[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

£Vo B ETT (slataden T o las A 5150 VE-F g st (5l (oSibsy psle olStily o St 5y 0uSitily aloao Il ”V”

Soao] 2l
S0 5l B Ol Sgu 9l sanwl B o g (53lgp (03 53U (o)
93 95 Cabd Jo (oo (SB(1390 53 59795kl 9 (45 sl SEI UKy
VESY/VY ST VEYe 0N B VEY N0 s VERY /Y il s o.LSa-_’ >

03,5 s 2 L Jld L el 80 S sl ol 0k s oS (52 B e 5 (S350 Dy ol il g 4t
i ol 31 Bs et gl RalS 5 Sl Jrals el (SIS (gla s 5 W05 3 S0
s 53 5L 5 gl (sla e b a5 e 105 Ol S sl ol oo 5 S5 Sy o3 36 s
R

e oLl (ol dmly ST oSy 53 VR Y o B VERY gl oy o3k 53 oo asdllas o) e s
(il v oy, 8 miy s (P40 g 05 Sl @ale 1Y) Sl s 35 5 almme Jige e Y (Ghash ool o
Bls 0555 GaoF Laals Uil s oo oS pad+ 2l (JaSe+ 2ls o ei 4 2l
Al ania 53 Gy ey caiis Cota Sodoeay (S3sa (et A planil (O 035 00 MEKE) (o 5505 5%
s S 3l 6l L Sl Al 04 O35 p S S o lil g S e YOu s (oS (slaes S

{INFo Becline-1 LC3 slad} 0Ly gslaw 52 i sy il Sl S o oS sl 0L baesls o claassl
v 05,5 4l mls ey S 53 (P</00) Sy 3 s (LUl Bl 4 (g )lskas & slis FOXO3 Akt L-1B
e (P</00) 5ls 0L (g lsbime [EalS At 0Ly 5 (P=2/+++) 5155 TL-1B s TNFa Becline-1 (LC3 Oly Ol e
(P<e/00) A sdaline (gylsbms Slac sl 50 Al (glaes S

el 5 4 dliS U 3L 5 el Sla e oy S sms) el JaSe b e 5 (S3l58 (03 s S
3l S i 5 Oze 5, Shes 35 53 LS o SIS cpl 355 e 5 & Sobs s Jsl u_é)f“T Sals

A2l e Ik sl

A_i-:-!"—-ﬂ)j' .\.:m' ;Jw))} C)LJ_,«.T ;@LKMM‘JJ.LM jﬁ_}"T“;"’LP ‘;J:.b/g&w

Sl 5 Se3dns Sk s 0 G5 Dl e R
sl (F S ol Llg e o 3L RIS AL
S P |- PP YN CO Py QN e PR PP
S Subs s g3 g Cabs 5 Splte oyt i S ke
soolaal 5 0u GUly 5 o &8 Cal (Splie D

Cobs Glp b aney Blr s esls LS 1 aud JelS s s 5

PR R
Lrv_i;bje(ﬁ)}.;a \J:LJ Q:m}.)w
[ S U (R P PO

O doly e bing Salaied 00,5 =)
Ol Ol ool ST oSN ¢ 555 00
ol s o Biss (i 05 =T

Ol syl (oMl ST oK 25

*
@y»n\ﬁ»i‘ﬁ@nmﬂ;u;«. ol 55
VI [N PIVE < PPV PR JC - Y o
S SO VR R PR W N FRN (H P P
03§55 A

SA-YYEAVIYY :pils

E-mail: ml.rabbani60@gmail.com

PRV

sl 3l u5J>u(,5 NENGIN{PY SN WU -{ PRSP UL Rt S0
oSIL1 2al3l 05 Sl bl 4z Ll g 0 aS 315 ol et 4 | axel
u)SJALSﬂ.l{LuLJ;-\}ﬁ)JJJ&lsw‘g&ﬂ-tsudw

6}«)“3}.&: (_)jj_:)ii.w\) ;5_".3"""’\ an_»}(szJ\L,J u.:)’w

FVO G P58 8 oyl AT 0,30 ) FoF gy s syl iy psle olSils o Ky 0uSiils aleo


https://tumj.tums.ac.ir/article-1-13187-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

