g MAFbxFOXO03a g glaw 39 (9 303 sd 9 YU 0 b o3 03 il
b g0 e dhas ,0 MuRF1

Touwd 336 ¢ oo g K95 a3 g0 ¢ (I cpumo g3l 58 S BT (' Sl yugs
o.&._n_.ﬁ___:

Cans 3 oy ie (005,903 9 5y SalliSacy (5L yacas (35S JLad Ly il 93 o0 Caallad pus 1dodo
99 A3 0y 50 Gl HUAEH 5SS LEALS 4 jake el (pal 4S 8 ga &8 Liblate g alide aaa Gl
s b (s S o 9 Aeladio Coaidi Ly (g a3 S (piaad aadllas () 5 s 0 gl g0 (S35
493 MuRF1 g MAFbx FOXO03a Sisllisu

il ouli o0l (I glaSH paead 0135 dale Y 5 (hige s Y GhA 958 (3l 4a taw ) B (V9
Lo g S (purw o alodl 4 58a (i b Sa o ds VOppax 7V 0+ LEAD i b (o g3 (4 5a3
i fan Aliad alasl 5 olas alide g whaddi ( pa8 3 (590 VY 9 590V sl YA Juyad o)
dse sLajli pgd woys g Ol yas it sl (b candigivus g HEE 5ael & g,
el ouldiodl 05 @l jaadd a0 ) RT-PCR g, 5 9 Alsedl

GRALS (i 54 o3 099 3t 9 (ol 30 (33 pma 31t (ad alie (359 (aSilas [ AL
23 S9Ala P2/ ) 8 S cyge TTA 151 0 £ 65 Jaass (P=+/+ 1)) Cacdis (5 ylalins
ahosalabia Il £ 95 Lo 5o (A el o 3 aas (89550 9 Bolids Crudi L 0 pad 3 aas L3
Ou=ad 5l aas MURFT 55 gl jasaan g MAFbX 9 FOXO3a ¢ glow 7 glowu (p=2/+ V)
(P=r/ve)) Sadils (5 ylaline GRALS (s el o3 0599 5 was 9 ol 53

=597 ol 31 gile Caadl g (1 55 43S 50 (las (GEA 952 (3l gl (S T ARl 9 S
a3 g FOXO03a/MAFDbX ju—ue a—idi Jlad (paiaad 3 gchi (o3 pad o 05 90 3
S8 MURF1 YLaial g cocal 0yl o 0599 o 9951 ouis slas) FOXO3a/MuRF1
il 33 5T yu caalie (SILES S () g6 dg 3l g3 et dtisan § Cacsl FOXO32 asiiiens yué
Wl (5 siage GBS 2381530 (8957 slacias g ;s MURFI Yisial

90 (395w ( 39 5T ( S b sunls” O 39

(P Judoano VAV les gl 2 bosds cpoiannny Jlw) Lles Oloss 9 31wl cuiblags o151/ Upwo ol (g 3 (sole doliliad
/NI 2o 3y gl 7/7/VF 8L s g )b

3y oIS ¢yl jlyad (638D (gormatily N
s o8l oyl ey Ly Y
daryanoosh@shirazu.ac.ir (st cilje %)



OUSn 5 (Slad agds

Ub9e duac > MuRF1 3 MAFbx [FoXO03a zohuw s (& pei 2 9 (2 red K1

YU s U ol e glyal a5 1ilosls ylis elillas
Slesl53bo plas aligS oo e )3 Wi 3 (HIT)
iy [A] 23l aily (g 3 1) (grelitl Sl ye I (80
09— sl DMae gula ST s )b )3 gy Sl
YL gl & (gl ) Sl yed 435Sl (2Ulg5 4 S
010l Ly a3liil | as mudlSo Lol sl dtualy yo il
HIT ol U as wlesly oLis b jiagh Sy Gl
990 (nl 45 A0l oo Cund 4 iy 5L 390 (sl
) Slojmy Col (S-S5 i g 35008 (loj
lnor ] 5alS 018 ety 4 Wlools oLt Slalllas gl
e alen I Lo sl glosl 5l oobis ;5 cpmilipus]
i )3 (558 j3 b & o5 [4] cul PGClat (S
G Gl Mae )3 ol ol 5 4 e s 51|
Jed 3l el clacalad 4 iy Olyuss 1 b
2lp 3 Ceglie g (SMas U g4 i g 2byMS s Sign
Sl ped 351 PGCLa il 381 [ Vo] 59— o (3,51
ol Tost ol alae coliiwl 1y o0lyj @il ¢ by
9o L3l 1y PGCla 16 HIT oy ye5 aian £ &S oslodgs
O3 &5 9 0 IV ] )l gralinel el b alie (s
gl ol b elosly oLis |, PGCla Ll (ET o HIT
HIT ol o g jascie (golitwl Glo s 5 sl oS
A0 piig s &S Cawl ol asude VY] Cuwl asuiel
» Sl 588 Ly FOXO pb 4y (Mas cdly onis
golw 5 3 (Llie ;ST PGCLO an ()48 50 35
248 55 )5Sl ol e s Wlg5 0 PGClaL (oYL
e sk JIPGCla ol by 59 (SYce gy
oo oAb JLsb | (B9 1=y (sLmysSTl g
o3 l0l )3 6L Al (igan WS o (S sl SitdySg

