[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

Cd s S 3y ogle 81 dle

VEY Ja o) b)loud V) 0,3

S Vg0 i g o8 93 CHas ALrogin g FOXO slayyj ol p oS 55 o pod 551
KVOL| W) Jv w2

VEOY/ Y b VYNNY/ N sl

¥ . #Y . & ) .
drole Lo pude o Sl (ool 03150l o2 30
S5t 50 Sl X ) ey oMol 5T oKl () Sl 5559 ol 5 (SN Cun T 08,5 (5555 (Golaid (saaS (gD (geetil )

pole 9 (S Cun)i 09)S «(Biyg SiPgid il ¥ lpl widy oMl D31 oKy wudy anly ((Bjyg pole g (S Cun)F 0g)S ((B))s

Oyl ey (oMol 13 oltily sy anly ¢ o5 y9

S

4 oo 4 Cal olyod gl 5 S 0 b &S ol gl 0diS g3l Cams g S ISl cMae 8y oo 1A g deddle
Atrogin g FOXO (slays ol g (oS5 cpped il Gloxiw pols iagh 5l Gua wll (pl p gd 0 i 5 Slae Jials
Y Jadles u.:l)M dh’bu»yoL;Lv.s59199.) OMae

99 )34539.3 anle V¥ ull Yy (s o)l.sb)l.ws .)‘).: ..\a.o.jl.w).s u.’l).’x.o UPe \\CL’U_’)?U ()39)4;)4.4>l> adllao :)15 uﬁs)
dy50 (says by e A ploul diam Ve e d dan >yl dwds O Jold 0S5 Ol yed S padd JalS 5 (o35 05,5
b odlitul Jituwe 5 905] 5 odls Julow g o cga 3,5 edlizwl Real Time -PCR oo, I s

50y 0 Aogin-1 5 syl e o o dlae ;3 FOXO 5 by fliee (oS 5 ooy datan Vol dm o ol o .ls’bc\“o.%l.l
b dlae 93 ) FOXO 5 ol duolie (p<0/+0) cudld jby bze ials aald 09,5 b duslie )0 (055 09)5 1> ol8gd o (x aliae
(P<el+0) 59 )l gime (o aliae 13 0f ol Gle Oliee (221 85 (5528 41 39 ()l ime BMBT (gl ()25 09,5 )3 5lBgo

05 Ol ol g Ll gilsn dlas 1 FOXO (5 ple piels cage (oS5 onyed oS b U gl cnl @l 15 S Ao
Ll Sl sladiges (59;

o eMae gligy M Atrogin FOXO « b9 oy pes 005190l

L)l)’l cC,uji) eronl Jl)l oKzl ‘Cfuﬁ) J.>l9 ‘LF‘:").)9 Pslc 9 Lf"\J L.AU).:Y‘ 09; AL;\S})s 659“99.)'.‘.5 Sl :Jsium DM? )

AYPFTEYTYLA L palod SANYYYYVAS 18l dr.ramin.shabani@gmail.com : jses!
13T (g i VeV Sl ) osled A 090 /S juzr (i pole olTiS1s aloro



http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

S 9 ol8 95 as Atrogin 9 FOXO ™05 Oly m oS 5 o sed S/ 01LKea 5 0315005k

() 29 e e (B9 31 9,5 azge Sifsile
059 e B3b3l gl (645 4 )38 K3 g9 ]
] (Sl Mae (glaySgn jiw ) (coge i B-jls
o yte g5 ey (il (38 Jldjd g (V) A5 0
IGF-L1% s it Syl imen 298 (Mide g 5]
Cl bL)l 3 Atrogin gebaw il33l L PI3K - Akt'
(W)

