[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

FYF-TYE (0 o lack) YV 0,90V F e (0 9 3T .0 ol acual galio g cuslas dlas

W g S| Cundg 3 JUligni! s3bey Sl Johw @235 9 Soglin (9 o3 il
STZ b owis sl itlid 9 Sy 48 ilSu! Gl oyl

‘o)\jwwc\&uikﬁg\*w)uxbg\és\ﬁﬂu).@

s LS

S op Sl glaolys b (S S 1 O ool 5 by Cdois e w0 S e Sles el o5 bl i
&:;T)Q\,\?MS\ Condy LB sl ool sad b 5555 5 eslie (el 1 gy R opl Gl Sl O gl ol
S5 STZ Lol Wl bs 5 s, s Sl gadhas Olus]
&de}ﬁk(p}b)dﬁ&ﬁﬁﬁ@(w-\wﬁkj:i.:k:ﬁ))bmij J\J.:)JL;‘)MQ)JMV-\ ;u.:fdé:bdu.i‘jj Lhu.:v‘g)
23 A el aslae o peit (5ol Jsho Goortaals 5 geslie i+ culs (ooly Jsho Gy pircals ( mbs J 28 ol
0353 Sy geots 5 0 O35 p S S o il o S e £ 555 SO & poot a5 55 5% il (55005 3l eslinal L ey aadllas o]
Ol 5 (SOD) ;U sas bS] s gn ﬁﬂglﬂ A G p S e o&ans baw s Ol gl ) Grde (ol Jske Jlia 00 sl
A S eIl Yl sy 45 oS Sleslizad b, Sl gabae il (MDA) aa i gs
&Q;JJ:SUJST4.3{_',.7,.»4'JL:.U)JJ\6;1.“..'.4.LgLaJ)l.wL;_".)J-deuquQtiJaja}JngLaQ)SODc&«é;lsom@w:udg
du;;.,b‘ LSJL:"’ LsLAJ}.Lw g}i))jﬁ‘_;“‘“JL‘u CJLLJAJ cj; LSLAC)) MDAC"“W(P<./..\);f):“:":-’6)b&*‘)j‘b4-’
P/ 0N) 55 eSS (Gols pme sabas J S 05 S 4

Gabae (ol S Gl sl b Ol Olgea Ll e JUEUl ool sladhe o 5 reslie (p e 1 S 4omd
.:ﬁj\}@jjby&tjjg{\i:);&:l&\

S g abs AT (63 0 G pems denS1 o e (3L Slad sl ¢ o sl (s o3 s AdS B 51

Olnl ez S ST ol TS Als s S5 055 )

(OB YIVEENAYOTN bl (pihsy asle o Su cw S geaSiails (el AT ey (ise Lol s Sl s ‘,..:L‘.ii.!*
a_r_rahimi@hotmail.com : < g iI cauuy -4V YYY - €470

\\”~~/~ﬂ/~\’:uﬁx&g&uu \f~~/~A/\é:5M|M|3$JA&JB \f~~/~V/\V:MHJJ@J&


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

YO o8 JLll gl gl sled sles B3, 55 9 (A9l (1 paS )G 5ad 9 pasa,

b slad s 51 ol sl oS WS 5 slad s Ly VY]
Bbd Cands J S 4 e b Gl 4 Ol il e
@by sladbe Jlasl Cuse (1S K sk
L e el a sl s o> Oleys (sl Ol sl e ol e
o Lok D5k 558 03 ol i 503 S o s
@l sladhe b Olays abaulyas 36 ol I ey B
o33 QLA &=t s [V E] das o L1l Ol ool sre il se
S L sleSt el 3l Glad s &S 2l ol
2 03 e 40 S S Ol 55 Sless B [VO] S
i i S ks g ok (Spke SV gl
A 5 ol gl &l 5L AalS o ge oS (o sbas ol
el D ssis ke sbiglan 4 Ml s
Se 4 Ll e LS50 Ol el 4 das e Ol Oladlks
SaS s slay 3 057 A3 2S5 sileS] S
OLen 5 Pereira Guas 53 sy e 53 [V IA] AS
O LB J S s aia A Sdeay LS A5, S (YY)
ol e SI T Slan T o (I 5 2ls 1B
iz o 3 1L 2l e G, O 53 ) sleS]
(\¥40) O, Ken 5 Farhangi gasllas ;3 (Jl>= ol b [VA]
23 ke OgemlnST 5 SIAnS1 ST slagu 5T s ol
el (2555 s At e Sl e s gl

