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[ Abstract] Objective To investigate the effects of tuina, treadmill running or both on the expression of fac-
tors related to gastrocnemius muscle proteins after acute muscle injury and to explore the mechanisms involved.
Methods Thirty adult male Sprague-Dawley rats were randomly divided into a control group, a natural recovery
group, a tuina group, a treadmill running group and a combined treatment group, each of 6. An impactor was used to
induce an acute skeletal muscle injury in the right hind legs of all of the rats except those of the control group. One
day after the successful modelling, the tuina, treadmill running and combined groups were given interventions as their
name implied, 5 times a week for 3 weeks. The gait of rats in each group was analyzed and the number of times the

rats fell into and striken by the electrical grid was counted. The injured muscles’ cross-sectional areas ( CSAs) and



- 386 - FPAEY R A SRR 28K 2020 4E 5 HAE 42 555 5] Chin J Phys Med Rehabil, May 2020, Vol. 42, No.5

the diameters of muscle fibers were observed using hematoxylin and eosin staining. The expression of mTOR, p-
mTOR, p70S6K, p-p70S6K and smad2/3 protein were tested using western blotting. The relative expression of myo-
statin (MSTN) mRNA was measured using real-time quantitative polymerase chain reactions. Results Compared
with the natural recovery group, all the other groups fell into the electrical grid significantly less often. The average
CSA and wet weight of the affected gastrocnemius had increased significantly in the tuina, treadmill running and com-
bined treatment groups, with the average CSA increases in the treadmill running and combined treatment groups sig-
nificantly greater compared with the tuina group. The average relative expression of mTOR, p-mTOR, p70S6K, and
p-p70S6K in the other four groups increased significantly compared with the control group, while that of Smad2/3 and
MSTN decreased significantly. Compared with the natural recovery group, the average increases in the other groups
were significantly greater. Compared with the tuina group, the treadmill running and combined treatment groups
showed significantly better improvements, on average. Conclusions Tuina, treadmill running and their combination

all can improve recovery from skeletal muscle trauma, at least in rats. However, treadmill running and combined

treatment are more effect than tuina alone.

[ Key words] Muscle injury; Tuina; Treadmill running

Funding ; National Natural Science Foundation of China (81273870) ; National Natural Youth Science Founda-
tion of China (81603689) ; a Major Project of Chongqing Medical University (201708)

DOI:10.3760/ cma.j.issn.0254-1424.2020.05.001

B B L HE S AR oA i R ) 2H 2 0% o R 2R
FUE A, 52 a3 A BLIA Y 2 A i # L
03 T Hy 22 o D R 3 R, 5 e A 0 R ) e A
SRR ILEE P R TR, B s Sh 0 b B
B B LB S, LA 2 kA TR R
A BIAEVE | SAE AR TR AR E
HELAY A 318 52 ik s i A 8 | S EOULAR 2 4 24 21
TSN REZ 46t . AT s R A 2 R 7 k2 52
BB BN REE E RS AR T F B R R
AT SE R BL, 2k B s L 502 3h 51 R LT
JRFEE N2k, fE 54 b vle 5 FENLIN 45 40 S DB, 4
PR A, A BT R R RK IR R is 3 SR T X
WEE SR 1 L 67 17 iz 2l 0 2k B B LR A S R A
(P (R IR LIS TR S ik, A
FREEE TN E A I ( mechanistic target of ra-
pamycin kinase, mTOR ) /70kD #% ¥ {& & H S6 # i
(70-kD ribosomal protein S6 kinase, p70S6K ) i [ %
FENLE A A B RE LA R WLAE K 3 il &= (myostatin,
MSTN) 75 3 1% 8 1 o0& -5 0 i A8 v 399 36 10 o 22
YERT, Wl e S s IR IR BRI (EE -+ G
IR ) xF S PE B B L0 05 K SE AT 38, M3 42 JUL 2
FL5 B -5 o3 A2 T 23 B B UL 4 S T RE i 2
AT REML .