s il olse Sy nge by Ol e
530,50 ol 3Ll b )b 9 0,08 SMae 03 halS
2 (VF) elei e 6ty e pudgilic MBI |
adode 09 17V SialS Gzge upiie jo) WY i
3929 pl b (10) 48 Iagsboe )3 o (jg JS & s (i
sLaps ole = (89 Alisee Sy pod 156 Gliee 3)90 5
=3 2 095 ablize L5 FOXO 5 Atrogin
9o geglie Wl pes a8 Jb o wab lis b yiagh
32,5 - Atrogin-1 4 Fox03a juuwe slagyj ole pials
b Gl o] cnl gl Ol e 0993 20 O
Opa—os 300 Lis Layimgiy 5l (S blee j0 .(VA-YF)
el YU a bwgio Cud b oS 5 g teglie ¢ olii!
=l &8 cwol Jbys opl 5,8 Atrogin-1 o5 ol )38l
oeals el sglie clyyes a5 Wb i clibgss Sy
Arogin-1 5 sla = plejen Sy pes g 04 0 cxl ol
OhSan g ZaNChi o5 gawjl (YY1 0) 5 s (¢3!
Ol soglie (pyed dmlo dw 0y90 S Jlid 4 by ol
2 (VF) il ials eglis oy ped 09,5 0 Atrogin-1 .3
duds Sl g 263 Limg o ) Sen g Mascher e
obsplyy Sl gign) sl 0F Gla 53 toglde (2 p9
So—w 3 (Y0) 100,S5 sanliio (gyblixe o5 Atrogin-1
5 eslie Clad din Vo oS ol 00 3155 500
b 05,5 3 AOGIN-1 )5 o)l 0555 93 > sielitul
45 ey oo iy lalonly (VF) 8L taljal alinl
o 05 Ol wdal g O 9 Sde g ol (pyed ()b
(Bt oyl 40 don 3 )b Jslate 5IFOXO 5 Atrogin
SLaoi Ol p (S5 s S e JUd 4 ol Stingy
o sl ige a5 g o8 90 Mac Atrogin 4 FoxO
sl e Al

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

AT g piawd

dodbo

2 ke G e lal3 81 L by (e Bl
.)9.).> aYlo uJMAa.C 0.393' suLwI » ..))‘.) 09 A.f)ﬁ 9 LS‘"?JL
5 00-d £9 08 (S p)lez 4wl &S Wl e 2R
Uil a9y Has be il yulp ¥ Y (S Ve b
2 S g 5,Slee MBS s 03l opl 50 (V) g0 Amlgs
SNS g 3,8l M 095 o ot liie Bl I (gl
2 ST (e S Sty oS olsie & ol |
~cdgitie JUasl 55 UM L Sl W] o505 5 ,Shas
Friw £ wgde 4 (V) 35 Lyl (6)M8 e 4 Sl sl
o i3l b 6, uSsie MRNA (L 5 (5,08 50 ATP'
oSl cud b fals & e &S Wb o il alae
bls L )L_M:9i49)) e .(\‘ ‘Y') KW Ol? SbCure>
Sl oo (e 0355 Lai> (gl (3890 435 5 b O
by s 5Mae byl Lol oaiiS pe e (0)
FoxO4 5 FOXO3 FOXO1 o3, dw 45 ail o FOXOS'
FoxOs .(7) a5y syl ool o dSul slaasals
Sl dae o cunl (Ses FOXOS (slrod) 5,Sles jials
290 pudplio oo (I g (Sde By ple 4 e
el Jo b 3 eMae 3 Sles el (90 2,59 (F)
(Y) cawl FOXOS (] p g0 Jolge jl (S a8 cowl pue

g il e ply s (Boyl > > 9 |
e (3l Loy ol b e il 31 Atrogin el
OS948 sl &S A p3lSg 0 (eSS
4251 (A) sl ol p S5l )l 5 ordats gl
o 5llS” L JUS Lass b uig s 4135 Lol (gl pino
mabaly pgjlSg (iSsSnm e 9 (52939505591 e
g ol Uncuisn 45 Sl b 0d 0 65
Hoas Byl 3 (o sl WA p9jlS 90 (dsSng
,(ﬂ) .))‘J

et |y Mode Byl (sl gl (5 ¢l
Sla & Sl 0 FOXO3a gy joiS1 ¢ Jlio (glys 200
b (V) 355 Jaio ATOGIN 5 suts9y 4L 5 DNAT
L;Lca”;‘flé RV ol)@ Fox03a dluwgas b5 O-’..I S