ev S 5 i sSHle SilliSicupuine (sla55 51 A Gl Stlsans) dsd s g 55158 a5 456 i

Lol dly odbal sl oKisls bl LS GO azws
A& L IRIAU.SARLREC.1403.074 3o vl

o Sl gl s oKl 4 bl il Gl e
b gLy a5 10020 Cugby YYEY C les coly S L
05,5 55 Glasnsesl B S 15 ol g LYY S
M @5 St A Doty p a3 1k 5 ks IS
Jols s ol S S 5 OLKes 5 Zou iy 4 o
A ble Veml Olpe 0 meo 555 2 & 035 r Oged 5ol
50 S5 A ey ey w S Gk 5l 0 035 eSS
s VY els &S W g oaubesT s Cojson oy
Cabs Ul sl 5 a5 DASIY 5 g S TN (s E))
S s Of (lass el pled 53 ol sl Sb Y £
ARl Sl 5505 000 ml gk 3 3T O son Ol
L3 g i gad Gtnes S 51 Gy L2 813 T s
wo S b 00 553 L(STZ) o i35 il ($500s 5 oy 055
3 e 55 el Saols A eslinal Oy O35 p SAS e
Slos )3 Sis 3 Dogon &S LS g o)l xS 2
L ohiecl L STZ wslinad 31 13 i e (5ol Yo C i
St 5 o kiGd,y his) s e Sdnid (Seb il
Oap b astld bl 4 AS GF b 4 Blhe 0500
0 SIS Ui 5 a8 G Gladised T i a2 S 5l e,
S04l o\ el OneTouch Jie e S 518 olSaws 3l eslizal L
as S b s ks Olgeas Yoo mg/dl 51 VU S S Ol 5 A
(ol JSSsn ot 3 G lsn Slagn e el satesy
gk w515 b aie O S ey b 5l oLl 6l
S A et baids e Ve B ol Co b adds iy Doy
Doy e (sl Il asin (315n cp ped asl s S eslind Jues 5
Jeod s oo Ohiss 4 pud adds n e 10 e boadds
3L o Sl ad3s n e 53 B SS e atia a e L3 S
a3 A g 03558 adds 55 B S ey 55 Oss Olej ks
JSsn A plal wis a3 a5 i el el Sl
sl ol 0nls QLIS Y J gl 53 o jeS

e L e R T

35 o B Ll s e oLl Bl & el Ol e

Tehran Univ Med J (TUM.J) 2024 September;82(6):466-475

http://tumj.tums.ac.ir

R KN T P CE NN
Al il Wils Sk lopar sl gladle &l
St Sl S Olpea TNF-0 WH (5505 55,55 550
275 Sl S a5d e w5 el gbadle Gl 5 e
Taghe IL-6 5 IL-IB alaxr 31 oSl K3 mds o
) S e losill LAl S WS e el S gy
Sl s ol s Ol Gl ey b
) Olb e 15l Bl s Pl (BT s Al 5
Human Y & by (o 5 Sy (SOl w3, wedae
5 Gom UseA  ope s immunodeficiency virus (HIV)
SN St DA 4 e gl Pl 0T L e glagsles
S e 5 S sl Al Jlazl S0 (S5 Sl el
S5 e Sl sl e 350 53 I ol Lz
s e S5 b i e ) sa05 Ok
2> 03 pl Ol s 03 1 65 g 4B WS e JaSiots5lsm
FEl sk oplaly ALl g3 g8 Al P e glas
2 Sl Ll JoSe s 5 el U e Bl
@ 3 20 o5l Sl 25 ) Sl sl e S
A3l Canl Sl (65 18 Bt 51 15 e O
Sl JoSa 5 (s3lsm Dl pad Sl s R cnl 5 s
5> 3851 5 ol Sl e U Lo e lalS 0Ly STl

sl 93 & cobs

SeIR ORI

Szl Gras Bl s 0 08 Bua 5l Sl e

Lisws 3 S ol Oe31 5 U S Glaes S Ab L o2 axllas
Gy e TSl syl 3 Sl el el AL
:L;;‘).j £wls) Y4 g U39 9 oo VY O_.nLI)lSM_Lj bl}').'y&\jw
S 5 Pasp S ) Olascdl ol oS 0k fer g bYA
olsl ol axly el ST oKl aKilesl Ul
Wl IS (O ol a8 leid 658 iy 55 b sad s i
J& + ks (& L p0d) s +mbs (7 o bs J xS Y
Ly A:JUMQ.L‘.JJ.L;MJ&+JIJ+@[{> (0 ‘(J.o.ia)


https://tumj.tums.ac.ir/article-1-13187-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

OLlKas 5 Sl Cpesadans A

4:.5.&sL—iAJ_,b).sb.lJoJ+g;a'lgae;;‘_;hajduo-wfbb‘_;ﬂy;ﬂ,«idﬁjﬁ N Jgd

wan 5y Old> sl (4235 5 ) Ol gs S (a235) O 95 0oy e i
0 Vo 0 \
0 Vv \4 Y
0 4 q v
0 Y AR 3
0 Yy v 0
0 Yo Vo 1
0 Yv WV v
0 AL 4 A

53 ol b e 5 038 bl ST 4 055 S5y o
L(;Ja’l <l Thermo Fisher Scientific Jito Sl 0 5 Kans
53 aids V0 ol Kol ax s 00 gles 53 aids e A 453
20 °C o 53 4is gy £ C o 53 d3s T Y0 C gles
sedd ol s Of YA pl ASibse 5 e pledl 51
A Gl s (S Y c sbes ;5 QPCR s eslinal (gl s
Olyeay B2M aslyy b Cote J28 ised S 0 CDNA w50
bl 4 b gas A 4 CDNA g O30 gl o s J xS
Applied Jts PCR-RT ol8zes 53 5 ol bglses WSS,5 05 5
Vo .23 5 I 3PCR 5 ab b Kl L Biosystems 7500
Gl 55 4610 40 C bz 45 il Ve 40 C gles s adds
Sl cdns a p3 e 51 ST VY C gles 3 B Y 0 C
Afle s Lo L ESls 4 bge Cts 0 DS IS £
S5 45 4w CT Mean ulg )3 5 gzl aul PCR-RT oKws
Ol & Y dgesd 5l B )50 Gua 05 0Ly Siolis (g3lu 084S
A o3lizul CTAA i
SPSS software, version 18 ;I sslizl L (gl s 5 a2
luih Cgr A3 bl (IBM SPSS, Armonk, NY, USA)
A dal eslinal o 5 bl 5l masn ool 5l ol sleesls
Shapiro-Wilk 031 31 baesls w355 035 Jlaj s g

