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Effects of 4-week resistance training on hypoxia-induced
skeletal muscle atrophy in rats
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[ Abstract]  Objective To explore the effects of resistance training on hypoxia-induced skeletal muscle atrophy in
rats and provide a theoretical basis to solve the problem of skeletal muscle atrophy of athletes in altitude training. Methods
24 male 8-week-old SD rats ( mean body weight 230 g) were divided into 4 groups: normoxia control group (C) , resistance
training group (R), hypoxia group (H) and hypoxia and resistance training group ( HR). The groups H and HR were
placed into environment simulated 4000 m altitude (12.4% , 0,% ). Moreover, the groups R and HR received resistance
training. After the 4-week hypoxia and resistance training intervention, the body composition, wet weight of skeletal muscle
(‘soleus, musculus gastrocnemius, extensor digitorum longus and musculus biceps brachii) and skeletal muscle cross-
sectional area (CSA) were measured and analyzed. Results The muscle mass of HR group was significantly higher than
the group H (P < 0.01). The wet weight and CSA of musculus biceps brachii in the group HR were also significantly
higher than the group H (P < 0.05). Conclusions Resistance training can help to prevent the occurrence of hypoxia-
induced skeletal muscle atrophy. Resistance ladder training can stimulate the hypertrophy of biceps brachii.

[ Key words] SD rats; skeletal muscle; atrophy; hypoxia; resistance training

Conflict of interest statement: We declare that we have no conflict of interest statement.

[E£TH]HRAKRREISH LI H (No. 31771317)

Funded by National Natural Science Foundation of China (No. 31771317).

[MEHERN] TIN5 (1990—) , %, i@ sh ARBL 2= Tl A W A2 05 ) [ W58 46 . Email :1115247588@ qq. com
DEEEE 1 (1958—) , 5, Bd% , A S0, OF50 07 m a6 B2 R e bf AR40)I1Z% . Email : hyyrl @ 1635 com



P E SRS 2E AR 2018 4E 8 A5 26 %55 4 ] Acta Lab Anim Sci Sin, August 2018, Vol. 26 No. 4 449

e BRI 2R BE A8 1R T iz 3 51 A SRz e T i3k
REERRIE S E, (AR 2B R A8 T 9
AR B JRUER B T A2 Bl B AY EE UL RE
W14, LA AT R R AR S B R L 4
JEINZRrP ULA B Bt 52K 14 B AU 12 3)
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277 AP BT I ZR X T LAY R s 20, BA
PR ARV 1 G R B A 2E LT NS R R
JILPS TS g K & g VR 2 0 i 06 TR IR 4 R
e N UUBH I 2o 75 A R T 2 5 8 i UL i e Zh g
X7 AT TS0 R DL ARGE o A AS BF 5 R AR R
PR R RURAR I 2 47 i S 59, B AR FE fT LI
G A M TR LRSS B AL A KA,
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1 #MBRl5RE

1.1 ##
1.1 SE5shY

SPF 2% 8 JH & HEPE SD K 24 B, 1hk&E N
(236.40 +10. 69) g, F b 50 2 30 F| 42 52 56 3 4 v oo
FRHE[ SCXK(5%)2015 - 0001 ] , JC 1A 35 AUk 1
BAEAL st R B K22 3 W) 55 50 = #F 47 [ SYXK (5T)
2016 — 0034 ), % FESZE0 shWbr vESEAT I 3%, A
YOKFEE S 33 b7 ARR &= MR & A 0RFF IR
JELE 22 ~ 25°C ,1BJ¥ 50% ~ 80% , /=7 AE R
(JGHREFE] 7.00 = 19:00) , 34 FR 2y 4 1 D 0] 25
T NIE R (B 1 B k5 TACUC2017009A )
PRSI R 4 4 W R DAL (C) VAL
FHYNZRE (R) AR L 4L (H) FIIK A PT BHLI 2R 4
(HR),

1. 1.2 FEEHIRES

K EUCH: A S 56 = 2 2% [ N A58 H AT T
1 (L A5 201521113887, 1) , A= FEL K (£ K Y
I RRA ) XAE X 4 H %5 B2 { ( Dual Energy X-
ray Absorptiometry, 3% [E ) | EDTA T #¢ ML >k I &
(Insepack , 3 [# ) , K (Sartorius, CP124S,3EH ),
[ %€ W& ( Servicebio, G111, 207N FE4E /R A WA PR
A]) , PBS ( K e 7 B90VE 2R A ) ot B B AR TEAE A
Fl) , f1 1 (Leica Biosystems, 3¢ [#) | Bl /K ML ( IR
RBEFARAHE I -12 1) AL (R R AR T
HRRAHELLIB-PS) , U1 A HL (B pk R AL #R A BR A
A],RM2016, & ) , B B 237 7 ([ B 2R 2 B
AW TAEWFSERT, FISH 0010) |, 1E 8% Wi (Je
B, Nikon Eclipse E100, HA) .
1.2 Ak
1201 RIS KBTI R T