! Adenosine TriPhosphate

2 messenger RiboNucleic Acid
® Forkhead box protein O

4 Deoxyribonucleic acid

VoY Jls ) ojlads VY 093 /e (Kb poke olKiils alome

VOVY


http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

S 9 ol8 95 as Atrogin g FOXO ™05 Oly m oS 5 o sed S/ 01Kea 5 0315005k

2T e 4 )k S aBBY o b5 lg Co ps oy
- o5 &S 3 Sloj Ay Ce oyl LBl hol58l 4,8y
gy Coll e puo b Awslgs adds VY Bl ol pore sl
A5395 5amgd 4 B e il b ol 51 e alolBM 4
5 O)S)lg ey o 2VL bl ol e bl ol 2
5 1=+13A) 3,13 3929 ol o (sl g0 VCO2'VO2'
Sl OT Sloslarwl Ly las s0 a S (gyado &y (P<+/+)
Ol @b lplis (1Y) 0,5 (win ) (Bpas (5eus]
A ealat ool Cond 4y ey ) a3 b a5 D90 (6jlen
09,5 VOZMaX sy (el jg) (nyos 4elip sh2l 3o

A (65503l 1 yed

(85192 Fragli) (oo 55 (32 o9
03 gy YU jo oS luds o (slyo sl ige
Y Cw Y bl ool ol plosl o ped joy s j0 1) A
ad B Y g La)lSS o 43810 Jolsd L]y (boy 5l ()l,55
Yo (3] a colg 1) ol JWd 4 g ool pboul | e oy
A5 bl 488> )3 pie Ve s po b o35 (595 (05 4B

1 Js4)

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

AT g piawd

STy
VF 05 Gl Gy oge 4 4 (28 adllles (o
TP LYY w dsob b iy ol el 5 olos (yoge
Wald 5 (225 (26 V) 09,5 93 3 )5 Fer TYA (59 ol
- Sl a0 YY-YY) godns ayges 301 <5 50 9 B ey
Qo P OO Y ooy g aicle VY (5,0 -9 a5 o L (3,5
3,8 )8 Lol oy > bl e g ol a6yl
lamaly 5 gy Lo dhe olul b zlef] dan
38T ellzl) (A ioloj] @Ulges 5l oslizul g cudle
93 ) (i yed dobyy b plodl (Y V) wasxe YL Lo
S5y ogd) el b plosl o5 g ()5l 4> o
Slyr gboy 5l (58, YU g (gtoliil o yed (150 (sl Jeod
syl V) dtin Sy Sde &y ((aglie (305 i

25 55 (e 4ol
toglo (2 pod

O (4 53 jgy B) aidn Ve Cov ol sl bge
A cod L spe N glad g Sl 8y Yl odigpdiy (Siaglie
b e b djy ol Slaa)h duS a8)S )18 42
S ) plg o g9 700 Il o Wiy 5 ekl p>
Ol38l Ao WY B VY e @ aian Ve (b gy g D e
=Y. oy (1 P g—w axan A5~ P9 9 J9‘ d.?.o.a:) J....SL:
PSP DT VA R PEA PR PO 5 L7 T VA
Sy Y (ST ¥ olyms cla gsge (A=)
aaBy Y g )T o 4l VO welypil Jolsd L1y Hboys 5l
(YA XV) Lol plool s o

SR (oS
55 o Sl (S Sl o5 Jeed
9 7)) bwgs 0ad ydiie JSSgp Babo ¢ pe8 b 03liku
Il Ol (SOIL o) Ken g Rech dlis jl o« Sen
29 0S pyS aady ¥l )3 .(YR) wi eolatwl (54 0l
Fuo apd 9 ABBd 2 yio B Cspuo b (3) 3pw 4B Y LY
Gide )0 gyl & Ce oo g loj b plool Clads  olod )y
Bl ioli8l da B Ve de 4y 9 Add 40 e Ve 4y dtan Ve
dwlxe (glym o),LSen 9 Leandro oa sl 90l ;|
B OS] PSIas a G oloj 3 dlde Sy
o &S Ohao cpl 4 o ped ad (Ye) A edlatwl «llan