WS 7%
— LR Ko A

T8 B PR S AR R 27 3 4 S 0 O B ARE P 9 T )
R 6 JE WS HEPE Sprague-Dawley (SD) K 30 H (5L
3 & M E 5 . SCXK iy 2018-0003 ) , 4 & {5 [l
180~200 g, iR K B T 7l 37 38 < 58 (individual ven-

tilated cages, IVC) 8l ¥ b7 N 41 6 A 3%, 558 5
HOWE B R oK, B (22£2) C, A X B2
(50£5) %, 12 hBH s A2 B, SC 0% K R 2080 I 1 M 5%
7 dJF R BEALE RN o e AL BRI R
HOMEEH WEHAKEGH, HH 6 R KR, A4
FEENY IR At BRI AT A IR ER B B 5 &

HHFRHE
= IERTE

2 R A ARG 7 9610 SR P RS /9 A 4T
g A St B AR UL R B, 4T 88 Lk
= 25 em  HAR 2.2 em WY REIAE RIS AR, TEEN
14 emMATE B T EH S A & E 1 em,
HZL2 emP AR LAE, THAENERER
1 em KJE 15 em BRI RURME . BRAERTSE50 A 510K
KEATOHE i LI 2 T°F & o AT d 46 &, SR 5 R
AT Ui ELEE T8 AT o A 05 — 5L N BR
w640 g KJF17 cm  HAE 2 cm FE SN S % N TR EIN
FIGA L7 R B 25 em AR BRI, 38 o 4N 45 i o R R
B AR AR T 7 K UHE RS ILET 5 4, AR A B T 34
fig = W) ot i x FE TN FE X = B (g=9.8 N/kg) 15
WMATH RE R A 1.568 T, J8 o EE #4510 1 B AR T A
HE AT 5 R B B BsF TR WS S AT R B
F7 b5 BB 2 BT i PR S AR Ha e

= Tk

BT R TSR 24 h [5G T, HEH
KR 2 2 81 8 AR 2l FUIR SR Je , 76 #5403 )R 3
FEGN T 1 298 5 N [ B & 2808 36 48 7k (&
RPM 51 7 Pl 4SO 3, M= 129 S N
IS Sy R BR8P R ) |
ETFIRGEM W5REA R RR N 120 ~ 150 /4



PRI PE E G RS 2R A 2020 4F 5 H 45 42 %% 5] Chin J Phys Med Rehabil, May 2020, Vol. 42, No.5 - 387 -

BhOEETRIBYT 1 BEUARYT 15 ming #1641 R
BTG, MEEE RN 15 m/min, B K I 4
15 min; B0 20 K BN 45 7 #E 2 K B 5 IR B G T
T, BARERAE DA b bR A A B i 4 T il 3
JE BRI S Wk, IEH A e A SRk & 4 R BRI
W5 TN | [ B4 AN 25 T HA R IR T3,

g AT R A A

BHRRTERES 21 RACH471E v &
Y25 2 min, /KB 10 min 53547 3 K 2 min #1503,
HIEHE N 15 m/min, 5387 K BE A IF 10 % 7% A
3 2R I HL D 4 T X R, B a5 AR R, 10 min,

. B A BB

TEEAR S 55 21 R #EAT AR 4 BUM SR I 4% 7K
A (0.8 ml/100 g AT ) X K BLEAT R I i 4 bR
i S R s g SR (A ) JHE Az DL, R 3 T AR O
AL204 BRI 7~ KA (Fi ) D02 i 00k i LA o
Bt I B HE B ILZEL 2 0 SR WA, — 10 TR 2 8- 1) EP
G E TR HE SR R B S % 2 - 80 °C vKAR
WIREAERE DU, 55 — 1 W& F 49% 2 3 B 3 W
RS AT IR ARSI

