'ﬁ SE P Journal of Sport and Exercise Physiology
\S 2024, 17(3): 91-106

Orginal Article
The effects of elastic band resistance training on serum levels of
growth differentiation factor 11, myostatin, and insulin resistance in
overweight elderly women

Akbar Azamian Jazi*", Elias Abdellah

Department of Sport Sciences, Shahrekord University, Shahrekord, Iran

Abstract

Background and Purpose: Growth differentiation factor 11 (GDF11) and myostatin (growth
differentiation factor 8) are related to most diseases and chronic disorders in elderly population. Even
though these two factors have similar structural and signaling pathways, they can have different functions,
and the available information about their effects on the regeneration of degenerated muscles during old age
is contradictory. GDF11 plays a role in skeletal muscle regeneration, combating aging-induced muscle loss,
and regulating metabolic homeostasis and energy balance. On the other hand, myostatin, mainly secreted
by skeletal muscles, plays a role in inhibiting muscle hypertrophic response (negative regulation of muscle
mass) and modulating metabolic processes. Also, its increased expression is related to obesity and insulin
resistance. Considering the beneficial effect of resistance training on these variables, the present study
aimed to investigate the effect of 12 weeks of elastic band resistance training on the serum levels of growth
differentiation factor 11, myostatin, and insulin resistance in overweight elderly women.

Materials and Methods: Twenty-eight overweight elderly women with an average age of 74.04 + 4.69
years and a body mass index of 28.21 + 3.35 kg/m? were selected based on the inclusion criteria and then
randomly divided into exercise (n = 14) and control (n = 14) groups. Subjects in training group performed
12 weeks of Elastic band resistance training, 3 days per week. Blood samples were taken 24 hours before
the first training session and 48 hours after the last training session; and were analyzed for serum levels of
GDF11, myostatin, insulin, and glucose. All data were analyzed by two-way repeated-measures of ANOVA
and using SPSS version 25 software at a significance level of P<0.05.

Results: After 12 weeks of elastic band resistance training, there were no significant differences in GDF11, BMI,
and WHR variables between the two training and control groups (p>0.05), though, the serum levels of myostatin
(P=0.027), insulin resistance index (P=0.045) and body fat percentage (P=0.023) decreased significantly.

Conclusion: It seems that the decrease in the level of myostatin following elastic band training, which was
associated with a reduction in insulin resistance and body fat percentage, can have a positive effect on the
muscle mass and energy homeostasis of overweight elderly women. Also, in future studies related to
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GDF11, itis necessary to select the type, duration, and intensity of exercise as well as measurement methods
with more scrutiny and accuracy.

Keywords: Elderly, Resistance Training, GDF11, Myostatin, Insulin Resistance

How to cite this article: Azamian Jazi A, Abdellah E. The effects of elastic band resistance training on
serum levels of growth differentiation factor 11, myostatin, and insulin resistance in overweight elderly
women. J Sport Exerc Physiol. 2024;17(3):91-106.

ay



S S l E P SN bl g 5359 (5599 B A Pl
‘\?‘Ar Vo521 gladoio ¥ oylois AV 0598 NF-V

gy Al
N by jrlod Jole oo pm Zobns y SVl GBS b (Jaglio o po5 axin 1Y 3T
039 48L3I glylo wialliw (3 5yl guundl 4y Caogliio g puiliwgao
Al bl 0752 lualis! 5!

Ol 0,8 e )5 508 olRsls o bl pole o laol saSlails « i3 59 pole 05,5

oduse

Ohgd peye SIS g las low jiio b (A 0l pled Jole) pslivgs ¢ (GDF1L) VY i) pled Jole 1 B0 g ddo)
S, 8las ¢ yud ailgr oo Lol eaiyls palie Sl yoly (s e 5 (5 limle slocalis Jole 9o ol asul b as)ls bls )| saualle
39 GDF1L el adlie sarelle b aid, Julow cdlae 5losb bl 15 80,0 sgmge (slaaidl o aily ansls sslice
Syb sl ls i 6550 ol 5 g ilwgi g lwgiags muliild o6 ym 3l (oHU SMae (rndi b abllde ( clSl OMae g5lesl
5 (ODac 8055 shie palaid) i iy nd il Jlee ;0 wed oo 72l SIS OMae lawgs ity a5 olinge o
B & a5 b als (Siren Galgu 4 Ceoglia 5 Bz b T Gl Gl rizen 20 185 (3lagt g sloanld fhass
2 S okS YAVAEYIYO Suy 8098 &les g Jlo Y- FEF/PQ o ko b 59 Ll gl jlo analls (5 YA b gy g Slgo
JRGENVE) SS9 GENVF) 0505 09,5 93 50 (Bolai joboty s g Wid Sl gy 42 399 (slalone olusl 2 g p0 o
YE 30 095 GySdiged Al |zl oy e 09,8 lawgi (aan 12 10 j5, aw) aan VY G 4y SVl 1S geglile oy po3 08,5
(liwgens GDFLL oy zghans .28 5 plowl iy pod ddz 0,31 51 Gy sl TA 555 0 o8 Al it 5 s sl
e slos pSoslail b ad bogs slygil yge3T b lassls (g )bl Judos .o (6 uSojluil alfiulej] piine slocaS b 553l 5 pgund]
8,5 bl paogy 5l 5eS (g lolse mhaw 10 9 YO 450 SPSS jl38le 5 5l ool b o

BMI (GDF11 sla st j0 (5 loline glis J 568 g (3 505 05,5 59 (o oSVl S L Slaglie oy yod alan VY 5 ey sl
3 Qo0 g (P='/'\°(b) ‘)J}u.ul LY w5LM ua}L.u ‘(P='/'YV) U’”L“')H S CB.‘Q.\» Lol ‘(P>'/'(b) 2 odwlie WHR 9
<l alS g ylolixe jeboas (P=+/- YY) L:bb_ioyojl O

Ol & Canglie (S o St A8 b gl (505 438 VY ] g (liogcn b 1S 2900 a5 16 peS doe
Oi9 a8lal lyls lasadle )by (5551 sLwsiogn 5 (SDlac bog5 5 Sio ).ULV Slg o gy ol yos b S3g03] s oy doyd g
lg Lsfjo)‘u\.:‘ LSLQU"ﬁ) ]o.r 9 u.ofo.o (IR W 9 Ol ‘5_9; b el rﬁ)y GDF11 L Mlj ‘55“— LsLhuMb?)J 90 D ML asls

gl s Ceoglie ¢ yuiliwgae GDFLL ¢ toglin ' pod «gaialls 1 gaudS slaojlg

ady pled Jole co ol SVl iSTL gl (py pod dan VY )...,L, lTdlaie d g3z holacl :dllio ol a4 Sbowwl ogxi
N B ANNVATY L Sos Cllad g (0359 (5809508 A 385 . y55 a8l (gl ls aiadlus ()65 5o (gl 4y Canglie g puibiwgae o))

azamian-a@sKu.ac.ir : Jytewe soiwsg asbll,”

