Cpa (S 3y pgle oK1 aloxo

V€Y )l{)' ) b)wc\\ b)gb

S g i g 9lB 95 WHas ALrogin g FOXO (sbvyys ol 3 oS 55 o od 551
KVO | W) JU v

AR YR VL SRR VEYAY/N bl

Tagale Lo pale o7 Sl ool < 0315y loleet o2 50
59258 2ol Y ol ey oMol ST ol sy Sl oB5yg pole g (SN Cun T 09)5 ((oB5rg S pind (S (f1SD sormitil )

Pole 5 (SN Sy 098 (B39 SiPgsd Sl X lpl il oMl Sl oKl ccidy nly (B39 pole g (S S 095 (D)9
) e o oMol 311 olKetil3 iy a5y ¢ b0

S

4 i &5 Gl olyen siialls 5 (S o b A ol gl 00l gl Cunsy S ISl cMae (i) oo 1 8Ad g dedde
Atrogin g FOXO (slayi by g (oS5 cnped il Glomiw pols Lidgh 5l Bua olwl pl g 0gd 0 Mae 5 Slas jials

80 ;0 &S dg dnle V¥ JIVY oo o3l b jliwsg ol wiadls 5 olyoro (g o VW L oyod (g 4 pols adlllas :)15 UJS”
y50 sbays ol e A plodl diam Ve e 4y Aitn > iyl dwds O Jold 0S5 Ol e B ppdl JaLE 5 (o35 05,5
A ool Jatue (5 oyg0)] 5l aedls Julox g 45 cags 0,3 oolil Real Time -PCR g, 51 s

93 50 > Atrogin-1 5 oo e 9 (o dlae 13 FOXO 5 olo olise (oS5 s ain Ve 3l am dl ol gols a8l
S dlae 93 1 FOXO 5 ol duolie (p<+/+0) cudld Jby e als aald 69,5 b duslio 0 (055 69,5 )3 6l8sd o o dliae
(P=1+) 33 oien s e 3 55l ol i 2815 o (695 4 39 (6o sinn ST (5Ll (25 03,5 55 i

0F ol ol 5 (e (silgn alae )3 FOXO (3 plo (2ol cage (S5 oyl &5 3 oLt gl ol gl 16 o ol
i Ol diejls a5 30,8 o diells oloro (gla Jige 6lBgd (gilon o dlac o a5 (gilon dlac g4 90,0 Atrogin-1
ol Gl sbadigai (59,

ol wMas glBgd cMac Atrogin FOXO (559 o o5 1085195

ol ey o oMl Bl5T ol ey Il ¢ B5y9 pole g (SN Cun 09,5 o)y (55092 jud Sl 1] gamne Bk g3
AYITEYTY-A 2 palos SANYYYYVAS 1 y0l5 dr.ramin.shabani@gmail.com : Jes!

QI}TW)L»J 1} K3 9 PYRR b)@s\\b)g)/&éﬁ&}ﬁf’lﬂb@léw



G 9 o8 95 WNae Atrogin s FOxO sla™yj ols » =S 5 s S0 g 0315010k

(M) 29-in e (g 5y cmge Siaile
OB yeme 23k 3l gl (645 i )98 Koo g9 ]
o] (Sl SMae slaoudigy fhw jd (ode (i B-jls
e yoie Blgicee e (ml (b Jldpd 9 (V) 45
19717 s s Jeb el (puiomod 39 Hiae g ]
cl LU ;> Atrogin gslas igl-8l L PIK'- Akt
(OY)

5 il (2)lge S g ()9 lisye
2 (V) les o (oS SMe pud i YIS
doce 0 IV pialS Corge (G peSio 9y VY (oS
2929 ool b (V0) 18 lasdge 13 (3 (yjg JS 4 Canms (I
sbags ol 2 (g il Clyyed 136 Glje 3)90 5
Sl =By ) de—mg —aBlite gul 5 FOXO 4 Atrogin
9o (deglie liyyes a8 Jb o ol lis b yimg
3,5 o Atrogin-1 4 Fox03a yuue oy olo Sials
b GRS ol ole Gl (Spiie 0092 2 0SS
oo 400 L La iangss 5l Sy blie 0 (VAYS)
el YU as bowgio Gad b S 5 g eglde o stoldiu!
wls « cal by opl s, Atrogin-1 o5 ol 38l
oaals el eglis clyyed a5 Wb lis cliass Sy
Atrogin-1 ) uL'-’ g L’JLo}.o.h uL.s).oa g 0Ad () "):{‘ UL.,
Ol Sen g Zanchi ) S5 gawjl (YY1 V) 5l (¢3!
Ol soglie (pyed dalo dw 090 S JUid &y Wiy L
2 (VF) cél ials teglie oy ped 09,5 ,d Atrogin-1 5
dals G 5w 095 ik o) Ken 9 Mascher  Lilas
olwpla SeilSgign) Al 0F Ol 53 (ioglie (2 ye3
Sow j (YO) 10,5 sdalico (6 )bline o5 Atrogin-1
5 eglio cdled azan Ve &S Cunl ol )55 500
b 05, 5 ) Atrogin-1 5 Lo gy S 90 ;0 oldiu!
4SS dwy o Jlasay bl ol (VF) <l ili8l  elii!
e O0F Ol @il G5 g Ode g5 Jald (pe8 (A0
(Bt (pl )0 don > )b Jlate 5IFOXO 4 Atrogin
Lol ol p 55 el Bl o Jlo 4 ol Kdag,
o sl jige o g 88 9> Mae Atrogin 4 FoxO
3 e dialls