VAN 22 il

A 2H R BLRE  HE n LA A 28 JUL P [T 5 TR A 3
Jo , PR RS R BE K 2 0 A MR & A D) A (
IR AL A A FRA ) IF 47 75 A - 2L (hematox-
ylin-eosin , HE ) Y48, RRZHZEHL 6 5K U) - #E 47 400 £
S BB (B A OLYMPUS 24 ) ) W€, &5k 1
BEMLZEI 5 > 00 P41 B B L B R AL e L 4 > 20
fitl , 2 CellSens Standard {4 ( H A OLYMPUS 24 &)
AT EAZ 3 B OF 1 58 45 41K BRUME W AL 21 4 ik AR

1

L B B A D

BT R, N -80 C UK IRAT 145 41 K
SRUER M HE A7 ULZH SUBURE AR 2 50 mg, BY#E FEE3 min,
4 °C, LA 12000 r/min ( & .01 K £l E SIGMA 2 &) 7=
i) B0 15 min 5 BT #e U BB AT 3 R IBCE- 34
HREE TR B LA SR R 2K buffer TR A
W ,4°C , LA 1000 r/min #.0> 1 min J5 95 C /KA 10 min,
=20 CORFEHIRAE . LUK SRR . [ 5 B, 224
T B A% S MU TE AT 1) 8% 6% 43 B IE Fil 5% e 4
JBE, 20 min FR#EENE ) HEAT 70 V FiHL YK 30 min, 120 V |
FEHLYK 120 min, 250 V #1100 min, £ 5 AT 5%
AWK 2.5 g+H BEEh 2% i ( tris-buffered saline with
tween-20, TBST) 50 ml ¥ ¥ 5 1T = HEIR2 h, —
PUiEHE . A TBST 3% 3 IJG LA mTOR (1 : 1000,
[ R&D SYSTEMS 24 ) . p-mTOR (1 : 1000, 3 [
AFFINITY /A &) . p70S6K (1 : 1000, 3 [ R&D SYS-

TEMS A #]) . p-p7086K (1 : 1000, 3 [& AFFINITY 2
F]) .Smad2/3 (1 : 1000, E ABCAM A 7)) 174 C i
W, P £ TBST Wk 3 WJa A 3t
(1:1000,3%FE AFFINITY 28 7)) EHEPEAR 1 h, fb2
KO 48 TBST I UE 3 e, B4 N2 100 pl %06
W (SEEMILLIPOREZA 7)) J& 647 &6 R Bl (db e 38
BRHE AT ) AL B, LUH R -3- 15 2 I U ( glyceral-
dehyde-3-phosphate dehydrogenase, GAPDH) 1E R N2,
7 HImage-Pro Plus 6.0 M4/ ( H 4 OLYMPUS 2\ H]
PEAL) S M I AR K EEAA
I\ SER 5 E i PCR Al
=80 °C UKIAARAT (145 LK SRk A WL 2H 21

BUREAS 2 50 mg, K JH Trizol 32 BUE RNA; ITA S5
FELHE 10 min, L 12000 ©/min 20> 15 min, 75% P9k T
U, BAREET  In AR R — 25 ( diethy pyrocarbonate
DEPC) /K, #1147, 7843 1 U Thermo ND2000 #5734 i
KR 21X (_EiE GENE A #]) #3k ,ic 5 & RNA
aipE K y5 g (H, £ B RNA ¥ B 4l B A 0 5 %
RRO37A 8% 52185 & ( H A TAKARA A &) #RAE
WITCE RNA SN AR SR 5RA) B0 JG AT 30 5 5 SO
37 CJZ 15 min,85 C N 5 s,4 C N 5 min, 96
FUBTINEE Ard, EHLAT qPCR K90 °C 2 I 30 s,
95 C KW 5,60 C I 30 5,95 CRAL S 5,60 C K
M1 min, FE47 40 NG, £ CFX manager 3.1 it
A (€ H BIO-RAD 2~ Al) 4R HL Ct {H, DA Folds =
MCRIRIER A BRI Ml ed BKREUH
PRIER RGO R, A 8 YAkEe, 1HA T I1ME,
MSTN & B-actin |- FU#5[4) ( H A TAKARA 2\ w2
B0 FPFITENL R 1,

