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[ Abstract]  Objective This study aimed to explore the effects of different exercise modes on skeletal muscle
growth factors MSTN and IGF-1 in rats and to provide a theoretical basis for choosing appropriate exercise modes to improve
skeletal muscle function. Methods Forty-eight SD rats were randomly divided into four groups, each with 12 rats, namely
quiet control, continuous swimming exercise, high-intensity intermittent swimming exercise, and ladder exercise groups.
After 8 weeks of exercise training, rats were sacrificed by overdosed anesthesia together with the quiet control group, and
samples were collected for testing. The body weight and gastrocnemius muscle weight of each group were recorded. Cross-
sectional area changes of the gastrocnemius muscle were observed by HE staining. Serum levels of MSTN, IGF-1 and
insulin were measured by ELISA. MSTN, IGF-1 and p70S6K expression in the gastrocnemius muscle of rats was detected
by Western blot. Results The weights of rats in the three exercise groups were significantly lower than that of the quiet
control group (P<0.01). The weight of the gastrocnemius in the continuous swimming exercise group was significantly
lower than that of the quiet control group (P<0.05), and the weight of the gastrocnemius in the other two groups did not
change significantly (P>0.05). The gastrocnemius cross-sectional area of the three exercise groups was significantly lower
than that of the quiet control group (P<0.05). The gastrocnemius cross-sectional area of ladder exercise and high-intensity
intermittent exercise groups was significantly higher than that of the continuous swimming group (P<0.05). Serum IGF-1
levels of the three exercise groups were significantly lower than that of the quiet control group ( P<0.01), while MSTN and
insulin levels did not change significantly. MSTN protein expression in the gastrocnemius of the ladder exercise group was
significantly lower than that of the quiet control group (P<0.01), while IGF-1 and p70s6k protein expression was
significantly higher than in the quiet control group (P<0.01). p70S6K protein expression in the gastrocnemius of the
continuous swimming exercise group was also significantly higher than that in the quiet control group (P <0.05).
Conclusions Ladder exercise and high-intensity intermittent swimming exercise both increased the gastrocnemius mass
index, but their effects on MSTN and IGF1 in skeletal muscle were different. Ladder exercise downregulated MSTN
expression and upregulated IGF1 and p70S6K expression, whereas high-intensity intermittent swimming exercise had no
significant effect on MSTN, IGF-1 or p70S6K in skeletal muscle. Ladder climbing may increase the cross-sectional area of
gastrocnemius muscle by reducing MSTN and increasing IGF-1 and p70S6K.
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LR DB/ RE 2 8 DL A PR 2 5 1 R 9, Thiis
BNFRME T AR B 1 X0 30 0 2R 19 JIL PR Joi ik />
FIUBEREAR ., WLRA KA 2 (myostatin, MSTN ) Al
Jik 5 R A K I F (insulin-like growth factor 1,
IGF1) J& 45 8% LA K 0 5 2208 35 B, X B s LAY
DhRg R HEE I EM . KIILUDRIZ X MSTN 52
WHGE R %, BB PR AtkE s ' RiEsh
RS MGiash Rasshah aRE T 4
D7 T, % i 7 R L MSTN A9 mRNA F1#E (H A9 5
M G5 2R AFAE 4L, BT MSTN & 43 i A 2K
1, R mRNA (43R5 I A BE 6 A L X 8% ALY
WTIRE, 1GF1 LA K A S ZfI B A -, T LA
3 5 K (insulin) {F 5 8RR HENLAMAE R, A
XKiz X IGF1 1Y 5% ) 2 3¢ i i B iz 3l 1Y 5%
i 7S AR TR — S o HE AR TRl iz B SO
B JILAE K535 R MSTN F1 IGF1 114 5% i) ff UL A
FEHIE , BT b, AW 5T L o 7 W] — SE 8 i
SR BREEAT AN [R5 3l 7 =T 10, % LA [\ i
7726 MSTN F1 IGF1 520, R 2R 42 S i 8
LAY 52 e £ B0 S48, S AT 35 08 3 iR

T AL MUARES LS
1 ##FTE

1.1 SEEEhY

40 H SPF ZutfErE SD KB, 10 A% R E 290
(400£50) g, W T b 30 2k 38 A1) A 52 56 3 4 AR AT FR
8] A [ SCXK (97)2017-0011 ], 4 3% FiT
B A R B S o 5D B [ SYXK (35
2020-0024 ], fHFR A R (23 + 3)°C, XS
W 50% ~60%,12 h/12 h IR/ BIESS 8, 43 581
I8, AR HEK, AT Sh Y S AL )
PR B 234 e (SKIDW-2020-04) |, 755256
I FE R RS R IR SR B ) 3R R AT
1.2 FERAFSME

MSTN ELISA kit ( DGDF80, R&D Systems,

USA) ;insulin ELISA kit( ELR-insulin-1, Rio-Biotech
USA); IGF1 ELISA kit ( CEK1604 Rat, bioworld ) ;
anti-MSTN/Myostatin ( abcam, ab203076 ) ; anti-IGF1
( bioworld, BS60538 ); anti-p70S6K ( bioworld,
BS3634) ; anti-alpha tubulin ( abcam, ab7291) ;20%



o LR PR AR 2 2022 45 7 A58 32 %55 7 Chin J Comp Med, July 2022,Vol. 32,No. 7 43

() S5 W (B S AR A R A BR AR
PRACHE 5 BF B 4L ( OMNI Bead Ruptor 24, OMNI 23
"), 25 ) ;4 H 3h 4RI ( TECAN M200pro, TECAN
LA T Bt s A WY R AL ( Leica RM2125 RTS,
Leica Biosystems , f8[% ) ; 25 [ i LUK FEED R 48 M
b2 &R 2 58 ( Bio-Rad AR AR, 26 ) 5 F &
Ye2F AT (25 W], Axio Imager 2, f5[H ) |
1.3 XWHE
1.3.1 Zhordl

