615-624.
doi: 10.1007/s00774-014-0627-1.

b B BB AA 2 2 )BT & R AL R, D5, 45 Bl L
FEARIG PRI HI % S 3L (202311 THR) . P B R BAA AL, 2023, 29 (4):

469-476. doi: 10.3969/j.issn.1006-7108. doi: 10.3969/j.issn.1006-7108.

[21]

Bone M etabolism Expert Group of {Chinese Journal of Osteoporosis );
ZHAGN M M, MA Q Q, et al. Expert consensus on clinical application of
biochemical indicators of bone metabolism (2023 Revision). Chin J
Osteoporosis, 2023, 29 (4): 469-476. doi: 10.3969/j.issn.1006-7108.
[22] BADARY D M, GALAL H A, ABDELRAHEIM M H, et al. The
combination of olive oil and Lepidium sativum improves the deleterious
effects resulting from dexamethasone-induced osteoporosis in rats. Eur J
Med Res, 2022, 27(1): 267. doi: 10.1186/s40001-022-00904-8.
[23] MA YL, CAINRL, HALLADAY D L, et al. Catabolic effects of
continuous human PTH (1-38) in vivo is associated with sustained
stimulation of RANKL and inhibition of osteoprotegerin and gene-
associated bone formation. Endocrinology, 2001, 142(9): 4047-4054. doi:
10.1210/endo.142.9.8356.
[24] CLARKE B L, KHOSLA S. Physiology of bone loss. Radiologic Clinics of
North America, 2010, 48(3): 483-495. doi: 10.1016/j.rc1.2010.02.014.
[25] DOMAZETOVIC V. Oxidative stress in bone remodeling: role of
antioxidants. Clin Cases Miner Bone Metab, 2017, 14(2): 209-216. doi: 10.
11138/ccmbm/2017.14.1.209.
[26] LIESEGANG A, HUTTENMOSER D, RISTELI J, et al. Influence of high-
altitude grazing on bone metabolism of growing sheep. ] Anim Physiol
Anim Nutr (Berl), 2013, 97(1): 58-66. doi: 10.1111/j.1439-0396.2011.
01242.x.
[27] ZHANG Y B, ZHONG Z M, HOU G, et al. Involvement of oxidative
stress in age-related bone loss. J Surg Res, 2011, 169(1): e37-e42. doi: 10.
1016/}.js5.2011.02.033.
(2024 - 07 — 190, 2024 — 10 - 241& 1)
HE T
FFRERE A SRR 2B AR R R
4.0[E b4 T P (CC BY-NC 4.0), PE4I{E B i1

https://creativecommons.org/licenses/by/4.0/

OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more
information, visit https://creativecommons.org/licenses/by/4.0/.