DA el ons (5,058
Sl gloys 5,0l Q{;@l) b sl Gol- - s
gl S il 1 s e eslinad g ol gl S
Lol Loslse 5 cobs Cojin guys 4 Llg e Sl
Ll o slhae ol S 1 5 sla0be s sl kS J S
G2l olew oo s & Oode Sls slas S, [T
e [VV] diss o 5 50 1) Laplll 5 Sas 4l das
Sl s K eiilpe ol dd L Ol s 45 e s
O 5 36 ol s 5 ol Oleys (sl oS lsal 1,51 5
dae Slast s gla, 586 ol i 0386 s 31 .ait

g5 abs o3 ool sladshe GooF @ mul s A

3 Endothelial progenitor cells

PRV

dasly pals st g edams Sl (lew SO g5 ol
Dy patie Gl ped) 3508 5 S s L oS
5 Rier o G g ol @ Ol il 5o 8 W sk
YT ol 4l 2l 5l pgle ) sbas 42508 gans s O &
Al sl Gless a8 Olzman Jloys sl [V
Sosld 3 iy oS Jmss 5 el S g8 b 4 M
polde Sy sile (sloalis 5 o sl (Slaay Jlis Ol o)
o2l il 03 S g 1) olew !l (Il o e (SIS
#3333 o 35S e ol ole Came 55 a5 ol
0% sS4 s e Ol Oldlee Y] el
o] s)ls i o Loilss 5 S g5 Sold S 5 A
5555 ST SISl Sl s 53 Dt Bl s [E
e Mg [V sl B b slad gl 5 Shae Dt s
Lo (So3dmnd sladul b 5l ol L3 3T GladGsl,
S Jods L3 3BT SISl (i 3 o
Il Gl 5 LS e Jes ad 53 iad G Ol sy () sl
Forl o3 bl das il [ 550 (O350 Joe ol 033
35| il s [8] 505 (25 55 ol sl & Canslis
O50elSIS SIS 0 gl S 51 Jols 2ol 5o g ST
S3bedlad 5 J sy e G2 b 5 NADPH 5 20 dla 255
V] iz C 5LS 055 5

Ol gl s (gsley slad g a5 ol nls OLES Lau,':)l)-f
St o 3 Ly Sl Sladile 53 s 5 0 5 J S
05 s 5 U5 n Wss bdshe ol badshe [A)1]
L plexe bad g dlisee g1l 4 5 e 5 Ln Sl
s a3 3 3 g ge sl Olandl 3L Ol gl R [))]
C(HSC) 5Lt ol sladsher ol 5 ol Laol yozud
Shegty sladskbe 5 (MSC) 7 actilse 3k glad sl
Shedd Grie ool glad e [VY] ool (EPC) TJLL 500
Sladshe Lss plete Bledsha @ Lil5 oo Ol nal jae
Led B sk slan Sl A5 sl Jle slas 3l (ool