R 1 MSTN K B-actin 5|¥)F51

i 2. [
S 7 31407751 et
MSTN E#F 5'TTGTGCTGATTGCTGCTGGC 3 186
T 5'CTTTGCTGATGTTAGGCGCTG 3’
B-actin  F¥f  5'ACGGTCAGGTCATCACTATCG 3’ s
T 5'GGCATAGAGGTCTTTACGGATG 3’
Ju geit2E ik

ABIFFE P AF 3T Bds LA (x+s) 2o, K SPSS
220G VTR 3R A A AT H 4G 23 B, A [) 4 18] 5 4 e
BER UK R J7 22 53t , 5 22 5 I 20 6] P 45 e AR
Bonferroni K5, 77 22 A 55 B 2K A Dunnett’s T3 ¥ 55,
P<0.05 £ 2 BA G EE L,

# R

— LR BT N R 45 2R L
TS5 21 KA TR v R T o SRy 2 3, A



- 388 - Ay R 2 SRR 2 AR

2020 4E 5 A% 42 5% 5] Chin J Phys Med Rehabil, May 2020, Vol. 42, No.5

SRR R BRATEh N8 TR AT A A TR B0, i FL AT
i Ja SOV AR 9% s AR 4 K AT 3h 3% | ToW i AT
RONHEE, 2 AR AMIT T SLm e R 1, ‘35
SRIRIZ ZH H3 M S22l R & AL B T o B
I/ (P<0.05)

10 1
84
6 a

| I i |
O-J T T T T L

E¥A BRAKEH #E4 Bed  BKe4

CAREIR 7€

N

0.5 HARKE 4t * P<0.05
I WS N N e

S HKRIES AL R R

Wb ook 2% 2H R B AN (A0 ) BiE s Lk A7 16 T
R, BT AL HE A WU T 25955 B AR K 2 41 P i
HAM(P<0.05) , BAREHE WLIE 2, 25 AL R BB (A
) HE R WU 285 B LA A Rt e T BRI DL DL I 3 KT 4,
AT D% 20 AR BRUPHE A FTUARE 968 1 225 A0 5 b L HES R0 23
B JESIEH LA 2 2008 | WLEF 4 b e il 30
LR PR A S R EEA TR, SIEF AL,
F SR 52 40 JLET A L 40 % 2T 4 a) B K S0 ] LT 4

FERR AR TC A 25 5 (P>0.05) , Higy 3 A JILEF 4E ki
TR 3G (P<0.05) 5 7 HfE 4 | B 5 20 S ok
BN g AR B R T HAR KR 4 (P<
0.05) , #0540 J56A 2H LT 2 i A oy AR R s 4k 2 4 B
I (P<0.05) .

1.8
1.6 1

1.4
1.2 4
14
0.8
0.6
0.4+
0.2+
0-

EX¥A E?)Wzﬁéﬁ el Ee4 BRAd

L SIERW A A, 2 P<0.05; 5 H AR E 4 #, ° P<0.05
2 AR BB MERS LT i LA

%ﬂﬂ]ﬁF%Mlﬁﬁ(g}

= 4540 KB mTOR | p-mTOR , p70S6K . p-p70S6K
K Smad2/3 R K

T 3 G BN A & R, AR 5 21 K5
WA, A 4 4 mTOR, p-mTOR ., p70S6K . p-
p70S6K Fik I i #4558 ( P<0.05) , Smad2/3 )01 i
55 (P<0.05) ; 5 F AR A L, 4 A AL
Fe A 20 mTOR | p-mTOR | p70S6K | p-p70S6K & ik )
B 3655 (P<0.05) , Smad2/3 Y48 855 ( P<0.05) ;
S, W6 4 X BE A 4 mTOR | p-mTOR |

B3 A2 K BRI NUR A&7 LA (HE B¢, x400)



PRI PE E G RS 2R A 2020 4F 5 H 45 42 %% 5] Chin J Phys Med Rehabil, May 2020, Vol. 42, No.5 - 389 -

