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Objective: Considering the synthesis and release of myokines from muscle tissue during
exercise and the relationship of myokines with strength development and muscle mass
increase, the aim of the present study was to investigate the effects of a period of resistance
training, detraining, and retraining on serum levels of myonectin and FGF-21 in middle-aged
men.

Methods: In this quasi-experimental study, 20 middle-aged men with an age range of 35-50
years were selected and randomly divided into 2 training groups (n=10) and control (n=10).
Subjects in the training group experienced 3 months of resistance training, 6 months of
detraining, and 3 months of retraining. Also, the retraining program was followed using the
same resistance training program. Blood samples were taken in the two training and control
groups in 4 stages. Also, serum levels of myonectin and FGF21 were measured using the
ELISA method. The data were analyzed using the Shapiro-Wilk, Levene and repeated
measures analysis of variance tests at a significance level of P < 0.05 using SPSS version 26
software.

Results: The results showed that serum levels of myonectin and FGF-21 increased
significantly in the post-training and retraining stages compared to before training and the
end of non-training. In addition, serum levels of myonectin and FGF21 increased after
retraining compared to after training, but this was not significant. In addition, in the control
group, no significant changes were observed in serum levels of myonectin and FGF-21 in
any of the phases (P<0.05).

Conclusion: It seems that performing a course of resistance training and retraining may lead
to an upregulation of cytokines, which can be a suitable tool for accelerating the hypertrophy

process and inhibiting atrophy during injury or aging.
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Extended Abstract

Introduction

Skeletal muscle functions as an endocrine
organ, secreting myokines that play crucial
roles in muscle adaptation and metabolic
regulation. =~ Among these  myokines,
myonectin (CTRP15) and fibroblast growth
factor 21 (FGF-21) have emerged as
important regulators of muscle hypertrophy
and metabolic homeostasis. Myonectin,
exclusively expressed in skeletal muscle,
appears to enhance protein synthesis through
the PI3K/AKT/mTOR pathway, while FGF-
21 contributes to angiogenesis and muscle
growth. The concept of "muscle memory"
suggests that previously trained muscles
regain mass and strength more rapidly upon
retraining, potentially mediated through
epigenetic modifications or myonuclear
retention. This study investigated the effects
of resistance training, subsequent detraining,
and retraining on serum levels of these
myokines in middle-aged men, providing
insights into their role in muscle adaptation
and the molecular basis of muscle memory.

Methods

Twenty healthy, sedentary middle-aged men
(35-50 years) were randomly assigned to
either a training group (n=10) or control
group (n=10). The training protocol consisted
of three phases: 3 months of progressive
resistance training (3 sessions/week), 6
months of detraining, and 3 months of
retraining using the same resistance program.
The control group maintained normal daily
activities throughout. Blood samples were
collected at four time points: baseline, post-
training, post-detraining, and post-retraining.
Serum myonectin and FGF-21 levels were
measured using ELISA kits, while muscle
strength was assessed via 1RM testing.
Statistical analysis employed repeated

measures ANOVA with Bonferroni post-hoc
tests (p<0.05).

Results

The training group showed significant
increases in both myonectin (p=0.004) and
FGF-21 (p=0.002) following the initial
training phase compared to baseline. During
detraining, levels declined but remained
elevated compared to pre-training values.
Retraining restored myokine concentrations
to post-training levels, though the increase
from post-training to post-retraining was not
statistically significant (myonectin p=0.612;
FGF-21 p=0.581). Muscle strength followed
a similar pattern, with rapid recovery during
retraining. The control group exhibited no
significant changes in any measures
throughout the study period.

Discussion

These findings demonstrate that resistance
training effectively upregulates myonectin
and FGF-21, potentially mediating the
observed  muscle  hypertrophy.  The
persistence of elevated levels during
detraining and rapid response to retraining
supports the muscle memory hypothesis,
suggesting these myokines may contribute to
the molecular mechanisms underlying this
phenomenon. The results align with previous
work by Bruusgaard et al. (2010) showing
myonuclear retention during detraining,
though  contradict studies  reporting
myonuclear apoptosis during inactivity. The
differential response of the two myokines
may reflect their distinct roles - while
myonectin  primarily regulates protein
turnover, FGF-21 appears more involved in
vascular adaptation to training. Limitations
include the small sample size and lack of
muscle biopsy data to directly assess cellular
changes.
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Conclusion

This study provides evidence that resistance
training modulates serum myonectin and
FGF-21 levels in middle-aged men, with
patterns consistent with proposed muscle
memory mechanisms. The rapid recovery of
both myokine levels and strength during
retraining suggests these factors may serve as
useful biomarkers for monitoring training
status and designing rehabilitation programs.
Future research should investigate the
specific signaling pathways involved and
examine whether these responses are
maintained in different age groups or clinical
populations.

Key Message

Resistance training induces lasting changes
in myonectin and FGF-21 that persist through
detraining and facilitate rapid recovery
during retraining, potentially contributing to
muscle memory effects that could be
leveraged for athletic training and
rehabilitation strategies.

JSESEETR



> oL
i 7
fu—u‘u ole o B350 AslDT s s 3 1S clay,  mavo S @g

FGF-21 g 155091l (0 pw Tobaw 32 (o2 50351 9 (M 03 2 6 oglio (12 30 890 S U

Jluileo 3 50

gr@»)bw‘

' Ny g 1)d;

Oyl ecybiw ) ol 3 et o8l ¢ Sludl pole g bl 0aSily ¢ 1bjyg pole 5 (S Cusy 095 )
oyl eyl ) ol £y ety oLl ¢ Sluil pole g il 0aSUiild ¢ b3yg pole 5 (S Cusyi 09,5 ¢ Jokumo okim g5 .Y

ol

et

Ao Sl X!

b oS oo bloyl g (o9 Sliyed slal ol o (GMae il oS se slodl]] g s 4 g b 280
355k 9 (e agliio (nyed 0090 S (g pol ddlllan jl Bun ((SMds e Gl g )8 dnngs
25 Juuslee ohye FGF-21 g (S5gile (o0 o 2

lai jskay g bl Jlo YO0+ caw diald b Jluilo dy0 Yo dlisd 00)50 dod gy ol 5o W“”S)"U"?)
olo &« stoglie (e olo ¥ (a8 09,5 (slo idge3] b mpndi (185 )+) JES 5 (185 )0) el 095 Y
(e LD AB)S A pe ¥ p3 RS g (pyed 09)5 93 0 (6093 38 25 ) (dapeiilole Vg (o yeiin
93] 6olel cygoj] S8 & oodls 1 plol 15Y1 g 31 odlisl b FGF21 5 pyuiSisglo oo gk (65051
3505 il 4358 P[00 (615 imo s 335,800 ol b uilyly Jelos