VoY Jls ) ojlads VY 093 /e (Kb poke olKiils alono

VOVY


http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

S 9 ol8 95 as Atrogin 9 FOXO ™05 Oly m oS 5 o sed S/ 01LKea 5 0315005k

\

(2039) (o8 o

(/F+) poo aan JI Jol axane

] )
(aB3) ¢p o3 oo

(wo \‘) ‘aso 9 ng Lan®
(483510) p)lez g pom iin®

Y‘)W 9 Lan®

] A
(4830 yio) Cus yuw

OA) sl axane
(V+) pgm g poo atin®

(YY) o=z g o)k aiane

- J -

(4235 YO) il g plan A4n®
(A85 Yo ) 000 g oid 42a0®

(aids (VF) plin g puius 4Zan®

(VF) ot 5 il dian®
(¥+) o0 aan®

J -

(csslgamioglie) (oS 5 8 ) S

=5 Ol ples 3 aids Ve e a1y dg (a4 S8
asy Al Lay] G g odls )8 513 lo ax > 00
ly eclale CDNA® jiw g9 5 8 oatily 455 31,5 sle
Py SR W S g L;L».o‘ dL&so.\uY] )]J.Ein 9 d);a)".ﬁ‘
o, lad 9)\.: ol 3l oalawl Ly o Cl/ou.w] RNA clle
0520 .4 ploul (Thermo Fisher Scientific, USA)
Bl (ul)_sl ‘u"}‘—“’)l-’) oS )‘ odlawl L CDNA o pu.{).s
BU CDNA 8 jelps) 15l 09 cjlie a8 us 1)1 Y Jgis

(DEPC L o0 asuas Ol o il bglste (XY) bglso —

Real Time juSly SO plosl gly (iSly balsee ) Jgus

PCR
Xl Ing- 5pg RNA (541
¥ (XY) b 130
Y o2 351 boleo
ul ve & DEPC U oo aybuas ol

3¢ (Ll dLight Cycler 96) ;I Real Time PCR
S g (ol bl 583 (ilainne pilesl 51 8
S5y gl sladglre 92 pre e dl>po 2 3 S
LA cadlbre jo i 3l LSl us U Ciuysld ju0 DNA
o 03> U5 s s elinl 3,8 sl b islel 28Ty
W o.)[o] Y 9 Y J9A> »

® copy DeoxyriboNucleic Acid
AT g piawd

s 9 893 abde (glulaa

o Blie 35 b ple slase atin Vel
b OlygioLogty bawg (jjg p)SokS o il 4 p S (e
15 bl g1yl BMS] Loy le, b g o sboges
Sl g oo @lo 5l 53 (e g 9l893) L AloliM e
03)5 Jite —A sl b )5)8 4 sim Sl ioni

53 Atrogin g FOXO layys ol (g =50 310!
Real Time PCR g, 41 i g gl8gd dlias
(ol ccoslS i) oDy ~RNXT Ly RNA' gl 5l
il sl JSS9n RNA S gilulia (l Jglore
3y g Jobre yid e S 45 35 )90 (s RNA
psS o 0 o 2 Lo ¥ dg) 4 |, RNXTM -PLUS
O ey 5L glod o g al Vo= Ll ySion S adlsl cély
0,5 BLSL ] 4y pyBo)IST g So Yoo g 0 g5l i
L & (69) 4 O Sde dy ¢y bglowo adb VO I
¥ lod oyl Jolowe o assSSlol,8 il a5y ¥ (glod
VO Cide dy diBd )0 jed VWWerr Cepuw bg 2LS il as o
ke MO e A 1) o 56 pd)S Sord ol aiids
Sde &y L g 003 bglie olf 40 ¢ Jizio RNase' ;g
Vg a9y gy @l b 03l )15 F (gg) 4> N0
b0 Ve ) ey o Ll o 4 70 Jsibl 2 Lo
A e a4l le a0 F slod jd bgle 13,8 S g
ate g ule A5 Souks il 4053 53 593 V-« 53 i
Seid GUT glod )3 4dids W sl Cgw) 9 A5 a9
&y i 4 DEPCT L Ol iy Sun B+ )3 gy 05