VEX O i il VEXT EIY e il b VEYYIYY ccdl o 4,6

ay


https://orcid.org/0000-0003-3672-4927
https://orcid.org/0009-0000-2985-696X

dlae 98> QL:.oJa‘.cl

Oelgmdl & Coaglio g uiliwgie A) 0l led Jole p (Jleglie (e il

L Jelse cnl 1y eadls andls (goby (33,0 Wil oo
St sialls )93 Gaje b lon i

A0) asyls
alox 3l g dl o3lwsl 9 (6 oedass 0 GDF11
ol wls g o)l ai SISl odlas g5kl
ol b 5 oolf ISl odlas s gloaisS s>
Ginis b ablis ,o GDFIL .(0Y¥-11) ail azsls
3,10 A 5 bl 3o G R385 GO0 (SDlae
Soae |y S350 3958 Sumdy Wi oo uizeen (V)
AOT) aos Rl o sl hge )01, 559,98 9 wdsn
Oy ails a5 b aseie Lo bse (55, (ko o
sty yee Jsb i sl GDFIL
3550 oS ol o geBl (VY) 9,5 solail
giogn  aeban o Lii5 GDF11

000wl asls 65,50 Jolw g (gilwgid g

T

09 8l 9e GDFLL 5,5 cg9090 ol ol
Soete W bge )3 1) 95 jliwgiess 5 oud

A Conl saciso
OMac lawg i o5 el gl uilivgs
b ke 09 (V) vpdioe iy (S
ol 2 ogBl (F) o)l ik (GMae Sedg s e
(V) oS o Jows o2 1) silugisgn sloasl,s
w2y Ouligee (5 50 O b (Sek) S
7 B9 ISy Dlas sy pSete
slags, ol b peiliwgre YL zshw (V) 058 o0
aibe gaiells ol SMae Jdsw 5l Lab
209 (V) 9o (Soaan (055 Lo g (uSBS
4 Swglie 5 Sl b Guilbivgee ol (Il
5 e jhge 4o QT Biz> g () el atusly (yud g
PR SeolisS nox g WS o0 ST el S
S5 0 Gl gl 4y Cunglite bl crge ol S g

Sl olBl s olinge cble osea (YY)

4

doddlo

Gy ol Cumex anld mlBl 4 4 b
5 L lem Oloys 5 S5 lp ane slos S,
Sl D9 iy Sl Gl e 4 Al SYDS
L e auile ol By oilosh cud,l cusls
Jdods gogam U s ial38l b uls oSl odlac
2 Pl LG | ook o b sl rals
() by 22 ook sl sho slaguly ool
ole) piliwges 5 "(GDFI1) VY ws, pled ule
Ly oS o o, Jele glael 51 TA wl) ples
&bl glacalis 92 b oS wiius T(TGF-B)
g oM Wilgiee lie Sloyply lopas 4
sadl ax 31 (V) asl asl gylate o,Sles
» owlbiwges g GDF1L &l 5b 5L, oasli
313 3929 gaielles (b aid) Julos wMae o5l
slanlp o 1) ol e 5k o Saegs Ll (1)
(B F ) w8 azgi 50 5y 5 T3l
e pelais) (e (B9 ped Hles )d eiliwge
(V=5 X) Gyedgml 4 Cangliio 5 Bl ((Edhie 5543
(Sl SMae (65l sy pukis o GDFLL
S g Biep «Sre B9 Cumdy den
oy 5o OFNY) ol ral slisgiess
B oy 4 (VA lSan 5 Sli95 ol by
2 SIS L Seglie (el alis Cola
o L aSl paaz 0 (V) sl ulinges
h Oelivgee oo bopol> glamaalV ey
S5 0Ll qules S Sl anly i plaiea
cowilimgee blite Yol 5 4y 4 g5 L oS ol
slsl 13) K085 1 Cyedamadl 4 Canglie g GDFI1
Slegiesh bl 55 (milnee O & i
) ke des 52 2 (o559 Aslae ;8B L gl
SlrdS oy (J 2 4 w235 o0 i p b
5,9 Alae alex 51 g calisee S 1 byl



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

Sl 55 L glie el by
5 ilioges ODFLL opu clile  lazin)Y
s azalle o) 5o odgmil 4 Caoglie el
831ae LT a5 05 ol Lo g o cpass 5 45L3
r slane U Slge Gegn ol o859
b sl & Caoglie 5 wliwses GDFLL

¢ b ol azsls sonale

ORIF P9
WLl el nl gk glbaiges
Sl aes o IR.SSRC.REC.1397.008
3Ly Sl pele 5 SN S oiagn
el;hls cole ;s IRCT20190305042941N1
T Sl Gegh (nl el ove; od 4
Sl J5sS g rpes slaeg S Gl (opiaes
S L (Seglie (pyped atie AT SIST o)
Bas land> o Taml o5 solatul wiedle ob;
slr o) &igs slaslas 5 T szl (o (s
ad> ol Sl e A s BasS s
S i sl S debeols, Clbgls sla Soge;l
Oliadsl (BouS S b 4 .050 5 Lasl |y gy 4o
Sbe ._\_m|9_> Laaxa LQQ] 89,8 soosls a5 o oolo
3 amlgy go il ails bles aS Sley o 50
g Bpaie akgh 0SS, Aol
35 o diedles ol (3 YO gl yo e eS
ool S Wsg (KSue,8) 0,5 pd lacedle
sl @Il (370 G 5l gl 4 9959 ey lore
05; 9o o gota.: S Hgody DM g K] ul.?t...s‘
D (3l GEY) (s 5 G5 VA) S
25k 5 S 09,5 Sl A A Giaah sl b
ol yo &S Wad g)ls Ghagh 5l S 055