I Hematopoietic stem cells
2 Mesenchymal stromal cells


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

(® oylat) YY 0,90 N F e (5u g 43T .l ! acasl galie g Cualas dlas vve

A e Sl jes 53 Dl pde 5 nlie (6513685 Ll 5 e
sl 3 gl i b plaly Slilsl gaes o5 S )3
i bao, 055wl cgr E Ial Seda
O35 p 5SS o il p S oo £ 553 b oo 555 5% 2
VY Sl de ol el Sl 0553 Gioy Dosen Ol
Accu-Chek s & Active Jie) e S8 LS L sl
S o Sl edd s S S guiped 5 OLT L
i T 0t A3 S plac; 5 Ad (6,8 e3lul o A5 s
2 IV Lae g mbs s m s sop S ke YO
el St Wl 4 el ey S G
e 53wl e 53 55 J S glae s S5 sy el

.JJAJJe:\:QSJJung@a)JJ,UML;)b&

Oy O gl e JL il (galdort (glad g oS 5 (g 5Lusluter
5 ol Sl eslinad b g 5 e e, Hsbite ool gl
Ol gl o LS 5500 52 038 slmlr g, b D015
I R P T g R e RUSP YT P RN
0 G 2D Olpaad w53 (LS sy 5 (lle s
O S oalanal b aalsl ol adad Ol el sy alows
SIM199 iS Lass (gl 45 K5 0 Juaie VA (g0 led
S 2o S5 050 01 o3 w5 0 305 Ol gl o
5 o3l> ,1,5 (Greiner Bio-one, USA) s e L Yo s
A5 esls pined CiS lase Ul Ol il Ysde Ol g
o= Sas p Olpial e Gsl M199 S Lams
S 0,3 (Sigma-aldrich, USA) s —J 500 51 (g5l
Goso b akds Vo Sideay 5 Al a5 R e V0 0 ST6
5l e s (Model # 5702 R, Eppendorf) 55a il £00
(BMMNCS) 0l el a0 (glazes SO glad sho 55 sl
rlete K5 b Y Sopon 5B 55 W fe 3 S
PBS L L 53 5 o axdlsp Jlew by sl 4 sy
sded s sll TE glacly 55 Lad sl 5 il osls pind
(Cat No: 3043050,promocell;Germany) oSG b Lol
S ol s (M199) JU 561 (slad e oS Jams 3 5
EGM-2 (Cat No: C-39211, Promocell, Germany) ..,

el S AU gdae cl sl ey S
S bpan SIS dops A L5 o 00 (S ks
L[YV] s 75 dae j3 108 3l o sl aug ol
» b Q\J;‘u SISl galae Cadl js Sl sl by
Glas oenl 4 g Loclh dalr O 3 28
> Shas 53 O Gl (58 iz 5 S5 J 8 (s A
1> S gale S]]
slal j2als s | el Lbly g5 ubs @ Dl sl
e st Aol S iy el s s e RalS 0 S
'Cﬁf');m,jjluuijl; (S Colas Sodos B 0f )
Jor 55 s g s > ASl ol p3lasl i
‘_;J)‘}ALL«A Lod s oS 5 GOk s Ll 3 a1
Sdn 1 15 ol (5le e il (g1l L s o Aizes
A mon a0l dad ol Gl ply s 3
Condy p Ll ool ladsbo Gos5 5 reslie (e
il glao, 5 Al gdas Olals) u:j 5 Olas|

Ry

L %),

R G Sl g gl S Sl e
b siely sl 3 Sl 315 5 gl es Sy e VUL, il
B=01 ;3.5 ki so b 50 oo bias o JS25 a2 e
WS dwle 5 Jge b sleslaul La= 0.05,

(0124022 (Za/2+2ZB)?