! Ribonucleic Acid

2 Restricted Numeric Exchange
® Ribonucleases

4 Diethyl pyrocarbonate

VoY Jls ) ojlads VY 093 /e (Kb poke olKiils alome

ATARTA


http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

S 9 ol8 95 as Atrogin 9 FOXO ™05 Oly m oS 5 o sed S/ 01LKea 5 0315005k

UwéLe)] u..fb 2 ol 4l ;l)>l -Y Js.}?

d&l{.’ clle ‘_,;';;Slg /b)w 4.5.)90

1x 125 pl 2x (NO ROX) HS-PCR Mix (y,5 Luw

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

0.2 uM (0.1 - 0.8 uM) 0.5 pl (0.25 —2ul) MM V)R yesly

- Xl PCR 4,3 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)

- 25¢l o

PCR (gl o aus asbyy ¥ Joio

Oyl dx > By O [EYTEEN &
a0 °C i3> \0 ) Ogawl s 1 B
1 °C a3l Vo-Y- ¥ &ilw 0,950
o0-50 °C EW{A o055 il
vy °C 4l v dig3l

Sl (Sorgs Il (gyls a5 Jj )b 5| (Sl e
S oy b J5 8le a5k 1 J5Sge g o 04
Caslize oy ol ) ol Jsb L osSno alarly 45 S o
S ) (5t COluwe (S8 DNA JgSge S, oS
L Ygae g 48 (o (b 5 3 15,5 DNA J5Ss0
G2 Jole 4 drgi b ad JIUITY 55T 5 )58,
(¥) Jsi> ) g6 & FOXO, Atrogin slayyi wesly Jlss

el Gy

21y geilioysls a5 ad lais 650k QPCR i3l oy

DN g pllid ad 2 a S [ eousl dlspe Jobo
il asgeome (gl |y cwlie cOul slod (938l 205
ool gy Ko 5 55989801 0 el eolitel 550
L RNA DNA | oL by lsea (gjLulis sl 45 ol
PN ")9_”36_‘ ool Jﬁ—ij?" ole_Sl uoLml - l_muﬁas);
S g 9 Lo cusl )15 457 2l JoSge (] 559895

o (b slayely JIg g pb & Jgua

(06-¥¢) JIgs BC TM(C)
Atrogin-1 -F GAA CAT CAT GCA GAG GCT GA Y. A
Atrogin-1 -R GTA GCC GGT CTT CAC TGA GC Y sy
FOXO3-F GCC TCATCT CAAAGC TGG GT Y. s
FOXO03-R TGC TCT GGA GTA GGG ATG CT Y s
L bl slady,

Atrogin  FOXO (gl oyl &l gt
Jsiz 0 o g9eil 3 lapibyly sl g oy ol

e $l) ol 3 Jiwe Tigylal (g3l @l 5 (0)
Lol 0 41,1 0 Jgas ,d Atrogin 4 FOXO

Ol ol 3 uibjly Nad a8 ol L O Jods mls
‘_gLD)M ul—U )2 k> il 3439 ‘y.vu L;L:aoj

AT g piawd

P 3l odliial b alaged w5 g ol Julod g 4 o

5l Leodly Caiogs (glys .85 plos] Y8 aswus SPSS )58l

= il ) izmen Ab eolitl e Bl 5 S0l

S mizo oo 9 40T oolit wl duslie Cpes i
Wb 4B S ey > (p<+/-0)

VoY Jls ) ojlads VY 093 /e (Kb poke olKiils alome

\I\\v4


http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

S 9 ol8 95 as Atrogin g FOXO ™05 Oly m oS 5 o sed S/ 01Kea 5 0315005k

sbrog)S ploe (u g 5lBgd alae 93 1S o ) Gaios
5 stz » @l g odlitl Jitue 5 o90jl 226 g 2l