B th.:.x.l,d O Q}w ;}Jﬁ )‘bt&d u,:::u [GIVE S W le oslaiul

ost Sl Ihlae )l O SIS IS 5 (5 e sle
s e 0L e |y g5l slags ad ol b Y g5 oubs 5
el 5 3Bl sladnl s 5o of 28 s 3Ll (pomen
el Fios 4 S5 rd Slagel (e Slr e S
Colo BA s s Sdads o el o) S pladl Bl e
Lol ksl colu VY B0 b el ands o 2T 5 e
3 sre b, ekl 5 eSSl S S Blhe 0505 GouF
Loes 55 gl alas Sl G5 o S plal BL (6 S ses
b ite S0l Gl olKiile] & g 5 IS A C
s 3 s Jsloes Jpo e O 5l eslinad L bacil s Lo
RSPV NI TN LY u—<“"‘° NLCI
oA AS Yo ml oS a4 ol 5B ) bl e Al e o
IV s IS0 ) oo G Lo £l Sl RNA L6 S o 50
(3l V0 pl/mg) Lozl T OF & s Al St 5 gz
#5550 oK 5l el ol s RNA oS i gl A3 5L
VYV odd okl OD (p0ke A3 oslinud Yo nm g0 Job L
gLl AL e odd ol RNA s QLS SOl S 5y
235 bl CDNA ol 1o 4w 53 @308 58 5l cDNA
SA Pl b el le;;w\RNA)'\/\pg el 5 &S O 5 p
b slswe 63,5 DEPC ol 5 0T Vex 3L 51 Y pl 5 Dnase I o 5

\_) ol Jl:;.i\ J}..a:m A a.,\}L.u) Y. ]J.l @ AJ'}A.} ) aJJS

FVO G FFF 5 olas AY 0,90 o g0 0 157 i psle olSils o 3y 0uSCiils dlono


https://tumj.tums.ac.ir/article-1-13187-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

€14 Sasiicd 5 sl Sl o sla5 51 (A Gloss Slseg) dia] ums 5 (55158 el Sl s

bl Bl 4 (lslae sl AKE 05 Ols sk 3 Stass
S L3 03 S 53 Akt (lal5 O Olge (P=2/000) 3505 552
JoSa glaes 8 .P=2/vr ) cuils g blas Sials ol 05 S 4
G (P=2/00Y) JaSam gy 0l 5 (P=2/088) oy el o(P=2/YA)
e gloes S ol (golabae Rl by 2bs o5 8w
(P>0/00) 545 (g sl sl

33 sy cilnie by S o &S ol OlE Leesls s
3,03 555 olel Bl 4 (g5 lsbe sl FOXO3 03 oly ol
(P=+/v0)

WAl 055 4 ced 2bs 055 3 FOXO03 05 Ol Olje
(P=2/00)) JoSa laog S .(P=r/vvr) by (gobslae hals
55 4 s Bmt/n) Sl 5 (Po/rer)

S oKy 03 o5 S Al (gyllae a5l cubs b

O35 slalas g 53 5 w0, bSG bl e 1 LT el
055 oslil Tukey's HSD O se50 51 sty s o (51 2 Laesls
A a S L s sl P<e/r0

laasly

JLAJ.: C“)"J LSIJIJ L;:*AJJN:’ el Ltha}ﬁ B uﬁx.:ﬂ (:LA.:
6 S bty ok 0 s3T5 Sl s Sl il s
Lo S o Jblas Coslis ) gl Tukey's HSD O30 5
S8 a iash b ae slaecdl sl 5 o Kle s el
RGO IS WP Y QLiJYJ}J;.-);L&uij

ol J"“)}l L;uﬂ«wj b J.«.{n 9 U'i)'“; QI;H“ d).l;-
;ﬂ&aducjjj&ﬁﬂ\sﬂlouLAGJ‘QMJQFJ.MAJ

oS i i B Jose b Pl 55

IR SFRYNNA v NI PRI VAV )0 VIR S PRI VOV /0 AY AKT
e eAE e Y e VR /e VA VERRRVERVIRTS VAR u FRYIRTIN CeeYEe /ey FOX03
NATIFSYRY T ATEYAN | GOV VO CFEVARY) ANEAYYE /Y Y LC3
VERY-LESVIRTE A\ AV /oY VERLA CTVERR Y\ o VLT IIA VYV AV BECLIN-1
VAREA ARV Y YE VAL ARAESVALIN XV /0 VY VAV /WY TNF-a.
Y AR/ Y VN4 VT FeY VALY W/ YA IL-1p
S it e paze ol p JeSe g o 5 SIS J g

IL-1p BECLIN-1 LC3 FOXO03 AKT e
o500 P P o300 P 1 03l P 1 o300 P A o3l » SN 51 Jalge
N Y VANY et YA /ey VAE VWY e VoA 8 a S
VA /o /A4 GAOYYPA /g /081 VY e B as /¥ro) JoSa
/2)0 +/0Y0 JEAS VAN s o AL A /e oY +/YVA JUCHT