® Insulin-like growth factor 1
® Phosphatidylinositol-3 kinase
" Ak strain Transforming

3T o s

dodbo

P ek G s Gal38l b ey (i g 5]
dgd> aYlo u.’)i«a.c 0393 ‘UL’“)‘ » .))‘.) 209 J).a 9 LS"?’L
5005 £9,5 38 (S pylex and jl a5 by oo (2T
G334 ) (Mt Syl 1l ¥ Y (S Ve b
2 S giue 3,Sles MBS s 03l ol 50 (V) g1 lgs
S gise 3,Slas ] 355 o nlie bl I g )khun
» VS (oLt 38 il 0lS lsie & g
~ e dgtie JLasl ,5 UM L (S0l W] o565 5 Slas
Fimw &5 0ghe 4 (V) 35 oy (M e 4 Sl Sl
o ol b 6,08 sie MRNAT (L o (6,08 520 ATP'
selias] byl JalS 4 e & Wb e a8 dlas
5 yieS e Sl o 48 g oo (shialls slacures )
P L gy owiomen (FF) 18 plo> lacumes
Sl i (SMae 0355 Lais (clyy (g 4235 9 S o2
by sl 5Mas bl Lol oaiiS pylass (0)
FoxO4 4 FoxO3 FoXO1 o3y dw 45 45l 0 FoxOs'
FoxOs .(£) )by e 4ol ool o clSwl slaazale
Sl dlae > canl ((See FOXOS (slrod) 5,Sles jinls
395 pradgilie Coo s Gialjal g (SMae (B9 pmls 4 i
il J b 3 s 3 Slas sl sy a5 (F)
(V) cwl FOXOS ] 1 yige Jolse j1 (S5 o Canl po

a Loy 5l gaos (o i (gl 5 Ko s |
i sl Loy ool ol e iols8l Atrogin pUs
"9 LBl 5 Sl O s 3l (tdsSng
42551 (A) gl e 028 gl o)l 5 (oulas sl
L slS L LS aasss W iy 3355 ool (gl poano
malawly poilBgn SSSeg e g (09395 STBg] e
s Ay Lo nSgp 4508 Jcnl b 0gdo0 5
SHoas (95l > (oten sl B po3lg 0 (SeSes
() 5yl

dleiniy |y (e (59T (sl )il (S i
o & Bl 0 FOXO3a wwgigy 551 ¢ Jlio (slys 2330
Jls (1) 355 o AITOGIN 5 sssisy 4L 3 DNAT
L;L.:b”;'flé )_ig.) L ol o FOXO3a alwgdy oy Oﬂl e

! Adenosine TriPhosphate

2 messenger RiboNucleic Acid
% Forkhead box protein O

4 Deoxyribonucleic acid

VE Y s ) oslad V) 0593 /by (S pole oSl alovo

VOVY



G 9 o8 95 WNae Atrogin s FOxO sla™yj ols » =S 5 s S0 g 01501k

Foo s g 4G5 p e D Copu b (35 p)S 4dB Y
2y ¥ Ol )b S aRBY o )5 )lg Cs pu o
- hge &S dg o) dlniiy Ce g Sl bl i)l ad s
Bgdy ol e o b Azl adds VY Jols olous slo
A9 d 4 B ey il b T e alolBM
5 OPS)lg oy m @YL LSl 0sd Gl ool ul
G 1=+/3A) 3,3 3929 olyo sla g VCO2'/NVO2
Sl (_‘j Sloslawl b olas oo dS (gy9b &y (p<+/+)
Bls5 S el V) 355 it 1y (e (i3]
A ety sl Caawd &y Cae g &y g5 b 4la3 300 (g3len
09,5 VOZ2MaxX &an ya cpuind 595 (pyed aobp slpal b

b (6503l o yed

(5519 Shoglie) (s )5 (2 o5
03> zses Vb jo oS Gluds | o (slpre sl Jige
Y Cw Y Gllgs ol il plosl o sed jgy o 0 1y A
ad By Y g La)liSS oy 436 V0 Jolgd L1y (boys 5l ()55
Yo (B ain colys ) o Jlos 4 g 00l plosl 1) e (3
A plool 4B )3 pie Yo Gy b o35 (59) (2 ped 4l

() Js)

! validation of Carbon dioxide production
2 Maximum Volume (V) of Oxygen (02)

3T o s

S5 ob9)
V¥ g soil ey Sygo 4 &S 228 adlllas (] 5
YU YY w diob b by olp sl 5 (olymee Gise
ald 5 (225 (2B V) 09)5 93 2 pyS ¥ LYA- (59 ol
~(8ls 423 YWY ) gordao ases BUT S5 55 5 25ad e
o DO E Y b g atelo VW So,b g 4 b (31,3
8,5 1,8 Ll eyiwd jd aiblil i g Ol w6,
loialy g cilig o dwhe wlal p b yislojl den
oUT el jlisl) (aBliulejl cllgs I oslitul 5 cudlyo
90 3D (o yod doly ab ploul (Vo3 codoxio YL Lo
S5y oigd) Bl b Lol oS g ()l ad> o
shr gboy 5§l 8 YU g (relital (pyed (250 (el Jrod
ol o ks ¥) i Sy ke @ ((teglie (o5 S0

W Pl?o‘ (4.9.»3) ).