1600. 00 abce
1400. 00 1

1200. 00 4

abce
ab
1000. 00
800. 00
600. 00
400. 00
200. 00
0. 00 T T T T

EF4A BRKEYE #E4 Bed Be4
L SIERW A ES,*P<0.05; 5 AR E 4 Lh 58 ,PP<0.05; 5
A LLE, < P<0.05
B4 A2 K BB RE R DR g AR L

A8 000 e P FUL A 48R T R (um?)

p70S6K ,p-p70S6K 3K ik 1% B & 34 9% (P <0.05),
Smad2/3 3 B B8 55 ( P<0.05) , AR WKl 5.,
K6,

VY 4% 2H KBl MSTN mRNA X 2635 5 A

3 S O E i PCR A & B, 5 1E % 4H 1
B OH A 4 4 MSTN mRNA EiE W H P (P<
0.05) ; 54 i, B 5 41 Bk & 41 MSTN mRNA
TR T (P<0.05) , BAKZERILE 7,

1.404

abe abe

1.20 4
1.00 4 ab
0.80 4

a
0. 60 4
0.404
0.204 I
0.00 1 T T T T

EX¥A BRKREA #E4 BEe4 BRe4

mTOR &AM Rk &

1.204

abe abe
1.004 ab
0.80 4
0.60- 2
0.404
o.zo-—l
0.00+ T T T T

EX¥A BRKREA #E4 BEe4 BRe4

p70S6K & F X Rk it

1.204

1.004

a
0.80 4
ab
0. 60 1 abe abe
0.40
0.20+4
0.00 4 T T T T

EX¥A BRKREA #E4 BEe4 BRe4

smad2/3 F E X R R

i

NPl S P2 2 BB R 2115 LA ] 2R Y
AR R 25 B LA 000 i, >4 A9 67 £ o 2l g fie JLAE
PN IE I TG B 8t TE =3 R N o4 Zi [N
S U S PRSI A A 1 W PR 12K P D R Sk B e
iR RARHLAME L Jf LS T Bl R AL BERL 0
LHAUNM K P I L ARBFSE . HE B 4k
B, SR 2% AR RS2 A B DL AP s o v el A%
RS Bp s S2 A WLET A 52 5 (H AL 3T o 5256
$e7s HARWZ LI REATI AT BB 5 4% T TLH 22 HH IR T
Ji , HE RN WL 2 8 e AR B 3 o 24 B S 4, EL I g
SIEW ATV RIS AU R A
i A AR 2 0 H P R (9058 B (protein kinase
B, AKT)/mTOR 38 #% 8 4% LA 1 & B, W45 S 4 BT
AR S BT A BT, A A AR RS LR 21 2
PR R S4B £ 2H 20K S e v W s o L P il 3
( phosphatidylinositol 3-kinase , PI3K) / Akt/ mTOR{F 5

o
S
3

] abe abe
X 1.004
*®
% 0.80 ab
&
0.60-
R a
& 0.10
T 0.20-
&
0.00+ . r . ;
E¥YE BRKEY #E4d Bed BAe4
m 1.204 abe abe
ﬁ 1.00 4 ab
g 0.80 4
g‘ 0.601 a
g 0.404
§o.2o- I
= 0.004 . . ’ ’

EX¥A BRKREA #E4 BEe4 BRe4

e SIEWALES ,* P<0.05; 5 AR E 41 L3R, " P<0.05; 5241 h#k, © P<0.05
B 5 #AKEEMBEZIL mTOR  p-mTOR ,p70S6k .p-p70S6k K Smad2/3 & [1AHNS Feik i AL



- 390 - FPAEY R A SRR 28K 2020 4E 5 HAE 42 555 5] Chin J Phys Med Rehabil, May 2020, Vol. 42, No.5

5 s L St T —-
| —— — 1, TOR
— | L h—— » M
- — 70S6K
0M0s e — — — — P
70k0s | S S m— S S_— 07056