Tehran Univ Med J (TUM.J) 2024 September;82(6):466-475

http://tumj.tums.ac.ir

A4 S J5 s lslwe P<+/v 0 Tukey's HSD :(g bl 05051


https://tumj.tums.ac.ir/article-1-13187-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

OLlSan 5 by Gpundans £V
Beclin-1 AKT
0.02
0.02 .
o
o 0.015 E 0.015
E 2
£ o0 #& #& s 001 # " 4
3 ¥ kS
S - o : -
o 0 . -~ -
Al T S Y] Sea- it s SR e G JeSamgy y
m il 0.0027 0.016 0.0093 0.0087 0.0059 o 0.0137 0.00303 0.0077 0.00704 0.0091

ey S o s Beclin-1 05 4 by » Fold change - Kbe i 15 gas
R R
wlas & abs :);4.!g;t_.;tS)‘Jt—\AM.LZI“‘rJLA:j;M_\;ﬁ_.;é)lJtM sl

JaSam g ad 03 8 4 Cd (5 50kne

TNF-a
0.5
.
g: 04 #85
§ 03 [
3 02 #
&
—
0 |
e = iy -0 5
ok 0074 0376 0312 0203 01443

ilisee laog S o 43 TNF-0 05 4 b g » Fold change - Kbe 10 ls 503
SR
Sl als o 8 0 o sbslae Sl F (Il ey S 4 oo (sl Sl

O;_ju‘U;gc_._..;6)13\;“4&::?‘%—@_,‘3”;4{@1.4‘5)1;@

-1

fold change
o
o

Ui
l.);&-“e‘ 0.062 0.78 0.263 0.36 0.208

.
0.8
) #&
0.4 #&S #
R
e desw e

ilises laog S o 3 IL-1P 05 4 by« Fold change -&Kbe 2 ls 4o
SR
Sl & (2l 058 o (bl Wl F o5 8 ()bl L

RTPUC P S PCI PR N EPIPH - ) VCOSS G PP PV B F P9

ilisee slrey £ o 53 AKT 035 4 b g o Fold change . Kle 1) Jls gas
IR

b 058 4 Cd (5 blias AJLL}:#TJL...U;@Q.._..Jé)l;\;M Ll

FOX03

0.0025
& 0002
H
5 0.0015
- #
2 0001 # #&

o [ |
s S s G Sy
oS 0.002 0.000335 0.00064 0.00073 0.00108

iises slaog £ o 53 FOXO3 03 4 by e Fold change (Kb oY 1 503
SRR
Sl als 08 4l (5 blae AJLL}:#g‘,.JL...U;A{Q.,..Jé)b\;u wles

oo a3 05 8 Cd (5 13bins

0.035

0015
Py < g

o
oS e
S8 8
S8 8

fold change

o
=)
2

ilisee glaoy S o ;3 LC3 05 4 by« Fold change . Kile ¥ 15 go
R
AJL..‘.}:&;Q;{LiaU;4,_;.:...JLs)l;l'.udLi}f‘ngL,.aJ;A{g;f..Jé)lgmdLi}:*

JoSiom i 0 03 8 4 Zopd (5 lalins

FY 6 55 5 o)l AT 0,00 0 Fo T a0 5 (K pple olSiils o iy 0atils aleo



https://tumj.tums.ac.ir/article-1-13187-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

VA S 5 i sSHle SilliSicupuine (sla55 51 A Gl Stlsans) dsd s g 55158 a5 456 i

Sou

3

s 5 il Ol el &S sy Ol LSl aslles C.LJ
DS 5 AR 05 0l GRIS & e (Sl o) e
.3 3% o Foxo3

ool G yze Sl s o4 adlllee s OLa 5 Kunkel
ke oy sl Sl olas Akt Sl s S gl
I3 Sl el g3l b By e ) S b,
o (S gyl ol S s 3 315 0L gl S
Uil obslan ssbas |y ies ml gl MRNA [pioees 5 Akt
e ol addllas mls L SIS aalllas L(P</00) ol o3l
Akt 03 by SRl S gl dowl 0SS a0 05 5 5 30
FAS I S5l il Sl o3lil g3l 5 ol 0313 0L
IGF-L sl 5 G Gsp wdr (l-5ks55s)
Vs AR 55 Ol 1Bl SLY S 51

Sl s sl 53 s, e SIS
GNP 5 S0 Gl s 002 b O Jlsay 5 IGF-1 w2 5
03 el B g e s g S ke G500 Gl o Dol
Atrogin 1 Gy )b 5l s sy Jole S Olsiea; FOXO3 Ola ol
05 Ol Oy ol addllas 3 Mo e ODlas s 5T Esl
Golslms 2als JJlu o 8 4 o by Lo e S 3 FOXO3
sl las