23,5 &)
Atrogin-1 s FOXO (5 ol sl yito 1 o puilly sl i90] y3lie .0 Jgu
o9 09ej gl—bs et )z 1! 09,5 alac o3
Sold sne o bof 3,0kl (GAPTH &y Comud 85 3l ACT)
-I¥YA -[a8s “[fA- V- /OSYEV/YYY by glig FoxO
NAYA VIVAYEY/0\Y e
-/avy of-ye -/FF) VIYYYENASA wls
AR FIVY-EN/ 55 e
o+ YIvY I¥YY UYMNE-/ASF wls 48 Atrogin-1
-Jovs FIEYFEN/FA e
-I¥ay AN -/¥a Vo/\ -0k /AES wls
oYY /- ¥AEY/VFO WS

p<'/'a d)Le’l d)l.) qum % (‘_5.:)90 9 Jals dlﬁbs)f )l gi’ My u)l).’?uo u»?ov Lde}o..: .)lJ.:J)

5 g 3l 09,5 93 3 (e g 5l8 g3 wMae 1 3 0F ol 53 S T el T Jgas

Olaob! alold ST Y S S S o,b! dlas o5 oW
YU s Ol 3 <3
o/ +2A —+[¥5) -IYY VY YIENY 89> FoxO
AR VIVE- ey VY oA s
AN 2 YIYAY Y VY vios sles  Atrogin-1
VIVE ¥/AVY ey VY VV/YEA s

p<+/+0 Lg)loj G Gxe i (025 g 2ol glrog)S 5l S o 0 ol iro Joge Y bdiges dlasi)

i 1.50 1.00
49 1.00 ;
. :1 e 0.403
I =
3 3 0.00
& J'L Sl Jas FoxO Atrogin-1
-
> JERPIN

M Seriesl

P<+/+0 ol gyl (oo 1
G FOXO yuo cloys ol o (S 5 linyes B1LY JSS
= alae 3 Atrogin-1

09)5 988 93 9 (Hu aluae 93 5 (1 (ly dlie Cu
2L Cu)lge8 e S5 uilylggS) 19T (g0l 31 o2y
LA 5 Y Jolis 50 zls 5 eolamwl (1als 05,5 55 5 oo

AT g piawd

P FOXO o ol e o5 3 (LS 398 Joio @l

o dlas 93 B ANOQIn-1 o5 slo (lise 5 (o alac
09)5 > Hde (pen b duglis )3 (225 09)5 )3 olBgd 4
olBgn aliae 3 oS Jbb o Mls b me ol Hials sals
G 0d odaldie 1> (dre yuid g FOXO (5 oo o3
Y sl S o FOXO, Arogin-1 juws j0 (o5 ol &l

ol 005 1)) ¥

1.5
ta L
33 1 0.67 0.60
3
73
™) . .
hud Slga J s FoxO Atrogin-1

sli g aliae

p<-/-0 L;)Lci &b e
GFOXO juo (slagyj ol yo (oS 5 Olinjes 1LY JS0
ol3g> aliae ;> Atrogin-1

VoY Jls ) ojlads VY 093 /e (Kb poke olKiils alono

AVY


http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

S 9 ol8 95 as Atrogin g FOXO ™05 Oly m oS 5 o sed S/ 01Kea 5 0315005k

slaobis oS il o)lse ol )0 b txe (ialS e bl o diae 93 o FOXO 5 olo oS o L A Jgde ol
D905 Copnd S8 4 9 (6l (dre SNBT glls (55 09,5 13 5lB93
S ine il (Awalas 3 0 ool ol olsee &

Atrogin-15 FOXO yuue slagyj 165T (503l ol ¥ Jgus

Ul jgdme gl gfo i F Olygdome (il (g3l an 0 08 O3
-I\YY /vy Voo olo¥ \ Jys FoxO
-I¥0F e[ \Ys A/ VF YY/ov \ e
o[V AR NARN VY. \ Jyss Atrogin-1
o[\Y e -IN¥Y -Iv¥Q \ e

p<:/+d d)LJ S xe 1
2075 0955 FOXO ()5 oy 3 655k WS 500 zols A Jg-\e-

(PSS VS TS R V2R 4 W alas
VY AIFAA NEPR
Vevy YTV JRLY;