Sly 09,5 ;o 50 odile Bl Soge;l VF slacsls

0

Loy ol piig 2¥ ol 81 L anslie jo (0l jps
3 (et (Srad 5 elgmndl &) Coogliio a5 L
Solas b g Gilinsie b ol 555 (1)
Bl b ojs adlal gyl (YL 5 50 Vb gl &
(YY) conl ol yorr

a5 Cawl (e s Su5els5ed S e (SB35 Colled
sla)lon Oloys (G2 9 i ln Y Eod b
) )la 1y (S8 5 (rw Gl & dsly (e
S b b taglin 1y yo3 51 o3liial dign ol o
Shas a8 (555 Hebay Wlg oo latell o
Colizal (P YA XF) opdyiillan] (YF-YR)
— B8 Solel (YY) ¥ ¥O) Jobas (YY) Dac
oby (V) o Sas S gou] 5 (YA) (oS
oM 5 S o0 Laas (gl AT Sy Seups | dielle
Sloeiie & axgi b pozes ool e sl Ll
Jelse Oler p s Gaglia oyed ol gy
g5 ol el p sl (FY ) asl asls 5b s,
5 33T sladiiy b (oglia o5y L duslie ) (5 503
Py 5 (6 pSaiiz jsbas (giluisy laelliws
L Geglie (pyed nlply Conl jabyods (5,8 4
ey ol (B Wl plgiedy Sz A5
REPWELY

el Dl o eiliegee MBS 4 axg L
G SR Sk Sl () GMas Sdg e
ol 5l eab SMae (aeai b alilas )0 GDF11
Ly SRaSy A st 99 (nl gl )0 a5 (VF) oy
WS go Capis OMlae o Ses S5 9 5Ll o
Colie b 5 g cenle] (oSe p Dl i pspio
5 Sl b olisee ol (Rl (SKaer
2 ol Slss o) dA) gl 4 Canglie
9 9950 oS Bl s Gosre wly cesh
asye die) (ml o 1) gl Gloadl Wlg

5B yp s ol ol Bas oalply S



dlae 98> QL:.oJa‘.cl

Oelgmdl & Coaglio g uiliwgie A) 0l led Jole p (Jleglie (e il

42,35 Vo Jold a5 09 4230 B0 (o yoi dud> y2 40
SVl S (Saglie (o ped abB0 e 50,5 0,5
by al oo 50,5 Oy 4B B & (Coled 0 g
sloog,S sl SVl (25 L geglie (o3
bl o cuiy Al (oS gl Jola Lol SMac
5 i g s b Sy S pgons 5 03 00 >k
Sgr 00l i aalin (nyed 850 (Sb sl IS
e LY. oy o colmwl Jolgs (Y Jgax)
BB b bug > Sl Sl S priges
a5 Gl 5 8T o plxl A4Sl oz b oas
69y ST jles b axedla e YLS )5 10 o)lgen
JSX T TJN CON | VIR VRN S VI DY B 00) B 9% PR CS
55 Sloy glaaials tagsy ol slagoses!
oLl & jsods o Bl Camsg 4 ag L DS >
Sl 0 0al 18,8 las s adBo g0 UG g0
S ol Anls (o nped Al e 50 (2359
L el Sud g o 5 5 95 o0 planl o gioges]
8l oo il B g yusa b adlsl Lol cole, Gus
Sl 1y Caglin (o yieS a5 S50, 5 b 5ol (YO)
L:o‘53.>9.oﬂ C8 iy olol 55 o yias 5 ol colaiul
WILBLS (6 i Ceaglite a5 (un LSS, b (oS
S8 52 9 el D5 0551 (sl by el
Byl oolaiwl Syer wliae 51 L85, dslow
(Couw (g0g0> L) VY dgam j0 cad S 0 o
);‘QQLD.A ~.\.’Lv )‘ ool wl l.: u.a).o.) A cMGA b)j—‘).g
SIS S 51wl iy e il
Joz 1) o ail ) Cooglae ol Wogud H0l8
e SO 6y ot Wb les 51 colatul s

Y0 XYF) coly o aslol LA

a5

JRles b diges g cd) e )kl Julos
L g pom> JBla> .o 0,41, G*Power 3.1.9.2
B3l bl 2 9 585 VY iy Sla gy 4 4z g5
sl A Gls g 00 Sl mlaw /Y
RV

GRB95 4 39)5 sl )lxe

Ao S0 o o5 8Ll LIS e o5 .
¢ Jlw
PO S S S S0
1035 olo (EL )3 (geglie 5 (o559 slacllad
shilys b i slagslo Al (il ‘
S g |y (859 Dl pe )0 S b a5

Sk 5l e slaylns

Sl Mt b o] W5 555 *
g 7y ,0 b Soge;] S i Aelol mile 45T Dlac
oleys 4 ks o5 (Sap lld €8 e ‘
19,0 5l gl el wlg g aib atils polas

seglie Gyl il adz 50 5l e cd
S b (Fraglie (o yo5 dalp i mdo 12l (9
TheraBand, The Hygenic Corporation, ) eVl
Ol pleaal) o Jlai o> «(Akron, OH, USA
Sia¥l gloasly 5l oslizal g, 25 alool o e
05,5 sl gogeil 4 o5y Aslas LTSI iy
Sl yed gemo )b szl s 0d 0ols sl o pes
Sl Jolsd ko 5l g Sl yei (B Zale)
Sl dlad 7S 09,5 o hlide jo 0l JyuS cdsay
bis pol> (259 miy @2 O9n | 995 Joene
szl p @de o)lla g JyuS s sl oS
Lwd 93 & (el 09)5 by S e
bl 2 G2 ped P9,y WA e 0,85088 (09)5)
S @Sl I ssein; 5 et Giegh
b aw Sl yes (YO XF) o Shb 3559

! ley e .8 )8 alonil aan VY o a0 g alin



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

S S b (Soglio () pod (095 ) J9ua

S 55k Sl 555
lacug b)) S5 ol <! s 4 255 laazin
Y-\ VoA X )
Y-y VoA X Y
Yoy ‘Y- X ¥
Y \Y-) . X -
Y YeoA X I
Y 1Y-) X 4
Y Ve-A X v
v Y- X A
Y VoA X q
Y \Y-) X \.
Y VoA X N
Y yY-) - X Y