4 Cond el Sl an g oyl dm dls o > FGE-21 5 (iSinle (o stans o> L3 gl aaidly
FGF21 5 0iSigle (go s gobaw ) oMo il Sl 8l ()b imm yboas iz poii 0l 5 e 5l i3
OSiple (o gshaw JHES 09,5 53 0gMa 95 Jloline Lol CEb (aljBl cpyed Sl a4 s (o yedile )
P< /b5 oanlie s ine s Jolye j| pliSom o FGF-21

lgieds S5 o 4 393 ol sl (lBl ol &) oeie Cunl (Sas (el a0 jlaidy 35 a5 AR
A8l eatalls b ool o 55 (Bg5T oo 5 (B9 e 221 o sl e (63

o g4

g3 i

VE-F/ VY Bl 4o G U
DR R TAT RS P Y
VX[ ¥/ 1y G ,U

VEoF/F/ A L g U

o jlganls
spads qeglio Gupad
Ly o8 uiSigle o paisl

slo pingp Jlaile bpe FGF-21 5 iSSale ooy golaw 3 (o3l 9 (s yoS st sioglio (3 y05 0593 o il Sgauno ¢ ios) tag Cugy o 0 liaw]

NN (V)Y N ¥ i oo g (diyg i 0 22l

DOI: 10.22091/arsnes.2024.11753.1018

[oNolel

o8 o8l 1 s




> oL
i )
'K/u—um ole o B350 AslDT s s 3 1S clay,  mavo S @g

doddo

3l o SEMLT L3l g 5 0555 coanS (sl ol 015,65 5 53 45 ol (o) CELS 5| o g oizmy Capple S, Lol alals
50 5 b alils 1513 &S WS o e olosee ely ooyt o aitl e dlibls > Lo als e dus b3l 5 5looySd «g iS50,
OSwe )] Caliste (slapliil b b 45 3,15 3939 jguad ) [V ] ol (cmnolinw (]S 15 Sse SV b @l i 4 by yo NNt 23 0 &y
6 ol Bl oy o (gl stor] ot 3 Alails Mol ) o0litsl o lsicay [¥] aal azals |, " oy alasbs " 51 IS el
JB bl sl Al eMae amd o bt Slillas ol 2 ogMe Y]l g g 588 el Gl 00F B Ko L pgd 3,98 0
53, g alae claJobo 355 50 Jobo dlabls o5 &5 cunl ol | (Sl 3] gl )5S [V-F] s M oa gl BBy ey
Slgice (3350 (32595) (52305 b sl olpon dliae )8 g e BT L & el 0)93 S JLide &5 a3 e g |y oy
PS8 ol lalae oUlg M abibls chads §) (S [NV A ] 39 4y cawd | SHas 0355 poe oy 2Ll 4 yoxie
S (SN )3 015 e g b o A8l gl (S S (e o Slllls (el el cand 43,5 )13 (08555 clld oLy
Ol DV a8 o0 (g3lil 0)ligd (2L Cas o b 555 (00 5158 (3505 €05 I3dome & (ol (5252 0990 S 5l g 035" (32 o3 IS
Cunl ol asede [F] s aslis” CNS (S 6500 b dljie oS ol 505 by Lol duol )3 sMaae abasls oMl 4 oy
IIW] sl SleMbl Ll o cjlooysd «s)iS 0y alas 5 alidls SedS el Sts ples el Mae el Jobo 5 oSl dlidls
IV AL syl 0Ll e @,5 5 0355 (5l 2blgs 4y e alails o Mlas]

Mas clbdian wnd o b5 Sl bly oyl 5> Blodls Coms (SMae clodtud S 4 |y dlabls Jshos puasilSo adllas i
Oldllas [V A F] S o ) 1) ditad jobre (gla gy i 0 &S placudsisy e b 5l Sl cMas ojlil )5 ope ids
5 ldien Jlghd Lis o ol odd zylae ans s cpl s (W50 Adgl” B9 5 un Job )0 el ailsl s sladius sad e ol
P18 (sazme 2505) (90l 5l Jsbo 5o (Sl alie 5 Shas g 03Il oy €SSl 5 (3l Jgme ] (S (o poi s Jsbo
slgiome o Casl oad ()55 Ly cnl )3 [VFI] 390 5l (G pedr Jsbo 53 sl (S (GHae s o Conl 003 ()15 (B
®gal Jd GHIS 9:e o pme 5> ) )8 5 [VA W] (oS e (S Gl )3 9 o o (IS SN )5 (sl
S oo i |y i (55l & Ll )l I (S bl (Hlas dalls wunills 3)90 )3 (b 39290 aalsd culply [V 2580
Sas 48,5 & g0 Slillas yyiagds i Lol Cal 0kl iy 5 zggdy Mhas abals ool ggazme 13 [VY Y+ Y 5] ool a8l 5
8y sl e lis Sldllas cdllas cpl aol )3 [YY V] a3l SMae cla s 1 S5 ol Sl 4 by o305 d b cul
Sl Dl el5 (6,50 Jalse sl p3Y g i (45905 Al b el bgman g (glojlsmle (sloJobu 1S5 calae Kby 5y0le
VY] 85650 )18 e oy 3y90

iy LTS g oS gre aied oS se Jelse cal 51 (S 000y (St (ilizme Jolse 4y (Sl alae o5 g 05, a3
908 Mg laoliiiws | (o plyisas dlae (SMae (BLEly (25555 clled > [VF] g0 Bljl g i (SHae B 5l &S s
M55 (551 ol g Sl g g Cannidg (SIplio dgutp cdliae 055 )3 &5 3950 b S plo 5 g Mg o (551 0 LD pue
livlple Jod 5l oo nle gi QU5 1) 85 a3 ) (y9y0 Pl 6 plgisas 1) (Sl dlas plgice culply V0] it
Y1) pgas) b 1M FGF_21 5 Sl IL_15 L6 <y 50 ,0]

' Memory

2 Muscel memory

3central nervous system

4 Hypertrophy

5> Apoptosis

® Myocine

7 Cytokine

8 Fibroblast Growth Factor 21



> AL
. 7
fu—u‘u le o (BB AIRT 53 s 1S cla oSy e

Inﬂammationl

T Muscle atrophy

t Muscle mass 1 Fatty acid oxidation Muscle regenerationT
T Muscle hypertrophy Fatty acid oxidation T
1 Fatty acid oxidation -
i Fat metabolism f

TMusc!e atroph:-’ - A - Myoblast differentiation |
Muscle massl \‘/— Muscle mass/muscle atrophy T

« | - SPARC | pyscle repair T
Myenectin |
1 Mitochondrial biogenesis Muscle mass 1
T Myogenesis Mitochondrial biogenesis T