Sl ped O aslis Ol gie b slaslllas O, Kan 5 Gholipour
SIS $la s 53 S 53 ) Ol Lsaslie 5 salisd
gl sl plmililis ol ) i dhde 8 w5 e
ssba eslie sl i5os 98 53 mTOR3 0F Ol sls OLES
Ol s A s 3 (P=/AYY) 3 g 4Bl Al (g lslias
oyt s (il 6lskas i Laes S o s FOXO3 03
L Gholipour asflas .(P=+/+£7Y7) 55 ail 2als lslas e
Sl o g 4 Ol Ll 15 0T e 5 0350 pen S 5S axdllas
seslis Oy soas Ol o3 Gholipour asdlas 5> sls Cod L3555
sy adlas 3 O 5 Jokar Vsg ol el Glm e s
Slsimn slsline 285 L a5l s ol 4z Coiia 45 il s

IS 05,8 a4 Sl 5bs (el 035 55 (FOXO3 P=1/+1A)

Tehran Univ Med J (TUM.J) 2024 September;82(6):466-475

http://tumj.tums.ac.ir

Ol P=/VE) foSe 5 (P=/00 ) el slaes S
Cilises glaey S a5 sy 0L beesls s cdls (g 5lalias
ol Bl & (slsbias sl LC3 05 Ol Tk 03
b3 058 55 LC3 slalss Oly Ole (P=2/0vv) 5505 552
s L3 P=o/ve) cdls (gobbas Gl Wl 0y S 4 o
JoSam s p0s 5 P=2/020) s (P=/00A) JuSe (glaes S
IS PSRRI B SV (S
Solsline Jials (P=2/270) JoSe o5 8 & ol oS o el
03 s il glaey S on a5 sls 0L Leesls Jelss sl
3503 3575 goll Bl 4 (g bslae &5l Beclin-1 05 Oy o
4 S 5bs 03,5 5o Beclin-l slad} Ol Olspe (P=+/20))
JoSe Glaos S (P=e/ovn) iy (golsbae 5l e o S
S P=0/008) oS o 5 (P=2/008) o jad o(P=2/0)Y)
4 S JoSam a3 0,5 A2l (golabias 2alS s ey S«
Solslixe [ialS (P=2/08Y) (el 5 P=2/2YA) JuSa slaoy S
sl
03 Seasn il slaey S n a8 sy LI Laesls Jeles
5,05 5y olel bl 4y (gylsbae sl TNF-00 05 Ols S
4 Ced 2l 03 S 53 TNF-a glal) Oly Olpe (P=2/049)
JoSe Glaos S .(P=2/0YE) iy (golsbae 5l e 6 S
Cod P=o/000) JoSa b ool 5 (P=2/00Y) ol o(P=2/00Y)
P=2/v2V) pyed 05,8 Azl (yblas 288 2ls o8
4 S JoSam i a3 05,8 Sl (golslae Al S 4
Solslins Sials (P=2/2vA) o jed 5 (P=2/0 ) JoSe (slaos S
ol
03 Seasn il slaey S u a8 sy L Laesls Jels
3503 3y bl Bl @ (gbslas ol IL-1B 05 Ol sk
05,5 4 e b3 03 S 3 IL-1B (sladss Ol Ol (P=2/ve)
J&Sﬁ L;m,)f P=r/rve) il gl et rJL,J
Coed P=o/ov ) om0 5 (P=r/00n) o3 ((P=2/ove)
L JaSam a3 058 dizdls (golaline EaS 2l ey S 4
Solslins Jials (P=2/204) JuSe 5 (P=2/rvr) el slaos S
ESEOPRIEN( SVER I VICHIE VS FETIE JROKA

ols


https://tumj.tums.ac.ir/article-1-13187-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

OLlKas 5 Sl Cpesadans VY

s ais Sl a8 Wl Ol 5 asdllas s O1Kes 5 Jokar
5> (P=+/+v+V) Beclin-1 55,0 lgee Hlolas ZalS L osls
ardllas Ml 035 b3 IS 05 8 4 S 2 (p el 05 S
Rl R ol aalllas 2 A3l e S g R b s Sl
PR JaSe S s el e 058 50 53 s
L3, ol s andllas 53 O 5 Sun ol azily (g haliae
$3b 51 slacled il el alinad Sl o3 atia Coia oS
ol asdlae b rass opl s e Beclin-l lsbas il
S0l OAd 5 Bl g5 Ogen Slalge @3l5 5 350 Jlpses
Sl dadsa) 0 (gdie slse e Sl il slay 5SE ranes
TS e U (S35 s s 2 o 5 Jshe [ S

R oias BB o p 4 RS 5 OLSes 5 Li
Vo 5l s gl e Ga fse 855 Beclin-1 (gl yie
Shlas pudd S Gl 53 huge SDdd L Ol e auds
wilsy 5 BB A3 YL i Ol jed s bl (s SO edalin
il axdllae s 5510 lan sl aalle b asllas ol e
Beclin-1 03 Oly 5 SialS JaSo + 0 003 5 e slaes S o
3 ot oS ol sl sl adllas 3355 Ol s s .V,.;..:b
05,5 Li andllas ;5 45 350 53 i o353l O Sl =l
L o Aol SSE oa SL 5 bwse Sl L el
osliznl (351 sl 4 (5B S o3ls Sl 05 Gaed 3 OIS
i s Sl aly @3B 1 0T &S el oS
S Beclin-l _2als 4 ax 55 L (36528 45 K0s S 5 Liles S
Tl e G el (3651 s 53 e Sl S S