RE T AT EAT 1 R E NS, EEEB
TE T2 2 CES 3 Ny I i . ARG R A £4T
YRR B ES (£ F 5 .201521113887. 1), TEAR K
FE 1.2 m, SHb I A 850/ &, FUI I E) Tt
KB — AR & B2 1 m, 380 38 iR
Rl 2 B A ) B U C BB SR TE 10 s A58 B, AT AR IR
YIGRaR B, FARIZR 1 W, BRI ZhitttT 3 4, B
5 WMER BRI 1 ming, 35 W MY 2045 55 IR
G (H) AR A SR II 2R 40 (HR) #E AR 3k
FIIE R 4000 m(EHRTE 12. 4% ) BIARE B, DRI
ZR4H (R) A1 HR K BRI G T HFEE 4 F b fHE
FEUIZE, HR A AEAR AR AT I 2, I 25480 5
BOR 52, BRIz AR ek, B
GENEL,

®1 PG ER

Table 1 Resistance training load

I ] U (AHE% ) R 411 (g) HR i (g)
Time Load( Weight% ) Group R load (g) Group HR load (g)
Day 1 50 121 115

Day 3 60 153 145

Day 5 70 188 177

Day 7 80 217 196

Day 9 90 257 234

Day 11 100 294 272

Day 3 110 323 310

Day 5 120 376 353

Day 17-Day 28 130 422 - 485 395 —442
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Figure 1 The rat resistance ladder training

1.2.2 DEXA {&R43M3 ( Body composition)
ARARCA I 25 45 o 5 X8 R Bl A 4 1l 4 I
REINGRIFIKE 1 d, Wi 12 h #2500 8 8 5
3% I L b Z 4N (3 ml/kg) I 2R OBLAE X 5T 4k
(DEXA) B % BEAGHATINGE . B B 5E 42 BRI J R
RM R TIOR8 (o HC A R AR
TEH DU T IR TR, 54 45 RS A R A
(EETIPNT R N LR N =) DS LR N S
SEHRUE.
1.2.3  HHNIZ H ( Skeletal muscle wet weight)
PR S R BRUIE 3 3l Dk BRI A B, 4y
BIORELLG B AL HER L L A AL B =Sk AL, JF

HEEHFARTIHGE U GELE 46 120, IR AR Bk 2
AR LORORN IR, FR 5 LN B 0 o, (R B
INEUS 4 . FREJEHE LA E T EE WD, TR
IR,

1.2.4  WUAF4EfE#0m AL ( Muscle fiber cross-sectional
area, CSA)

HERR GBS AR TR LR 3: 7, A LUE
B GE 0 5 mm ZE A7 A SN TR IC Y
AR BRI B J7 S8 AN i B e 4 B 18 )
TEAEEY R, IR ARKE - DH2L G4 8.7 (hematoxylin
and eosin staining, HE ) 12 4 U] b, 1o Sl s W 88 4L 4,
RO VR I o By e B A UL R L
KAPWL LSRRI 6 5k T, 10 x 10 {58 T
TR, BT 40 0 52 B AT, P Tmage J 2XPF 53 Hr
50 A~ HLET A i B A B
1.3 SZitFEFE

RGN (v £5) Fon , FERHE R ] SPSS 19. 0
BAFHAT gt R B K R 5 22 53 e x4 ] 1
BOAT IR, P < 0.05 FoR 2554 B, P < 0.01
RSB

2 #R

2.1 MRBEINEEHFLEBFRESETAREGE

WAy 45 R Bos, H 4K ROF SR ERT C
M, ERAABFEE(P< 0.01), HHFHH AT
T cdl, 2R HAREN(P < 0.01) ;HR 4158k
wEEmTHA, ZREA8EM(P<0.01);HR 4Hi5
Wik T CdH, 2R BARENE (P<0.01);HR 4
EAREE ST HA, 250 A BEEP<
0.05),

R2 THURSHRBMAE RS

Table 2 Body composition of the rats after intervention

27 Bk (g) MRS (g) HEWS (g) WA %
Groups Body mass (g) Muscle mass (g) Fat mass (g) Muscle%
B o= 4|
Ghaealcie 377.5 £20.75 260.50 +9. 35 108.33 =18, 04 69.19 4. 67
(Control, C)
4 b R it
B ﬂﬁl&ﬁﬂll,ﬁ:,ﬂ 376.17 +£16. 87 272.83 +13.48 97.33 £10. 01 72.54 £2.09
(Resistance, R)
= iy
{R%Lﬁﬁfﬂ 341.20 £16.75 ™ 226.83 +8.33 ™ 105. 67 +5.32 67.08 £2.55
(Hypoxia, H)
Ezl 44 .
R LI 348.80 =11.30 246,17 +4.71%¢ 93.5+7.79" 70.90 = 1. 24%¢

(Hypoxia and resistance, HR)