Ot e I8 S Al Comdy 40 g ol
Slodls) ;o 5 oz Ll o ind 55y il aaigas
2 @bl )58 0 b ad asy, el
R e W R
oolitl b 505l 195 (sladined b olen Laaigas
oy g wad Ghleil by oS
5 oolitul b 1Yl by, 4 GHFLL 4 pslivges
EASTBIOPHORMA & ,5 alKasle)l slacs
o Ng/Ml Y+ b qus yiomiw 83g05xe b ,USA/CHINA
bogaze b g puiliwsas sl NG/MI < /YY ol
ng/L O/YF sl g NO/L Yore B Ve o
@ Sl oy zsbaw O (5 503l GDFLL (gl
555 a8 3l oslizal U 5 (5 m IS - ouil g,
gl cdale g moldl O ol b yge5lm)k
MONOBIND, ) sl oS U 1V (39, b p e
A5 6 yeSesll pUmML < /Y8 celes L (USA
Silgiesn (2Ll gy b elgmdl 4 Cueglie
(fasting glucose dslee wlwl 5 3 (HOMA- IR)
4wl [Mg/dl] x fasting insulin [pU/mL])/405

v

Sl 1S 5l eolazal = X
a6 A LY ooy o ol ] Jolgd -
4l 0-Y oS > 2 bl ey -

Candg o bagogei] W8 ARAb)T b,
(039 Oezeed b (6 S0l (ST (e g ool
O )90 4 5eS 593 Connd (BMID) Sy 8595 Lo
om s i agiosesl o oz 2oy 5 (WHR)
S R w7 Sebe cpSeill boalla
o3liinl b 5 55 dhewsss (o) 5 0 pol> 398 <)
(V7)) 0d dralone pj slage 2 5|
Body density = 1.0994921 - 0.0009929 (sum of
three skinfolds) + 0.0000023 (sum of three
skinfolds)2 - 0.0001392 (age)
Body fat percentage = (495/Body Density) - 450
o 9 oo e Ssle b gl s S 09> sl
Qs pol> olfiule;] o ailis sl celw VY
59y Mz Opeiloter Ape 4 ally slaio
Ao o lag Solul 5 (o855 Alslae LTSI iy
Pl iyl (3251 51 g el TA (505 g
Slp Aol suis glans 9> slodiges 28,5
Glaaises ol i olisle;l 4 gam Sldes plal

A ER ‘La‘_;soyoﬂ ez Cews Sals 5l 9>



dlose 5 32 Hhokiel

Oelgmdl & Coaglio g uiliwgie A) 0l led Jole p (Jleglie (e il

oud &L Y Jgoz 55 9e3lim 5 090510t Al e
Y£)=+ [VEVP= «[SOY) GDFLL o jes ghans o
5 (FO\ ¢ Y&)=+/AYOP= -IYOA) BMI «(F(\ 4
WY 5l e (FQ g YA)=-YYYP= -/5F)) WHR
ok Lol ool o loline oS oglie (g po aZi
(FO 5 YO=BFOFP= /YY) Cpilisgms ooy
SYFIFIFEY P </ $0) gl 4 Cnglio oL
P=/o¥Y) o boge;l o oyx doys g (F(
il malS bl jsbay (FO\ 5 Y$)=0/AFA.
Vsl fogai 10 Cpilivsses § GDFLL zolaws &l i

el odnlice LB Y

(YY) o
wrr Slp Shagmls oseil 5l iglel Sl
L ad)bgs lygil (o3l 5l g Wools meh (NisSz
ol dwlie @ly % gl pSell
fglio (gl (98t sk 39051 3l 50 9 (29,5
Sl v o Wosls ol colatwl 29,5 55,0
NBley b bosls Julog ool (s #0051 S

28,5 pll (YO dseus) SPSS

09031 9 09031 Gl Ao yo 50 SiBgR (Glb ko g (oges GBS 33T Jgux

S eg S e 098 & S ojlail dl> e e
YEIVA £ Y/AS YY/YQ £ 0/Ff - (Jlo) cm
AIARYA g A dA I VOV/YA £ F/va - cm) a3
FEIAS £ Q/PY FYIVY £ AIYS RIS

] K9) ¢33
£O/0+ £ AYA £YIYA £ AIYA 9395 ome
YAIBA £ ¥IYY YYIAY £ Y/§8 08931 Obes
i BMI (kg/m?)
YAMAA £ ¥/YA YVIVE £ ¥/EA o925l
<AV £ /¥ WAV ZERIRY O35l e
» WHR
LY RYi¥4 AV YA RYSSI
YEIYS £ Y/FA Y£l-0 + /48 0903l G
i ON 7 Sy
YEIVY £ VISF ARIARIERVLCY oseilom
A%/0 £ A/DY aY/¥\ £ VIFE 0903l Gl
) Glucose (mg/dl)
O/NA £ V-V ISVARE 2754 5925l
FIYA £ +IAF ¥/ £ - 0f RS
) Insulin (mg/dl)
FIYE £ - JOY Yo £ /5. 505l
“/AY £ oYY NNV RS
] HOMA-IR
<AV E Y SIVY £ N o951
YASIVE £ £8IVF Y-Y/e) £ YVAY 903l G
i GDF11 (ng/L)
IO £ B9/-4 YYY/$8 £ VA/FY O9oilom
AGE VA8 VIEY £ VY 903l G
ng/mly p5bawgee
VOO £ -IYY VIYEY £ /Yy Oo9e3lm

el o &l o lasbiwl Bzl £ Sk & jg0as osls

gl 4 Ciaglie (als HOMA-IR ¢uls 550 4 jaS 550 s WHR ¢y 8545 a3l BMI



Y O)Lo...':: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

450
[ ]
[ A A A
400 i B
Y °
AlA
3504 E 2
:300- oo
e ole
(=)
(O] 2504 ole [} A
o0 [ ] A
(] 7
[ ¥ ] A
2001 : S A
F=0.247, p=0.625
[ 1
150- p=0.170 p=0.259
Pre Post Pre Post
JAS 0 £ Ol 09 £
] 8 yiliw] B il Suies (yLis Uas Ao s Suiw¥ ! (iS5 b oglio (2 pod 4% VY 51 s GDFIT ggan &l o ) S
2.2-
° A
2.0 °
° [ ] A
[ N
1.8 A
£ 16 .
£
£ 1.4
s ALla
3
> ] A Alp A
212 é ot
. Ala
1.0 . - i
F=5.456, p=0.027
T |
0.8- p=0.492 p=0.023
W6 Pre Post Pre Post
' JAis ey £ Cui 09 K

el & jluiliw! B poil susws L Uas Al (Sl S b Sioglio oy pod axad 1Y 31 oy oo bwguo Zglams Ol oy .Y SO0