TR EMESE 1S R ERBENL N 4 41, 55 5]
H BN IR (Con 2H) 10 B, #58e vk iz 31 4H ( CE
2H)10 H ey B A sl vk iz s 41 (HIT 4H) 10 H,
TAHEEIIZRA (CLE 2)10 H, RIS, K
IEE R R oK A KA, iE A R R
1.3.2 Y% F%E

(1) FRL it vk A s i 38 [B) Wik A2 sl 6

CE 411 HITT 2579 41 5K B 53 Wil 14 38 358 Uk o v
HEATWEUK ISR, iR AR HIAE (23 + 3)C, KIR (31 +
1) C, B JE—ZJH 800 S TG IS, 35 M I 25
1A, ¥ 0 LA R e SR P4 R FE AR R TE KR
B, MHNGE T EZS M Da E R (EK 1),
Wevkad B, A Z KRGS sh b b TR, R BT
DU, ST Z08E5HE K BURE 30 s, AR RET/KEA
Bl FEAT I8 YK, DARIE IR # a8 B, U Zkgh
J& , SEZN B R R B, B DT I R KL TR
BB, SCE AR RO K B iE s |
PG 0 S IR 5%

(2) ENCERINZ T %

CLE A KBFEFEEE RN 1 m G5 0. 15 m %

E B AHEE 0. 02 m AYIEHS - HEF I 25, I8R5 A -
BREX, T A KE, % RS 8 Tang 5
(7 SEEATIE MR (R 2) . W AL R 7 < BK
H IR AR IE RTER BT, AJE 2875 14,00
SOIFIR IR G AN ZR 1R, BRI SR 3 41, 1)
KRB 2 min, A ER 5 K, BIREIEK 1 min, Yk
P MK B E| T 7 5 )5 TR S 1 min, A KR
BTN Z Sh I BLG 38 Y UEAT IR, SC 56 L e
o RO R BRI IZ B RE 1 0 57 1 0 45 I A
itsE,
1.3.3 Bkt

BRI SER R 8 JEIN g K5, H 20%
(1) S G TIE I ST (1 mL/100 g) FE R BRURR
PR AL BE AR LT, VR 28 3000 v/min, 4°C B0,
Ay B ILTE BT - 80°C M IR vk Al PR A7 ; /0 B 4 A2
AT THE R UL, — 0 AL PR 80 A 22 3R H R [ Y
&%, AL, 7 — LR B T 2
Je 5 A —-80°C AR VKAR A7, R AR
1.3.4 HEIANLBT AR Bt a2k

JHERA LT S48 50 = HERA L & () /1R ()
1.3.5 HEmNL4IZ HE Yt

IUHERA LA ZURE  FH 2 28 R 181 2 24 b, SRR 1B
B IR A, U) HE Yot )5, B
T 10x40 f5 ML H4A I, H Image-pro plus 6. 0 F 4
BT TF A LA 4 B # T AL ( muscle fiber cross-
sectional area,FCSA) , & 1T 47
1.3.6 I3 MSTN IGF1 Fl insulin (3

ML MSTN IGF1 Al insulin B9 6 ] ™ 4% 4z F&
ELISA {5 & vt BB A0 2

R FREMENE VKIS 0 R iR L 8] B VKB 2l 5

Table 1 Continuous swimming exercise and high intensity interval swimming exercise scheme
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High intensity interval swimming training
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Weeks Times/ day Duration/time Load Times/day Duration/time Intermittent Load
0 1 P25 Adaptive training
1 1 30 min 0% 5 1 min 1 min 5%
2 1 40 min 0% 5 1 min 1 min 7%
3 1 30 min 1% 5 1 min 1 min 8%
4 1 40 min 1% 5 1 min 1 min 10%
5 1 40 min 2% 14 20 s 10 s 13%
6 1 50 min 2% 14 20 s 10s 14%
7 1 50 min 3% 14 20 s 10 s 15%
8 1 60 min 3% 14 20 s 10 s 16%
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Table 2 Load ladder-climbing exercise scheme
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Note. *, Odd weeks, due to increased load, training once a day. #,
Indicates even-numbered weeks, due to the same weight load, in addition
to training once a day, every Wednesday and Saturday at 8:00 O’ clock

an additional training.
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Note. A, Weight of rats in each group. B, Weight of gastrocnemius muscle of rats in each group. C, Gastrocnemius
muscle mass index of rats in each group. D, Weight change curve of rats in each group. a, Con group. b, CE group.
¢, HIIT group. d, CLE group. Compared with Con group, * P<0.05. Compared with CE group, *P<0. 05.

Figure 1 Comparison of rat body weight, gastrocnemius weight and gastrocnemius mass index in each group
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group, ¥P<0.05. Compared with CLE group, ¥ P<0. 05.

Figure 2 Comparison of cross-sectional area of gastrocnemius muscle of rats in each group
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Note. A, Serum MSTN content. B, Serum IGF1 content. C, Serum insulin content. a, Con group. b, CE group. ¢,

HIIT group. d, CLE group. Compared with Con group, * P<0.05.

Figure 3 Comparison of serum MSTN, IGF1 and insulin levels in rats of each group
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Figure 4 Comparison of MSTN, IGF1 and p70S6K protein expression in gastrocnemius muscle of rats in each group
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