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suspension on the gene expression of MSTN
and ActrlIB in skeletal muscle of male
Wistar rats
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Abstract

Background and aims: Exercise training is employed as a practical method to
combat muscle atrophy. The purpose of this study was to investigate
the effects of high-intensity interval training (HIIT) conducted before
and after hindlimb suspension (HLS) on the gene expression of
MSTN and ActRIIB in the skeletal muscle of male Wistar rats.

Methods: Thirty-two male rats, aged four to six months, were randomly
divided into four groups (N=8 each): (1) control, (2) training-
suspension-retraining, (3) non-training-suspension-retraining, and (4)
training-suspension-non-training. The HIIT duration was five weeks,
while the HLS lasted for two weeks. Gene expression levels were
assessed using RT-PCR.

Results: A significant decrease in the expression of MSTN and ActRIIB
was observed in the soleus muscle of the group (2) compared to the
other groups (p<0.05). There was also a notable reduction in MSTN
expression in the extensor digitorum longus (EDL) muscle among the
experimental groups relative to the control group (p<0.05), with the
group (2) showing a greater effect than the others. Additionally, a
significant decline in ActRIIB expression in the EDL muscle of the
group (2) was noted compared to the other groups (p<0.05). The
group (3) also exhibited a significant decrease in ActRIIB expression
in the EDL muscle compared to the control group (p<0.05).

Conclusion: The findings of this study suggest that the training-retraining
approach (with HIIT) is particularly effective in mitigating muscle
atrophy induced by HLS. These results highlight the HIIT training
model as a highly efficient treatment method for preventing and
reducing atrophy in rodent skeletal muscle.

Keywords: High Intensity Interval Training, Myostatin, ACTR-IIB,
Hindlimb Suspension
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1. Muscle Ring-Finger Protein-1

2. Tumor necrosis factor receptor associated factor 6
3. Nuclear factor kappa B

4. Ubiquitin
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6. Optic atrophy 1

¥



(AAMJF"" }:J"l{ 5?’»‘ bJu‘MSC‘““.‘.‘!dL")

L5 Oloys 9 dlawl cudlags o)l / Lawepl (Sidg fy (sode dolilad

@b)u@ L)
ebaio 4 abiglob Lnd sl 5l gt 4 Jlio 5l

;&wy P9_1$ oy Ty Ja] °M95 Jw.:)l uau‘.w.:)lf
45 IR.RUMS.REC.1400.262 1.5 L oS cunl lud,

ol by oS ol Gimgis )0 BB d S Wb
Sl hle Giogin o=l a8 SluS (eled jlabusg s

o (ool
A55 gud ibgio ) jd A S o pMel B uiig g

OB Vs g o

e b plodl g il el )3 By den
1B b don g Wlodgy mater ol (6,550 b i adgl o)

2 gydaie e Cors g €8 Culgiume Jobs dlie ol

e ]y ol

S @be

3,55 2l Jlo oS S5 un Sl g ol

References

1. Baskin KK, Winders BR, Olson EN. Muscle as a
"mediator" of systemic metabolism. Cell Metabolism.
2015;21(2):237-248. doi:10.1016/j.cmet.2014.12.021

2. Sartori R, Romanello V, Sandri M. Mechanisms of
muscle atrophy and hypertrophy: implications in health
and disease. Nature Communications. 2021;12(1):1-12.
doi:10.1038/s41467-020-20123-1

3. Fanzani A, Conraads VM, Penna F, Martinet W.
Molecular and cellular mechanisms of skeletal muscle
atrophy: An update. Journal of Cachexia, Sarcopenia
and Muscle. 2012;3(3):163-179.
d0i:10.1007/s13539-012-0074-6

4. Hodges P, Holm AK, Hansson T, Holm S. Rapid
atrophy of the lumbar multifidus follows experimental
disc or nerve root injury. Spine 2006;31(25):2926-2933.
d0i:10.1097/01.brs.0000248453.51165.0b

5. Asad M, Vakeli J. The Effect of concurrent (resistance
and endurance) training on plasma myostatin levels in
obese non-athlete men. Journal of Sport Biosciences.
2013;4(15):77-89. [Persian]
d0i:10.22059/jsb.2013.29779

