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kAN (MBB) JEE ; HE RBIMRAFELS ; RERARBEIEER, St EEEm
MR REEMSENRANRERD. IRRREREERD 1. JIZESB F-box EANTE,

[£52] FFiHE, SEARAEERESIIFLIEMNBE (P<0.05), FH4ERE, KRERE
AR EE [(341.20+16.75) gl IR FEE L EFAH [(377.50+10.75) g] (P<0.01) ; E&IIZRA
EERET D [(72.54£2.09) %] BT B A REHA [(69.19+4.67) %], RALEFHAEARET
b [(67.0842.55) %] R FEELEA, BAINEHEBEREG S [(70.90£1.24) %] &F
REZERE (P<0.05), AL ERZHA GAS. EDLFI MBBRIAPSEE B 9 Lk [(6.29+0.31) %.
(6.1240.24) % # (6.3120.23) % R F B E L E#A [ (6.67£0.42) %. (6.55:0.23) % (6.63:0.37) %],
BRI ADLIEET DL [(6.9610.21) %] & TFEELEHEA, RAINGKHDLEET DL
[(6.490.28) %] B FRALEHH (P<0.05), {RE L FH4H GAS. EDLFN MBB R £FLE1E & m
REFEELEAE (D3 T 10.4%. 12.0%. 10.6%) , K& IIZR4H EDL R AL £F £ 18 & m 73
BT RELEA (BI011.4%) (P<0.05), KA LTERAHGASFH EDLFAIKEREN S ER/T
HE % ER4H (GAS : 0.68+0.25 vs. 1 ; EDL : 0.75+0.15 vs. 1), & I/IZR4E MBB F AL IKZE (1 48
WEESTHRALEAH (1.2650.12 vs. 1.01+0.15) (P<0.05), {RE L FH4H SOL. GAS F1 EDL Al
ARRUEREER 1N SESTERLEH (SOL : 1.2620.18 vs. 1 ; GAS : 1.47+0.21vs. 1 ;
EDL : 1.2740.14 vs. 1) , REIIZA L PR R U HFIEER 1 BN S 2R T RELEHA
(0.74+0.11 vs. 1.27+0.14) (P<0.05) ; KA L HH4H SOL. GASF EDL HANLZESE F-box EHEXT S 2
ST EEa%ZEH (SOL : 1.2620.10 vs. 1 ; GAS : 1.3620.21 vs. 1 ; EDL : 1.3040.22 vs. 1) , &I/
2528 sOLF EDL RANZESE F-box EEHEXT & 2R TFRELERL (SOL © 0.89£0.14 vs. 1.26+0.10 ;
EDL : 0.73+0.14 vs. 1.30+0.22) (P<0.05)0
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Abstract:

[Background] Hypoxia can lead to loss of skeletal muscle mass, and the sensitivity of different
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fiber types to hypoxia may vary.

[Objective] This study intends to explore the effects of resistance training on alleviating hypoxia-induced muscle atrophy of different fiber
types in rats.

[Methods] Forty male SD rats were randomly divided into a normoxic control group, a normoxic training group, a hypoxic control group,
and a hypoxic training group. The training groups took incremental weight-bearing ladder training every other day; the hypoxia groups
were placed in a hypoxic chamber with an oxygen concentration of 12.4%. After 4 weeks, body composition was tested by dual-energy
X-ray (DEXA); wet weights of soleus (SOL), gastrocnemius (GAS), extensor digitorum longus (EDL), and musculus biceps brachii (MBB)
were weighed; muscle fiber morphology was observed after HE staining; muscle fiber cross-sectional area (FCSA) was measured after
immunofluorescent staining of laminin; expressions of myosin, muscle-specific ring finger protein 1 (MuRF1), and muscle atrophy F-box
protein (Atroginl) were tested by Western blotting.