255 (205 delip
*oglao oy yod

s (4 )> joy B) atan Vo Cod lrs glajhge
A o Ly gy ) gyl 38y Yl codig iy egli
b o G by ol sl )b duaS’ a8y )5 ey
LS5 1y o o jo A0+ 1l )3 badijg s ol
Ol Ao WY BV @ wian Ve (b guya 4 g A0 e
=Y. N S (8 o Lan fXF~—a~ P9 9 J9‘ M.m) _L.;..BL
o g ot kb VNV em Ve e ot i B paid s Q.
Doy Y S cw ¥ oo glaige (VYN
aaBd Y g ) SU e 4l V0wl Jolsd L1y Hloys
(YA V) ol plodl s

Sl o e
55 G Slap S Sl o9 Jeedy
9 38)) g 0ad i JSSgp Babo ¢ p08 b 03likus
ol el S L ) Kea g Rech dlis jl a8 o) )Son
29 0 pyS ad@Bd Yl ) (YA) wd ool (39 o
S i 9 4> p Jla B Cpur b (3)5 3 pw 4B Y LY
Gdo ) guyds d ey g loj i plog] Cluds olad jd
Bl yiul8l dd By Ve e &y g 4B 3 e Ve o dtan Ve
Al (gly o))LSon g Leandro sa sl el |
B OS] P8l dn i oloj 3 Al Sy
o &S Oy cpl 4 el ad (Fr) b eolatwl «ullge

VE Y Sl ) oslad V) 0593 /by (S pole oSl alono

VOVY



G 9 o8 95 WNae Atrogin s FOxO sla™yj ols » =S 5 s S0 g 0315010k

~

(W0 y0) (32 pod Lo

(5+) oo ain J ol aan®

. )
(aiuB3) ¢y i o

(4833 V1) pgs g Jol azane®
(4833 10) p ez g pgm 4240®
Vo) i g ooy Atan®
(ai8s

(@85 Y0) it 5 piis 42in®
(48,85 Y'o) o0 g it 4240®

\

(B o) s g
OA) Jsl azane
(V+) po g poo atin®
(V) oy 5 o)z aan®
(VF) pio g il aian®

(Y5) otf 5 picid 20
(¥+) o0 aan®

. J -

J -

(cs5lga (stoglia) (onS 5 cpes .Y S

=5+ Ol plas ;5 aids Ve e w1y dgd (a4 SoS
asy A liLagl G g ool )8 51,5 sle an 5 00
ly cclale CDNA® i g9 5 8 oxiily 455 31,5 sle
oy I ey Jleas| cloodan VT e g (¢ pSojlul
o,lad 55 olSiwd ool wl L onds CI):LHJ RNA clle
o523 .4 plsdl (Thermo Fisher Scientific, USA)
2 (o) waiaw)b) coiS 5l edlawl L CONA i S )5
2L CDNA 18 pouly) 15l 09 <)lie 48" u 1)1 Y o>

(DEPC L ous asiai Ol ¢ oy 3l bglseo ((XY) bglsco —

Real Time 251y SO plodil (gly SiiSTy balses .Y Jgo

PCR
Xu 1ng- 5pug RNA 51
- (X7) bkseo - 8L
Y o2 351 boleo
ulye i DEPC U 6. ayiuai o

24— (oLl dLight Cycler 96) ;I Real Time PCR
OAbeS 5 ialojl bl 335 (it lalesl )
S5 syl sladslne 29 wre sl Al yo a5 oS
WWas cdadlbre yo 3l LSl ds U5 Ciwyeld 500 DNA
o 03> U5 i elial 3,8 sl b bl 28T,
A5 o3l ¥ g ¥ Jods p

® copy DeoxyriboNucleic Acid
3T o s

sl g 9lgd alas (g5lulas

P Blime 3205 b 2lme clagbse win Vel e
e Slygio) gty bawss ()9 p)SolS o lil 4 p )5 o
5 plool gl il LB byl il b g i bogen
slp g dooxie lo 5l )3 (s 5 g893) L Aol s
)5 Jae —Ae (glod b 558 4 (g (gl o

s> Atrogin g FOXO sl yj ol g =503l
Real Time PCR gy 4 i g 9890 dluas
(] cs38lis) 9, -RNX L RNA' gl
il sl JSS9n RNA S il sl Jgloce
Sy E Jyome yid (e S oS 09 g0 (0 RNA
prS a0+ (s9l> i) S ¥ Ay & |y RNXTM -PLUS
O oy 38U glod )0 g 4l Vom0 Gl )Seon S ddlsl cily
)5 @l o 4y 8918 g S Vov g 0 gSOl i
L 2o g9y 40 O o dy ey bgloee adl VO 51
¥ olod o yobs Joloro Wi 435Sl ol,8 il a0 ¥ (slod
VO Codo &y 4B 13 (g0 WWerr G by S il 4o yd
Syl VD b dgd a1y T3 008 Soud b aids
Sdo &y w9 005 bolie ol )l 4y ¢ Jizie RNase" g0
Vg aisu el gy @le B o3 15 & (g9, 485 V0
BN L Vel ey b @bl ol & ZVD gl 2 e
A as 4ol ole ds ¥ glod 0 bgls 3,8 ST yg
[ oy &lo b Faus il ddBd 40 4ed YO+ > addd
St 53U glod jo adds wix (glp gwy g b Ay ye0
Sy a5 44ua5 DEPCT L 0l i San 0+ 53 ogusy o5