37kDa  “— — A SN SSmm— ' G/PDH
E¥4 BR%E4A #E4 Hed Red

289 kDa ro—
g

6 AR RUBMHERA WL E AR 8 H AR5 A

1. 20 1

1. 00 4

a
0. 80 4
ab
0. 60 4 abc abe
0.40+
0. 20 4
0.00 T T T T

EE4H BERKEYH #E4d med BEYH
T HIEWALE " P<0.05; 5 A RRE 4 LL#,"P<0.05; 5
gl b4, ©P<0.05
E7 BAKRFEMAERIL MSTN mRNA AHX 58 L

PR O T A A ol st AKT %05 i 31 mTOR
EEH, mTOR BEIE ™ F & & %, Bl mTORC1
mTORC2"" . mTORC1 B B #9415 & 11 A A, il it
ik eIF4E 455 A ( elF4E-binding protein, 4EBP1)
G p70S6k KHFEMEH . ARFFEIESL " 2 8h
PR E AR UIE R 9 32205 % PI3K/Akt/mTOR &%
AR 200 5 U R LA L300 mTOR 15 5 I
A DG R R A, T s LA & A B
B, R B IR, R E S L8, AR SE 565
LK AKT/mTOR 38 #% T ¥i# 43+ mTOR | p-mTOR |
p70S6K I p-p70S6K % B, i /5 5 21 KA H AR
2H AR B I AE B A B R, 2 B R R R
WLEE AL FRESE G RS s &ttt M a4 ek s T
Wia b debnsrsstdin, A& 1% BeE T BiUA Y
T R 2 SRR R S U ZRERS T AR N
BALE AR IR R, B Sk BA T
TR A5 i 2

Myostatin X & # LB B A H R SE I, © 1Y C I
TR T REOE R R RE R A RS T
6 T RS R 2K, 5 3 Smad2/3 Wi ER L RIS |, B
M Myostatin-Smad2/3 {5 5 i 18 ] i€ FE LA A= K A0
BT Myostatin J2 5 31 8% LA 4 B Lk B L
T TR T 05 KA 9T K BH |, Myostatin 78 JH 2 25
A A A I A A 2 iE S
Myostatin S H T i8R R IA08055 , 32 5B s LA i, 9

MSTN mRNA HiX ik &

AW B AR R AR IR AR K AR S
ER IR SRS 21 KEF H SRR 4 Myostatin A
Smad2/3 FRIXBIA WG, S B H IR & T 1
Je Wt — 205, OF BLLA B Sk B G T3US 08055
LY ETE AN i AN OR[N S e BN
Myostatin-Smad2/3 35 , I8/ X} LA A By 4 i 4
FARSNLARE K . 55 A W58 & B Myostatin 5 AKT/
mTOR 15518 FAA 28 XAO , BEM ] AKT/mTOR 15 %
ik RS THERRALT . AHSCSE I 4% R 4l
2T & R, Bt = Myostatin FE PR /N B BRAKT/
mTOR {555 i R0 78 A= /N RURUR T 4 Myo-
statin FEHUR G W & AL A S, 5 p70S6k #
ARk 3 A 5612 (B e LA 55 A Myostatin F& [K]
JRRA T AKT/mTOR {5 5 i #% AH 5 70 1 1 3, 40
AKT .mTOR ,p70s6k 4E-BP1 % Jz Hggwa Ak i/ , (B %}
ok ik 308 3% G PH SR 52 R 5 A BF 5T &% B Miyostatin i
PERERE 1T B BYB0E 23R S2 A a5 Br il 38 i mTOR
LR

ZE TR ARSI SRR HEE B A Ik A
FIA M5 U 2534 0] 58 3 B0 i Myostatin-Smad2/3
{5 53, {2 #F mTOR-p70S6K 15 538 i 2 & 2 1k i
WL R LR & s 5 fe sk L IE R, i
DI e VA5 14 K D i, 31 DA B 5 U112k e B 55 DI 2R B
BT B

2 % X #t

and treatment[ J].Am J Sports Med,2005,33(5) :745-764. DOI; 10.
1177/0363546505274714.

[2] Zhao W,Lu H,Wang X, et al. CX3CR1 deficiency delays acute skele-
tal muscle injury repair by impairing macrophage functions[ J ].FASEB
J,2016,30( 1) :380-393.DOI;:10.1096/1j.14-270090.