2. High-intensity training

3. Peroxisome proliferator-activated receptor gamma
coactivator 1-alpha

4. endurance training

-

doio
5 M > (A5 B G Sl cae
oLy g oM (gl clio (SMae wo 5y s lany
Solon SV (S0 0 cage i 5 Cunl (5y908 (S
Stz gy 55 g Fiw )l ywe 9 Sy g
4 (Sho ol g ol jlugen o pudgilie alo 3 Slas
03 3)lg 5L 9 Syoe 4y dagi b a8 a0 ojlal A
e il 38l caw olail glassly jo (iol8l el 5 5
2 ok Jole &S 005 o a8 inli8l ais > g alias
pis (Ss 2 gy slad 4y (M g ()9 Sloca]ld
9 2 (b S A i Wl oo )b RS L el
5 CstS ialS Ay oyl oyl 45 365 a5 Lblae
(Mae Byl [V] 295 0 (SNj 50 Has 3590 ol sl
55 il Vil g L gy iiw ilS 51 (ol
039> S jl a2 el 0 Sl 53 Bl oo & ol a9
3951 Ay gy Lagylon 5l (B 51 0 Ly g el
Hoas ras sbglan mMe (ppere jl (S0 Sas
Oluasin .l 85559 0 Glae woo (ol cusd jl
oy 518 LA L pials (ad S ((as gyl
S odlaiwl pae() 258 el Fo dw 4 5 Cunl (SMac
OB L ghlon y51 0 g Cunl g5 oy ydglaie o5 wMlas
2ol (VY & acmd oo g9y Vol cto a )
11 S59,9 Mas (o951 (¥ 510 F] Sijoe SMas
Lol 335 e ploml pono ds oo 51 Lol (5550 4y 359
i (UPP) pgjsiis (5555 (gt oo o 33500 1905
o Sliyas [V] o)l (GMae deyl )3 (6 sere sl
2 350 SIS gl e 45 Wiin JLiS | o9
DS o Jod 1) (5568590 9 (Splie slag 5l
Gliz po3 0329 &1 (5859 iz po3 4 Cal 045 yaSude 09 el

1B a8yl (b9 0)Sdes 3 e &l 1 toldiul

1. Ubiquitin Proteasome Pathway

Yy



(Y Jusdsa AV s gl 0)los cpoitny JLuw)

g5 Oloys 9 dlael ccudlags o)1l / Lo ol (Sidg 3y (sole dolikad

s MURFL (1o sy oyl a0 Vo] i ssmlie oy o5
Al e oy el GAD g g & FOXO g MAFbX
FOXO asil s ang L W] )y (S 28 (25559
3 Sy e3S cla Jgge atrogin-1  MURF1
oS 5 adlize gl Lol [YV] it 2l Mae by 5]
2 3925 (o ped ot ) (i (Bg T Ceod 3 03 ug 4
ol ol > 698 JSb an ], bl g ol il
B3 8 pwy )90 (SHas
FOX03a pobu o HIT 03 5l iimgss ol
sy S o sl loie & MURF1L 5 MAFbX
S 03 il oS 0 ol Bud g Al oy Sas cél
3951 3 55> FOXO3a e ol sl U]
Malgd (R B yeS o 09 »» MURFL L/s MAFbX
Sty 93 Wl e 0 Syl Jezn] 655 LT 5 sl
Sl o i ) 36 Bl by Sl a

S5l YPhe oy ped 0y93

IR )

Y 5 g o YV godg (ool (055 g9 5l Lieiy o
o5 ¥ 08 ENNY iy oSl b JoocST sl o155 anle

Ollgs ()l 5 oygy 35 30 5l b ybge cCuwl i odliiu!
Wb g B jlid (Sbjy padle oSt alKabj]
Blid GlinyS (o i jlojug lapudd ) Lagbss
Ay YWY alBlilejl basoys ¢ yie Sl FYXYex10
a ldyy 4 g ZF e L 00 (i Cugb) oI5 il
Coey st g Ol olil g oyton b g WY (S5
2 aB)S Sy gl tle] plad ind 35S 5 (5SS