! Ribonucleic Acid

2 Restricted Numeric Exchange
® Ribonucleases

4 Diethyl pyrocarbonate

VE Y s ) oslad V) 0593 /by (S pole oSl alovo

ATARTA



G 9 o8 95 WNae Atrogin s FOxO sla™yj ols » =S 5 s S0 g 0315010k

w2l cdals STy /5 ylows adlge

1x 125 pl 2X (NO ROX) HS-PCR MiX 5 Ly

0.2 uM (0.1 - 0.8 uM) 0.5 pl (0.25 —2pl) MMV F el

0.2 uM (0.1 - 0.8 pM) 0.5 pl (0.25 —2pl) MM V)R yasly

- Xul PCR 4,5 H20

genomic DNA: 20 ng (1-100 ng) Xul DNA i
plasmid DNA: 0.5 ng (0.1-1ng)
bacterial DNA: 5 ng (1-10 ng)

PCR (gld> yo du sl ¥ Jou>

Oyl as g 4 s O L as o o5
20 °C 483> 10 ) Ol 95U 51 8
a °C 4l VA ¥ Sl 0,950
oo-£0 °C EW{ A o055 Sl
vy °C 4By &g 34!

Sl (SorgS Il (gl o5 Jj 25k 5l (Sl plae
Sy oy b Jj Ble 3 5l o JS)ge 25945 00 0]
Canlize Gl ool 2 o)l Jsbo b (gSine dlaly o5 S o
Gl da]) (e C8lue S5 DNA JosUso S, o8
L Y guaxe g 18 (o (b 5 3 5,5 DNA J5Ss0
b Sl iy dag bl 3BT 58T 5 589 )
(F) Jgi> »j 2% 4 FOXO, Atrogin oy el JIg

ol Cuods

21 rbysls a5 ad qla ()5 QPCR 13l ey

SIS g plwlid as 2 o S [ cousl abpe Jobo
realy s germe (i |) cnlio C3ul (slod 938l 23,5
ool [y Ko 5 55989800 0 bl oozl 5,0
L, RNA DNA jI s by e sjlulis slys 4 ol
5 29 oo 0wl Jg g0 ojlasl yolwl yo Lo pigp
So hawgi Wgd Mo cuwl )13 &S o JsSdge (J5 55589 5]

o3 (b slajely Jgi g el £ Josa

(06-¥¢) g5 BC TM(C)
Atrogin-1 -F GAA CAT CAT GCA GAG GCT GA Y. dA
Atrogin-1 -R GTA GCC GGT CTT CAC TGA GC Y sy
FOXO03-F GCC TCA TCT CAA AGC TGG GT Y.
FOXO03-R TGC TCT GGA GTA GGG ATG CT Y
= &bl sl dy,

Atrogin ¢ FOXO gy i oyl Ol s
Jsi 3 o oseil 2 puilly sl g og bl

e SLa5 ola 3 Jiwe T gyl gl @l 5 (0)
Caol 01 45141 & Ja> 3 Atrogin 5 FOXO

Ol (ool ) il ly (Ken a5 0y (L5 O Joo b
d\_h).uuuo ul—*-‘ ey k> by 2939 d"'“’“ dl"’()j

3T o s

P 3l o3l b baylages s 5 g nosls il g 435
Loy ooy (gl .8 )5 plosl Y5 asews SPSS 158
5 0ol 3l romen b ealil Hlre SBliodl g (5SSl
S —ixe o 5 30,5 00lal wl duwlie Cpy JE e
W s S a0 (p<+/+0)

VE Y s ) oslad V) 0593 /by (S pole oSl alovo

ONF



G 9 o8 95 WNae Atrogin s FOxO sla™yj ols » =S 5 el S0 g 0315005k

slaogy S plee (o g gligd dlac g3 51 S5y )3 GuiS
F oo » @l g odlatwl Jite (5 cyg0il 5l (225 9 ml

23,5 &)
Atrogin-1 4 FOXO (5 ol (slapmiie y> il )y s ply o905 polie .0 Jgd
o9 09! sl—hs oSl Lo Gl ol bg,S  abas o
&3 e 5] 3lsiti!  (GAPTH 4 Coud 0w 3,laibus! ACT)
<I¥YA -[aas -I¥A- V- OSYEV/YYY als glig FoxO
-[a¥a VIVAYEY/0\Y e
-/ayy AT </¥¥Y \ANAEVAYON wls
AR \TAREV 24 s
o/+ \lARS AR A/YANE-/ASS wls 48 Atrogin-1
-lavs FIEVEEY/FAA WS
-Iyav AN FARR AR/ ¢ wls s
-[¥YY /- ¥AEY/VFO s

p<+/+d d)Lol G xe

(5 9 90l slrog 351 S5 2 )3 (aloeo ige V ladiges dlasi)

S 9 Wld 09)5 53 5 a9 ol5 g3 M 5 S 3 0f Gle > JEeee T geil T Jge

Olaob! alold o A o,bof aas a5 ol
MRS onbe gyl &3l
o/-3A —+[¥5) -IyY WY Y/SNY olég FoxO
\ARTY VIV ofee Vi VY YR s
SINYS YIYAY eeve W v/os s> Atrogin-1
VIVE ¥/AVY ofee Vi VY VA/YFA s

1.50

i 1.00
g9 1.00 ;
X :‘15 ool 0.403
33 050 i
3 3 0.00
‘i’ . S Jis FoxO Atrogin-1
2 Slaialioac
M Seriesl

p<'/'0 ‘_g)LJ d)b oo T
9FOXO ja (slagys ol o (S 5 Olinyed ST JSKS
Ll dlae > Atrogin-1

095 918 93 9 (e alide 93 3 0f (ol dmlie Cx
lie ColsS o pite S5 il lgsS) 1653l (g0l 51 (2