[3] Dumont NA,Bentzinger CF, Sincennes MC.Satellite cells and skeletal
muscle regeneration| J |.Compr Physiol ,2015,5(3) :1027-1059.DOI;
10.1002/ cphy.c140068.

[4] Laumonier T.Muscle injuries and strategies for improving their repair
[J].J Exp Orthop,2016,3(1) :15.D01:10.1186/540634-016-0051-7.

[5] Bayer ML, Magnusson SP,Kjaer M.Early versus delayed rehabilitation
after acute muscle injury[ J].N Engl J Med, 2017,377 (13) ; 1300-
1301.DOI:10.1056/NEJMc1708134.

[6] skZeT Ik, #EE %, PI3K/Aky/mTOR 175 38 I 75 K L2
PEBHNEEE OB S T B E I L], b iz 3 B2 22 2%, 2018, 37
(7) :594-600.DOI:10.16038/j.1000-6710.2018.07.009.

(7] %%, BEpubk, SR 5E ) A5 Er UL S M Bl e A5 48 S0 2 b B A
KN FIZRIAAAGL ) ] o B R A A T 24 3R, 2018, 34(2) : 97-
101.DOI:10.12047 /j.cjap.5647.2018. 024.

(81 HHUE, I Rumh, BORESE | 45 i BE X I Bl 1 s UL A i e 0 /5 IR A8
HE I dysferlin Fl annexin A1 35 R0 [ J]. o E HEE K 2y
5,2016,31(8) :841-846.DOI; 10.3969/].issn. 1001-1242.2016.08.
003.



PRI PE E G RS 2R A 2020 4F 5 H 45 42 %% 5] Chin J Phys Med Rehabil, May 2020, Vol. 42, No.5 - 391 -

[9] TR, BRE T H, %8 K B M LG 3 3 40 2 A5 10 By s 57 [18] E4k, JHBE, KA, 5. Myostatin {5530 P& 7E 4 JA 8.0 138 3ok

[J]. B2 2R, 2008, 24 (3) : 168-171, S1. DOI; 10.3969/]. issn. e 2 AVREPROE R BUE R ILZE 4 v b i VR T L 00 vl ) ) A 2 2
1004-5619.2008.03.003. ,2018,34(3) :223-228.D01:10.12047 /j.cjap.5632.2018.053.

[10] Riiegg MA. Molecular mechanisms and treatment options for muscle [19] Rodriguez J, Vernus B, Chelh I, et al. Myostatin and the skeletal muscle
wasting diseases| J |.Annu Rev Pharmacol Toxicol ,2011,51:373-395. atrophy and hypertrophy signaling pathways [ J ]. Cell Mol Life Sci,
DOI;10.1146/ annurev-pharmtox-010510-100537. 2014,71(22) :4361-4371.DOI;10.1007/s00018-014-1689-x.

[ 11] Sandri M.Signaling in muscle atrophy and hypertrophy[ J].Physiology, [20] Elliott B, Renshaw D, Getting S.The central role of myostatin in skele-
2008,23(3) :160-170.DOI;10.1152/physiol.00041.2007. tal muscle and whole body homeostasis [ J ]. Acta Physiol 2012, 205

[12] Wullschleger S, Loewith R.TOR signaling in growth and metabolism (3):324-340.DO1:10.1111/j.1748-1716.2012.02423 .x.
[J].Cell,2006,124(3) :471-484.DOI:10.1016/j.cell.2006.01.016. [21] Chelh I,Picard B, Hocquette JF.Myostatin inactivation induces a simi-

[13] Bodine SC,Stitt TN, Gonzalez M, et al. Akt/mTOR pathway is a crucial lar muscle molecular signature in double-muscled cattle as in mice
regulator of skeletal muscle hypertrophy and can prevent muscle atro- [J]. Animal, 2011, 5 ( 2 ). 278-286. DOI. 10. 1017/
phy in vivo[ J].Nat Cell Biol,2001,3 (11);1014-1019.DOI; 10. S1751731110001862.
1038/ncb1101-1014. [22] Chelh I, Meunier B, Picard B, et al. Molecular profiles of quadriceps