Yy

S sl e eing sl S ol s HIIT
[ ]l Sl oMlas )b cwodlw

93 Las oLoj)l & plgi oo Gl (ol slacudgine |
SLa}) (S35 3 U BT b bsye s il 0
13 3945 se aiiiay 45 3,5 0,3l (ACIRIIB § MSTN

4 93,5 B ang 0,50 Codgizme ul ST slaingh
MAFbX) Mde 3951 L by s slaf plo obj)l
g &5l (g P53 g ATFA FOXO1 MURF1
s Sojlul pas Ghagh cpl (slacudgize 103 | pizren
Ol S 0jlal &S 1 g0 )l 3)90 (slagyf Gign Oliee
Lol (g cslio adld (0] Gl & Comd B9
—Ged e el ) Gl Sl ik slaaisly
s plul Bl ) b e (g5l Jloe 0 (el
Olesdn HHT (505 Jao 1 asl cpl Jb o a4 )b
e g Sty Cg 3 Aol Sl Sloy gy S
Slg Jro (Al dlae 3 plil (IS o 5l (AU Byl
Syt Sl g Slge> Slasind joim cax 51058 0 Coles

el 5l 390 diej el

6. Wakefield LM, Hill CS. Beyond TGFp: Roles of other
TGFB superfamily members in cancer. Nature Reviews
Cancer. 2013;13(5):328-341.
d0i:10.1038/nrc3500

7. Lawlor MW, Read BP, Edelstein R, Yang N, Pierson
CR, Stein MJ, et al. Inhibition of activin receptor type
IIB increases strength and lifespan in myotubularin-
deficient mice. The American Journal of Pathology.
2011;178(2):784-793. doi:10.1016/j.ajpath.2010.10.035

8. Morey-Holton E, Globus RK, Kaplansky A, Durnova G.
The hindlimb unloading rat model: literature overview,
technique update and comparison with space flight data.
Advances in Space Biology and Medicine. 2005;10:7-
40. doi:10.1016/51569-2574(05)10002-1

9. Jespersen JG, Nedergaard A, Andersen LL, Schjerling P,
Andersen JL. Myostatin expression during human
muscle hypertrophy and subsequent atrophy:Increased
myostatin with detraining. Scandinavian Journal of
Medicine & Science in Sports. 2011;21(2):215-223.
d0i:10.1111/j.1600-0838.2009.01044.x



soblS 9 Ll

Oy duae 3 0 Ol w2 Gals 9 o red S

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Carlson CJ, Booth FW, Gordon SE. Skeletal muscle
myostatin mRNA expression is fiber-type specific and
increases during hindlimb unloading. The American
Journal of Physiology. 1999;277(2 Pt 2):R601-R606.
doi:10.1152/ajpregu.1999.277.2.r601

Jones SW, Hill RJ, Krasney PA, O'Conner B, Peirce N,
Greenhaff PL. Disuse atrophy and exercise rehabilitation
in humans profoundly affects the expression of genes
associated with the regulation of skeletal muscle mass.
FASEB Journal. 2004;18(9):1-27.
doi:10.1096/fj.03-1228fje

Babcock LW, Knoblauch M, Clarke MS. The role of
myostatin and activin receptor IIB in the regulation of
unloading-induced myofiber type-specific skeletal
muscle atrophy. Journal of Applied Physiology.
2015;119(6):633-642.
doi:10.1152/japplphysiol.00762.2014

Khoramshahi S, Kordi Mr, Delfan M, Gaeini A, Safa M.
Effect of five weeks of high-intensity interval training
on the expression of mir-23a and Atrogin-1 in
gastrocnemius muscles of diabetic male rats. Iranian
Journal  of  Endocrinology and  Metabolism.
2017;18(5):361-367. [Persian]

Gharakhanlou R, Madahi M, Azarbayjani MA. The
effect of decreased physical activity on the expression of
muscle atrophy-related genes after resistance, endurance
and combined exercise training. Journal of Sports and
Biomotor Sciences. 2021;13(26):1-11. [Persian]
doi:10.22034/shs.2021.161246