3T o s

# (5 5 wls (glaog)S 51 S o 53 gl o (hge V ndiges olus)

P FoXO 5 ol olime &5 0b lis 568 Jodn puls

Sl dlae 90 Atrogin-1 5 o oliwe o (Jo dlae
095 3 Mae e b dulie 3 ()25 09,5 13 885
ol8gd aliae o oS Jbb o Mlb b e ol Hials sl
Comd b 0liie HI dze yusd 598 FOXO 5 olo olise
Y sl JSs 53 FOXO, Atrogin-1 s ;5 o5 ol &l

sl o5 @)Y

3 3 0.67 0.60

3-

+ 3,

? 3 PPLRSRN FoxO Atrogin-1
ol8 gy aliac

p<+/+0 ol gl Lo 1
9 FOXO yuo (sloys ol o (oS 5 ilinyes 1Y UKW
ol8g> alae ,» Atrogin-1

VE Y Sl ) oslad V) 0593 /by (S pole oSl alono

VOV



G 9 o8 95 WNae Atrogin s FOxO sla™yj ols » =S 5 s S0 g 01501k

slalin oS 515,50 plo jd b bxe ialS e cusld e dlae 93 o FOXO 45 olo a8 ol L A Jgds gl

D9ad Con S99 4 092 () (re SUBL ) (225 09,5 )3 5lBg3
Sy ime pialS (A dlas 3 0f ool Ol Ol oS
Atrogin-14 FOXO yue (slacy; 1655T o903l ol Y Jgu

Ul jgdome (g bl (g 1o (o F Olygiome (uilo (g3l51 3 09,8 5}
AN <IvY Voo o/o¥ ) s FoxO
-FO¥ o]+ VY a/\e vv/ov \ e
o[-V - /¥ -/Ya) ARE \ Jys Atrogin-1

oY e AN <JY¥FR 3 S

p<'/~b d)lﬁT ‘_5)‘.3 LSJ'M ]S
7S 09,5 3 FoxO O o g u..i;l.uo M| Ol)‘,,o s A Jg.\?

s e Blyoul  EYS] (il alas
/- YY NEAA PNEPH
VXY \AN) JPEY

FOXO (slagyutig 290 98 oo igioo 435 331 yobo
bgd Jlbp g igdion mdali (omdljgind bawg 3
T 4 &5 gl amdoe &) e A 3 (gl jghud
Wb diws jIFOXO4 Gis (ly (oulS IS0 5er193 s,
o5 8 sl Ssile exsplel lainsh > (F)
@ & lae Byl b basye claygsh p olital
awan A o ol o )\es g (o3lpe sl ol odld L
e Slg oo ATOGIN-1 ()3 Glo ialdl b (gtoliiul (o po3
O 4 ly cpl o (YY) 30 Mas p Boyl @
o il M gl sl o iz ju a slapBiyy
a2 o b 58 Oldass sl @Lb c(')..:.l).g ogMe ol 0045
9 0ll) bpgilgy culld yuzen g Arogin-1 xaw
Sbiee Rl relital (305 ) e Aol ((peaslS
Ol M5 ol bgiagh (Sp p» Jb ol b (YY)
bylys o Atrogin-1 o5 ol dals elas el tolil
A ol lis subs olype sl gige 40 g e cubd
-0 e Aogin-1 by ials & eliusl (s dtam
b gt oyl (2L baye Lo yialS ol 9 353
ol b olas o sl ol (FY) cowl olil oy ye
SRbd & plgiee A8l Y5 Sl el ol iagh
ool L aS L 0,8 6,lsl oS0 yimgh (sla Sd90jl (109
Atrogin-1 -5 olo )58l 4 «S55edeil @ ygods cobd A
1Y) gion pmie ol il sl (aliinal (o359 colled g
(st 3 il Sl ) o35 b JS13 (sbo Sl

3T o s

Ol » w5 o Sl ome S b b Jiagh
sl bse (i g g8 40 wlac Atrogin g FOXO (slay;
o5 ol OI)’,,o sls ol s b rol.?d] KVON| W u.;.l).z.o
90y ;0 Atrogin-1 o5 sl oliee 9 o alac > FOXO
uy..acwabbwl.aﬁ))u.))x‘os)f)b’lﬁstuluM
P& b aash b pxe ol LislS aald 6g)5 )
Bre g geh FOXO 05 ole lie og> alas
2 ol8sd g (Ju alae 93 4o FOXO 45 by .ad cslin
Ol & 975 4392 (6> (e SMBT (gl (025 09,5
bl (65,0 re ialS a5 aliae o o5 opl ole
om Al b 5l caale K (ilSl alae
Byl Db il Mas og il g o S5l
ol adlas cpl > wyp L < Atroging FoxO I s
ogMe g Cuwsl lasiye ()3 93 cnl Gl b (GagS )l & Smd o
I xlge (Bisg crpes &S w30 Ui slaodls iyl
2 ogdelle Sl by wled (Sl LSl Chyiy
s aals les dblis adllas 5y50 (gl peme )d 3,8 3 Slos
S sdad sl Jxi g gl8gn alae > ond sl F 90
JERVON R o_ﬁifo\)? Yioin! ¢ Jlad ouiS pulass WK“’
FOXO cuwgigy (sboygiSh odlgls lawgs Atrogin-1 .cos!
lisee zalaw )0 255 argi 4 FOXO clad g 29 oo pulais
&S amd o i ol imgh (slaodld (V+) 358 o S
@ b ge e g 99> slaaale P FOXO (g,