355 ,lolise GDF11 Folaw &l s Lol c2dly ials

s 00,5l () Sl i 85050 Lo (558 5
a5 W 4zl ool 4 (Y2VV) L SKee 5 &gl
wan bl e aiedls loye o GDF11 #glau
(Al &5 ggazme 10 )L G 59, i ) HIT alzlos
Sdoh 0 mizmes (V) bl (g lolisee s
o gl A9 LSen 5 pade siedye

a9

S5 Azl g Sy
Cnyed &by S )—-'l-' sy Do b ol magh
oy Sl glazan VY SVl 25 L taglie
0b5 9 oedsmd! & Cuglie g (pslivgee GDF1L
o Tohe @ sba 85 el andle
20N g7 Mo g gl 4 Coaglie (piliwgae
&bolise jobas S 09,5 A Cand (0 09,5



dlae 98> QL:.oJa‘.cl

Oelgmdl & Coaglio g uiliwgie A) 0l led Jole p (Jleglie (e il

5 Sde (£ 50 Dol wld b pSoslul sl g,
ansl aallS b @l ) e oyl s
9 FE Sl slgiagy cwl oY cnlple
25 plosl e cal 5o (6 o

oS 095 ilimgee ooy gl (hghy nl o
S il g lolise rals JuS 09,5 b awslie o
ade ko Sl e (VoY) o San 5 6,80 iyl
olg sbs Sty )l welles (s 0 )3 (5l5e (el
ooglin (i yod alde i 3l s (Yo VA) o) 4
OLhlSer 5 (5,8L 5 walle (U yo SeYl 25T L
255 (Seglie (el dihe St Sl e (V019)
Oiliwsee zoba Jlusloe ploye jo 4l 5 YL
2l b Ll mls a5 ol als ol jsbay
5 Dol g )0 bl Cegann ol ey
il sy 5 opmiligme il (Y-1Y) o Sen
el g olins yeis HIT &-los azio it 51 g
Ol g o)l Splie pol> Ghagh L as (V)
Slade ol S 5 o yed S Jsb a5 il e
5l S ilpea il (ad &5 ggame 1) (yed
D92 595 % Sy Sl tRg 9 Lo Shagh

9579 (2o 3l oy Geliawges oS (Lol 155500
&y 15 el FOXO (pasis, wodlib jlgo ol
Sy oyeilises s FOXO AKE AGF-1 oy  Sacrad
SHhas ab) 6,85k jleanse; 5 gl g5l
Ol &S Do nl il (8555 Ol el sl
S sdise e IGF-1 Slojely (alidl 4 (04559
Jelse cont Jlab AKE S o Jlad |, AKE e
5 WS e Jdne 5 abiud | FOXO  punss)
Mo s g ) aed S o] 05 oo g0
ool ) eiliwgee by FOXO  pungiy, collad
SBoF e 5 Hhas 2D, Gl carge a5 was e
g3k (FY=FF) 008 0 (o055 el & by o
T 5 €omlinsee sorlaiiogs &l 5 e

S L eglie pped 4ds VY 5l L GDFILL
i gbliae o aiedle Glo e o S
ol 3aioS @l b 550 iy 99 @mls a5 (YA)
S0 e 10 GDF1L ol )50 B,k 51 by Slgsen
o (V2T e g oLSg5L Jimgs 5o anello
t g0 8es Goyed g g0 ,8es G yed atie A
5 AL Gegn 50 o9 09> Oy Cadgew
5 Gilge (el atin i Sl ey (VY1) (], Sea
a5kt (Groglie 5 (53ls0) Sl ped 5 1 Sl o
Shogh @l b as (M1 8) il el s ol

D9 gl pol>
oelats ;5 GDFLTL aS ol (yLi gy &badeny oo
oo slaglen 5 (Sl odae gLl 5 s
el wls g g o)l b gamedle g
ol ol o ol Sl S5l s (gloaiiS sz
aazgd boepl a8l (V0 AY-VY) wal axsls
slrodi 5 4 S sle Sy lsicas GDFI1 oSy
s Sybie Jte Sl Aie Il g5 5
alas o 1) Guiliwgee alie Sloyely by
1345 e oS (FY-F0) WS o b Sl
seglin (03 8l o (riliage alie (6 s
i o5 05 JE p2le Giagy SVl 55
5 bl gmge ladls Jlozsl e 54,0 s
o S5l 4z /ST 45 wakies (Y-1V) o, Ken
odd axll  g9>4 GDFIL Jolu 2o JUKew

2ol G s alie oLty bl el
Ll Bosde 4 0,08 849 (Sm A diasly YL
ol as el el o adls pul Jlesxl LYo 51 S
455 GDFLL olewdly b (oo j zshaw @ o gy
s 4wl 93 sladiged (Bilon sl by, 9 Wl
gl Gl carge Wlgi oo aF 298 e LS
L) @ls s ;0 9 998 prm b Lowdly ,» GDFI1



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

9 93l (Bl b sl ol s (60 e paxie
Orzed S5l ee Cude mrlal ufsadl 4y Caaslie
@z 8L ol 5 3 )b 5| sl nl 45 28008 oS
Ssbml e 5l (S6 Gl gl 4y Cooglie b (gl
Jgrne il Sl dlae 13 Jelse culple 09l
p3Y a8 wdl (Bl ) B0 eilimsie Cotte pelass
sl iegh geoge Gl gbode dney 0wl

(D) 0,5 ploxil (g i
ON O)3 5 S 8955 el aSLl b ey cnl 5o

ON oz ey bl iy gyleloe Ol s

OS L sweglan (pyed wan VY 5l e o Soge;]
ool ilingee pdaw (malS b Lol jen G
OHSen g olszylbog gl bl 4 cuils (g ,lolize
Olyee 55500 gl ;0 .S so ..\._,L, I, (Y-\A)
055 slagsseil (n xSy el
s ke Cid 3l s ]S 09,8 Ay e Al
soba welle by Sl 15T L ceglie
L b slosoge;l (F) 0y aily zals (s, lobas
sog0we 40 Loy SN bg3 sl g wisgs sl asil
bl T oy doys Ll wcasls )3 5 adlsl
2o VY 5l e a5 (Go)0 Y 0g0s) ailils oo
Ol a8l rals (g loline jabay 35,9 Alslows
32 oleges mhe el Glgiee gy 0L
ez Soy Hblas S 4 1) bl ragh
Bi> (fgog0 () A.,..:L 5o ol s Lmsiosn}]
GRIPl cge (piliuge 0 50 G b (S
Lol 0als o)z 8095 malS g Dlac bog Kot
b5 Gl oS b el R jles
b 3 G5 Srae Gl 4 Wlgiee ilivgee
@ as A S Sl dlae g 5T 51 6 S5l
(V) d9don ymie gl 2y jlugiSgm l
N 7 899 RalS 638 Bl il el 558

059 O gy e (SHlas sog Lad> e jo

g Hebay uiliwgee @ ki ol wlel ol
Tl a0l Al Syl pisy lsie
5 aby Syme Jelse el ol a5 0gi e
S e a b o 65y dame ghyaslin
orzea (00) wedee S ) Sy e
e Gl 5l e 0,55 5L dal> G o (rilivgs
P ol o5 ole smad-7 - Sle,ely
oS el 53 Lls e e alS Slac sla sl
Oilimgae 045 Glo a5 Sdlae o, Jelse g5lwl;]
GHhae 8395 g (pyed Do b WIS (oo 095