Ozcatal Y, Akat F, Tatar Y, Figicilar H, Serdaroglu B,
Topal Celikkan F, Bastug M. Effects of high-intensity
interval training (HIIT) on skeletal muscle atrophy,
function, and myokine profile in diabetic myopathy.
Cytokine. 2023;169:156279.
doi:10.1016/j.cyt0.2023.156279

Sawyer BJ, Tucker WJ, Bhammar DM, Ryder JR,
Sweazea KL, Gaesser GA. Effects of high-intensity
interval training and moderate-intensity continuous
training on endothelial function and cardiometabolic risk
markers in obese adults. Journal of Applied Physiology.
2016;121(1):279-288.
doi:10.1152/japplphysiol.00024.2016

Malekipooya M. Response of acute incremental aerobic
activity along with electrical stimulation on some
markers of angiogenesis in Isoproterenol induced rats.
EBNESINA. 2024;26(1):28-37.

doi:10.22034/26.1.28

Thomas C, Bishop D, Moore-Morris T, Mercier J.
Effects of high-intensity training on MCT1, MCT4, and
NBC expressions in rat skeletal muscles: influence of
chronic metabolic alkalosis. American Journal of
Physiology. Endocrinology and Metabolism.
2007;293(4):E916-E922.
doi:10.1152/ajpendo0.00164.2007

Zhang BT, Yeung SS, Liu Y, Wang HH, Wan YM, Ling
SK, et al. The effects of low frequency electrical
stimulation on satellite cell activity in rat skeletal muscle
during hindlimb suspension. BMC Cell Biology.
2010;11:1-9. doi:10.1186/1471-2121-11-87
Aghmashe R, Alavi-Naeini A, Mirzaei K, Yekaninejad
M. Relationship between dietary patterns and moderate
frailty syndrome in elderly. Iranian Journal of Nutrition
Sciences and Food Technology. 2017;12(3):19-28.
[Persian]

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Zain al-Dini Raviz F. The effect of detraining and
retraining on the gene expression of ATF4 and P53 in
rat plantaris muscle after hindlimb suspension.
Jundishapur Scientific Medical Journal. 2024;23(4):
[Persian] do0i:10.22118/jsmj.2024.448135.3464
Madahi M, Gharakhanlou R, Kazemi A, Azarbayjani
MA. Effect of reduced physical activity on Murf-1 and
Atrogin-1 gene expression in soleus muscle of wistar
rats following endurance, resistance and combined
training. The Scientific Journal of Rehabilitation
Medicine. 2022;11(2):250-263. [Persian]
doi:10.32598/sjrm.11.2.9

Suetta C, Frandsen U, Mackey AL, Jensen L, Hvid LG,
Bayer ML, et al. Ageing is associated with diminished
muscle re-growth and myogenic precursor cell
expansion early after immobility-induced atrophy in
human skeletal muscle. The Journal of Physiology.
2013;591(15):3789-3804.
doi:10.1113/jphysiol.2013.257121

Lee S, Hong KS, Kim K. Effect of previous strength
training episode and retraining on facilitation of skeletal
muscle hypertrophy and contractile properties after
long-term detraining in rats. Journal of Exercise
Rehabilitation. 2016;12(2):79-82.
doi:10.12965/jer.1632608.304

Campbell EL, Seynnes OR, Bottinelli R, McPhee JS,
Atherton PJ, Jones DA, et al. Skeletal muscle
adaptations to physical inactivity and subsequent
retraining in  young men. Biogerontology.
2013;14(3):247-259. doi:10.1007/s10522-013-9427-6
Theilen NT, Jeremic N, Weber GJ, Tyagi SC. Exercise
preconditioning diminishes skeletal muscle atrophy after
hindlimb suspension in mice. Journal of applied
physiology (Bethesda, Md. : 1985). 2018;125(4):999-
1010. doi:10.1152/japplphysiol.00137.2018

Townson SA, Martinez-Hackert E, Greppi C, Lowden P,
Sako D, Liu J, et al. Specificity and structure of a high
affinity activin receptor-like kinase 1 (ALK1) signaling
complex. The Journal of Biological Chemistry.
2012;287(33):27313-27325.
doi:10.1074/jbc.M112.377960