VE Y Sl ) oslad V) 0593 /by (S pole oSl alono

ATARYA



G 9 o8 95 WNae Atrogin s FOxO sla™yj ols » =S 5 s S0 g 01501k

2 olBed g Jxi dliac 40 o FOXO 5 ol b odalis
Olie & 5978 409 (6> (dne B il (025 095
Locush bz Sials Jo alae o of o) ol
Oued Swyoo S Ol iagh laaidl 4 axg
cage bl 50 dialls olmo (lagbse 1 Sy
polie (s Sullad als 5l (26 (B9 5T plp o B ad S
e Jole oS (el w3 o0 (LS S cnl il
G951 0 1550 slags oo Gl i o

ol S el rals 5l sl Sdlac

10408 9 ST

S b aid)y ) (55> Al jl 4S5l dallls
ST oSl (8359 pole g (S Sy 09,8 Cogan ()9
Wlel g Glje don Sl dhag (ps g Cosl Cud) doly (oM
-0 Syl Sl Sley )b )b opl (lpl &S ual S
o lod

Blo o)l

252929 (g G (e 215 LS
Sb colos

Lol dslas Sl colos C)J" O,)"

M OlasHe
Sisdn a5l b pilhas AL Cllge b Jsol
o5 oKl MS) aeS > Limgh opl ] ol cule,
s ! e s Y

Ay g 4 IRJAU.RASHT.REC.1402.049

‘)@M’ "93 C;S)Lu&.o

5 425 oMbl (5] gox (3aiS (sl 0305 loley 2y
Ao 15,55 ¢ osly Juloo

i 3)I55 5 3255 Sldl 2 ygy0 tdsale Loyl

3T o s

OEBSwg e (Joge syl Ll bl @
(ool Gl o3 5> Lo ytaljl cpl & 3950 poxie 29590
)'l u““’l’ dl"’d)‘f}[‘*’ B o ul.ow.} GJLJ Oi‘ | ).MM
& by o eglie Glujed A Caws eldtwl @l el
PoilBon edeSwg yame ) (pBign o lasbl)d
sheglie g (ol (pye I (AU IS QRIS ol (S
4 T,m bt opl 23 o oLl Atrogin-1 o). ;o
2o 8l ol (oo Lol W9 03 dgame (g1 (slaanl b
25l e (obyg Sliayes b 6)B 5l g bappligy b
Mook gl o)Kes 5 Balducci yiaei » (YF)
soSsule Giall L Sy Glowes 0 el o)l
b duglio 5 TNF-at 5 IL-6 dler ) cSuotumm oed)
{YF) o)l 1y oldlas algl oy o elitwl oy ped
Slodizej a5 2513 3925 (JeSge 5 (ol slo) g5l (yizman
P Ak Ty eeddglie p by Slayed 3G
Grbjl leditus |, (Mde (g s Wl (oS5
9B-5lS 5uBgyn SlS—Y=Jgnjsdidslond 4 dlunly yome
OBen Giledld A5 mpud Cplelly oLl Gus
ol Sl jlil iz e (05 Gl B LS
Uil ol (Ses (So3i bl S e Hlee ) ol cod
Oien PSS 5 oy Bl ol slapSgole
daly Sl (oloyliol Hlge g amd LialS 1) SHlac
Arogin wggy el FOXO i j s 159y
A D9l e poilgp S piew Sjle U
ol 5 0g ol cute ISl dlas o gy Jobs
sl LBl b cole p (V8) whee iRl SHas
a3 e Lialidl 1y @508 & alac 3 FOXO Gl Lol
Sl 4 dpd e el ) ol gie slagslxial g
S9re oo ORI L by GMas o5l I (Sl

& 25 4o
Ok 2 5P el oms Baa b Sl gl
sl ysse o g g8 9> wMae Atrogin 4 FOXO sla 5
O3 ol ol b Gl @l b el sl gl o
2 Atrogin-1 o5 ol olise 5 e alae > FOXO
Oped b duslie 1> (025 09,5 ) 589> g (b dlae 9
S ailb b pse ol ielS aald 09,5 0 wlac

M mo yu® e FOXO (5 lo liee ol8g0 alae j5 oS

VE Y Sl ) oslad V) 0593 /by (S pole oSl alono

ATARRN



S 9 o8 95 Was Atrogin 9 FOXO ™05 Oly m oS 5 o sed S/ 01Kea 5 0015005k

References

1. Penniman CM, Bhardwaj G, Nowers CJ, Brown
CU, Junck TL, Boyer CK, et al. Loss of FoxOs in
muscle increases strength and mitochondrial
function during aging. Journal of Cachexia,
Sarcopenia and Muscle. 2023;14(1):243-59.

2. Tran VA, Vo GV, Tan MA, Park J-S, An SSA,
Lee S-W. Dual stimuli-responsive multifunctional
silicon nanocarriers for specifically targeting
mitochondria  in human cancer  cells.
Pharmaceutics. 2022;14(4):858.

3. Goodpaster BH, Park SW, Harris TB,
Kritchevsky SB, Nevitt M, Schwartz AV, et al. The
loss of skeletal muscle strength, mass, and quality
in older adults: the health, aging and body
composition study. The Journals of Gerontology
Series A: Biological Sciences and Medical
Sciences. 2006;61(10):1059-64.

4. Sanchez AM, Candau RB, Bernardi H. FoxO
transcription factors: their roles in the maintenance
of skeletal muscle homeostasis. Cellular and
Molecular Life Sciences. 2014;71:1657-71.