oty alEiylefl llgs b, aaS Josllygiod ol

P (S BV § IV U U N P PV U G J SR PN
(IR.SUMS.REC.1396.5444

Sl id blid psi g oyl Sl 655l ca
A A (S s bl d cou an ¥ de 4 ladiged

Yy

FOXO in iy 55 0iiS 5,556 oo s
D] 29 (Bl 5l s ol a2 13 9 FOXO Jlao s
sleygS 6 S5 03l il (glasgerme 105 FOXO (3555
Lo o9y dlwg a0l pl sl sads (5,105 e
alae > FOXO1 VY] 64 o0 olols DNA & fuate
ol 5 By oo ol LSl ©Mae > FOXO3 4 8
A8 )3 1850 sla e (a5 Y g ) g5 s FOXO glgil
D0] 58 (o J58T1) pigsd —s3lesl 9 UPP iny (dg5]
SHlie aslasd 3 8 Jg5em 5 FOXO3 g FOXO1
5051 anls Lol ahwly FOXO3a o8 wlosls jlss
Lol diwd 4y Jigiw 5l 25 Jlad aS° )00 0 5 Cunl
Cadly 028 55 9y 93 0255 JB e 9 298 o0
A 40 9 03,5 o MURF1 g MAFDX x sMac
Lo e S lg5 o FOX03a .55,5 o jLel oy 55
OSen 5 39 (V7] 355 (B9l s 5 U |, MAFDX
2 S Oyl Ay S 5l amy (gladllae ) (Y4IY)
Jbye 903,5 o yad gl iy > FOXO3, olass
oS dalusl g9y p 305 dghy 10 [VV] 00,0 ssalie
A 220 B AD i b eglie 1 po5 aam A 45 L5 o0l
,» 1, MAFbx ¢ MuRF1 mRNAFOXO03a )}
g 951 [YA] ol ialjdl abngy oas B ywle a5 SMae
FOXO03a ;g ysind 5 53l olis (Y1) ' ol Kan
Slaal MRNA zole s Lol el iols 8l oy o3 5l dn
i celw Y g o MURF1 4l FOXO3a
oo [VA] A5 sdalie ‘_5_99);| 9 Cubll (G ymd oy pod
4 oo VO2max V0 cais b 4ids Yo e 4 (ydugd

celu gz b S, MAFbX s MRNAMURFL 5

=5 & G )l glalie o )3 (falS' g ad (o yed | am

1.Satoru Ato et al (2017)



OUSn 5 (Slad agds

Ub9e duac > MuRF1 3 MAFbx [FoXO03a zohuw s (& pei 2 9 (2 red K1

HA ¢4 5| g9 slayud us ags Ml ) MATPase
Gl 553 bLs a8 oaalie Lo alae > INYHTF
sdaliie pLSIB )3 () 3j9-0 sloog)S | Cuniolgsly &S
($3korsS) il oMl i

ol Alas oy S Lo Bl ooliil L RNA gzl 5l
RNAX Jso Lo S5 5l odlitul U il .cd S &0
Al sl (S 5 03,5 BLSIL o 1 (9o
o aiged Joblsnls ol s RNA onis” (45510, 3L Jolis
s als yo 3 0 (e Bl 0AS (Kb olSiwd | 5 00
A8 V/0 Gae a9 A o0 )8 b S g9y p diged
005 2wl Cgwy ()9 L (65 ) odle DS Foudy il
&l RNA 15 o0l L] bz cg,See 4 o 2
5 b St g gt Ve 3ym Joibl g See YO b ord
o5 o 5 5l 2515 VB (e ) Loyl o o] & g
Ol s dls o )3 0 Soads ylo a8 VYo g adlsl (el
aady Ve Vg ddlsl g o VO e an ¥ syl
oo 1SS L Y s pe (0] )5 g0 foud il
390 U ot il 4B Y0 4 w3 adlil °CT 50 RNAaSE
Jlye 53 ookl (gl Wadigas coled ) 5 €85 &9 YL
el RNA Giomw gl iad Jae j5008 4 sim
b o3l yogili Y5+ g0 Jobo b yiagidgnly olSiws jl ot
LS S5 4 59 VAY 0 0ulgs OD 5 Sile
ol RNACwLs

alsye ¥V b asses y o gl CDNA zlsenl cos
N erSeSee A sy (pany .85 plodl CDNA sl
Y 5 DNAge w51 2 asly /A L ox ol 5l RNA
g 05 byl 03,68 "DEPC Ty of XVe ,3L y2d sl
5 0 dbu Jgmaste b okl i dals Vo dy diges poe>
420 00 (gled > adds 0 1 4SSl ISGloge 5 oS

4. intermediate/hybrid-type fibers
5. RNAase free water
6. diethylpyrocarbonate

D) 39 5l 59y Callad 09 by plidl ol pgo atim
WL S copwly aug g o5id) oly asin S o duls
e (A )d yio Cad g i Vo BIA celw > M/min
o 00,8 culled atan i 095 (o yed Aol b sillao
WA i 09y ) ¥ 4 (Bolai jobo 4 09,5 pa e
V pg2 095 siaped dule (BT 5l oy sl TA gl 095
OSis i yed a0 315l ey 39) VF pows 09,5 5 o)
KERH

NS5 Blae g9 G5 b bbee upds Jolye
Sl g Sigr e (Ve—Ae MOIKQ) (el 5 53
Olo—> Slos plasl jldae  den o il ey N0
2 NS 03y gitidund S5l 58 oy )3 syl
Qe S80S (g9 S 1V eBy Ly (Jliemd oil
o i slapiod Gl g demie plo ©jl > Aloli,
43,8 Jaie = As slod b 358