(Y wilaly codled o 1.5 0
ot Biges] Gyl @ Cuaglin ol ey o
els SVl (25T L geglie (pye5 atan VY
ol ot ilivgee ghaw (2alS L as coils (g lolins
b eibiogee b GRlB a5 023,85 o)LAl iy o
2 A Sl Swsn (gl 4 Cglie 5 (Sl
aS ol Hlas (Yo ) +) o, g Jod dio) o
Ol lowdly oo o8 5 (Dl Hilisges glaw o8
ol i 31 m adyml @ pslie Jledlio cfoye 5o
03Pl g Mhos 1Al Lagie Lab b (s5lge (e
Oriliwge mhaw (i (698 (Kiwod 3925 (!
smly Baimolid dgad] 4 Connlus 5 Lol
ool 53 LS oyl el o M) el Jslas 5 e
Oeilimgee Gl &5 2800 Lo cnl 5l iy &
eS| Canglite 4y 4350 s S Ledly 5 (s
ol o LH(FA) el Sas codled pae U sl 4
Ol 500 352y S5z (dhate GuSgoll o i
Alep g ide oo (50,5 50 Geiliusses Ghaljil 4l
(ol 4255 53 wnl 2 9l Sl (rdgndl 4 Caaglie
Ot |y Geilimgee Ol Oliee (Ol cdled mla
W) ol G3lugcd g o] Lgb Il g 0 o
Ol «(Vo V) (3,155 o ine bl ecnl 2 00538
by ISl lae obieg.  MRNA



dlae 98> QL:.oJa‘.cl

Oelgmdl & Coaglio g uiliwgie A) 0l led Jole p (Jleglie (e il

Sy ool proe QWS g 085 0d K s
oty sl ailogos

‘5JLo o lo>
Ayl el )5 Abnbl Jels meeh ol

VIRV BN VSN L X S S N NEOE
Ses JLS olKails cpl Suil wiz e Jb coles

’i’"‘l)b ‘)

D& g mls Julow dyzl (b 0 sarin g g0 50
aals o L allie

&b (p,la
OB o g (i (8l olaS S hegh (pl )0

S8 09>

Lb o & 93‘5:.
! Growth differentiation factor 11
2 Myostatin (Growth differentiation factor 8)
3 Transforming growth factor beta (TGF-B)
4 Regenerative processes

P

1. Driss LB, Lian J, Walker RG, Howard JA,

Thompson TB, Rubin LL, et al. GDF11 and

aging biology - controversies resolved and

pending. J Cardiovasc Aging. 2023;3(4).
https://doi.org/10.20517/jca.2023.23.

2. Walker RG, Poggioli T, Katsimpardi L,
Buchanan SM, Oh J, Wattrus S, et al.
Biochemistry and Biology of GDF11 and
Myostatin: Similarities, Differences, and
Questions for Future Investigation. Circ Res.
2016;118(7):1125-41; discussion 42,
https://doi.org/10.1161/circresaha.116.3083
91.

(V) 99,000 Jledis 3l b 059 a8L) shyls ol 31 (sl
Aol wlosle ragh onl lacasgacte (o e
Rl bl gy (S Ghaghy ool )0 diged o> 4z 51
Condad bl a5 il o0gs S5 (BB 83ll 4
B peni oo S sladeses 4 1) adl, YL
sloog,S b T slatagly 95d o arosi 5500l
2 A GRS Cadgize VS el 555
5 GDF1L gshs b3yl sl ooy slocs ool
I N T
Lol easS' oo wal 3 1) (S5 slo ,S0LES ol (oo e e
el il o 1) bl colld o5 jsbay sl
00,5 Ll plply iS5 uSate alie asle
oots] o im0 il e (slagg eSojlus
5 GDFLL cllé I iael> bl wlsiee
Fol g wnl 0933l Y e &) iliasee
Gy b5 oll glazin VY ASlas 5y Sy 0
zobw 5o sadoaslie Ol L Sl s
4 dialy lodgy (eizmed g (uiliwgee g GDFLL
L Wed oo L ploj Job o (Dlas &0 5 005

el 5l s pose Vb slaiagh 4 s
O Seglie Gayped atie VY @M b
Obmsas s (5 30 ysbots ;oo iyl S
el 1) (ae ald; e baiSedas plgiea
Gl b ilings o (2815 (ies a3 s
o goseil o oz 2oy 5 el 4 Cuaglie
2l itte ol Blite 30 GLsS Wl 4 30 ol e
& aly ST slagiags 53 Daizmen il SS,
e 9 e DAl g Dde (g5 U el o3Y GDF11
SBEl (6 i 83 g (o b s Sl sl

Dgl

@‘0)&5 S

oledls S pnie ool dlbues ) Ken



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

Fan X, Gaur U, Sun L, Yang D, Yang M. The
Growth Differentiation Factor 11 (GDF11)
and Myostatin (MSTN) in tissue specific
aging. Mech Ageing Dev. 2017;164:108-12.
https://doi.org/10.1016/j.mad.2017.04.009.

Lian J, Walker RG, D'Amico A, Vujic A,
Mills MJ, Messemer KA, et al. Functional
substitutions of amino acids that differ
between GDF11 and GDF8 impact skeletal
development and skeletal muscle. Life Sci
Alliance. 2023;6(3).
https://doi.org/10.26508/1sa.202201662.

Wilhelmsen A, Stephens FB, Bennett AJ,
Karagounis LG, Jones SW, Tsintzas K.
Skeletal myostatin -~ mMRNA
expression is upregulated in aged human
adults with excess adiposity but is not
associated with insulin resistance and
ageing. Geroscience. 2024;46(2):2033-49.
https://doi.org/10.1007/s11357-023-00956-
6.

muscle

Bagheri R, Moghadam BH, Church DD,
Tinsley GM, Eskandari M, Moghadam BH,
et al. The effects of concurrent training order
on body composition and serum
concentrations of follistatin, myostatin and
GDF11 in sarcopenic elderly men. Exp
Gerontol. 2020;133:110869.
https://doi.org/10.1016/j.exger.2020.110869

Takao N, Kurose S, Miyauchi T, Onishi K,
Tamanoi A, Tsuyuguchi R, et al. The
relationship between changes in serum
myostatin and adiponectin levels in patients
with obesity undergoing a weight loss
program. BMC Endocr Disord.
2021;21(1):147.
https://doi.org/10.1186/s12902-021-00808-
4.

10.

11.