5. Ely 1A, Phillips BE, Smith K, Wilkinson DJ,
Piasecki M, Breen L, et al. A focus on leucine in
the nutritional regulation of human skeletal muscle
metabolism in ageing, exercise and unloading
states. Clinical Nutrition. 2023.

6. Oyabu M, Takigawa K, Mizutani S, Hatazawa
Y, Fujita M, Ohira Y, et al. FOXO1 cooperates
with C/EBPS and ATF4 to regulate skeletal muscle
atrophy transcriptional program during fasting. The
FASEB Journal. 2022;36(2):e22152.

7.Chen K, Gao P, Li Z, Dai A, Yang M, Chen S, et
al. FOXO signaling pathway in skeletal muscle
atrophy. The American Journal of Pathology. 2022.
8. Kitajima Y, Yoshioka K, Suzuki N. The
ubiquitin—proteasome system in regulation of the
skeletal muscle homeostasis and atrophy: from
basic science to disorders. The Journal of
Physiological Sciences. 2020;70(1):40.

9. Bialek P, Morris C, Parkington J, St. Andre M,
Owens J, Yaworsky P, et al. Distinct protein
degradation profiles are induced by different disuse
models of skeletal muscle atrophy. Physiological
Genomics. 2011;43(19):1075-86.

10. Mammucari C, Milan G, Romanello V, Masiero
E, Rudolf R, Del Piccolo P, et al. FoxO3 controls
autophagy in skeletal muscle in vivo. Cell
Metabolism. 2007;6(6):458-71.

11. Mahas-Garcia L, Bargallé N, Gea J, Barreiro E.
Muscle phenotype, proteolysis, and atrophy
signaling during reloading in mice: Effects of
curcumin - on the gastrocnemius. Nutrients.
2020;12(2):388.

12.Bentzinger CF, Lin S, Romanino K, Castets P,
Guridi M, Summermatter S, et al. Differential
response of skeletal muscles to mTORC1 signaling

3T o s

during atrophy and hypertrophy. Skeletal Muscle.
2013;3(1):1-16.

13. Bodine SC, Baehr LM. Skeletal muscle atrophy
and the E3 ubiquitin ligases MuRF1 and
MAFbx/atrogin-1. American Journal of
Physiology-Endocrinology  and Metabolism.
2014;307(6):E469-E84.

14.Ni H-J, Hsu T-F, Chen L-K, Chou H-L, Tung
H-H, Chow L-H, et al. Effects of exercise programs
in older adults with muscle wasting: A systematic
review and meta-analysis: Effects of exercise
programs in muscle wasting. Archives of
Gerontology and Geriatrics. 2022;99:104605.

15. Léger B, Cartoni R, Praz M, Lamon S, Dériaz
O, Crettenand A, et al. Akt signalling through
GSK-3B, mTOR and Foxol is involved in human
skeletal muscle hypertrophy and atrophy. The
Journal of Physiology. 2006;576(3):923-33.

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

17.Ribeiro MBT, Guzzoni V, Hord JM, Lopes GN,
Marqueti RdC, de Andrade RV, et al. Resistance
training regulates gene expression of molecules
associated with intramyocellular lipids, glucose
signaling and fiber size in old rats. Scientific
Reports. 2017;7(1):8593.

18. Sheibani S, Daryanoosh F, Salesi M, Koushkie
Jahromi M, Tanideh N. The effect of high intensity
training and detraining on FOXO3a/MuRF1 and
MAFbx levels in soleus muscle of male rats.
EBNESINA. 2018;20(1):31-9. (in Persian)
19.Biglari S, Afousi AG, Mafi F, Shabkhiz F.
High-intensity interval training-induced
hypertrophy in gastrocnemius muscle via improved
IGF-1/Akt/FoxO and myostatin/Smad signaling
pathways in rats. Physiology International.
2020;107(2):220-30.

20.Clavel S, Coldefy A-S, Kurkdjian E, Salles J,
Margaritis 1, Derijard B. Atrophy-related ubiquitin
ligases, atrogin-1 and MuRF1 are up-regulated in
aged rat Tibialis Anterior muscle. Mechanisms of
Ageing and Development. 2006;127(10):794-801.
21.Edstrom E, Altun M, H&gglund M, Ulfhake B.
Atrogin-1/MAFbx and MuRF1 are downregulated
in aging-related loss of skeletal muscle. The
Journals of Gerontology Series A: Biological
Sciences and Medical Sciences. 2006;61(7):663-
74.

22.Moradi Y, Zehsaz F, Nourazar MA. Concurrent
exercise training and Murf-l and Atrogin-1 gene
expression in the vastus lateralis muscle of male
Wistar ~ rats.  Apunts  Sports  Medicine.
2020;55(205):21-7. (in Persian)

VE Y Sl ) oslad V) 0593 /by (S pole oSl alono



S 9 o8 95 Was Atrogin 9 FOXO ™05 Oly m oS 5 o sed S/ 01Kea 5 0015005k

23. Sheibani S, Daryanoosh F, Tanideh N, Rahimi
M, Jamhiri I, Refahiat M-A. Effect of high
intensity interval training and detraining on gene
expression of AKT/FoxO3a in cardiac and soleus
muscle of male rats. Ebnesina. 2020;22(2):15-23.
(in Persian)

24.Zanchi NE, de Siqueira Filho MA, Lira FS,
Rosa JC, Yamashita AS, de Oliveira Carvalho CR,
et al. Chronic resistance training decreases MURF-1
and Atrogin-1 gene expression but does not modify
Akt, GSK-3p and p70S6K levels in rats. European
Journal of Applied Physiology. 2009;106:415-23.
25. Mascher H, Tannerstedt J, Brink-Elfegoun T,
Ekblom B, Gustafsson T, Blomstrand E. Repeated
resistance exercise training induces different
changes in mRNA expression of MAFbx and
MuRF-1 in human skeletal muscle. American
Journal  of  Physiology-Endocrinology  and
Metabolism. 2008;294(1):E43-E51.