[14] THE, T84 WS, 5 A58 T FR CSTBL/6J /) FUXT i muscle in myostatin-null mice reveal PI3K and apoptotic pathways as
HEFCH B mTOR {5 S @A [J]. P EZEHEERE, myostatin targets [ J . BMC Genomics, 2009, 10 ( 1) : 196. DOI: 10.
2019,38(2) :120-125.DOI;10.16038/j.1000-6710.2019.02.007. 1186/1471-2164-10-196.

[15] Ma XM.Molecular mechanisms of mTOR-mediated translational control [23] Suryawan A,Frank JW,Nguyen HV.Expression of the TGF-beta family
[J].Nat Rev Mol Cell Biol, 2009, 10(5) :307-318.DOI: 10.1038/ of ligands is developmentally regulated in skeletal muscle of neonatal
nrm2672. rats[ J ]. Pediatr Res, 2006,59(2) :175-179. DOI; 10.1203/01. pdr.

[16] Trendelenburg AU, Meyer A, Rohner D,et al. Myostatin reduces Akt/ 0000196718.47935.6e.

TORC1/p70S6K signaling, inhibiting myoblast differentiation and [24] Amirouche A, Durieux AC, Banzet S, et al. Down-regulation of Akt/
myotube size[ J].Am J Physiol Cell Physiol,2009,296(6) :C1258- mammalian target of rapamycin signaling pathway in response to myo-
1270.DOI:10.1152/ajpcell.00105.2009. statin overexpression in skeletal muscle[ J].Endocrinology, 2009, 150

[17] Sartori R,Milan G, Patron M, et al.Smad2 and 3 transcription factors (1) :286-294.D01:10.1210/en.2008-0959.
control muscle mass in adulthood [ J]. Am J Physiol Cell Physiol, (&8l H #].2020-03-02)
2009,296(6) :1248-1257.DOI:10.1152/ajpcell.00104.2009. (Rt W)

B - AEH - G
hEEZS XTI —RFR R RS ENEH

HES AR RS S RPN ZRAE I A AN B I A £, DA v AR B 2 2 A0 4 AT — 0 A 80 R — i T [ 1 Ak 28 7 )
T

L AT e i B ) SCRR E 4 TR AT TS 4R U 2 0 SORS AR SO B 2R AITHE B GA B T BEA7 AE L LE AN R 2 Ak, H st
SCHR B F2 R A R IR ARG o T4 SO AN A0 E B W 28 8 B B2 Wb ME R 638 B A G4 408 i SRR SO B
Ve 412 18 208 SR B A — ol g 2 4 B ) A1l T 4 SO 1) 5 — P IR SRR . Lo 45 28 SO An /i 22 E A B0, O ol 7 5%
SO 2 0 AR A

2. 01RO E L2307 SRS I 2 BRAE SCRUOR [a] , 75 WS AT RRR 20 B A 4 At Tl

3. TR BT e LA AR A 284 T A SORA A o — R A3 T R

4. PLAHRFE BN F 4 I U 3 0 RALER A, W R IR PR 7EAR B A58 Bt T, 10 30512 ) 3050 38 0 1 ik
EEEEO

5. G A SCRR A — B P BRBE I, BTN FCICHE A S BRI AT 0% S #3003 () I S DR A7 38 g Ak B0, 7 Al o A
PR T4 A DA S R 03P 2 08 A5 R 3 Uy T DL R 2R A BB B Pl b 2 A ) A S AU LA HE AT fe e b
%&:o

6. — i P FH — 28R 55, 301 ) Gt oA 428 00 2 o ) LR 0 % A B 7 B AR IX 08 SCHY 3 o 5 XAV B AR O o — 1R P
B — VISR, AR AR 2 RPN 2 AF PR R 2 LR 3 I il e 5 F 1) VR385 T 7 B3 R U A A9 A R B 309 T A e 4

RERFLHRTH