L ladds ¥ LSO ¥ ©jg0 4 Vb 0ad b (gl o e
Y LSS Y g aady ¥ colpwl L VOomax 4V B Ad s
azan ) .85 ploul VOomax VD b 50 s b (gladdy
aan ) 48 15 MMIN VD ey s La ) S5 ol
B3 D (2 yo (sloog)S dod ) ABBd )3 o Tr 4y bl
owod bg 25 VOomax 25+ 50 g e WE Y ey b
VY] 205)S o Dy s g yloj

Sl Bl andgias 5 (HEE) jel 5y g,
A odlinl Sl dlas gla )b g9 duo)d gl jee (i
©)gmo OUM ;a8 L pY 59y badiges jlodd as S
el S 5 g B05 (S50l S5 0l cd)S
el Ll TS e 08,8 il M) cans b oy Ml
o e L) ()38 S San Jl oanlia ol g 23
odd (LS (295 wgySue polual b okl (193

1. hematoxylin and eosin (H&E)
2. Merck
3. Optika

Y¥



(Y Jusdsa AV s gl 0)los cpoitny JLuw)

g5 Oloys 9 dlael ccudlags o)1l / Lo ol (Sidg 3y (sole dolikad

anlllac 09,5 93 ;0 (hai Ahae (59 3 Wikl 1,551 g il - Jgo

o o ax celw TP Wog 5
T BT L TSI L
Ry 0590
- - NAE[ N J s
- - #YWEY gl 0g,8 HIT (03
- e [YYSE [\ F - 093 89,5
#e VIV - - g 09,5
P</e0 (gybolirose
bast

i e ale o o5 kil Gloul g 5ol
o3l LS Y Joan 53 059y W g ¥ (ayed (2 0)93 9 (o5
Ll 0445

2 Sl (sl ojl] e 3B HIT (505 098
3951 o e Sl dm (S iy e alas
Gl odel oty @l (P=2/ V) M5 Y 9 ) £g5 o)l
o> lil o (e A4S A 0 (LS (as aliae
pabae ool p less cla)l yials 5 A g5 gla)l
(7 o) P/ V) 25 58 09,5 L sl

A3 e s )b glate gaw (5 S ojll I Jobs b
0393 5 Ot o g A 55 (slo)l ) 5 iy oS
(F Jgia) (P=2/++Y) conl (o yel 0

Olie 48 smd o L5 s RT-PCR mls
ialS fslies jsbo 40 i3y05 5| e MAFbX , FOXO3a
(P=21e ) cils g)bobine Ghali8l (o oS 0)93 03
Omn e (i paim 0393 )3 (BT s il Yo
G2lS (a8 (2 093 93 9 Gl38l (yed ) 4 MURFL
Ylazsl MURFL _zolil (p=+/++)) sl azsls (gblins
5 ol ol ) Jhogas el 03 Lyl Ly 5l b
m3_e olis |, RT-PCR

ARgF 9 03wl 590 pealyy =Y Jgua
Factors Primer forward and reverse

FOXO3a F:5- TTCGCAAGGACCCAATGA-3

R:5- TCCAAGCTCCCATTGAACAT-3
MAFbx F:5-CCATCAGGAGAAGTGGATCTATGTT-3

R:5-GCTTCCCCCAAAGTGCAGTA-3
MuRF1 F:5- TGTTCTGGTAGGTCGTTTCCG-3

R:5- ATGCCGGTCCATGATCACTT-3

aad ¥ ol 3 ole an)d YO slod > 4dd3 V0 ol 5 ol
0 5 (CDNA il als o) o1, 5 sl a5 FY slod )
o) il Jld cas) 3,3 Slo 43,0 A0 clod )3 aids
L cose S diges S 5l CDNA wses ja 4l (RT
9 il sl (313 U, e 4 B2M
33 g 00 bg e oyl 4y Ladges i s CDNA
aidy Ve S 15 5 ey L (Corbett) RT-PCR
a b Ve (adsl b Al plg) 51,8 Sl a5 20 (sled o
5 4l VD o s A yulg) o, S Bl a5 3 A0 (glod jo
lod 3 aglb Yo ol peslyy Jlasl) of Sl 4 o £+ (glod
Sy dy pod alsye 1 y1a STy (B S o Sl dyd VY
asb 5 Lo tisly & bpye CIS 05 5 JSew ¥l
ol 5 5 325 gyl RT-PCR olSius il o
o) 3 ool 3yg0 (gl ey LMD S 45,6 4w Ctmean
ol (g5l (a8 (gl o oa )9l Y g 5> oy
5 o2l 27T Joo 5 5l ebin )5 ol