[Results] During the 4-week intervention, the body weight of each group was continuously increased (P<0.05). After the intervention, the
weight of the hypoxia control group [(341.20+16.75) g] was lower than that of the normoxic control group [(377.50+10.75) g] (P<0.05);
the percentage of lean body mass (LBM%) in the normoxic training group [(72.54+2.09) %] was higher than that of the normoxic control
group [(69.19+4.67) %], the LBM% in the hypoxic control group [(67.08+2.55) %] was lower than that in the normoxic control group, and
the LBM% in hypoxic training group [(70.90£1.24) %] was higher than that in the hypoxic control group (P<0.05). The percentages of wet
muscle mass (WMM%) of GAS, EDL, and MBB of the hypoxic control group [(6.29+0.31) %, (6.12+0.24) %, and (6.31+0.23) % respectively]
were lower than those of the normoxic control group [(6.6710.42) %, (6.55+0.23) %, and (6.63+0.37) % respectively]; the WMM% of EDL
of the normoxic training group [(6.96+0.21) %] was higher than that of the normoxic control group; the WMM% of EDL of the hypoxic
training group [(6.49+0.28) %] was higher than that of the hypoxic control group (P<0.05). The FCSAs of GAS, EDL, and MBB in the hypoxic
control group were lower than those in the normoxic control group (reduced by 10.4%, 12.0%, and 10.6%, respectively), and the FCSA
of EDL in the hypoxic training group was higher than that in the hypoxic control group (reduced by 11.4%) (P<0.05). The myosin protein
relative expression levels in GAS and EDL in the hypoxic control group were lower than those in the normoxic control group (GAS: 0.68+0.25
vs. 1; EDL: 0.75£0.15 vs. 1), and the level in MBB in the hypoxic training group was higher than that in the hypoxic control group (1.26+0.12
vs. 1.01+0.15) (P<0.05). The MuRF1 protein expression levels in SOL, GAS, and EDL in the hypoxic control group were higher than those in
the normoxic control group (SOL: 1.26+0.18 vs. 1; GAS: 1.47+0.21 vs. 1; EDL: 1.2740.14 vs. 1), and the level in EDL in the hypoxic training
group was lower than that in the hypoxic control group (0.74+0.11 vs. 1.27+0.14) (P<0.05). The Atroginl protein relative expression
levels in SOL, GAS, and EDL in the hypoxic control group were higher than those in the normoxic control group (SOL: 1.26+0.10 vs. 1; GAS:
1.36+0.21 vs. 1; EDL: 1.30+0.22 vs. 1), and the levels in SOL and EDL in the hypoxic training group were lower than those in the hypoxic
control group (SOL: 0.89+0.14 vs. 1.26+0.10; EDL: 0.7340.14 vs. 1.30£0.22) (P<0.05).

[Conclusion] The designed 4-week resistance training could effectively alleviate rat skeletal muscle atrophy caused by hypoxia, particularly
on EDL.

Keywords: hypoxic; resistance training; skeletal muscle atrophy; muscle fiber type
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Table 1 Weight-bearing ladder training protocol for rats
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& fl (soleus, sOL). Bt ¥ {8 Al (extensor digitorum
longus, EDL) . FEAZAN (gastrocnemius, GAS) FIAE —k
ANl (musculus biceps brachii, MBB) , 38 & #F £ [&] M|
ZNREE, MEMANRED N 4% NZRREE
ERPEE ; Z—MARETF -80°CkFEIRTFo
1.6 7 A#E- R4 (hematoxylin-eosin, HE) &
EMBRANLFLERS

AT ZRRREETE 24hf5, 2T RE. &
B URE, #1TZBXERE. BEIJERE. Harris
AAREMOS%RANARE. BELERRE. HA,
R TURHEER,
1.7 BRI BEITEIFEEEmR

AR R EIRECE, ZBACRREHITI
FRE. BRBAXX. MEHA. KFEEMEEH
—MER. BEXREZHS0min, H A EHENER,
Image Pro Plus 6.0 REF T AT EEE TR
1.8 SRIZENTEIEM myosin, MuRF1. Atroginl &
SE3N

ENEARELSNEGR, ZEMPEEZNE
ERRE, AR EESE N 20ug, BERBEXDSEE
B, BENEBZENCE L, RIEMarker FHF R BB
ERNDFE=FHE, FHF1h, 5 myosine MuRF1.
Atroginl [ tubulin J11K 4°CiE 1%, TBSTR &[G, =&
BB WLFEMEII1h, TBSH R, 1 Image Studio
Ver 5.2 IR LTSN BN R AT ZHHESE
HITHENEE D
1.9 %KitEniR

T2 RAXts R FiA B A spPss 19.0
1% 93 #7, A GraphPad Prism 8.03X 4 F B, X F
Shapiro-Wilk i X ¥R HITIES K. FAF
FR TR ARAENRREENERHITH
B, BERENT BB H#HITOWN , ZABLRER
WHRERED, EREAREBEREER, FAFESE
WNAEE ; &, WRARNEEHEREHITAE
K30, M0 7KE a=0.05,

2 £R
2.1 FETWK

FHEAE, RAXRBARERAZIFLIE MBS
(P<0.05), 4 AFFif5, RALFANGCERTER
ZFE (P<0.01), BAINFARBRIGAHABET
b, BERTIHITFEN &2

®R2 FTRHAEZHEAKRRAKE (n=10)