A
g B3l [ yba e b olsl azin &G 51 o ba S5 405
(s ISl (wls IS (W) J 28 Jelies S A
3 oseslie peircols ool ke Goopraabs
o Ves S a) gaslie n itk dbe Gusredbs
Sl s AT Glaaisad o5 sl ke 000 (S
a)>r..: J))A)J&)A;-‘JV‘MJ‘)J&J;J‘JBLQMW

sl 03 s 3 e 3l ARSI Sl LK o


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

YV o8 JLll gl gl sled sles B3, 55 9 (A9l (1 paS )G 5ad 9 pasa,

e op 3 IS 5

ol ol VUL 5 2o ) s b 0bs 5 S (gt gis (0
Sl oy Y DL YU sl Sy ol e OIS S S
Yoo ol b s oy bl e ol o Ly
A S S0 STZ 5oy 5l 8 cele (A &S 55 35,
Wl Lo o » SIS L w0 ol el el
sy o o colmal s Yo bl S s el
Sy 0L 035 100 Jsl and ¥ 3T 65 5 (Gl el S
Sladr 53 OL 055 TAY €35 -8 Slds s (ol s sla
O30/ S35 VY=V Olds 55 (O U5 AV e 455 4=V
ol oy 58 SGVENY Sl s ol o 55 O
Al 5880 5w YL O 05 Y s b s el Sl
Ol VL om0 w5 e, V=Y bl s
&JJC)LM.L%)DDToj;))&\ﬁdud)).ﬁbﬁk
¥ 5 00 Ohs MY SN e JAY S0 slakss wlie
EA o ed SOlds o cl il s STl 1SS0 5 e
O ) [Y0] as s S L s el

Aol 5 JsxssSsda  EGFVEGF,bFGFIGF, fals
53 eSS Vo ke gy Al Vo ol e S S
Lol s 6o o o Y 5 e gy 2l 2 s
CES 10 S S (63 5780 i Susby 5 TVC les
Jslw Gl sliness Jol sl T8 3 S Las 00 005
b olg 5o LS (A Sumsles 5o sl
3y50 andllas gl Lad ko 5 0dd a5 V 5 Y 5y, 00 S
NIKON ) o sSae 38y Koo b5 5 28 5 13 eslina
Sols sy pas o&iws 4 Jawe (Eclips TS100, Japan
LA (g)ls 5 5 sas (Sight DS-L2, Nikon, Japan) Il s
A e3lal Giy g 5 sl iy 5 i b 555 V1 ey
Model: MEK-) =S Ju o8aws bau s Jshe Sl 00
o Ao Gk ol s eas 5ol (6450K, Nihon Kohden

[Yelws S Gy

G2 ya3 US98 Y Jgaa

\Vv 1 \o V¢ \Y¥ \Y R \ q A \ a 0 ¢ Y Y \ dnd>
\o \o \o \Y \Ye Y VY VY \ \ \ A A A 0 0 0 HL’”J;
YYe Y Y. ) Yoro Yoo Ve A A X-PR PP S SR 35 9 b e S

Gl Jubou Gl VY BV el Gada o 2T Sl e el EA

sl 0sa31 3l s e i s 03 b ) Oleebl (sl
baosls w5 Oosr ok o5 ol ) ey 3 eslinal Sy
Sl ke Al pp Ser S el
e T oty b 5 B 5 05051 31 el o ke
gl A eslinad G il Op3l 5 (G X cn )
WIS A s S b s P<e/v0 sylae aes 3 (ol e
|| 4 Y0 gases L SPSS (slaslsile 5 L bl Slkes

.J.AT‘)J

Sl 0503 Gup bes S s aadlee 550 glac, (il
oo T s 5 (0 035 p S S 20 S e 00) (alS
Sthas SOl s LS g (O O35 ¢SS e S
o 33 3t 3l g 5 ek (513 6 50 sy e S
RNAlaterTM b sl VA SO 505 S 53 K58 5508
o baosls BT g 5 o3 8 sebst doss Yo oS L
Gakae 3L MDA 5 SOD ol e . e3ls Jlisl o8l
& 5 NAVAND oS 5l eslinad U abs slac, Sl

A5 6, Sesll 1Y b,


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

(® oylat) YY 0,90 N F e (5u g 43T .l ! acasl galie g Cualas dlas YYA

P=e/eee M=e/ov) JWsul ool gladshe Gy
S5 A Solasme ssbas J RS ey 8 4l (Fyv=Y1A
@i glad s G5 5 Feslie a8 Sl S bl L
s, ASUl gabas 3L s SOD maw x JL sl
(Fo vo= VA P=2180 TN=2/0A) e Jls pme 2o