Lawlor MW, Viola MG, Meng H, Edelstein RV, Liu F,
Yan K, et al. Differential muscle hypertrophy is
associated with satellite cell numbers and Akt pathway
activation following activin type 1B receptor inhibition
in Mtml p.R69C mice. The American Journal of
Pathology. 2014;184(6):1831-1842.
doi:10.1016/j.ajpath.2014.03.003

Ebert SM, Dyle MC, Kunkel SD, Bullard SA, Bongers
KS, Fox DK, et al. Stress-induced skeletal muscle
Gadd45a expression reprograms myonuclei and causes
muscle atrophy. The Journal of Biological Chemistry.
2012;287(33):27290-27301.
d0i:10.1074/jbc.M112.374777

Fox DK, Ebert SM, Bongers KS, Dyle MC, Bullard SA,
Dierdorff JM, et al. p53 and ATF4 mediate distinct and
additive pathways to skeletal muscle atrophy during
limb immobilization. American Journal of Physiology.
Endocrinology and Metabolism. 2014;307(3):E245-
E261. doi:10.1152/ajpendo.00010.2014

Bodine SC, Baehr LM. Skeletal muscle atrophy and the
E3 ubiquitin ligases MuRF1 and MAFbx/atrogin-1.
American Journal of Physiology. Endocrinology and
Metabolism. 2014;307(6):E469-E484.
doi:10.1152/ajpend0.00204.2014

YA



L5 Oloys 9 dlawl cudlags o)l / Lawepl (Sidg fy (sode dolilad

32.

33.

34.

35.

36.

¥

Sandri M, Lin J, Handschin C, Yang W, Arany ZP,
Lecker SH, et al. PGC-1alpha protects skeletal muscle
from atrophy by suppressing FoxO3 action and atrophy-
specific gene transcription. Proceedings of the National
Academy of Sciences of the United States of America.
2006;103(44):16260-16265.
doi:10.1073/pnas.0607795103

MacDonald EM, Andres-Mateos E, Mejias R, Simmers
JL, Mi R, Park JS, et al. Denervation atrophy is
independent from Akt and mTOR activation and is not
rescued by myostatin inhibition. Disease Models &
Mechanisms. 2014;7(4):471-481.
doi:10.1242/dmm.014126

Mittal A, Bhatnagar S, Kumar A, Lach-Trifilieff E,
Wauters S, Li H, et al. The TWEAK-Fn14 system is a
critical regulator of denervation-induced skeletal muscle
atrophy in mice. The Journal of Cell Biology.
2010;188(6):833-849.  doi:10.1083/jch.200909117
Knapp M, Supruniuk E, Gorski J. Myostatin and the
Heart. Biomolecules. 2023;13(12):1777.
doi:10.3390/biom13121777

Schiaffino S, Dyar KA, Ciciliot S, Blaauw B, Sandri M.
Mechanisms regulating skeletal muscle growth and
atrophy. Febs j. 2013;280(17):4294-4314.
doi:10.1111/febs.12253

37.

38.

39.

40.

Wang X, Wei Z, Gu M, Zhu L, Hai C, Di A, et al. Loss
of myostatin alters  mitochondrial  oxidative
phosphorylation, TCA cycle activity, and ATP
production in skeletal muscle. International Journal of
Molecular Sciences. 2022;23(24).
doi:10.3390/ijms232415707

Liu QQ, Xie WQ, Luo YX, Li YD, Huang WH, Wu YX,
Li YS. High intensity interval training: A potential
method for treating sarcopenia. Clinical Interventions in
Aging. 2022;17:857-872.

d0i:10.2147/cia.S366245

Tayebi SM, Siahkouhian M, Keshavarz M, Yousefi M.
The effects of high-intensity interval training on skeletal
muscle morphological changes and denervation gene
expression of aged rats. Montenegrin Journal of Sports
Science and Medicine. 2019;8(2):39-45.
doi:10.30472/ijaep.v8il.347

Cui X, Zhang Y, Wang Z, Yu J, Kong Z, Ruzi¢ L. High-
intensity interval training changes the expression of
muscle RING-finger protein-1 and muscle atrophy F-
box proteins and proteins involved in the mechanistic
target of rapamycin pathway and autophagy in rat
skeletal muscle. Experimental Physiology.
2019;104(10):1505-1517. doi:10.1113/ep087601