Loosly (391 oab sl Byippans] B9)S5alsS” (9051 1
9l 3 Loy S ol s dnliio gl g 4 o3lat ]
Sl Sy e a5 oolits] 450 S5 ANOVA
ool Slaslors 5 b S Jlai 53 /4 ) 208 laodls eles
A5 plosl Graphpad prism el e 5 51 eslil b

sl slong,S A i ;3 (1) B b s Y Jpin

axdllao slaog 5 Joi dlas )0 b )l ghaile mlaw gaodl> -F Jgas 09,5
09,5 Mt 39u VY Saei 5e, Y HIT J s das U go
S 2 39)VF aeT 39y Y HIT Jes alas U g9 *5OIVALY /Y BUDVEY/Y Tov/osEY /Y SAIAREN/) )
EYIAEYY sVYEVEY/Y aa/Fay/) AY/FALY/Y I FY PN Y YO/fOLY/Y FYV/VVEY/) YYVEVY A
MY #PEOEVY #AV/ESEY YAEYEN /Y A 1B
WEVEYY YY/E\Ea/Y PYETEV/Y LS INUHTF YIYE /- Y/aaE- /A Y/adE- /2 Y/AYE. /A Int/HTF
P<-/-0 (g bl P<-/+d il Jolme ol puss T P<-/ed (ol lolne ool s

Yo



OUSn 5 (Slad agds

Ub9e duac > MuRF1 3 MAFbx [FoXO03a zohuw s (& pei 2 9 (2 red K1

b A G5 b s i) Kdg adl ials LoV 4
s MATPASE (i i eaimd (L5 ) g5 s (352
Loyl jeis eizran [YF] cul 'MHC (slag iy
b sl 031355 ) g5l Copmlis domgs Ylainl clabauly
2951 5l Les a5 HIT (405 bwgs FOXO03a wgS pw
Sk S eamliie j5 (B pmle 4l b (65 5>
SRR JORIN T} S R
5 05 ipye ] 2 el Lilsél s MAFDX , FOXO3a
iy el Jials MURFL polaw 4 el s s oyl
3 =36 FOXO3a (2ol 581 (o po3 o (b )3 dmp s
Yiaisl g (3 ymdsens wulyd b s MRNA ALy il
18l AKT 4 PGCLac ol i inls
2 kol dlawly FOXO3a a5 sy lis sladdlae does
3l o Jlb g0 5 5 sl (ol sl 5 55951 a3
0IiS 55 (g 93 (055 JUb e g 2945 (o0 L
3 93,5 o MURF1, MAFDX _—x Mae codl,
aSulan ang L V] 90,5 o jLel o5 a o
13 Sl @Mae > MAFbX 5 MURF1 FOXO03a
e 39050 LAl ulply b o GBI Bo T P
sbagi ol ole amd oo Gl ) iy St & eglie
895 =t tmofy o Lol ams el STl Byl ) 15
TN as b ceglie [ pes dtam A4S waly Lis das L]
s MURF1 FOXO03a mMRNA ;e iy 730
el 38l g oas B9y ymle 45T SMac > |y MAFDX
TVD us L addy Ve Gl 4 ugd uimed [YA] ol
MAFbX s MURFL MRNA 153l 4 e VOzmax
3N o 2 VTS ped o sl Jlea U S
o VOomax Y+ &us U (g)lgw 45 293 4 dibs &+
Ao eliwl 03,5 oy yed 31,81 )0 MAFDX (sl g yiol58l

1. myosin heavy-chain

nof FOXO03a

mMRNA Expressio
o
°
2,
o, }
BRI

8
! Q\K &
) ' be\

Expression mRNA of MuRF1
5 B = = N N
& wm & W & W

2 i
C & &
(C) MURFL &5 5 (B) MAFbX (5 ((A) FOXO3a &35 sl <l paad —Y 13905
p<e/e) g,labno s

S5 4l 9 Cx

i S Cul Sldlas dgi e 5l 2l Jiagi

s MURF1 FOXO03a ;L &lyis 5 1, HIT 55
N o 3yge Boll Boimle Olyis s MAFDX
3)9—0 3> S g ot SLeMbl Jiagiy (ol amd oo
o= lss ol 03,8 sloul gl o Sy cla ) Sg5le
2 (eiied )18 oa S LAl HIT o5 a8 sy oLis img
asle skl Ol 3o )b il 1) 18U cpl g cul aliae
s(TA g5 | gs) bl g o el oo 3 ial38)
il bl )58 (o by Glo 53 et b s 5D s
HA ¢4 sla)b HIT @loyed jl e a5 amd o ol pobs
TEN I gos syl g (mal38l ZYY & ZVV5l e alae )