o ss il laes S oS sl Ol ol andllas GL.:
syms bl bl 4 (gslsbae sl TNF-0 05 Oly T 5
5 oS (S glaos S s TNF-0 sladi Ol Olpe 5 300
05,5 iy (olsbae SEalS b 05 S 4 S JaSe +0p el
JoSo a5 038 s (5 lslan (RAS oS &y o (e
e (s (goblas S o ed 5 JaSe glaes S 4 s
s dolad) IL-1B 05 Oly mshw 3 Jhasy cilises (sloos 5 (0
08 Sl ails sy bl bl 4 (gylslas oslis ()
Sl oS a S JoSe F el 5 el (JoSe slaey S
Gy S 4 Cod JaSetp el 05 S kil (gylsbae talS

RS el S5l Oes 5 Marfe Topi e 2l
03 Oby el o lafise e L 3l asys Sl el
L3S sdalie JS 055 4 S |y Lblas sba FOXO3
Gl e Ll s O, es 5 Kavazis bl opl 5o '.(P</+0)
s e A e sy seSsy aems Sl g shlee
aw CP</10) spi e by e s B alae ;s FOXO3
g bl seen S Slagh Loedd S5 alle
Q‘MJQJA:Q}&JA:C);)AM)JGJEﬂ.ja./\.\;;sc)wl.hﬁ
S5 5heds Ol laceSs b L Llg e il Sl
Ans RS |y iy 5 Ol 5 65 or SLae

gy e laoy S oS sl Ol ol axllas CL&
wils sy golel Blod 4 (g lsbae ool LC3 05 Ols T 5
0555 4 S JoSem gl 5 el JaSe slaos S0 5 S
055 4 Cod JoSam a3 05 8 kil (golalae EalS b
Syl o sl WBls 3l ails sl el wa fuSe
SN2 0355 0 iS el 55 a5 e b lad e (Jska0s 50
byl s Slear (S 28 05 e SIS (Solen Ll 5o o
ol 03 asdie e Sl R S n S sElheSt et
$3b s MLss e 3bSl W el LC3 wile slap Lol i
b5 5 el gin 53 0l CBl ey SIHLE 2, S
Jime apsond 4 ool b el ol b 5l s el
g s LSGILL 4 5 C3LL el sl U s e
S5 Sl a8 Jshe Slses B ol U5l
Wl anw s 5 Ao, oltle Lol dplie 5o wlul 18
V.S

3Bl g3 Shas Condy o (S35 bLI et Oldlas
o Sosba ol el Ol 1 AS) oolae S5l s
a5l e g e a3l GBSl s s A 5l i 3L S
‘V.sj.i Olae

sy e glaes S S sy L ol il il
Sy oobl Bl 4 g lsbae &5l Beclin-1 05 Ols Colan 3
035 4 Cuad JoSem il 5 oS slaes S 3 o il
JeSlo #0003 05 S e 5 A edalin (Golslas halS b
A edalie (gilslan Al el s e laes S 4

FVO G FFF 5 olas AY 0,90 o g0 0 157 i psle olSils o 3y 0uSCiils dlono


https://tumj.tums.ac.ir/article-1-13187-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

svy Rabbani M.H., et al.

ol il geer ol anllls L ags ol P=4/00Y)
ol oslital faSe §5 3 ORous Dl s p s o Olg ooy Lol
Frgpaln uiuj)ts S s O 5 Khodadoust .3 g gmetas
A el Ly el ol e Lol Ol YT Jl
(IL- 5 IL-1B) sbaopS sl Jil5l s TNF-o ledl glapS sl
Slagn sod plnil oS 5l 0L sl addlls Sulg 55 T ss 0 10
Sl Kl o S sl Aol JoSe S me 5 o laie ($515m
G ek Gk O Sl IS G0 36 s
a5 2sie bske Gl alS Cape S5 s
oS eSS o g b obew 03 Olas s Shes ssg
Fsr el Llge oS Bran 5 lsn lagn el nl il
3 Fhe sl 558 5 Sple Conds pe Sl
AL Ohles Sles S !

Olge o abObl 5l s Jol= dlis ool oKl
22 Sl sl e p Spsl Aol e s cppes S
Sl S s G585 shade " §5 ubs s gla,
Colem baS Wil V0T Jle o Gd50s s oIS
el 0k Ll S e 0, Ay ekl 13T oK1

References

Lu X, Zhao CJ. Exercise and type 1 diabetes. 2020;107-121.

2. Pouzesg Jadidi J, Pouzesh Jadidi R, Seifi-Skishahr F, Azadi B.
Effect of Eight Weeks of Upper Body, Lower Body, and
Concurrent Resistance Training on the Levels of Homocysteine,
Adiponectin, and Insulin Resistance in Healthy Untrained
Females. The Scientific Journal of Rehabilitation Medicine
2020;9(3):83-92.

3. Nicholas DA, Andrieu G, Strissel KJ, Nikolajczyk BS, Denis GV.
BET bromodomain proteins and epigenetic regulation of
inflammation: implications for type 2 diabetes and breast cancer.
Cellular and Molecular Life Sciences 2017; 74:231-43.