12.

13.

Hittel DS, Axelson M, Sarna N, Shearer J,
Huffman KM, Kraus WE. Myostatin
decreases with aerobic exercise and
associates with insulin resistance. Med Sci
Sports Exerc 2010;42(11):2023-9.
https://doi.org/10.1249/MSS.0b013e3181e0
b9a8.

Yang M, Liu C, Jiang N, Liu Y, Luo S, Li C,
et al. Myostatin: a potential therapeutic
target for metabolic syndrome. Front
Endocrinol (Lausanne). 2023;14:1181913.
https://doi.org/10.3389/fend0.2023.1181913

Vatankhah-khozani S, Haghshenas R,
Faramarzi M. The Effect of 8 Weeks of
Elastic Band Resistance Training on Serum
Myostatin and Body Composition in Elderly
Women. Journal of Sport Biosciences.
2018;10(3):347-58.
https://doi.org/10.22059/jsbh.2018.261987.1
296.

Egerman MA, Cadena SM, Gilbert JA,
Meyer A, Nelson HN, Swalley SE, et al.
GDF11 Increases with Age and Inhibits
Skeletal Muscle Regeneration. Cell Metab.
2015;22(1):164-74.

https://doi.org/10.1016/j.cmet.2015.05.010.

Egerman MA, Glass DJ. The role of GDF11
in aging and skeletal muscle, cardiac and
bone homeostasis. Crit Rev Biochem Mol
Biol. 2019;54(2):174-83.
https://doi.org/10.1080/10409238.2019.161
0722.

Katsimpardi L, Litterman NK, Schein PA,
Miller CM, Loffredo FS, Wojtkiewicz GR,
et al. Vascular and neurogenic rejuvenation
of the aging mouse brain by young systemic
factors. Science. 2014;344(6184):630-4.
https://doi.org/10.1126/science.1251141.


https://doi.org/10.1016/j.mad.2017.04.009

dlae 98> ‘_')L:.o.!a‘.cl

Oelgmdl & Coaglio g uiliwgie A) 0l led Jole p (Jleglie (e il

14.

15.

16.

17.

18.

19.

Lu B, Zhong J, Pan J, Yuan X, Ren M, Jiang
L, et al. GDF11 gene transfer prevents high
fat diet-induced obesity and improves
metabolic homeostasis in obese and STZ-
induced diabetic mice. J Transl Med.
2019;17(1):422.
https://doi.org/10.1186/s12967-019-02166-
1.

Schafer MJ, Atkinson EJ, Vanderboom PM,
Kotajarvi B, White TA, Moore MM, et al.
Quantification of GDF11 and Myostatin in
Human Aging and Cardiovascular Disease.
Cell Metab. 2016;23(6):1207-15.
https://doi.org/10.1016/j.cmet.2016.05.023.

Elliott BT, Herbert P, Sculthorpe N, Grace
FM, Stratton D, Hayes LD. Lifelong
exercise, but not short-term high-intensity
interval training, increases GDF11, a marker
of aging: a preliminary
investigation. Physiol Rep. 2017;5(13).
https://doi.org/10.14814/phy2.13343.

successful

Zhou Y, Jiang Z, Harris EC, Reeves J, Chen
X, Pazdro R. Circulating Concentrations of
Growth Differentiation Factor 11 Are
Heritable and Correlate With Life Span. J
Gerontol A Biol Sci Med Sci.
2016;71(12):1560-3.
https://doi.org/10.1093/gerona/glv308.

Walker RG, Barrandon O, Poggioli T,
Dagdeviren S, Carroll SH, Mills MJ, et al.
Exogenous GDF11, but not GDF8, reduces
body weight and improves glucose
homeostasis  in Sci Rep.
2020;10(1):4561.
https://doi.org/10.1038/s41598-020-61443-
y.

mice.

Knapp M, Supruniuk E, Gorski J. Myostatin
and the Heart. Biomolecules. 2023;13(12).
https://doi.org/10.3390/biom13121777.

20.

21.

22.

23.

24.

25.

Baczek J, Silkiewicz M, Wojszel ZB.
Myostatin as a Biomarker of Muscle
Wasting and other Pathologies-State of the
Art and Knowledge Gaps. Nutrients.
2020;12(8).
https://doi.org/10.3390/nu12082401.

Wilkes JJ, Lloyd DJ, Gekakis N. Loss-of-
function mutation in myostatin reduces
tumor necrosis factor alpha production and
protects liver against obesity-induced insulin
resistance. Diabetes. 2009;58(5):1133-43.
https://doi.org/10.2337/db08-0245.

Haines MS, Dichtel LE, Kimball A,
Bollinger B, Gerweck AV, Bredella MA, et
al. OR26-03 Lower Serum Myostatin Levels

Are Associated with Higher Insulin
Sensitivity in Adults with
Overweight/Obesity: J Endocr Soc. 2020
May  8;4(Suppl 1):0R26-03. doi:

10.1210/jendso/bvaa046.497.

Pedersen BK. The diseasome of physical
inactivity--and the role of myokines in
muscle--fat  cross talk. J  Physiol.
2009;587(Pt 23):5559-68.
https://doi.org/10.1113/jphysiol.2009.17951
5.

Sanchez-Lastra MA, Varela S, Cancela JM,
Ayén C. Upper versus lower body resistance
exercise with elastic bands: effects on
cognitive and physical function of
institutionalized older adults. Eur Geriatr
Med. 2022;13(4):907-16.
https://doi.org/10.1007/s41999-022-00616-
6.

Su YL, Chen HL, Han SL, Lin YK, Lin SY,
Liu CH. Effectiveness of Elastic Band
Exercises on the Functional Fitness of Older
Adults in Long-Term Care Facilities. J Nurs
Res. 2022;30(5):e235.
https://doi.org/10.1097/jnr.0000000000000



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

26.

27.

28.

29.

30.

511.

Chen R, Wu Q, Wang D, Li Z, LiuH, Liu G,
et al. Effects of elastic band exercise on the
frailty states in pre-frail elderly people.
Physiother Theory Pract. 2020;36(9):1000-
8.
https://doi.org/10.1080/09593985.2018.154
8673.

Azamian Jazi A, Moradi Sarteshnizi E, Fathi
M, Azamian Jazi Z. Elastic band resistance
training increases adropin and ameliorates
some cardiometabolic risk factors in elderly
women: A quasi-experimental study. BMC
Sports Sci Med Rehabil. 2022;14(1):178.
https://doi.org/10.1186/s13102-022-00571-

6.

