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[(FEE] BH AT RS oy (R B R BB, B FMicro CT. ILRAAL Bl LA B, T i1 mR
IREEF IR EUE R AR B s A s, TR RERIPLEL . Faik A SDIR BUZ % 2 710 T A e R S0 46 = (444 250 m),,
SySiRIFREA ., 8. 181 H UG, K sh¥iz MGl U ) | 246V B B 43 TR A8 S 2 GE4K 500 m), 5 RIS BR AT BRI AR DGR
W, KT AR MR A2 24 Micro CT; i BI2FELISA . Western blot, HEFITRAPH (0 2 Hife &y . R 5
[0 R 2 R B B, B R 34 H (R R-4) L B U 27 1840 A (B J-18) 4l K U B 1 I (3 R4 4l vs . P J5i-4 4.
(513.75+35.10) g vs. (649.18+60.03) g, P<0.01; {5 J5i-182H vs. V- J5i-184: (535.58+66.65) g vs. (670.86+44.96) g, P<0.01);
i IERI SR8 A (i -8 ) 21 . ves JB- 184 ML T8 P Ca™ W B 00 IR 21 7 i (v JR-8 2 vs S JR-8 41 : (2.48+0.09) mmol/L vs.
(2.38+0.07) mmol/L, P<0.05; & J5i-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 FE A K (cross-linked carboxy-terminal telopeptide of type I collagen, CTX-1 ):
1 TR L T SR A H 0 2 (5 JER-4 4 vs. T JE-441 : (1.44+0.08) ng/mL vs. (0.70+0.13) ng/mL, P<0.01; 15 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), MANCTEZEIR Wom & 3L B/ N BB R FR AT SRR AR (5 -4 vs P 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) Je B /N4y B BES R (T -4 20 vs -5 -44H : (0.700.12) mm vs. (0.60:£0.06) mm, P<0.05; /& J5i-
82 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), TRAPYL(E -4 w51 82E i - AN 22, Western blothe 7R 25 JF R4 A% B kB2 A3 Ak A I 4 (receptor
activator of nuclear factor-«B ligand, RANKL) , #4815 K F-1a(hypoxia inducible factor-1o, HIF-1o) (422538 5, 1B 14"
# (osteoprotegerin, OPG) (IR IKZEIH . 56  =RPAEEINT T K BUBCE 52 234 F sl DA BB i, R B3t 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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(BV, fiimm®) . ‘B/NEFX AR (BV/TV, BAi%) . H
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fimm?) o 3@ ST BT (Ct.Ar, Himm?) FlH
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TR W —PraLhh: B FBZ ARG L I TR A (receptor
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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J5 22 VRS0 ] Bartletthr o X Tl fE BS54 Hoy 22
F BRI, RIS AEA G, 75 WK HIMannwhitneyf6:
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1o S -4 DA R T - 18 4 5k I T S 4 R T A1
(P<0.001), MiAE8A H Al 22 R LI L. m=R-
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CTX- I B P I A R (P< 0.001) o WKL,

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 EAIER2,

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 BB #Micro CTEIR(LE
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 & BRSH MAMAR R 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
BRAEAEE TR AR A 1 (353, [E5) .

%3 TRAPRBHEHAMIMERES L
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, P,s).
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 REAIOMEREN, TEILIEI3, A, FEHES
0 1 AIBCH )57 & i U0 R UL A 7 A48 L, v Dt 2

i AV T B R T AN R 22, O ELus A I LR D7 4 e
AR, TR 4 5 TRAPREMBAMMRFITH (x200)

. e 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@%%‘:‘{ﬁ 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 L T X i VR4, 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

e — PR B S A R ALY, S i T RN, 4
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2500 m P b B HE XA 2 o i AR PR, AR e TR B
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FZ7£500 mbar (W 4K 5 500 m ) EEAE & BRI,
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BOZZINIFF MW 41 4FE K R 8 88 TBLALL 4K (1 850, 2900,
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B5RPY, TRAPY (S b & BT 0 40 B 1 B P 4 L 3
1o, AR R IAMC R B AR T R R B i k.
RS A B A S S A A F OPG . RANKL/RANKS
A5 R, IR R AR R T B AL A S Rk
(RANKLHG I, OPGI/K VAR ) , 3 & W IR e e 48U 15 115
20 B EL A T i 75 AL 53 T A R B v A
PERYRE ST o 25 200 A0 O A o 0 T
B, o & A B B s M Ak, 35— Y
W R TE BRSSO 18 im0 1 A
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