Muscle atrophy |
e (315 A slo S gon 3,Shae ) g

iSsle ol D95 g0 8l Sl &Mas ;5 hib laySsle S35 G, 45 ek CTRPIS sslgls 4y 3lato S slo Sy oysiSigslo
STl pre smoMopsid b 0iSigle [YV] 3550 g sdie Slge g (as SLEN) Jihy el bels g by
S Lial38l 5ok 3l eiSSgsle cmd o s colamliie < plpls [YA] 598 o cuwgla ;> 56951 e «umw (PIZ/AKE/MTOR)
Bk 3l 559 Slia a8 o sl 0 slaiiyy (V5] S oo sl ¢ B9 e 5 (e 0355 (il )3 ok GBS 0l 59 oo 5 o
bt ipej ol )3 [YV] 290 iiSigle o Sl38l s (g5l Slandgise (30l (gDl yind g (Jshos (193 dS s i3
P AV 2gd e e 0Simle (o (ol 4 (Sl ©Mae 53 Jsho (9,3 S5l Slindgise g mandlS ke iolj3l &S Cunl 015 031>
0SSgilo gokas Sl ol sy o £385 4 (o GRIB g (e sl (555 Cleb s Sl ' (S8 oS (S Jlie
[¥e]2)5

oasuie Mib e FGF-21 55 sage y wlol (585 89,5 aul)8 9 155, SMac 035 wabas 3 &5 Slacplgle 51 S S
b i8Sl e by 5y 45 Casl o 5 Sl s l55 ogdledy [Y5] 5,05 SMae 0355 wrbais 5 soto Ui « FGF-21 &8 il 015
sl 3 Bge JUbignl a3y 56 lsicds FGF-21 &) dog s ool olyan pyu 5 iS5l alie 13 FGF-21 L, i3l
s ime (Stuats FGF-21 il s &8 ol ok plgie 55 42838 ldllan )3 [1Y] 3 pusbed 285 Ul o3t 2155,
o Sl dlae 3 Slas g 035 malats )3 0gills obds conl Sao FGF-21 a5 sias o (L5 595 oo [YY] 5l 8,5 )i L,
Al asly

Oiall e 4y oBys @y yes Ylazs [YF YY) wboo Siall ol Sy ayed Sy gl 3 FGF-21 wslosls flis 35390 lisios
Dl el (M sl ko wdaw > GLUT4 Jlasl g AMPK e (gjlo b cilsms] clldt sl e slotuus] colld
o9t 055,00 W 0k S 69y oyt (o Cute pU Bayb 5l By Ol yed wul osd 03> LS pwicmen [Y0] 340 0 FGF-21
[¥5] 395 00 33l Gyn (slatsnl o Liol33] g oy b 3 jlgud il

5 SNas 0355 o bl g g0 Syl (B a5 (Mas o398 pla 3 5:igle s FGF-21 0gill (365 &) 255 b gg0ome
iSSsile gl oliee L (bolsl (SMae dble 1],3 LT oS cul Jlsw cal 4 gl Jlinay p3lb (il oS00 (gm0 5l e aladls

 Complement C1q Tumor necrosis factor-Related Protein

' Angiogenesis 0
' Free fatty acid !
! Beta adrenergic 2

A



> oL
i )
'K/u—um ole o B350 AslDT s s 3 1S clay,  mavo S @g

Sy Jlibe sye 3 FGF-21 4

W dg; 9 dlge

olo £ )3 & Wl Jlub et Jlusikie Jlo TYNAEYNY o (o b 030 Yo 0liss 390 J S 09,5 b 93008 (255 95 5l pol> g
(394 (e 9 1395 (Sjle g Chgw Silom b (I OMSEe il g W39 03,50 b (elaie (o35)5 aelp @ ) WS
G5 05,5 93 41 (275 09)5 9 &y ool gy L ogel ialy S |y pole hmgly (gylel (sise izl cullad pll (4l
3 3y (2BT S g (S Olilas plsl gl o Sogejl (sdon calllan g9, 51 B o) Lz W05 o’ (N=)+) S5 5 (=) )
(339 8 ioxiw 35 9 S)lew (589 Bl anlitld BB apeS B9y 9 £ S xS (9B 0978 i Sl (9% g (lej (Sl
5 SxSoiul ) )sSde slojasls aen e g ol Pl ) (S Clislee Sy g diad gor ]yl (8 5l s BMI s
(i Slasudo (6 Soilul (sl ab Cu g (ySojlul adllas )50 slaiagesl (S tegs il g (e Dlasuie bl 58
i (sl 08 (S 03Il (lolldSis) 3 lustiasl (59315 31 oalianl b ¢ ol JBlas b g (348" ygs )5 Ve ) a8 (llad B L oy g
ooles g2 00b s (3l 2 g8 &S ()l 4y oo Sy g (yusly cmalidly 45 LB S )15 (g s S gy g e3lisl s 3 Sdgel 13
o BTy (0395 (Sl (g b b g (6pS0jlI Ve 2 b et oy gl 95 00,8 0 0S5 Ty gy Sl o g 0L
355 5By 5 e glacale wte ) b o 15 AT I geil & mizpan 05 b g dsloxs (y50) 05 pglene & (p)59kS) 3,9 (33
09,5 513K e 53 Qliiee b cspuds 1) (Slon b Slawa JSilie 8957 p0 g a5 i |y alljg) Jgeme slaaeli 9 inlys dlex |l
IS5 S o ped S b il e g B0 puile (08555 oL 3 lizme (salag G 3 el ol sl g9 5l JE 000
olo ¥ g (i pei o ole & colo ¥ ooty (055 09,5 (sl 5390l b puni (Lo 33 ¢ pumm 1501 plooil 1y A ol g a5 YU olS 2 asi
(eelo o o atin > dule dw 1) 298 lled (o3l 5B 5 (togliio 305 51 )3 (225 09)5) V J Billae |y (s ye5 5L
o3l (G097 9 (o e b ST (8 2w g p35 Jool ol (S yed Jolie pled Gl eul jolatods opizman [TV] 2035 ]2
25 Ll ST Gl o (355 (8559 (s 13 (859 (20 S5 2 009> Jobo 3 (409 el ]

o3 SS9

@23 ¥0 joo 59) b o) 450wk 5 (ikole v o @IS i e Janpj s o) 4Vl Ol pes Jold (5598 op a5 SS90
I @l el sl a8 D STALNG Sl g i a g VYl ety bS5 g (olun b hgls a2 ¥0 oo o b Lo o
43,3 a5 3 TRM e g olud] (gl ands 93 () Jodo) cdb Liolisl b S aian ¥ o IRM aspp As 4 IRM w55 50
(o6 TRMLJLSSY g 0o y3 Ve b g 9 5SS AL 9o 00 b (358 £ 5 ) Sl 590 I o TRM 50 (1t g 53 .08
Sy 1y 593 oW pled waw yo )3 diBd Y ol yinl calols b g laaijy il b cus & JIY 6 <K ) b 5390l ¢ puams 05 plo]
b bl Calbge b S8 s 33 & (63l cp S 5 Ait,S 4 cimd pls] 1lgi e LS5 (Ko (sl 4 (6505 cyp iy
S5 Ko 3 Al e 48 ghsje Sl b 0 iS5 5 390 IS o gl TRM s LS, i Jloy o g 5 bl 5 > ol IRM
Sz Joop Bojb ) (seglie Sl > a5 S ned D98 s (oS St (2] sl ST 2l (Gl ydas g 0l
Qi SO S = p,56lS @ 5g / (M YVA = (/oVVYA % 5,85 slaws) [YA V] 5,5 dewlxe