26. Stefanetti RJ, Lamon S, Wallace M, Vendelbo
MH, Russell AP, Vissing K. Regulation of
ubiquitin proteasome pathway molecular markers
in response to endurance and resistance exercise
and training. Pfllgers Archiv-European Journal of
Physiology. 2015;467:1523-37.

27.Egan B, Zierath JR. Exercise metabolism and
the molecular regulation of skeletal muscle
adaptation. Cell Metabolism. 2013;17(2):162-84.
28.Fouré A, Gondin J. Skeletal muscle damage
produced by electrically evoked muscle
contractions. Exercise and Sport Sciences Reviews.
2021;49(1):59-65.

29.Rech A, Radaelli R, De Assis AM, Fernandes
JR, Longoni A, Vozari-Hampe MM, et al. The
effects of strength, aerobic, and concurrent exercise
on skeletal muscle damage in rats. Muscle &
Nerve. 2014;50(1):79-86.

30.Leandro CG, Levada AC, Hirabara SM,
Manhas-DE, Castro R, De-Castro CB, Curi R, et al.

3T o s

Aprogram of moderate physical training for wistar
rats based on maximal oxygen consumption. The
Journal of Strength & Conditioning Research.
2007;21(3):751-6.

31.Verboven M, Cuypers A, Deluyker D,
Lambrichts I, Eijnde BO, Hansen D, et al. High
intensity training improves cardiac function in
healthy rats. Scientific Reports. 2019;9(1):5612.
32. Ostler JE, Maurya SK, Dials J, Roof SR, Devor
ST, Ziolo MT, et al. Effects of insulin resistance on
skeletal muscle growth and exercise capacity in
type 2 diabetic mouse models. American Journal of
Physiology-Endocrinology ~ and Metabolism.
2014;306(6):E592-E605.

33.Chen G-Q, Mou C-Y, Yang Y-Q, Wang S,
Zhao Z-W. Exercise training has beneficial anti-
atrophy effects by inhibiting oxidative stress-
induced MuRF1 upregulation in rats with diabetes.
Life Sciences. 2011;89(1-2):44-9.

34.Balducci S, Zanuso S, Nicolucci A, Fernando F,
Cavallo S, Cardelli P, et al. Anti-inflammatory
effect of exercise training in subjects with type 2
diabetes and the metabolic syndrome is dependent
on exercise modalities and independent of weight
loss. Nutrition, Metabolism and Cardiovascular
Diseases. 2010;20(8):608-17.

35. Xia Z, Cholewa J, Zhao Y, Shang H-Y, Yang
Y-Q, Araljo Pessba K, et al. Targeting
inflammation and downstream protein metabolism
in sarcopenia: a brief up-dated description of
concurrent exercise and leucine-based multimodal
intervention. Frontiers in Physiology. 2017;8:434.

VE Y Sl ) oslad V) 0593 /by (S pole oSl alono

VOY'Y



Pahlevanzadeh&et al/ The Effect of Combined Exercise on the Expression of FoxO and Atrogin Pathway
Genes in the Gastrocnemius and Soleus Muscles

The Effect of Combined Exercise on the Expression of FoxO and Atrogin
Pathway Genes in the Gastrocnemius and Soleus Muscles of Elderly Rats

Received: 20 Feb 2024 Accepted: 29 May 2024

Maryam Pahlevanzadeh', Ramin Shabani®’, Alireza Elmiyeh3

1. PhD. Candidate in Exercise Physiology, Department of Physical Education and Sports Sciences, Rasht
Branch, Islamic Azad University, Rasht, Iran 2. Professor in Exercise Physiology, Department of Physical
Education and Sports Sciences, Rasht Branch, Islamic Azad University, Rasht, Iran 3. Associate Professor in
Exercise Physiology, Department of Physical Education and Sports Sciences, Rasht Branch, Islamic Azad
University, Rasht, Iran

Abstract

Introduction: Skeletal muscle atrophy is a common debilitating condition that is associated with
immobility and aging, which leads to a decrease in muscle function. Accordingly, this study aimed to
measure the effect of combined exercise training on the expression of FoxO, and Atrogin pathway genes in
the gastrocnemius and soleus muscles of old rats.

Materials and Methods: The present study was an experimental study with 14 Wistar male rats aged
between 22 to 24 months, which were divided into two equal experimental and control groups. The
combined exercises included 5 training sessions per week for 10 weeks. The expression level of the
desired genes was used by the real-time PCR method. Independent t-test was used to analyze the data.

Results: The results showed that after 10 weeks of combined training, the expression level of FoxO gene
in the soleus muscle and the level of Atrogin-1 gene expression in both the soleus and gastrocnemius
muscles had a significant decrease (p<0.05) in the experimental group compared to the control group The
comparison of the expression of the FoxO gene in the soleus and gastrocnemius muscles in the
experimental group had a significant difference, as the decrease in the expression of this gene in the soleus
muscle was significant (p<0.05).

Conclusion: The results of this research showed that the combined exercise caused the reduction of FoxO
gene expression in soleus aerobic muscle and Atrogin-1 gene expression in both types of soleus aerobic
muscle and anaerobic gastrocnemius muscles of elderly rats, which requires further research on human
samples.
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