O )

laasly

& b S, SOD (155 phaw (Sl 315 0L s
P=r/ee) sy e gz, 51 5 ol oline b
Shle Y bl b mls ppees (=AY
05 S slae, SOD gl S ol Ol (G xen sa0)
5 Fo xo= WY P=ofove TN=/8Y) meslie Sl e

CENEER AR
5 [
= Yo, I
N Foonr 14 Y
3 P
Lo \
N
3 \or,ee
l\‘ Ve ‘
t o.’.. |
=)
-’\ 9
2 N 5 N > 7
v‘b \>‘; . ’j. 3’5). */‘;‘ .”j‘
E v b? )3 . 7 . 93
M 3 9
7

Ga8a3 Alids (5Las 5,8 yu K3 £ 95 Sba SLAG ) Sl salae SOD o yusds -\ Jsid
(PS'/'O)JJZS g_f.:"le AJ;A{CA.:..AJJHL;'&A Q)Lﬂ:¥‘rﬂ.ﬁ d,ﬁSa};A{MJ\:w Q}LE’ Y

g S (Gl sme ba d S 6y 8 4 s (F v =TT
ok Sad g Goy 5 reslie g ped el =l L
s, ASul gdlae @il s MDA sl 5 JLL
(Fo vo=)VYY P=2/YVA TN=v/00) s ls gme ubs

X 52

4 &:f[i’ sk, MDA cla.d wi;t:.a sl olis @Lﬂ RV
Por/en) syl gaos 5 YL s b
Sl Y LSl il oemes (tho=A/AS
o35 b, MDA mha &8 sls Ol (Goy 5% p 9)
5 (B vo=Yo/00 P=v/vee TN=0/07)  eglis Sl el

P=e/ove TN=0/08) JUsul oby gladybe Gy


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

rYa gt Jal gl gl sled gl 33,55 9 (o 9lo (1 pa5 Sl G150 9 paia

(4 2 Jseb)

o ¥ ¥
== I
R
=3
e}
n [
D I
Lo
bff% N 2 N N
¥ »? b?’; ;3”; é”j I
J 3 ,/5'
7

Gal Glids slao g S 59 S £ 93 b slacs ) lsul galias MDA o pads -Y s
(PS'/'O)JJ&SJQL&: ejjfgg;w)bg;;xﬁ uJLdJ¥‘(JLﬂ JﬁSoJ;QMJJ@MQJw'ﬁE

Osal ST 58l Col S o J S 1) S48 Sl sen
L os S8l oshe oilas s o x sl
s 8es 5 Ans i A St Sledll s o JLaS
Sldlas o gl [YA] Aoy o 3500 1 el S5
S Ol ol (Sen (ol (pjed oS LS o0 sledey
SIS Rl el 15 058 oy ks o e Ol
s G B el pl 2 g ASl BLae 3 s
£ SIS B el il Bl el oS col 35,55 ol
sl ) JEs SIS e 3 Shos 55 5 (GLUT-AY
ol o & S o slgiy daled opl oy esdle [T ] 55 e
5 St 5T g (Sl sl 8 2l Wae 55
D55l [YATV] ity o 5 35 1 abolS e e
IR i nd s S 53 GlnST T gl 5T ks
Al 53 0y e lacsly sty 5 Jske 0550 glamaly
o el 3 |l o Slo a3 0L 53 el A5 ialuST e 2l
b 25 Olazlos 5 Wi (o el o U