FHAS CHAMEZERFEAREN, “P< 0.01;HRAS HAMELEREA B EE,P< 0.01;HR 5 C AL E T HA B &M, %P

< 0.01,

Note. Very significant Differences were observed when the group H compared with the group C, ** P < 0.01. The group HR was significantly higher than
the group H,%¥P < 0.01. The values of group HR were significantly lower than the group C, #P < 0.01.
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2.2 EHHRAEE

H 3R 3 B s LN 25 R A B, B 40T e BH I 25
T RAHAIWEES T CA, EZ5 LA BE
PE(P < 0.05), MREIREE Tl LAREE S H 41 HE
WUBEMT CHEZEREARENE(P<0.05),H
HEE KPR EMRT C 4, ZR AR EH (P <
0.05) , FHMIREURK AT = ECE L — & TR 1Y £
4%, HR AW —SkWRES T H 4, 25 A 8%

&3 THURKK

PE(P< 0.05) .
2.3 AfEEEERNLEER

H R 4 FNE 1 AT PR RN T  H 400 ik
KA 4ERE B BUR T C 41, 2 7 HA W
(P< 0.01), mideRH I xR il WILEF 2 22 4 1Y 50R
A DATERE — Sk WL URER 31, HR 4 il — 3k LR 3 1rd
N T HAH 451 2R BA B EE(P<0.01),

BRI A

Table 3 Wet weight of rat skeletal muscles after the intervention

40l HH AL (mg)
Groups Soleus (mg)
figaNg il
(Control, C) 152.17 £9.97
B AP R .
(Resistance, R) 168.67 +7.71
AL
(Hypoxia, H) 132.00 +8.10
o+ BH I 244
N 131.83 +8.66

(Hypoxia and resistance, HR)

JHERIL (g) BEACARAL (mg) JE=KML (mg)
Gastrocnemius( g) EDL (mg) Biceps brachii (mg)
1.94 £0.09 165.33 £10.59 170. 50 £6.56
1.89 +0.17 173.50 £8.02 184.67 +£10.56
1.73 £0.14 " 143.83 +13.85 ™ 169. 17 +14.28
1.74 +0. 11 153.50 £6.12 182.17 +7.73%

H: RAS CHMLLEREA BENE, Y P< 0.05; H4lE C AM 2R HATBEM, " P< 0.05," P< 0.01; HR 415 H AM L2555 HAT 0

FE L¢P < 0.05,

Note. Significant difference was observed when the group R was compared with the group C, ¥ P < 0.05. Group H was significantly lower than the group
C,"P< 0.05,"P< 0.01. The value of group HR was higher than the group H,%P < 0. 05.

R4 T UG K EEHNUTLLE AR B AU e (822100 x mm?)

Table 4 Changes of the skeletal muscle fiber cross-sectional area after intervention( Unit;:100 x mm®)

20 51 e H il JHERA L BER AL =Sk AL
Groups Soleus Gastrocnemius EDL Biceps brachii
A Lo A g
.%iLiz%’%,J;[ 15.72 +1.55 14.17 £2.23 15.01 £2.06 14.97 +1.66
(Control, C)
R Il 254
mﬁﬁmﬂ|§:ﬂ 16.02 +1.89 15.02 £1.76 16.00 +2.17 17.07 £2.57
( Resistance, R)
Y
{E‘Eﬁ‘#%rﬁ 14.25 +1.38 11.55+1.70 12.40 £1.34* 12.35+1.54
(Hypoxia, H)
A Il Z54
ALl AL 13.60 £1.46 13.08 £2.99 13.90 +1.96 15.02 £2.29¢

(Hypoxia and resistance, HR)

TEH AL C AU E 3 HA BEPE, ™ P < 0.01; HR 415 H 4 22 R HA B 4P < 0,05,
Note. The group H was significantly lower than group C, ** P < 0.01. The value of group HR was higher than the group H, P < 0. 05.

3 g

KRIEAMEAIREE 4 G, KR A ZHdl S5
AL T B, KRR S R R T Ay R R T
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YRR T 7. 9% F1 5. 7% I A WENEE S,

it 3 VA 06 B R LT 4 A K v BT B el 8 5 (40
LR 7. 7% F121. 6% ) , F BT FH I 2R A7 S0
WMEFAERE I I HEPTIRE S S BB ZE S5, LA,
AT 2 8 A I 2R g i R LVE o 3 2% 8 T
AAFRAL, X AT A Faulkner 25 1 56 FHUBH I 25
X % LS e R B SE 25 51

R I 25 A P LU 3R S I OR AR 1%
B i 15, (HUEH A R A A S R R R 12 3
B LA i Rk 7 X 5 e SR AR T i
WUZEGARSE S B R AR K i 254, 24
HRER 40% ~ 50% ,WIR P ] B 1AGE Bl i 2
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Figure 2 Histological sections of soleus, gastrocnemius muscle, extensor digitorum

longus and biceps brachii after hypoxia and resistance training ( HE staining, Bar =50 pwm)
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