! Index Mass Body 3
! maximum repetition-one *



o & oL
i 7
'K/u—um ele o (B30 A3IDT 55 3515 gl oSy @g

oglie oy pod ST gy Y Joua

(42281Y ) yod 2599 (ax88 YF) 2 pod (00599 (428 1Y ) (2 5 5l o 590
o G ¥ G ¥ ¥ s ¥ s ¥
FSLERT Sy ST A S50 S ST A
) AL ToAe 4] AL hha
1RM 1RM 1RM 1RM 1RM 1RM
A A Y \h4 YA vy Ye

Lole ¥ (o yedjb als o S b o ped o olo £ 090 4SS Sy ol b (5,38 Sl ye5 50 olo & Coteds 45 A aswolgs by Sdgejl 5]
cnl oo () Jgaa) ab Jlis cloj o) (S5 Cumdg b camlito (ye 50 E9pb sla)l b g (taglie (o ped acly plan I edlinal
9 0005 ploxl 1) 395 o5y 5 (s0le 3y Culled B uyoil 5 (g peiia cistaglio s 0193 4 m Jobo 53 S8 035 (slaoga]
Ol Sl @ g b pslo gy 50 [YV] MG S 0 elitl b (5,08 Cullab g5 b ) 555 de Sk Jsbo )3 45 5 aiuls el ]
ot 3390 e )8 byio ( it dlibls e i jslaind & 1 () p rensd 1 ecudlis g2y ASl alise | g plov
25 )18

Wl &35 (5 pS0;ll g,

Jslole w0l 51 e egl 59y 50 TRM palaie s 03 ool (ERMU) iy )15 <SG 5050 3 51 (G €508 oy sl
oS @ 9 S aanl 55 43 p3Y VY] 08 (6ol e gty 3L o ole A g I3a0me 5 (o peiiar ole b bl S o ety
Wb Bl bl el 2 35 B)lSS g e dlass (8 > Sl (izran 999 (npeS (b g npe e Jgol olil e ol (b

oo 3UI 9 (Fg3 (g S Wiged

olo ¥ oy 3131 () o 05 4B, (0] i) SI53 8S Wiged Il )3 )8 g (25 sloog)S 4 ogesl (el s Sl g
o ol calal 13 .08 )5 &y Jgl (65 W50 b il sl 53 (6555 I ingol 3l e il (bl 53 9 13,8 |y (toglio ol ya3
ly 565 Sl yped olo ¥ Iodme s Sgoj] dals] )3 s by o3 diges damme (LB (cla g S aiges b alie g 6dg Jlbyu slo & dody
b sl 155 a4 3 5 48,5 o ogejl 1 LB (slacsySeigei b e S dised (3T (2 pe3ilh aloye (bl 1 Caled 1 9 23,5 9
als o Loyl b Gollae bn S3g0j ded ey yo5 3] duds slo sl 8 il jelateds (eglio oy ped (s )3T 5l colo ¥A cosiS
Al O i 4 6ld (LB colo Ve a9 Sl g g e A sl )3 (£35Sl 1 ogMle b sl (5SS geilte
calayo ¥ a0 b a5 pbul olKislejl Gy olid )l g canly Cand 095l bys 5 col il clls g dtads Cansg 9>
Ol 3l dm 0 Soudy pilo adBD )3 593 Weve L 4l VO Gedy (S93 sladiges b 4B dg) o S ladiges (s>
W (6l b yuxio (6550300 o b oS Bl (ganpd —Ar (glod )d oddlan p oy colps )3 b las pyw g )8 oSiwd jl adlg) (s
ooy s izzan 5 51 o3 0 pyS b /YA e b (o] SIGMA 8 55 ) 15¥1 b, & cyiSole oy cdale
A £ pSojlul il wd y3 p Sl +/VY Cwlass b (o> (CASABIO 5 i euS) 1Y o9, 4 FGF-21

bl gL,

s 52 5 ol (e Bl £ (5Sike) )90 gl S 5 VO s SPSS (Lol 1581 p 5 bawsgi cc6y] o 1 g 515 390 el
Srlr 2P sorn it g Sy 9, (g3l 51 ool 35 (g b oy slaiods 1 oo g 38 P S0 (gl ne
2 09,5 ow by FGF21 § 1iGgle aulio (sl bodldy mojgi (39 Jloy 4 dng b s b o3liiuw] 9 ygm03] 51 ln sl )l



> oL
i )
'K/u—um ole o B350 AslDT s s 3 1S clay,  mavo S @g

il ogde b odlatal (oo Bl (gpSoslul L)) S (slacs Soilul b byl 9ol 5l (apeiile 5 (speiist onyed il Jolye
sl o3 i lo )Y 153l o 2l 51 L lages sy 4 deldl )3 0033 elisl Sgyig (i90l 5l (eSS (slagigejl ploml g
VST ol
g 3 ] 48 3 S IRSSRC.RECIH02.171 oylus o gy 5o o] dian JolS slin cale) Lyl aullns
5 ] (Sl oMol Jpol Culey b g 0 sl (5 pole 5 (G Cony olKiimng
il
caliseo sla oy oy s gols BMI L bLs)l )3 ol oad o3ls (LES ¥ Jgao 3 Lidgh (slaog,S (s yieg9,5] (Sig 4 bgrye (claosls
275 09,5 BMIL )5 ()15 cixe coglis sl sy loj cuddS (imy ol (228 098 BMIL 1 (5550 Jolo (03005 SS9 J>110)
oy 3 S8 05,8 BMIL 13 (gl iz 0iglis ol (Lis (29,5 01950 sl (g2 ipan (F=YONVF) g (P=213Y) ol 0
(F=21\%) 5 (P=-13¥Y) 3,8 5525 a5k 9 (0302 eyl

adllao 3,50 (5 39031 Sy piogg Ul (SRS T Jgir

275 095 JHS 09,5 b it

DIAERV/Y - NVEFYIY () oo

AIYEAD/Y - V/AEAY/s5 (555 o35
SIAEVAYY - VISEVAV 55 (stos5le) 33

VYYD VALY B/YD (520 o0 [ 5 okS) ks 0355 bl

gl ol a3 (65 0jl b il o ams o (L5 |y iliBes (laog)S ) (piSigle (oo o & bgape gl ) lg00
Soogt 0se3l @l 2yl d92g il (claog,S (e 1 09)5 (FEVOIEY) 5 (D=1 ¥) 0uiSigle (oo s 3 (63 —ine
Gl yed 5l S & G (P=2ToWY) apeiil QL g (P= /0 oY) oo jldm (225 095 53 (6iSSle (g0 p o > (Lt
4 S P/ oT) (G podil 0bb g (P=0/+ 0] el dm e 228 09)5 eSSanle (oo s ccnl pogde 3l Gl |y ()l gine
i3 odalie Hbine Giall qguyelo Ol & Comd (pyed | B alspe o Ll iy Jlisa 1) ybine Gl uyele b
(P=+153Y) 245 jlolian (2al38l cpl o8 8L 2l cpyed ) a0 G (yedile Sl an iSSgle ooy gaw opizmen (P=2/VYY)
095 (WSgle (o pw gaw 53 (6l —ine Cpli by s idie slrog ) S (6 S0jlal b il ly il cnl  ogde