Table 2 Body weight of rats in each group during intervention (n=10)

BB (Unit) © g

FiREs HERTEHA BaillZkA ik R&IZRA
1d 242.5+11.8 243.7+12.5 242.8+10.3 240.0+14.0
3d 255.8+10.3 258.6+12.3 247.4+11.5 248.0+12.6
5d 266.2+11.3 267.5+13.6 250.3+12.1 253.0+12.1
7d 278.3+13.9 271.9+13.7 255.8+10.7 259.9+11.2
9d 284.7+10.6 285.0+11.1 269.7+12.3 268.3+13.1
11d 290.1+12.7 296.4+12.6 272.0x12.4 272.1+11.2
13d 306.4+14.7 301.9+11.1 281.9+13.2" 278.4+12.2
15d 313.3¢16.1 309.0+11.3 289.7411.3" 286.3+15.1
17d 328.3+14.7 317.6x14.5 297.7+14.5" 297.9+15.4
19d 342.9+14.9 333.4+15.2 308.3£13.2" 308.1+14.4
21d 352.0+16.0 343.0+15.7 318.6+11.0° 320.8+14.8
23d 359.4+14.2 352.1+17.2 327.6+13.9" 327.1+15.1
25d 368.6+12.5 365.9+15.2 336.9+15.8"" 334.7+13.8
27d 377.5+10.7 376.2+16.9 341.2+16.8" 348.8+11.3

UE] SEEE|REAMLL, * : P<0.05, ** : P<0.01,

22 BRETWK
REZBEVH, RAESHNERETHE (B 1X,
RARFFARBEALFHA TR .1%, REIZGARE
RNKATIE16.7% ; FE3IRXBERETHEEIDLLE
R, E4RTFREARSARRERRL. K3,
®3 FHHAESKEAARERE (n=10)

Table 3 Food intake of rats in each group during intervention (n=10)

B (Unit) © g

Tk BHEREHE ERIGE  KETHE KSIG4E
1d 26.443.12 26.3+2.49 24.0+3.20 21.942.51
3d 28.743.94 26.84+4.51 26.9+3.93 24.3+4.24
5d 29.3+4.54 28.345.29 27.1+4.31 27.8+4.95
7d 29.045.27 27.7+4.97 27.3+4.68 27.0£5.18
9d 29.1+5.49 28.3+5.15 28.8+5.39 27.5%5.37
11d 29.745.46 28.4+5.26 27.9+4.95 27.245.38
13d 29.045.59 28.345.39 27.1+4.92 26.545.25
15d 28.6+4.29 27.745.29 27.0+4.67 26.8+5.16
17d 28.8+5.39 28.0+5.39 27.9+4.69 25.945.27
19d 28.8+4.83 28.0+4.29 28.05.25 27.6+4.82
21d 29.945.69 27.5+4.87 29.0+5.49 28.3+5.29
23d 31.046.29 30.045.73 30.445.96 29.7+6.14
25d 30.046.25 29.245.68 29.5+5.30 28.945.94
27d 30.66.39 29.8+5.58 29.6%5.56 28.9+5.58

2.3 A5

AETIE, RERFHAKRENEAERTESR
ZEaB (D5 9.6%. 12.9%) (P<0.01) ; &Lk
HERES TRALEHHA (1EIN8.5%) (P<0.05), A5
FRERABERSEAITFERN ; BRIILGAERK
B2 (BRE/AE) s TEEREHE, KREa%s
AREAEFDHETERRHA, REIIGAERKE
Bt TFRELREE (P<0.05), LK 4.
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R4 FTHESHEKRMEKE. BERE. BHESNEAE
Bt (n=10)
Table 4 Body weight, lean body mass, fat mass, and lean body
mass percentage of rats in each group after intervention (n=10)

EEOER EEREHE BRIIGE RERH4A H®EIIG4E
K& /g 377.50£10.75 376.17+16.87 341.20¢16.75"  348.80+11.30
JE{KE /g 260.50+9.35 272.83+6.84 226.83+8.33""  246.17+4.71"
BERASE /g 108.33+18.04 97.3310.01 105.675.32 93.5047.79
FEREEDLL /% 69.19+4.67  72.54+2.09°  67.08+2.55" 70.90+1.24"