4. Bakhtiari N, Hosseinkhani S, Soleimani M, Hemmati R, Noori-
Zadeh A, Javan M, Tashakor A. Short-term ursolic acid promotes
skeletal muscle rejuvenation through enhancing of SIRTI1
expression and satellite cells proliferation. Biomedicine &
Pharmacotherapy 2016; 78:185-96.

5. Bang HS, Seo DY, Chung YM, Oh KM, Park JJ, Arturo F, Jeong
SH, Kim N, Han J. Ursolic acid-induced elevation of serum irisin
augments muscle strength during resistance training in men. The
Korean journal of physiology & pharmacology: official journal of
the Korean Physiological Society and the Korean Society of
Pharmacology 2014;18(5):441.

6. Bakhtiari N, Ahmadzadeh S. Ursolic acid: a 5-ring triterpenoid
found in apple skin with a wide range of therapeutic effects. Cell
and Molecular Researches (Iranian Biology) 2018;32(2):258-268.

7. Laker RC, Drake JC, Wilson RJ, Lira VA, Lewellen BM, Ryall

KA, Fisher CC, Zhang M, Saucerman JJ, Goodyear LJ, Kundu M.

Tehran Univ Med J (TUM.J) 2024 September;82(6):466-475

http://tumj.tums.ac.ir

G Sl o JeSe 05 8 il (goblas 2alS eSe y e
OLes 5 Tian-Kui .(P=+/++v) by (golslas 2als o el

S Gk Sl desl S gyl b o0beys" Ol b iy
Maas e el ) Lals Obles SUs,E ATIR/ARAP SIS

oSl Oyl Spupsl Al b Oleys &8 L8 518
DA sl (P<e/e o)) das e LS lslas sbay | IL-1P
2 osd e Sals Ohlay 53 05 SIS e a5 O U5
5 Sl Ohlen 3 el sl el 51 S ILA1B s
S gess) Aol b 0l 51 g O Ol Olpe o8 A3l o ol
Tang AL o suen ol andllas b iash ool Tl o J2alS
ST el Al S g5l 45 55 50158 55 addllas s
ISSL Gl glad g Ol 55 Zel 5 Al 1) Wl SOl 5L
Tt e s b S gl B et 3 s el
093 S LU Ol gl s adllas 53 O, Kas 5 Abbassi-Daloii
TL-1B 5 TNF-0 05 0l o olS —d1 G jume 5 zeliial s 508
SIPUT dg 2l G pme 5l g Sl s 3 Glas, B Sl s
O Sl elen alial Dby el S Lo S 1S (05 5)
spbe TP 5 TNFo el sla jaile Jblns Lials sl

Ampk phosphorylation of Ulkl is required for targeting of
mitochondria to lysosomes in exercise-induced mitophagy. Nature
communications 2017;8(1):548.

8. Kunkel SD, Elmore CJ, Bongers KS, Ebert SM, Fox DK, Dyle
MC, Bullard SA, Adams CM. Ursolic acid increases skeletal
muscle and brown fat and decreases diet-induced obesity, glucose
intolerance and fatty liver disease. PloS one 2012;7(6): €39332.

9. YulJ,HuY,LiY, Han T, Zhu R, Fu P. Resistance training relieves
skeletal muscle atrophy induced by hypoxia via the Akt-FoxOl1-
MuRF1/Atrogin-1 signaling pathway. Frontiers in Physiology
2019;10:1029

10. Lu X, et al. Ursolic acid attenuates diabetic mesangial cell injury
through the wup-regulation of autophagy via miRNA-
21/PTEN/Akt/mTOR suppression. PLOS ONE
2014;DOI:10.1371/journal.pone.0117400:1-16.

11. Wang X, et al. Phosphorylation and acetylation modifications of
FOXO3a: independently or synergistically? Oncol Lett
2017;13(5):2867-2872.

12. Gholipour M, et al. Comparing the effects of endurance and
resistance training on gene expression involved in protein
synthesis and degradation signaling pathways of Wistar rat soleus
muscle. Tehran Univ Med J (TUMJ) 2020;77(11):668-677.

13. Jokar M, Sherafati Moghadam M. High-intensity interval training
inhibits autophagy in the heart tissue of type 2 diabetic rats by
decreasing the content of FOXO3A and BECLIN-1 proteins.
Iranian Journal of Diabetes and Metabolism 2019;18(6):292-299.


https://tumj.tums.ac.ir/article-1-13187-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

20.

The effect of aerobic exercise and Ursolic acid on the expression of genes related to sarcopenia and osteoporosis £ve

. Marfe G, et al. The modulation of sirtuins and apoptotic proteins

in rats after exhaustive exercise. Journal of Molecular and
Integrative Physiology 2012;2(3):65-74.

. Kavazis AN, et al. Effects of short-term endurance exercise

training on acute doxorubicin-induced FOXO3 transcription in
cardiac and skeletal muscle. Journal of Applied Physiology
2014;117(3):223-230.

. Bahrami SA, Bakhtiari N. Ursolic acid regulates aging process

through enhancing of metabolic sensor proteins level. Biomedicine
& Pharmacotherapy 2016; 82:8-14.