(F=1N¥) 4 (P=+/2YY) 5)l85 3959 ¢ yiS

! Measure Repeated 5
! Graph pad prism 8 6



> oL
i 7
'K/u—um ele o (B30 A3IDT 55 3515 gl oSy @g

~ 207 A
Z L . Bl pre training
55 4. i
= B trainin
S 154 8
4 g = 3 detraining
E 104 [ retraining
2
=
ERCS
=]
=1
)
E 0-

control group experimental group

axdllae 390 (Slo2g,5 13 (Sigale (g0 g .Y 410903

(P<0.05) colors 5);5 Meant SD g laodly . o yo5 0 4 Causs loline gl

o e 3 (5 ine gl i ke (sloog ) e b LS 5K (6:So3luil b i)y Jelod FGF2T oo s b )51 0
09,5 » FGF21 op s maw oy jLis Soyiig oy90)) guls )b 3929 « 0y55 09,5 (F=YA/VY) 4 (p=-/--Y) FGF21
oo el 2 ogMe s L 1) (gl e Gl o ped SIS 4 Cond P=2To)Y) peisl (L g (P=2T0 1Y) a8 Sl a0
Jsar ) )lsidne Gl (o peSi o QL & s (P o=/ YY) (G peijl (b g (P=0/+0T) oS J) s 4028 095 (Smle (o0
oESple (o aw ((nl pogde (P =/AVY) L5 oanlie jladne il o oS or (LY 4 S (e I S8 e o Lol sy
503l b (bl il el (S5 4y Y (P=2/0AY) 395 jlline (aljBl el 4T 8L ol (g pe8 T s s (a5l A
(F=-/Y) 5 (P=+/A¥Y) 5,85 593 g i iseo claog )5 oy ]S 09,5 FGF21 o prdaws )3 (6)ls —ime coglis ol oyl S

(Y 5l399)
*

20— * + ; s e
= v Bl pre training
E & s
Eﬂ % __| EE training
3 = L % detraining
;; e [ retraining
E :

g
o
£
&
=
control group experimental group

(P<0.05) culosis 5,5 Meant SD < g baodld . s p03 o 4 Connd Holine cglis *



o oL
i 7
'K/Q—L}m ole o B350 AslDT s s 3 1S clay,  mavo S @g

okl 5 0geiloter 4 s FGF21 5 0iSSgle (oo grans Jblino (alj3l el toglie (2505 0099 S5 2l (5 ol gy gl
Ol b (yeiil )90 0 FGI2T 5 (iSigile (goye o s (L3 @l j505 ol ogdle b 028 09,5 0 Gyl 0)9°
stoglio (e gl 093 4y Cunns (I3l (oo Sl il Sl |y (225 09,5 ) (s yeiia 0099 Gl 9 (gl Gl 4 s (5 bolias
Gladllas 5y i byl anle ddgi g (Jobo jliwgen sl j3 Lij)e Ol yoi a8 W0l ()l aslS Gldllas 23g jlolins Lol ccdly yislsél
&5 Ohiog 4 STy 3 Lelul (S ple & sl o lgie (g oS ol Ul GRIG Jb )0 S gale 2 (28559 Ol yed 36 390 5
ooty CBLE b e I3 & e eglis 005 ole T A sanlie b gl 5 @l Geon ulol  IF+ ¥A] Npdie
Olizpod b & gy & (2o )3 (VIR) (ol 9 @ Ly ol )3 a8 (0ped 1 B & s (Gtoglie (3303 095 )3 (Sl
oline lj8l el toglie (3505 ati & 33,8 ()38 gl aizsloyy Judyd g o3l 3 IGF-1 5 iSigile o oo g 51 (stoglie
9 S aaldl )3 ks Sl teglie (ppe3 atin ¥ Jlisas (gyloline glis Lol 3yl Jlisy 1y (steglie cyed 09,5 3 (1iSigle (o p o
¥ ol e g 48 oo Jlb 5 S 08 ] eMae )3 1) Sl (JoSUge (Jlo (sl ppmne stoglio Sliy o3 i 5 &S 1008 plgis ool
355 gy 3 (V) S 5 03ljyo eyl img ol b ulyon ciopad A8k 5 SIS I prass (ol (0 JUb sl i
sk s BMI )5 0 jbiine (ialS g iSinle alawdly g 13 Jbine (il col (dlopls (taglie cppyed aiin A ol ol
2B gwrp 4 85 (V) s 5 (oL sadllae & plgice pol> Gingh b guanl gl Sl Jlie 53 39800 (alowdly U Jg s
ot gl glis 22,87 o)Ll b la gy (niSSsale 5 g9 togind O dgudl ad 5958 (i 2 05 Ol Cadgome (g g b (eglie Sl pe
S Ume et Gl 8l (piSSgle gglaws Lol Cubly Cydgasme b (gloglia (ol 09,5 53 (5 loline (ial 3l (g gt 9 ) (pdgund] 4ns 3516 oS o>
05 2 ilse liyed jledliul b (65505 saalllas )3 gl & Cwglin Jadld 5 (iSinle (plawdl ol ogMay .cudls olyana |,
5 G09S e Lawsdly gl s 9 (iSIgale liae 53 (gybline BB WisSrn Limody ol @l (C8)5 )18 )y 3y90 Mhallis
5 Bl b i) acigad Cumdg 5 aallle 300 sl idgasl £55 Sinte o g lizyed a5 £ s Yleasl ol i 8

28l Sgliste Slalllas > (1iSSgle (o sl Sl 13 oo Jelge Glgisas (o) L2
Ol s gl Slandgise 05903l igmedleshd o (Jobo (193 mandS s GRS Gy 3l (2h5g Slisped 4l 0 Slaiiy
S s 53 Jobo (1973 ol Slindgise 5 uulS )liks ST 48 ool 05 035 (L5 o el 3 [TV 39 gn iSistle g
Fiow il G o3 (DS Gl 525k S| aglie o ped el 0 aSuiie (pizmen [YA] 295 00 poxie (1SSl (o Il &
V] ol IS 51 S sple sl 5 s el plos b dine Sulgplia coMelss 418 5 48 395 oo e (sl Jgbo 03151 g (s
Oted J1 U8 4 s (Sloglie (32505 095 13 (iSimle JI3 dne (il cge CuilyS oS 39y (oje 0 ole £ pol SimgT SO0 @l ]
bjjo Mas Byl o onas (59, (oS )08 (halS L taglie Sy jad plosl ps g (o pel o elidd o L Sate Slalllao 204
(HBy Jad o (bl 4 Glgiie ) 3925 K59 o sl a8 G855 sl 45T (LY Sl g ol iy BLBT S (oS [FFFY e
cinglie iy ye3 45 3 48 wojlil g e oy mdse s e S 0,5l g 03l ilS (T D ] il ¢ K
od o3y (Lt ol imgl (sl b guan ) cul 57 FO] b oo (2ol (4in WY L) (i pedn sboeygs Job 3 el 2ol
5 Slawd (43,8 gl g yad wSlis wwMiae woos wagi BB jsbay wlodls plosl 5,08 @l o olo £ B0 Cto 4y &S Jldye sl
daxio Slalllas )0 cpl yrad b jiealyly ol plod )3 (aagd bB Lial el aian & Caedy (38> o (Byb 5ol Lilial Ty g8 4568
(S ying 3l 5,35 STy talil ool ploss] 5,15 oy e [F4] i YE o [FA] VS JEV] Vgl 48 (ool cbd ymsie 4355 0
LBl hnlS 0ud )55 0)l90 (i peT o glam VYA )90 Sy JLiy 45 i )8 405 |y (oL A5 (gl pd By s g onas (gilo b
9350 > 202y 2y Fiom > SN 4 Slgiee (o pein oloj » OHAs 035 5 w2 odind S sl lapusSe alex ]
Y ols iyl i gl 5o rirad )5 o8l 18] (Ve 1o ol 5 5 5 it oladl S (sl sgopgn inlS
WJo onl bodd (o peSiar b g 0pe8 1 J8 0 S agliie (e 095 13 (6iSSgnle (oo i Jlaline uljEl sl (S yedilh iin
Sl o3 Sl a8 canl 0ad (3135 059 (93,Shes cbilis Sy el Cusl (San g oo plol (jed 0 il B oS ()55 glaacly