3T Sl S e S Ol e aslie o o3 [TV ] ool L

2 Glucose transporter type 4

Sow

e saslie Ol el a8 sl QLS ol (ganlllae (glaasl
Tl A 5 U pend S s e Sls pme 15
A S g s slas, ASUl galas SWSI RPN
o m el 313 0L oS LS s s L Laal, oy
ks sl 3 SeSt (ST Gl 3T I sne 5 s
WS dase 0L sl ol [TV TV] Gl Olssean 358
el maslie Ols a3 0)93 S b ol sl slas 8L
O A gz 5y Slest ST oy e o
S sl 5 SISl 0 sl e g ks e
LS sl ol S ol iy Al o Rl 0 s 55T
LS5l pl S Jld Jole s gl 5o 1y (S5
OV pame |05 A1 0l Jlasl L alal el
O5eSl gl S Wy 5 0580 et (ke b
Sladis Ll o zeslie op a3 [YA] Cl (ROS) L2S15

3 sl 1 kS bl O A3 5 o J RS s ke

1 Reactive oxygen species


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

(® oylat) YY 0,90 N F e (5u g 43T .l ! acasl galie g Cualas dlas vE.

PSS S 3 R e slac B L s
@l 3 sy SN A e Shia VA el sul
gandlee 550 L3k 5 el g8 0 Dl @ b e Dllllas

Ll (Solay Loyl
3w sladshe Gio S 3l Ol Lo sarlllas s (pioeen
Lol Wl 5 oo oy abae 53 Jsba Sl 00 e 555 L JLL
3l 3 SOD e s sne sl 3l 5 MDA Jls sws j2alS
laasl L Olpten 058 S o mbs gbao, SSlas
Sils ol Sy o e MDA ls e 2alS (s ganlllas
ooeislie 3l sad shu wia i3 5l ey 45 STZ L o
sdalle 5 S Guy5 Sk JFb Dppea | Ol ial jre
G Lol Oloys b ol e G, wd sl
52 L MDA (L1581 er s BB sba el ol
Sladshe Jomily LE0] 1S o0 Jlee (b DUl b e lie
aon Ol e s Oleass Wb sladshe & il 6l ool
b sl e oS (a5 5 g5 Do st 8RS
Jsbo 53 oo ol 0 1 T cplply [8)] 25 e See
sladshe &S das o Ol Oldlae a8 o b ¢ Sl s
S5l [NO]AS o S jr | 53 enST 2l (3L
SIS 50 S a1l Lls Sl
el ol el GLUTL ol U Jshe e
oilye ool gladshe [EY] AS o Sl 1 gSlas]
33T Gl 51 b lacanl 311 el L glad sha
s am ol A e liblos yilST ezl 51 G
ol $okiy b Joe 5l 30 O A3 s Shes
S Sl als Ul perilie ool slad e oo
S ol sk Gaseie [87] L0 1 sl w35 55
el Mg Ll s il ooy slad e
el s oS bl ) [EE] s pglie Sl
el ROS (50iiS” w5l oo Jlkin 3 5008 10|
Sladsh o col okl esls 0L L3 s b s [£0]