Stojanovi¢ MDM, Miki¢ MJ, Milosevié¢ Z,
Vukovi¢ J, Jezdimirovi¢ T, Vuceti¢ V.
Effects of Chair-Based, Low-Load Elastic
Band Resistance Training on Functional
Fitness and Metabolic Biomarkers in Older
Women. J Sports Sci Med. 2021;20(1):133-
41. https://doi.org/10.52082/jssm.2021.133.

Banitalebi E, Faramarzi M, Mardaniyan
Ghahfarrokhi M, Savari Nikoo F, Soltani N,
Bahram Zadeh A. Effect of 12-week elastic-
band resistance training on muscle quality
and serum CAF in elderly women with
osteocsarcopenic obesity: a randomized
clinical trial. Journal of Gerontology.
2019;4(1):40-51.
https://doi.org/10.29252/joge.3.4.4.

Kwak CJ, Kim YL, Lee SM. Effects of
elastic-band resistance exercise on balance,
mobility and gait function, flexibility and
fall efficacy in elderly people. J Phys Ther
Sci. 2016;28(11):3189-96.
https://doi.org/10.1589/jpts.28.3189.

31.

32.

33.

34.

35.

36.

37.

Park SY, Kim JK, Lee SA. The effects of a
community-centered muscle strengthening
exercise program using an elastic band on
the physical abilities and quality of life of the
rural elderly. J Phys Ther Sci.
2015;27(7):2061-3.
https://doi.org/10.1589/jpts.27.2061.

Yang HJ, Chen KM, Chen MD, Wu HC,
Chang WJ, Wang YC, et al. Applying the
transtheoretical model to promote functional
fitness of community older adults
participating in elastic band exercises. J Adv
Nurs. 2015;71(10):2338-49.
https://doi.org/10.1111/jan.12705.

Calle MC, Fernandez ML. Effects of
resistance training on the inflammatory
response. Nutr Res Pract. 2010;4(4):259-69.
https://doi.org/10.4162/nrp.2010.4.4.259.

Huang SW, Ku JW, Lin LF, Liao CD, Chou
LC, Liou TH. Body composition influenced
by progressive elastic band resistance
exercise of sarcopenic obesity elderly
women: a pilot randomized controlled trial.
Eur J Phys Rehabil Med. 2017;53(4):556-63.
https://doi.org/10.23736/s1973-
9087.17.04443-4.

Riebe D, Ehrman JK, Liguori G, Magal M.
ACSM's Guidelines for Exercise Testing and
Prescription: Wolters Kluwer; 2017.

Pescatello LS, Arena R, Riebe D, Thompson
PD, (editors). ACSM’s Guidelines for
Exercise Testing and Prescription. 9 ed.
Philadelphia Wolters/ Kluwer—Lippincott
Williams & Wilkins; 2014. P. 69-70, 80.

Matthews DR, Hosker JP, Rudenski AS,
Naylor BA, Treacher DF, Turner RC.
Homeostasis model
resistance and beta-cell

assessment: insulin

function from



dlae 98> ‘_')L:.o.!a‘.cl

Oelgmdl & Coaglio g uiliwgie A) 0l led Jole p (Jleglie (e il

38.

39.

40.

41.

42.

43.

fasting plasma insulin
concentrations  in

1985;28(7):412-9.

glucose and

man. Diabetologia.

Hooshmand Moghadam B, Gaeini AA,
Eskandari M, Parseh S, Mahmoudi N. The
effect of resistance training intervention on
serum levels of anti-aging and rejuvenating
proteins in older men. Journal of
Gerontology. 2020;5(3):54-64.

Pazokian F, Amani-Shalamzari S, Rajabi H.
Effects of functional training with blood
occlusion on the irisin, follistatin, and
myostatin myokines in elderly men. Eur Rev
Aging Phys Act. 2022;19(1):22.
https://doi.org/10.1186/s11556-022-00303-2.

Loffredo FS, Steinhauser ML, Jay SM,
Gannon J, Pancoast JR, Yalamanchi P, et al.
Growth differentiation factor 11
circulating factor that reverses age-related
cardiac hypertrophy. Cell. 2013;153(4):828-
39.
https://doi.org/10.1016/j.cell.2013.04.015.

is a

McPherron AC. Metabolic functions of
myostatin and GDF11. Immunol Endocr
Metab Agents Med Chem. 2010;10(4):217-
31.
https://doi.org/10.2174/18715221079366381
0.

Patel VK, Demontis F. GDF11/myostatin
and aging. Aging (Albany NY).
2014;6(5):351-2.
https://doi.org/10.18632/aging.100666.

Jamaiyar A, Wan W, Janota DM, Enrick
MK, Chilian WM, Yin L. The versatility and
paradox of GDF 11. Pharmacol Ther.
2017;175:28-34.
https://doi.org/10.1016/j.pharmthera.2017.0
2.032.

44,

45,

46.

47.

48.

49,

Kavazis AN, Smuder AJ, Powers SK.
Effects of short-term endurance exercise
training on acute doxorubicin-induced FoxO
transcription in cardiac and skeletal muscle.
J Appl Physiol (1985). 2014;117(3):223-30.
https://doi.org/10.1152/japplphysiol.00210.

2014,

Ribeiro MBT, Guzzoni V, Hord JM, Lopes
GN, Marqueti RC, de Andrade RV, et al.
Resistance training regulates gene expression
of molecules associated with intramyocellular
lipids, glucose signaling and fiber size in old
rats. Sci Rep. 2017;7(1):8593.
https://doi.org/10.1038/s41598-017-09343-6.

Tiago F, Ursula PRS, Stéphano FSM, Cléber
RA, Edilamar MO. Signaling Pathways that
Mediate Skeletal Muscle Hypertrophy:
Effects of Exercise Training. In: Julianna C,
editor. Skeletal Muscle. Rijeka: IntechOpen;
2012. p. Ch. 9.

Yoshida T, Delafontaine P. Mechanisms of
IGF-1-Mediated Regulation of Skeletal
Muscle Hypertrophy and Atrophy. Cells.
2020;9(9).
https://doi.org/10.3390/cells9091970.

Hittel DS, Berggren JR, Shearer J, Boyle K,
Houmard JA. Increased secretion and
expression of myostatin in skeletal muscle
from extremely obese women. Diabetes.
2009;58(1):30-8.
https://doi.org/10.2337/db08-0943.

Vatankhah-khozani S, Haghshenas R,
Faramarzi M. The Effect of 8 Weeks of
Elastic Band Resistance Training on Serum
Myostatin and Body Composition in Elderly
Women. Journal of Sport Biosciences.
2018;10(3):347-58. [In Persian].
https://doi.org/10.22059/jsb.2018.261987.1
296.