o oL
i 7
'K/Q—L}m ole o B350 AslDT s s 3 1S clay,  mavo S @g

5 HAE 0395 yim o laztl3 (505 b & (01,3l 31550 (3503 13 5 o alss B e Vobo (00 S| o > S
(I8 a5l g e s 8B (VIR) O)at g jatkny ol Simgly (SladiBl b gt [OV A 5] 05l o s |y 0,8
ol Jisas 5 (5098 (e 0)93 S iS 5)158 Lol ials 1,3 adllas 350 1y ] Sl @ie )3 (Slatumgio dde g (gt
9 Ogl 09 3> ) 5395 (S yed Gy Sl (o3 ME & (gt e (ppeS 3 Jb gl bl Gl By s Sl g peS 0
wan Ve b anolie ;0 diome oy ped dtin & Job 3 1) 395 pud ojluil g SMae ©)a8 U wsly lis &8 Wdgr SluS” sl (V3% e
dde 035 5 o (R L A5 (oyeli 0 0)90 S Jlidy aimd e Ui Slllae gycpl 13,8 b3k G pe 4 (5598 (nyeS 4yl
aladls slaasiz 5l (Ko [MVA ] 25 48 Cuws I (SHas 0395 o> @y (b3l 4 i Sl (345x0 (yed) (2055l sl ol o
3o W yiolyly 1 5y okiS o e lallhan yoll ) o o] 458 S5 ig cdled b > M 48 ol (gl bl Mae
Gy b 85305 o0 518 (g2 o S5 3a0me oS (olRi (G0 peS 2 0993 S Sl g K038 (12 o3 B & (GMde )3 )5 Sl g b e
35 olsie olge ol a5 )lae g g st GRIB! 5iSigle LB & a2 b gy cal SV Sgde silojl o)lgy YL
3l oyonas |y EDas ©)18 IRl 5 Mas g s (Hhas 355 IS ot G iSiplo

stoglie oy ye 09,8 Jluglee lope > FGF21 Jloine (3l el toglio (yes atan VY ol Lt il imgly (slaatly S0
Sl e 3l am FGF2T o )3 il 381 (YY) o, Kan g Gwgely (olsS g (YoVY) o)L Ken g oliogl coldllas .ad (05 5 & s
an Al s ol s ddlles S ol ¢ blie )0 sl guen ol iaeh golt b aS woly Ll Gl g olusl o 1y oleSa ()
o (VoY) oen g (J opizman [OV] il olyamay |y 3l 81 55 (6ylaline oos FGRF2T oo o g ()5 ol (stelitel Sl yo5
9 (o5l 13,8 5155 bl o5 pbgmeily o Vb s b gloply il yed jlsw |y FGF21 oy zolaw l5me 5 cglis pae
ok lpss 0l b 3)lge 4y dgi b 1035, sdmlie elitw] Sl pei jlaw |, FGF21 oy 7w ,e856 zals 15 (Y4 )5) o, Ke
310 Saidsa]l g5 St dad 3l 5 Sliopei Sde g g3 (s Vet Ll ol 30l peon o5 (o359 Sluped L FGF21 (s
5529 b @ s FGR2T oy sl 125 )3 ore Jelss lyisas (039 48L3) 5 3l (b plls) ladigad Cundg 5 adllas
il

D529 PR )3 95 s e oS wlas sla JUSw 5 08 FGF2T g crge oo 5V (6531 51 Cupog e Ll ggame 5
S I 53 b GLIEN oIS (53,5 polie SIS (Lol Slugen B 1 035 o0 )8 0l (551 T Caeg e laulpd cov
9529 025 0399 S 1 am FGF2T o s zlas (]33 (gl s Il ouailo 00555 s &y dngi b il oo S (gl jylie
sl 18l g (SIS (lil g S8 planl s (I3l PPAROLS Ly aldl ol Cjp (slasel (2158l toglio L (slsm
[oV] cal

or & (V15) ohlan 5 S5, [0F] 350 cilisee slacdl & (Sloyiss 5 Fimpl Cundy 39 o lules FGF21 28l
2y Jole Gal38l car (o3509 Slyad ol (L5 o gulis il lox (lhye 53 03 )Lt 5 555l sl ysSlh gy anily Sl po3
Ol G aglie (yad dihn WV Ol (LS S ol gl gl Ssdee 053 LS (tals s FGF2T (il 5 (Sgye JUlisul
e 93 on eMhae o g Slsogs T gmte o Yzl o ine I3l ol o 395 0 FGF21 (s o ol
S & o aglie (205 09,5 3 FGI21 o pos s )15 (gine (el g conlsis (apoii olo # 0l (Lt ol gy ol
Il el (goglie liyyes diin i o 63)S ()15 (V)0 g S il (imghy (sladibl b guuen 298 cnped ]
i VY51 g Lol 358 09,5 (sl g0 Sy (sl o515 gyt 5uilinnsST Cuisid a4 i e M (M (B9 5y
5 el SBS oo gl I (o8l ¢ ye 0 4 Gl o 03l (LS CdS Sl o pe3 Sl S 4 eyl dlde sladiuan Slas (2 peS 0
(e 9o (§) 3l Ngy (A usSae crge (Wi ¥l it ) Cdanil b g (win ¥l ieS) e obsS g0 4 (BB nyed b
4 Cond aglie (50 09)5 3 FGI21 oy o I sine (381 Crge (033l i WV &8 0l (i 3l imgly gl ;S0
b s dadls gl guyp S b sladlas (VOA) hlen 5 0)ygmm oy ol ) a8 (g poSir GbL 5 cnped Jam conped 51 U
GRIK2 tlagyj Gl 4 pomie toglio (08 audy S a8 00,8 (3155 Lol ol )13 s 2090 |y S5l Sl 2,50,