© 2024 (WY1 2ZA2EAR (BR2ARR) Y

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.2527/jas.2013-6702
https://doi.org/10.2527/jas.2013-6702
https://doi.org/10.2527/jas.2013-6702
https://doi.org/10.3390/ijms232112742
https://doi.org/10.3390/ijms232112742
https://doi.org/10.1089/ham.2019.0113
https://doi.org/10.1089/ham.2019.0113
https://doi.org/10.1089/ham.2019.0113
https://doi.org/10.1183/16000617.0096-2016
https://doi.org/10.1183/16000617.0096-2016
https://doi.org/10.1183/16000617.0096-2016
https://doi.org/10.1183/16000617.0096-2016
https://doi.org/10.1016/j.bone.2021.116203
https://doi.org/10.1016/j.bone.2021.116203
https://doi.org/10.1089/ham.2013.1038
https://doi.org/10.1089/ham.2013.1038
https://doi.org/10.3390/molecules27175538
https://doi.org/10.3390/molecules27175538
https://doi.org/10.3389/fendo.2023.1035186
https://doi.org/10.3389/fendo.2023.1035186
https://doi.org/10.1089/ham.2015.0105
https://doi.org/10.1089/ham.2015.0105
https://doi.org/10.3389/fphys.2022.812157
https://doi.org/10.3389/fphys.2022.812157
https://doi.org/10.1055/s-0044-1788692
https://doi.org/10.1055/s-0044-1788692
https://doi.org/10.1055/s-0044-1788692
https://doi.org/10.1055/s-0044-1788692
https://doi.org/10.1055/s-0044-1788692
https://doi.org/10.1055/s-0044-1788692
https://doi.org/10.1055/s-0044-1788692
https://doi.org/10.1038/s41419-024-07234-z
https://doi.org/10.1038/s41419-024-07234-z
https://doi.org/10.1038/s41419-024-07234-z
https://doi.org/10.1038/s41419-024-07234-z
https://doi.org/10.1038/s41419-024-07234-z
https://doi.org/10.1038/s41419-024-07234-z
https://doi.org/10.1038/s41419-024-07234-z
https://doi.org/10.1038/s41419-024-07234-z
https://doi.org/10.1038/s41413-024-00337-5
https://doi.org/10.1038/s41413-024-00337-5
https://doi.org/10.1038/s41413-024-00337-5
https://doi.org/10.1038/s41413-024-00337-5
https://doi.org/10.1038/s41413-024-00337-5
https://doi.org/10.1038/s41413-024-00337-5
https://doi.org/10.1038/s41413-024-00337-5
https://doi.org/10.1038/s41413-024-00337-5
https://doi.org/10.1007/s00774-014-0627-1
https://doi.org/10.1007/s00774-014-0627-1
https://doi.org/10.1007/s00774-014-0627-1
https://doi.org/10.1007/s00774-014-0627-1
https://doi.org/10.1007/s00774-014-0627-1
https://doi.org/10.1007/s00774-014-0627-1
https://doi.org/10.1007/s00774-014-0627-1
https://doi.org/10.1007/s00774-014-0627-1
https://doi.org/10.3969/j.issn.1006-7108
https://doi.org/10.3969/j.issn.1006-7108
https://doi.org/10.3969/j.issn.1006-7108
https://doi.org/10.3969/j.issn.1006-7108
https://doi.org/10.3969/j.issn.1006-7108
https://doi.org/10.3969/j.issn.1006-7108
https://doi.org/10.1186/s40001-022-00904-8
https://doi.org/10.1186/s40001-022-00904-8
https://doi.org/10.1186/s40001-022-00904-8
https://doi.org/10.1186/s40001-022-00904-8
https://doi.org/10.1186/s40001-022-00904-8
https://doi.org/10.1186/s40001-022-00904-8
https://doi.org/10.1186/s40001-022-00904-8
https://doi.org/10.1186/s40001-022-00904-8
https://doi.org/10.1186/s40001-022-00904-8
https://doi.org/10.1210/endo.142.9.8356
https://doi.org/10.1210/endo.142.9.8356
https://doi.org/10.1016/j.rcl.2010.02.014
https://doi.org/10.1016/j.rcl.2010.02.014
https://doi.org/10.1016/j.rcl.2010.02.014
https://doi.org/10.11138/ccmbm/2017.14.1.209
https://doi.org/10.11138/ccmbm/2017.14.1.209
https://doi.org/10.11138/ccmbm/2017.14.1.209
https://doi.org/10.1111/j.1439-0396.2011.01242.x
https://doi.org/10.1111/j.1439-0396.2011.01242.x
https://doi.org/10.1111/j.1439-0396.2011.01242.x
https://doi.org/10.1111/j.1439-0396.2011.01242.x
https://doi.org/10.1111/j.1439-0396.2011.01242.x
https://doi.org/10.1111/j.1439-0396.2011.01242.x
https://doi.org/10.1016/j.jss.2011.02.033
https://doi.org/10.1016/j.jss.2011.02.033
https://doi.org/10.1016/j.jss.2011.02.033
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	1 材料与方法
	1.1 实验动物及标本准备
	1.2 血清检测
	1.3 Micro-CT 扫描以及分析方法
	1.4 组织病理学分析
	1.5 Western blot分析
	1.6 统计学方法

	2 结果
	2.1 大鼠体质量、血生化以及ELISA结果
	2.2 Micro CT分析结果
	2.3 组织病理分析结果
	2.3.1 HE染色结果
	2.3.2 TRAP染色结果

	2.4 Western blot结果

	3 讨论
	参考文献