FOXO (slagyipn S5 w5 gl 485 Jlj1 s
b JUdpd g Ngdoo malal (gl jgind bawgs j
o S ol ard e ) Gl A 3 (gl giud
il anws JIFOX04 Gls gy oS 416 ser193 ww,
o5 A S gl wriplol slaingsy 5 (F)
s 4 e s b Ly sl aelind
wan A oy ol )Ken g (g3lpe ] i 0ol L
prie Bl oo AIOGIN-1 (5 ol Rl L (teliial oy yod
Ui 4 ly cpl o (YY) 00 cMas  Boyl 4
o,Lil s Bg sl sbul  JKis pw axs glapSa
ABD (0 UL‘MJ )u ul.mbu )JL.\J C)L\) ‘Q)JI)J D9M$ ) oA
S Rl gelial cpyed I Aol (oS
Ol M gleis bgtagy (Sp o Je ol b (YY)
bylys o Atrogin-1 o5 oo wals edas el olits!
A ol lis by olyus sl yige 40 g e cubd
- oo Atrogin-1 lo ials a4 teldisl oy ped atas
3 (86 gl oyl (205 L b ye b ials (] g 390
sloadl b oolay o bawdl cpl (YY) cwl oldiwl oy pe8
by & gl e (28l cpl LYl ] jols e
o3l ol &5 ])% d; o, Ll )95Le Y3 LgLavu.by:)'] OO
Atrogin-1 o5 gle ol @ «Sjdsl @0 cobs A5
(YY) 2900 o o] prals’ el ol (555 Collab
oglie g (stolil Wl ye jl (236 Jobo S sla JiSew

AT g piawd

Z .

Ol 2 55 e Sl e Baa b ol gl
s ybse (x5 g o8 53 < Dlac Atrogin 4 FOXO slaj;
O uL" Ol}i“ sl uL...; @L" W) rnl;d‘ KV | u.;‘l)z.o
93y, Arogin-1 -5 ol ylise 5 e alae > FOXO
e peed b duglie > oyo0 09,5 50 gl8ed o (Ju aliae
» & I pnasib b dme ol GtelS sals 65,8 5
)b JB YW TRY) FoxO U) Qlﬂ’« 01}3‘ 91593 alas
Olie &5 6578 439 (5> (ine S > (225 095
Cably gy, pxe iS5 aliae o o5 onl ol

oe Al b 5l ndle Sy (ilSwl alas
ol dgbise JSGT SMae g alS 5 o Sl
ol adllas pl > cwyp b < Atroging FOxO I sb
ogMhe g Cuwsl lasiye (53 93 cnl Gl b (agS )l & amd oo
2odedle Gl Ly bl pSele (gl cdpin
2 pials led dblie adllas 3y50 (gl yue jd 5,8 3 Slas
S oamd gl (i g glBgd alac > ond oo o 9
il > oaiS oy Y| (Jlb 00 gl puasilSo
FOXO wgig) sloysSh edlgls lawgs Atrogin-1 .cu!
lisee Falaw )3 255 asgi 4 FOXO cllad g 29 o pulas
&S amd o i pols imgh (glaodld (V+) 0gd o S
@& b bge (e g 5lBg> slaaale P FOXO (g,

VoY Jls ) ojlads VY 093 /e (Kb poke olKiils alono

ATARYA


http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

S 9 ol8 95 as Atrogin g FOXO ™05 Oly m oS 5 o sed S/ 01Kea 5 0315005k

2 olBgd g o dlae 0 o FOXO 5 by A eanlise
Olie 45 5925 4392 () (sine BT (s (225 09,5
Loy gpline piald s alas > of ool ol
Ol S0 Sl SOl egh slaaidl, 4y axg
cage ol 90 dalls oo Glagbge 1 Sy
polie (S Codlad 2als 51 A6 (B 5Tl 0 B S
ot Jole (S5 (el s e plis il Gl il
P51 55 slaoy ol GRlB xR 5

Lol Gy cdled oS 5l 5B SMac

1058 9 ST
Sido b ddy > 5585 Al 5l ad Sy Lol asllles
ST olStsly (obsy9 pole g (b Cwny 0g)S Cgan (obiyg
Wll g olise dom i dlwg cpr g Cul Cudy saly (oMl