JSESEETR

o L
. 7
'K/u—um le o (B339 AaIRIT 5 oS cla oS e

oS o i VY Claie ddoe (pyed )3 iali8l opl 45T A5 widgy ygmeMiiegun sximy olis & STAGT BICC1 .TRAF1
2Ll olgs o Sl EMas By Jues 1 Sigelil 5 5505 (s b 0,93 8B (VO ySen 5 coioran A5 Lai
2 (ol gy | (slain cutm osle 9o V¥ pslate oy Lol ol 8 0 3590 (ilme oo 50 e (Vb (S peiis 3l
I (86 GHae By yipen (3 slaglie Uiy o5 &S Wity Bl oy g (00003 )5 (el g iy (peio (S 095 Sl
S oo e 0y B30 Vo i Lo |y il

cdld cuto b e o3b; Slillas w@Shl eus sl HISI BB e SMac abbls a5l 43,5 @ jee Gllas G geece 4
0 s sl Bkl oign 50 ool 4 Cul ud pasitie (Bib o) 02 FGF-21 5 (Sgile ois bonSaale 5 (255
s (B9 5 oign w55 ke Sy i i Sl o PIBJAKT/MTOR  (SJpbl je (50l s
Cawddy Dae (5o )55l (315 Cewd Sk giallo b (e ol (5280 oS 25 o8 Jlidey iz pelie 4y S ke 5> g o0
o33l el ond pasetio ol ogMe Casl olyon (FGF-21 5 (iSgle ( (Mae (39500 calo ) (559 cdled ) (36 ol
D95 oo odal Conddy (slae ) Bl cunS 4 o

Sl Olyedr Nlgioe oS 298 aeplgule (Ll Bl wdals & joxie Cusl (Sae (2 ye3il g (Sloglhe Gy peS 0)93 So (sl sy o0 slaiay
Sl oote ol (s bl sl (Ko g ol Sl adl satalles b sl oo 53 (B9 31 Yoo 5 (Bo iy AT @aped gl uslic
5l Azl ol yemay 1y o)

Tob lrcasgaxe

Lo iogesl ol ol 5 Olss i Lol J S pas g o oge] o olasi &y i bl 3529 pSlo imgly 50 45 olacydgiome alex
2,5 oLl

12,38 9 Sl

Db oo (19,48 g S5 2,8 S8 B gy cnl )3 &S (3Bl ples g s J oSl (plmggy Coglan I a0

o ol

25 o 08 Colas 69Komb g sl 03,5 ]l yli) oSl (goomls Hgchusgs Iyt wils (6,8 s 5l alio )

O B g oo

“rpa o o o>y dgrms il g (Shb )3 jolie g Ledal) gy 185 iz )b 5y

&l o)l

5 )l By bawgs (6350

References

1. Gundersen, K., Muscle memory and a new cellular model for muscle atrophy and
hypertrophy. Journal of Experimental Biology, 2016. 219(2): p. 235-242.

2. Smith, E., Body Memories: And Other Pseudo-Scientific Notions of «Survivor
Psychology». Issues Child Abuse Accusations, 1993. 5: p. 30-36.

3. Mackay, C.R., Dual personality of memory T cells. Nature, 1999. 402(Suppl 6763): p. 3-
4.

4. Rutherford, O. and D. Jones, The role of learning and coordination in strength training.
European journal of applied physiology and occupational physiology, 1986. 55: p. 100-105.

5. Gundersen, K., et al., No change in myonuclear number during muscle. J Appl Physiol,
2012. 113: p. 290-296.

6. Bruusgaard, J.C., et al., Myonuclei acquired by overload exercise precede hypertrophy and

are not lost on detraining. Proceedings of the National Academy of Sciences, 2010. 107(34): p.



> oL
i 7
'K/u—um ele o (B30 A3IDT 55 3515 gl oSy @g

15111-15116.
7. Bruusgaard, J.C. and K. Gundersen, In vivo time-lapse microscopy reveals no loss of

murine myonuclei during weeks of muscle atrophy. The Journal of clinical investigation, 2008.
118(4): p. 1450-1457.

8. Taaffe, D. and R. Marcus, Dynamic muscle strength alterations to detraining and
retraining in elderly men. Clinical Physiology, 1997. 17(3): p. 311-324.
9. Egner, .M., et al., 4 cellular memory mechanism aids overload hypertrophy in muscle long

after an episodic exposure to anabolic steroids. The Journal of physiology, 2013. 591(24): p. 6221-
6230.

10. Gundersen, K., Excitation-transcription coupling in skeletal muscle: the molecular
pathways of exercise. Biological Reviews, 2011. 86(3): p. 564-600.
11. Staron, R.S., et al., Strength and skeletal muscle adaptations in heavy-resistance-trained

women after detraining and retraining. Journal of applied physiology, 1991. 70(2): p. 631-640.
12. Gundersen, K., et al., Muscle memory: virtues of your youth? The Journal of physiology,
2018. 596(18): p. 4289.

13. Arentson-Lantz, E.J., et al., Fourteen days of bed rest induces a decline in satellite cell
content and robust atrophy of skeletal muscle fibers in middle-aged adults. Journal of applied
physiology, 2016. 120(8): p. 965-975.

14. Day, M.K., et al., Adaptations of human skeletal muscle fibers to spaceflight. Journal of
Gravitational Physiology: a Journal of the International Society for Gravitational Physiology,
1995. 2(1): p. P47-50.

15. Dungan, C.M,, et al., Elevated myonuclear density during skeletal muscle hypertrophy in
response to training is reversed during detraining. American Journal of Physiology-Cell
Physiology, 2019. 316(5): p. C649-C654.

16. Murach, K.A., et al., Muscle memory: myonuclear accretion, maintenance, morphology,
and miRNA levels with training and detraining in adult mice. Journal of cachexia, sarcopenia and
muscle, 2020. 11(6): p. 1705-1722.

17. Dupont-Versteegden, E.E., et al., Activated satellite cells fail to restore myonuclear
number in spinal cord transected and exercised rats. American Journal of Physiology-Cell
Physiology, 1999. 277(3): p. C589-C597.

18. Siu, P.M. and S.E. Alway, Mitochondria-associated apoptotic signalling in denervated rat
skeletal muscle. The Journal of physiology, 2005. 565(1): p. 309-323.

19. Radugina, E., et al., Exposure to microgravity for 30 days onboard Bion M1 caused muscle
atrophy and impaired regeneration in murine femoral Quadriceps. Life sciences in space research,
2018. 16: p. 18-25.

20. Bruusgaard, J.C., et al., No change in myonuclear number during muscle unloading and
reloading. Journal of applied physiology, 2012. 113(2): p. 290-296.
21. Lee, H., et al., A cellular mechanism of muscle memory facilitates mitochondrial

remodelling following resistance training. The Journal of physiology, 2018. 596(18): p. 4413-
4426.