[F] SEaLsaMELL, * : P<0.05, ** : P<0.01; # | S{EELEA
#8LE, P<0.050

2.4 NEE

ARFIRE, 8RlG4AsOLEESTERELEH
A, RELHANGAS EEMDL.EERTEALH
A, KA AN vBB EES TREARFHA (P<0.05
3 P<0.01) ; RE L FHH I GAS. EDLFNI MBBRY ALY
SEBASLL [BANAREE/EAEE, B GAS%. EDL%
1 MBB%, %3 %I 79 (6.29+0.31) %. (6.12+0.24) % A1
(6.310.23) % R F BERELEH[55177 (6.670.42) %.
(6.55+0.23) % #0 (6.63+0.37) %] (P<0.05) ; BRI
LHEDL% BT R A LA, REIZAMN EDLY = TR
A &E4H (P<0.05), MK 5,
2.5 4R ST EEERERR
251 fllAERENZE 4aBFE, SHKRESOL
GAS. EDLF1 MBB BURlET4 HE REBLERIE 1, BRI

BaIZAE

W

BEAERAL

CE] 4R EEaERRABAERENAME ; LT KIERANTHER

FAAMA AN EEREMIEN, NALERSER
SRFHAEINFTK ; REREH 4 TA AT LRI
BIRRIG I, E—MEFBIALFERAR. KNF—, AT
FaHIM 2R, BARZEIIARE ; [ERIIZGRE 45
AAAATEBERERREN, BESSBa%eAEn,
252 Hlea#EE I 4aBRFE, FHARSOL
GAS. EDLFI MBB B RB RN BLERIE 2, KESH
BEfE, KEATFLENANEFREM, AALERESF—
K| L 8%4H GAS. EDLA] MBB FYANAF & @R T
HERLERA (93T 10.4%. 12.0%. 10.6%), K&
WIZReB eDL VA AT BB EIRN S TRAE LA (8N
11.4%) (P<0.05)0 WK 6o

RS FhESAARRE &N, HiAN. A<=k

MMAREERET S (n=10)

Table 5 Wet muscle mass and wet muscle mass percentage in SOL,
GAS, EDL and MBB of rats in each group after intervention (n=10)

RS EIEIR BARE BEREIGAE HERHAE REIGA
b EBALEE /mg 152.1749.97 168.67+7.71° 132.00£8.10  131.8348.66
tkB&EAE DL /% 5.74+0.57 5.87+0.38 5.27+0.57 5.48+0.22
HERZREE /mg 194.3749.63 189.47+17.27 173.82+14.83" 174.72+11.83
HERZAN B LL /% 6.67+0.42 6.95+0.68 6.29+0.31" 6.51+0.86
BHEBAEE /mg 165.33+10.59 173.50#8.02 143.83+7.85"" 153.5046.12
BHEEAE DL /% 6.55$0.23 6961021  6.12+0.24" 6.49+0.28"
BRZSkREE /mg 170.50+6.56 184.67+10.56 169.17+47.28  182.17+7.73"
BE—LANE L /% 6.63+0.37  6.74+0.52 6.3140.23" 6.58+0.28

[E] SEaLEAMLL, + : P<0.05, *+ : P<0.01 ; # | S{EEA LA
#8Et, P<0.05,

SHEEMNBRZAEER.

1 FHESAARILEEA. MR, AR ZKANBIANFERS (HE )
Figure 1 Morphology of SOL, GAS, EDL, and MBB muscle fibers of rats in each group after intervention (HE staining)
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Figure 2 Laminin immunofluorescence staining of SOL, GAS, EDL, and MBB muscle fibers of rats in each group after intervention
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Table 6 Fiber cross sectional area in SOL, GAS, EDL, and MBB of
rats in each group after intervention (n=10)

B (Unit) : 100xpm?
erEsBmEmn  Baxid BaRIGE REHE RSIIGA
tbE &, 27.70+43.49  28.77+1.28  26.83%¥3.42  26.97+1.78
HERZAN 28254239  29.77+1.92  25.32+#1.72°  27.08+2.29
B ARAN 27.1042.62  27.47+3.27  23.86+1.29"  26.59+1.79"
BR—3LAN 28.17¢1.92  28.95+2.72  25.17+1.38"  27.84+2.02
CE] . 5EREREAML, P<0.05 ; # | SRAREAELL, P<0.05
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BAR myosin EEEM & E (n=10)
Figure 3 Protein relative expression levels of myosin in SOL, GAS,
EDL, and MBB of rats in each group after intervention (n=10)
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Figure 4 Protein relative expression levels of MuRF1 and Atroginl in SOL, GAS, EDL, and MBB of rats in each group after intervention (n=10)
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