. GaoY, Arfat Y, Wang H, Goswami N. Muscle atrophy induced by

mechanical unloading: mechanisms and
countermeasures. Frontiers in physiology 2018; 9:235.

potential

. Jokar M, Sherafati-Moghadam M. The effect of 4 weeks high-

intensity interval training (HIIT) on the content of FOXO3a
Beclin-1 proteins in the left ventricular heart tissue with type 2
diabetic rats. Feyz, Journal of Kashan University of Medical
Sciences 2020;24(2):160-169.

. Sun M, et al. Ginsenoside Rg3 improves cardiac mitochondrial

population quality: mimetic exercise training. Biochem Biophys
Res Commun 2013;441(1):169-174.

Laplante M, Sabatini DM. mTOR signaling at a glance. J Cell Sci
2009;122(20):3589-3594.

21.

22.

23.

24.

25.

26.

Li FH, et al. Cardiac basal autophagic activity and increased
exercise capacity. J Physiol Sci 2018;68(6):729-742.

Lee Y, et al. Cardiac kinetophagy coincides with activation of
anabolic signaling. Med Sci Sports Exerc 2016;48(2):219-226.
Tian-Kui Ma, et al. Ursolic acid treatment alleviates diabetic
kidney injury by regulating the ARAP1/ATIR signaling pathway.
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy
2019;12:2597-2607.

Tang S, et al. Anti-obesity and anti-diabetic effect of ursolic acid
against streptozotocin/high-fat-induced obese diabetic rats. J Oleo
Sci 2022;71(2):289-300.

Abbassi-Daloii A. The effect of endurance training and L-
Carnitine consumption on TNF-a and IL-1B gene expression of
heart tissue in wistar male rats following anabolic steroid
consumption (Boldenone). Journal of Advanced Biomedical
Sciences 2019;9(4):1903-12.

Khodadoust M, Habibian M. Investigating the changes of tumor
necrosis factor-A and interleukin-10 after 8 weeks of regular
Pilates exercise and vitamin D intake in overweight men: a
randomized clinical trial. Journal of Arak University of Medical
Sciences 2020;23(6):888-901.

FVO b FFF 5 o)las AV o,90 I Fo T a0 157 (i sl olCitils o iy 0uils aloeo


https://tumj.tums.ac.ir/article-1-13187-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-02 ]

I [ ] ] VI l Tehran University Medical Journal, September 2024, Vol. 82, No. 6. 466-475 Original Article

Investigating the effect of aerobic training and Ursolic acid consumption
on the expression of some genes of the sarcopenia and osteoporosis
signaling pathways in type 2 diabetic model aged rats

Mohammad Hossein Rabbani
Ph.D. Student'”

Parvin Farzanegi Ph.D.?
Mohammad Ali Azarbayjani
Ph.D.!

1- Department of Sport Physiology,
Central Tehran Branch, Islamic
Azad University, Tehran, Iran.

2- Department of Sport Physiology,
Sari Branch, Islamic Azad
University, Sari, Iran.

*Corresponding author: Department of
Sport Physiology, Central Tehran
Branch, Islamic Azad University,
Tehran, Iran.

Tel: +98-21-22481622

E-mail: ml.rabbani60@gmail.com

AbStl’aCt Received: 22 Jun. 2024  Revised: 05 Jul. 2024  Accepted: 13 Agu. 2024  Available online: 22 Agu. 2024

Background: Aerobic exercise and the consumption of certain supplements, such as
ursolic acid, may reduce sarcopenia and osteoporosis by activating or inhibiting specific
genes and signaling pathways. This study aimed to investigate the effects of aerobic
exercise and ursolic acid supplementation on the expression of genes related to
inflammatory and autophagy pathways in type 2 diabetes.

Methods: This experimental study was conducted from May 2023 to October 2023 at
Islamic Azad University, Sari Branch. A total of 30 male Wistar rats (12 months old,
mean weight 390 g) were randomly assigned to five groups: 1) healthy (normal), 2)
diabetic, 3) diabetictexercise, 4) diabetictsupplement, 5) diabetict+exercise+
supplement. Diabetes was induced via intraperitoneal injection of streptozotocin (50
mg/kg body weight). The aerobic exercise protocol was performed five days a week for
eight weeks. The supplement groups received a daily intraperitoneal injection of ursolic
acid (250 mg/kg body weight).

Results: Data analysis showed that there was a statistically significant difference
between the groups in the expression levels of LC3, Becline-1, TNFa, IL-1 Akt, and
FOXO3 genes (P=0.000). The results of the post hoc test also showed that the
expression level of LC3, Becline-1, TNFa, IL-18 genes in the model group increased
significantly compared to the normal group (P=0.000). A significant difference was
observed between intervention groups (P<0.05). The results of the follow-up test also
showed that the level of expression of Akt genes in the model group was significantly
decreased compared to the normal group (P=0.000). No significant difference was
observed between intervention groups (P<0.05).

Conclusion: The results of the study showed that regular aerobic training and Ursolic
acid consumption can affect inflammatory and autophagy pathways. These effects
reduce cell atrophy through changes in some biological signals and help improve
muscle function in type 2 diabetes. Therefore, aerobic training and Ursolic acid
consumption can serve as an effective strategy for improving metabolic status and

preventing cellular damage in this patient population.

Keywords: diabetes, cell atrophy, signaling pathway, sports training, ursolic acid.
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