\re



(Y Jusdsa AV s gl 0)los cpoitny JLuw)

g5 Oloys 9 dlael ccudlags o)1l / Lo ol (Sidg 3y (sole dolikad

535 TFAM 4 PGC-la o138 ales 51 b, siee
oHer 5 Kb 4 )31 [YA] cél ials FOXO3a e
Uioli=3l g MAFDX el Ll sssls plsol 1y ggldse
= HITSET oy 180 (v210) ()L 5 55 Jo2
L g 153,51y laige 50 (B931 slaysse 5
oS Juedyi (g9 p dtin Hlea Cde 4y dldd (d duds gy
ET 09,5 5l yrio 70+ IS » HIT (505 jd s n)S
Candg )3 Sy 455 g 45 ol Lis sl mls g
5 MAFbX FOX03a &L jl 5551 (cLn,5:51
9 Ol g0 Slalllas Y] cowl oais slowl MURF4
MUuRF1 s FOXO _zls8l a8 ol ol (Vo) +) o)) K
o o Vg Sde lajpud > gobpguas | ae
Pyt pl o oYL e a5 05l ool Vo goi (slayud
S dms 5, VF L5 0 o ly 50 055 o ol (B9 51 Cmdg
O‘}_,_.o LY gy L;lm)ﬂ.é 5 MuRF1 w9y ‘Lg)b)g;,ua.c
5 o 5 o8 B> e L o > 9 £33 (slayes 2
A8,S dond cplply s Gl 1) 63V (liee Conl Uyt
5 SMas byl b 5 s FOXO03a 3 MURFL o«
9995 Ol M i3 Sl 53 93 9 lapud & Sle
Hlisd e SMae glayd 45 cowl Jlej b oyl
sl SelS” JSUga 15 il Lol [F] it (ool bl
sloasdl 5 piagiy (2l @l 4 dag Ly Cog 0l
a5, FOXO3a/MAFDbX ,, o Y1 KN
oy b as s dac » FOXO3a/MURF1

Oluyod 1 am upeio Sl o cul N g9 sla)l I gy

o MURFL o b g conl o 89,51 cows HIT

2. Mitochondrial transcription factor A

A

G L o yed (B9l pSl lagl 53 [YO] A
plw b b &S as sl MAFbDX g FOXO3a )38l
oais dloml gl cowl (Sen prizmen Wbl oy ped e
e dda Sl Gl Gy @0 4 FOXO32 i
Ak 5l
9o ygind 45 a5l 5Lis (YY) o Kan o ' o5
MRNA ol Lol cél (i8] o505 5 e FOXO3a
I celo ¥ g alolid MURFL usl FOXO3a ilial
gy > 50> Byl VA Gl (655 (g2 pe5
el Gl onped Sl b of cnl gl Ol L oledl )
ooy Cadlad 5L (8L ) Canl S &S [VF]
ol 4o s aUlges > AKE-FOXO038a Sl
bwgio Cud b gili 09,55k cnped )50 adlllas ) il
o )o Alae )3 oy o5 3l dw el VY B ¥ MAFDX
o celw jlaa U S MuRF1 Olise Lol i L]
weldl Gl jad plodl poan [YY] 0l isli 8l oy os
(S ) 1S s a0 5 by S 53 (S ) g
i dm celw 4w MURFL il sl 4 oo ;505 gL
935 031> ploul S i ilS pyad 4 S 0l Sl > oy yed
s as Lol [YA] 10059 00l plosl S i oy pod 4S™ A
Ol e 95 gl Sy g S ydls ) e oS
S9) 2 Cryed A Cudid 1503 (ddghy 5D sl lgdd ol
E e ) Ol ipe SN TE e b b Jeed

1.Satoru Ato



OUSn 5 (Slad agds

Ub9e duac > MuRF1 3 MAFbx [FoXO03a zohuw s (& pei 2 9 (2 red K1

Ol [YF] 0yl (St (bys dilo Cpitred ¢y ped o
Sl plojen yob 4 il (slacad b (o8 glgil plx]
sl 3l 3,50 ST slasingy )3 it 21T

» oialS g alidl a8 1S e ol g ol b
b ye (659 4220 9 Jiw 3 Olysi 4 (Sae 03y
o A Jld &5 A8 (oo Glo pSl gl @S
sl FOXO3a/MURF1 45 4 FOXO3a/MAFbx
Sl (g y03 0)93 S5 5l dny R S 0390 3 Byl oiiS
5 ¢l FOX032 s & 8 MURFL Ylaisl
Al Bl ) caslie )Lt G lsie 4 Wl e ditsen
St S (S5l slacunss ;> MURFL Yisos|
9 Fdn S5y Gigd cpl S & S BL cole 2 )
SMae 5, Slae > MURFL i calis 9 Sl i
Sy st

) g9 ) Wy e 5 s 31 (o Yl HIT (505

Gl 0399 (=i dlae (5 (Y g9
aS Wlooly s adllae pais Lol sl FOXO3a puiitins
Slalbe 5y 395 0 0k Bgy5T ©Mae 3 MURFL
5L MuRF1 ole sly FOXO03a 4 ST as isly oléd
9 35bL DNA JLasl 5o,k 51 a8ty o 45 4 Lol el
Gan MURFL Ylaisl a8 0iS o oy g5-dg0 (]
Sy bl [YY ] el L OT 50 JLé ¢l FOXO3a
LsLauM.as”_» 50 oad odalie L;Lauasb 4 d>gf L ).i{b
PRCRU Y [AVRWS (e slcursy »» FOXO

References

1.