" Sl Ssile) )b b onl Gl 2 45,15
wolod

&bo oyl

DI 392y Bl g o (Ao )l AgSun
Sl Colos

sl 4515 o Cgles )b o

YRR

e asls b slae 2Bl Cllge L K gl
A5l olisly BMS) aueS 3 Lidgk cpl Cawl odd cule,
X L oy Jolg oMl
ey cogas 4 IRJAU.RASHT.REC.1402.049

OB M g5 &5 )L

g 2525 «leMbl (gl go (3aios lyl 03lj lslag 20
s 5,55 ¢ bodls Juloo

e 0,50 5 3850 Colid (gadge Ll i lad el
dlis 555 5 a5 Slodl 590 tele Lo e

AT g piawd

B S R
olitol il yed pd o yiuli8l pl &S dgd o oo po;jllig
5 tb o)l e ol gl ol el st
@ e eglie Cliped 4 Cus glolitel Gl e
Poillon (HSsSag e 3 (WSon <o bl
shegie g (Folitel (npe8 (236 IS IR ol (S
4 pastie g opl d2d o ol Atrogin-1 slie ;s
s sl sl a0 el cigds o dgame (8931 (sl b
Ll e (53))5 Slaped b ) 55le 5 ronan b
Mooy plas lKen o Balducci  yizgh jo L(VF)
slagpSgule ol b oS5 oy plate <Lk
L oawlis » TNF-a g IL-6 desjl «Siotuw ol
(FF) o 1y ki @il e o telital 08
Jlodise; o5 35 3929 JSge 5 ok (sl g3l rimen
O M (g medglie p (sbly Oliye b
byl e 1y, (Mae oign jiw Wl o5y
5 B3 0590 ST Jgjgihaslind 4 dily yowe
Oy Silodld LS g anlall) Gl Ban
Ol SiliSow Ll Sz jur a8 olo B kS
il el s Saaibibsl S e e |y o Cawd
OB w0y (S s S ol oS gule
Al SIS lojlial oo 4 g s a5 ]) SMas
ATTOgIN (sugig) Aoz}l FOXO JIKiz oo a1y &
@rs)> D9 e peillgpnsSeg piese il 4
S5l g o el Cute ASul dlae ) gy Jols
el bl wl coles » (Y0) wbe el s
Xad o yinlial 1y €)08 oS aliae ) FOXO Glual olwlus
dol 4 mde il ) obyuSgie slaglmal
Go9re oo ORI L by Mas Bosl I (Sl

S5 4o
Ol » S5 s Sl e Baa L Sl e
sl ige a5 B g3 wMac Atrogin 5 FOXO (sl s
o5 ol OI)’,,A sl ol @L.» W ral.?r.}] NVON| W JC 5%
sy Atrogin-l o5 ol e 9 (a5 akae > FOXO
Ored b dwlie )3 (055 09)5 )3 gligd g (e alas 9
S G gme ol Liels aals 09,5 0 cMac

N Gme i 90 FOXO (45 (le (lise glBgd aliae )> o

VoY Jls ) ojlads VY 093 /e (Kb poke olKiils alono

ATARRN


http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

9 o8 95 WNae Atrogin s FOxO sla™yj ols » =S 5 s S0 g 015010k

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 IA, 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. Mafas-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

AT g piawd

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-33, 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 FOXO03a/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-I/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, Hagglund 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)

VoY Jls ) ojlads VY 093 /e (Kb poke olKiils alono


http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

9 o8 95 WNas Atrogin s FOxO sla™yj ols » =S 5 s S0 g 015010k

23. Sheibani S, Daryanoosh F, Tanideh N, Rahimi
M, Jamhiri 1, Refahiat M-A. Effect of high
intensity interval training and detraining on gene
expression of AKT/FoxQO3a 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-3B 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. Pfligers 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.

AT g piawd

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.

VoY Jls ) ojlads VY 093 /e (Kb poke olKiils alono

VA


http://dx.doi.org/10.61186/jjums.11.1.1512
https://dor.isc.ac/dor/20.1001.1.25382810.1403.11.1.8.8
https://journal.jmu.ac.ir/article-1-765-fa.html

[ Downloaded from journal .jmu.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25382810.1403.11.1.8.8 ]

[ DOI: 10.61186/jjums.11.1.1512

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 Elmiyeh®

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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