22. Rahmati, M., J.J. McCarthy, and F. Malakoutinia, Myonuclear permanence in skeletal
muscle memory. a systematic review and meta-analysis of human and animal studies. Journal of
Cachexia, Sarcopenia and Muscle, 2022. 13(5): p. 2276-2297.

23. McCarthy, J.J., et al., Effective fiber hypertrophy in satellite cell-depleted skeletal muscle.
Development, 2011. 138(17): p. 3657-3666.



AL

o
'K/u—um ele o (B30 A3IDT 55 3515 gl oSy e

24, Schnyder, S. and C. Handschin, Skeletal muscle as an endocrine organ: PGC-1a, myokines

and exercise. Bone, 2015. 80: p. 115-125.

25. Carson, B.P., The potential role of contraction-induced myokines in the regulation of
metabolic function for the prevention and treatment of type 2 diabetes. Frontiers in endocrinology,
2017. 8: p. 97.

26. Lee, J.H. and H.-S. Jun, Role of myokines in regulating skeletal muscle mass and function.
Frontiers in physiology, 2019. 10: p. 42.

27. Seldin, M.M., et al., Myonectin (CTRP15), a novel myokine that links skeletal muscle to
systemic lipid homeostasis. Journal of Biological Chemistry, 2012. 287(15): p. 11968-11980.

28. Seldin, M.M., et al., Skeletal muscle-derived myonectin activates the mammalian target of
rapamycin (mTOR) pathway to suppress autophagy in liver. Journal of biological chemistry, 2013.
288(50): p. 36073-36082.

29. Diaz, B.B., et al., Myokines, physical activity, insulin resistance and autoimmune diseases.
Immunology letters, 2018. 203: p. 1-5.

30. Seldin, M.M. and G.W. Wong, Regulation of tissue crosstalk by skeletal muscle-derived
myonectin and other myokines. Adipocyte, 2012. 1(4): p. 200-202.

31. Domouzoglou, E.M., et al., Fibroblast growth factors in cardiovascular disease: The
emerging role of FGF2I. American Journal of Physiology-Heart and Circulatory Physiology,
2015. 309(6): p. H1029-H1038.

32. Kim, H.-j. and W. Song, Resistance training increases fibroblast growth factor-21 and
irisin levels in the skeletal muscle of Zucker diabetic fatty rats. Journal of exercise nutrition &
biochemistry, 2017. 21(3): p. 50.

33. Hansen, J.S., et al., Exercise-induced secretion of FGF21 and follistatin are blocked by
pancreatic clamp and impaired in type 2 diabetes. The Journal of Clinical Endocrinology &
Metabolism, 2016. 101(7): p. 2816-2825.

34. Tanimura, Y., et al., Acute exercise increases fibroblast growth factor 21 in metabolic
organs and circulation. Physiological reports, 2016. 4(12): p. e12828.

35. Hojman, P., et al., Fibroblast growth factor-21 is induced in human skeletal muscles by
hyperinsulinemia. Diabetes, 2009. 58(12): p. 2797-2801.

36. De Glisezinski, L., et al., Adrenaline but not noradrenaline is a determinant of exercise-
induced lipid mobilization in human subcutaneous adipose tissue. The Journal of physiology,
2009. 587(13): p. 3393-3404.

37. Blocquiaux, S., et al., The effect of resistance training, detraining and retraining on muscle
strength and power, myofibre size, satellite cells and myonuclei in older men. Experimental
gerontology, 2020. 133: p. 110860.

38. Ramezani, S., et al., The Effect of Eight Weeks of Resistance Training on the Plasma Levels
of Preptin and Endothelin 1 in Men with Type 2 Diabetes. Iranian Journal of Diabetes and
Metabolism, 2023. 23(2): p. 80-90.

39. Piccirillo, R., Exercise-induced myokines with therapeutic potential for muscle wasting.
Frontiers in physiology, 2019. 10: p. 287.
40. Yoon, J.H., et al., Comparative proteomic analysis of the insulin-induced L6 myotube

secretome. Proteomics, 2009. 9(1): p. 51-60.

41. Das, D.K., Z.A. Graham, and C.P. Cardozo, Myokines in skeletal muscle physiology and
metabolism: Recent advances and future perspectives. Acta Physiologica, 2020. 228(2): p. e13367.
42. Turner, D.C., R.A. Seaborne, and A.P. Sharples, Comparative transcriptome and



AL

-
'K/u—um le o (B339 AaIRIT 5 oS cla oS e

JSESEETR

methylome analysis in human skeletal muscle anabolism, hypertrophy and epigenetic memory.
Scientific reports, 2019. 9(1): p. 4251.

43. Mitchell, W.K., et al., Sarcopenia, dynapenia, and the impact of advancing age on human
skeletal muscle size and strength; a quantitative review. Front Physiol, 2012. 3: p. 260.

44. Andersen, L.L., et al., Changes in the human muscle force-velocity relationship in response
to resistance training and subsequent detraining. J Appl Physiol (1985), 2005. 99(1): p. 87-94.
45. Gillespie, A.C., Biochemical adaptations in the rat following various intensities of chronic

treadmill exercise. 1978: The Ohio State University.

46. Staron, R.S., F.C. Hagerman, and R.S. Hikida, The effects of detraining on an elite power
lifter: a case study. Journal of the neurological sciences, 1981. 51(2): p. 247-257.

47. Houston, M., et al., Muscle performance, morphology and metabolic capacity during
strength training and detraining: a one leg model. European journal of applied physiology and
occupational physiology, 1983. 51: p. 25-35.

48. Hikkinen, K. and P.V. Komi, Electromyographic changes during strength training and
detraining. Medicine and science in sports and exercise, 1983. 15(6): p. 455-460.

49, Hiakkinen, K., M. Alen, and P. Komi, Changes in isometric force-and relaxation-time,
electromyographic and muscle fibre characteristics of human skeletal muscle during strength
training and detraining. Acta physiologica scandinavica, 1985. 125(4): p. 573-585.

50. Snijders, T., et al., Muscle fibre capillarization is a critical factor in muscle fibre
hypertrophy during resistance exercise training in older men. Journal of cachexia, sarcopenia and
muscle, 2017. 8(2): p. 267-276.

51. Correa, C.S., et al., Effects of strength training, detraining and retraining in muscle
strength, hypertrophy and functional tasks in older female adults. Clinical physiology and
functional imaging, 2016. 36(4): p. 306-310.

52. Besse-Patin, A., et al., Effect of endurance training on skeletal muscle myokine expression
in obese men: identification of apelin as a novel myokine. International journal of obesity, 2014.
38(5): p. 707-713.

53. Embhoff, C.-A.W., et al., Gluconeogenesis and hepatic glycogenolysis during exercise at
the lactate threshold. Journal of Applied Physiology, 2013. 114(3): p. 297-306.

54. DFGHIK, F., D. DFGHIJ, and D. DFGHIK, The effect of 10 weeks of high-intensity exercise
training on resting levels of some angiogenesis and pulmonary function of men with prostate
cancer. Journal of Advanced Biomedical Sciences, 2018. 8(4): p. 1097-1105.