Lynch RL, Konicek BW, McNulty AM, Hanna KR, Lewis JE, Neubauer BL, et al. The progression of LNCaP
human prostate cancer cells to androgen independence involves decreased FOXO3a expression and reduced
p27KIP1 promoter transactivation. Molecular cancer research. 2005; 3(3):163-169.

2. Labeit S, Kohl CH, Witt CC, Labeit D, Jung J, Granzier H. Modulation of muscle atrophy, fatigue and MLC
phosphorylation by MuRF1 as indicated by hindlimb suspension studies on MuRF1-KO mice. Journal of
biomedicine & biotechnology. 2010; 2010:1-9.

3. Wang X, Chen WR, Xing D. A pathway from JNK through decreased ERK and Akt activities for FOX03a
nuclear translocation in response to UV irradiation. Journal of cellular physiology. 2012; 227(3):1168-1178.

4. Benveniste O, Jacobson L, Farrugia ME, Clover L, Vincent A. MuSK antibody positive myasthenia gravis
plasma modifies MURF-1 expression in C2C12 cultures and mouse muscle in vivo. Journal of
neuroimmunology. 2005; 170(1-2):41-48.

5. Lee H-K, Rocnik E, Fu Q, Kwon B, Zeng L, Walsh K, et al. Foxo/atrogin induction in human and
experimental myositis. Neurobiology of disease. 2012; 46(2):463-475.

6. Moriscot AS, Baptista IL, Bogomolovas J, Witt C, Hirner S, Granzier H, et al. MuRF1 is a muscle fiber-type II
associated factor and together with MuRF2 regulates type-Il fiber trophicity and maintenance. Journal of
structural biology. 2010; 170(2):344-353.

7.  Ventadour S, Attaix D. Mechanisms of skeletal muscle atrophy. Current opinion in rheumatology. 2006;
18(6):631-635.

8. Cohen S, Brault JJ, Gygi SP, Glass DJ, Valenzuela DM, Gartner C, et al. During muscle atrophy, thick, but not
thin, filament components are degraded by MuRF1-dependent ubiquitylation. The journal of cell biology.
2009; 185(6):1083-1095.

9. Puigserver P, Rhee J, Donovan J, Walkey CJ, Yoon JC, Oriente F, et al. Insulin-regulated hepatic
gluconeogenesis through FOXO1-PGC-1alpha interaction. Nature. 2003; 423(6939):550-555.

10.

Leick L, Lyngby SS, Wojtaszewski JFP, Wojtasewski JFP, Pilegaard H. PGC-1alpha is required for training-
induced prevention of age-associated decline in mitochondrial enzymes in mouse skeletal muscle.
Experimental gerontology. 2010; 45(5):336-342.

YA



(P Jundono VPRV Jles sl 0 jlosd cponmsy Jluo) loles Oloss 9 shaal ublags 5151 / Lawepl oidg sy sole dolibuad

11. Hood DA, Irrcher I, Ljubicic V, Joseph A-M. Coordination of metabolic plasticity in skeletal muscle. The
journal of experimental biology. 2006; 209(Pt 12):2265-2275.

12. Kaestner KH, Knochel W, Martinez DE. Unified nomenclature for the winged helix/forkhead transcription
factors. Genes & development. 2000; 14(2):142-146.

13. Henriquez-Olguin C, Diaz-Vegas A, Utreras-Mendoza Y, Campos C, Arias-Calderén M, Llanos P, et al.
NOX2 inhibition impairs early muscle gene expression induced by a single exercise bout. Frontiers in
physiology. 2016; 7:1-12.

14. Johnson ML, Robinson MM, Nair KS. Skeletal muscle aging and the mitochondrion. Trends in endocrinology
& metabolism. 2013; 24(5):247-256.

15. West DWD, Burd NA, Churchward-Venne TA, Camera DM, Mitchell CJ, Baker SK, et al. Sex-based
comparisons of myofibrillar protein synthesis after resistance exercise in the fed state. Journal of applied
physiology. 2012; 112(11):1805-1813.

16. 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.

17. Roudier E, Forn P, Perry ME, Birot O. Murine double minute-2 expression is required for capillary
maintenance and exercise-induced angiogenesis in skeletal muscle. FASEB journal. 2012; 26(11):4530-4539.

18. Léger B, Cartoni R, Praz M, Lamon S, Dériaz O, Crettenand A, et al. Akt signalling through GSK-3beta,
mTOR and Foxol is involved in human skeletal muscle hypertrophy and atrophy. The journal of physiology.
2006; 576(Pt 3):923-933.

19. Louis E, Raue U, Yang Y, Jemiolo B, Trappe S. Time course of proteolytic, cytokine, and myostatin gene
expression after acute exercise in human skeletal muscle. Journal of applied physiology. 2007; 103(5):1744-
1751.

20. Guller I, Russell AP. MicroRNAs in skeletal muscle: their role and regulation in development, disease and
function. The journal of physiology. 2010; 588(Pt 21):4075-4087.

21. Burniston JG. Adaptation of the rat cardiac proteome in response to intensity-controlled endurance exercise.
Proteomics. 2009; 9(1):106-115.

22. Ato S, Makanae Y, Kido K, Fujita S. Contraction mode itself does not determine the level of mMTORCL activity
in rat skeletal muscle. Physiological reports. 2016; 4(19):1-11.

23. Desaphy J-F, Pierno S, Liantonio A, Luca A de, Didonna MP, Frigeri A, et al. Recovery of the soleus muscle
after short- and long-term disuse induced by hindlimb unloading: effects on the electrical properties and
myosin heavy chain profile. Neurobiology of disease. 2005; 18(2):356-365.

24. Coffey VG, Hawley JA. The molecular bases of training adaptation. Sports medicine. 2007; 37(9):737-763.

25. Williamson DL, Raue U, Slivka DR, Trappe S. Resistance exercise, skeletal muscle FOXO3A, and 85-year-old
women. The journals of gerontology. 2010; 65(4):335-343.

26. Crepaldi T, Bersani F, Scuoppo C, Accornero P, Prunotto C, Taulli R, et al. Conditional activation of MET in
differentiated skeletal muscle induces atrophy. Journal of biological chemistry. 2007; 282(9):6812-6822.

27. Yang Y, Jemiolo B, Trappe S. Proteolytic mMRNA expression in response to acute resistance exercise in human
single skeletal muscle fibers. Journal of applied physiology. 2006; 101(5):1442-1450.

28. Kostek MC, Chen Y-W, Cuthbertson DJ, Shi R, Fedele MJ, Esser KA, et al. Gene expression responses over
24 h to lengthening and shortening contractions in human muscle: major changes in CSRP3, MUSTN1, SIX1,
and FBX032. Physiological genomics. 2007; 31(1):42-52.

29. Lee I, Hittemann M, Kruger A, Bollig-Fischer A, Malek MH. (-)-Epicatechin combined with 8 weeks of
treadmill exercise is associated with increased angiogenic and mitochondrial signaling in mice. Frontiers in
pharmacology. 2015; 6:1-10.

30. Holloway TM, Bloemberg D, da Silva ML, Simpson JA, Quadrilatero J, Spriet LL. High intensity interval and
endurance training have opposing effects on markers of heart failure and cardiac remodeling in hypertensive
rats. PloS One. 2015; 10(3):1-16.

31. Burckart K, Beca S, Urban RJ, Sheffield-Moore M. Pathogenesis of muscle wasting in cancer cachexia:
targeted anabolic and anti-catabolic therapies. Current opinion in clinical nutrition and metabolic care. 2010;
13(4):410-416.

Y4



1. PhD student, University of Shiraz,
Shiraz, Iran.

2. Associate professor, University of
Shiraz, Shiraz, Iran.
(*Corresponding Author)
daryanoosh@shirazu.ac.ir

Ebnesina - IRIAF Health Administration / Vol. 20, No. 1, Serial 62 Spring 2018

The effect of high-intensity training and
detraining on FOX03a/MuRF1 and MAFbx
levels in soleus muscle of male rats

Sheibani Sh', *Daryanoosh F2, Salesi M2, Koushkie Jahromi M2, Tanideh N2

Abstract

Background Inactivity may result in loss of muscle volume and
subsequently reduce the power, by activating proteasome signaling
pathways, which leads to a decrease in quality and expectations of
life. The aim of this study was to evaluate the effect of high-intensity
training and also detraining on the signaling pathways of FOX0O3a,
MAFbx, and MuRF1.

Materials and methods: In this study, 32 2-month male Sprague-Dawley rats
were used. At first, periodic exercise with intensity of 85-100%
VOzmax was performed for six weeks. Then, the groups (detrained
for 48h, 7w, and 14w) were detrained and then soleus muscle was
removed from hind limb. H&E staining and histochemical procedure
were used to measure the amount and percentage of skeletal muscle
fibers type. Also, RT-PCR method was used to examine gene
changes.

Results: The mean weight of the soleus muscle increased after exercise
and decreased significantly after detraining (p=0.001).The fiber type
conversion were happened from | to IIA (p=0.001). Hypertrophy was
observed in fibers after training, whereas atrophy was seen after
detraining in type Il fibers (p=0.001). FOX0O3a and MAFbx levels
were significantly increased after training and decreased after
detraining period (p=0.001).The MuRF1 expression shown an
increase and a decrease after training and detraining, respectively
(p=0.001).

Conclusion: The results of this study indicated that the exercise couldn’t
prevent atrophy during the period of detraining. Also, the activation
of pathway FOXO3a/MAFbx, not the FOXO3a/ MuRF1, is the
atrophy inducer during detraining. In this regard, probably MuRF1 is
an indirect target of FOX0O3a and cannot always be an appropriate
marker of atrophy. MuRF1 probably plays a more important role in
pathological atrophy conditions.
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