3 mitogen-activated protein kinase
4 Nuclear factor kappa B

s bdde Sas, A fdws 4 o6 Jlst 5T gl
Solw s Jloz=l LROS 51 56 a0 Ol Jl 05 S ot
Sl g ST slad S 51 (S0 e O gty (1A
G303 5 S ST el e i Sladlae VY]
55 1, ROS el Sliimes oS Jls 5 odiyls ST odLae
NS s a0k Bl el galanly 5 S
o A= 5l in ROS sl Gel sl 25,5 [TE] Lles S
e Ghoss a8 s sl e 0L 2 ol Zel S 550
35St ol il 55 Canglie 5 O S,k & e
ol odalive [YE] 352 0SS! 5T gla s 3 b
SMHeST ST b Ol e s Sl el b S o
SOD .l sl S o jod 3ls i | Sl (galae
il b ol s Ol ol [TO] das i3l oMae s 1,
SNt el Sde 5 e SOD el s s
56 g5 05s (5503 3 SSEMDA als 5SOD il 53
S Al D s Jseme psbas (e Sl 5 Sl
g5 s Ol ey Wleds |25 p3laeeS| s LU 51 Uikes
ol 53 e en i [V 55 e salialla g s |
Sl ol 0 sl e 4 Sl Glagal ¢ 5
b gl olas 5505 (b ys el A5 ROS o8 ol o
Shas 5l b das o ad gl SIS sls s (5L
Y sl bdas e Jele (glares [ uSU [VE] il (655,
(O ol eS| S sl b o 5555 555 S o(NIF2))
Sl Sl ien 5 OS] (5T ol oS o Las
ST ST 285 5 e J e S el hablons
Fhsm SRIBl bl pas b K @85l VY] dees
oeSlad V= W (5o 1S 05 Ol vl G b 51 (6,8 200
Sl [YA] ol (PGC-10)" o35 Ssn 555
SES s Aile A8 e 025 1 PGC-la 0y o5 2eaVL
NF-) o LS (glazen S 5 (MAPK) 03 5200 b sl Jls
G slaanl b allee [Y4] s ple= WS 53, 4 (kB

S OgaldonST 5 ST ST Slags 51 s o Lo

! The nuclear factor erythroid 2—related factor 2
2 Peroxisome proliferator-activated receptor 1-alpha


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

Y gt Jal gl gl sled gl 33,55 9 (o 9lo (1 pa5 Sl G150 9 paia

ok sladshe Gy 5 eslle op el (pl by LS SeS
oAl gl sl e Ol Olgea Wlg e UG5
R s e g ol g A gdlas o)l

) el
S n5 IS 65 Genss Al Sl a3 G ol
Soobed b Bl gamaS LT LS ol 3
75 A5 bl T oKl s IRJAULK.REC.1400.62
elil 53 45 (331 adS Sl dewsinds A3 S 1l 5 Al

~* Lf.’"’)"\;ﬁ,)'{“i“" MLW cesls L;)KA.A j.p\;-L}:.d}J

..)jw

Bl o)l
I il Sl &S e ol OBy

1. XuG,LiuB, SunY, DuY, Snetselaar LG, Hu FB, et
al. Prevalence of diagnosed type 1 and type 2 diabetes
among US adults in 2016 and 2017: population-based
study. British Medical Association 2018;362: 1497.

2. You WP, Henneberg M. Type 1 diabetes prevalence
increasing globally and regionally: the role of natural
selection and life expectancy at birth. BMJ open
diabetes research and care. 2016; 4(1): e000161.

3. Mameli C, Mazzantini S, Ben Nasr M, Fiorina P,
Scaramuzza AE, Zuccotti GV. Explaining the
increased mortality in type 1 diabetes. World journal
of diabetes 2015; 6(7):889-95.

4. Bashan N, Kovsan J, Kachko I, Ovadia H, Rudich A.
Positive and negative regulation of insulin signaling
by reactive oxygen and nitrogen species.
Physiological reviews 2009; 89(1):27-71

5. Sobhi W. Involvement of Oxidative Stress in Type 1
Diabetes. American Journal of Biomedical Science &
Research 2020; 6(6).

6. Drews G, Krippeit-Drews P, Dufer M. Oxidative
stress and beta-cell dysfunction. European journal of
physiology 2010; 460(4):703-18

7. Golbidi S, Badran M, Laher I. Antioxidant and anti-
inflammatory effects of exercise in diabetic patients.
Experimental diabetes research 2012; 2012:941868.

8. Urban VS, Kiss J, Kovacs J, Gécza E, Vas V,
Monostori E, et al. Mesenchymal stem cells cooperate

L,13 1, ROS (gouiS ot (slags 5T dlad b Olsn 2l 581
@by gbad sl b Olys 45 s e Olis Wanl ol [£1]
ke OS] ST- Ot Jals os a4 ol (S
23 e 2lossden S S S ps ubs e S
oaallae @ Ol e ahor 5l a8 il sy SOl G
G Slay sdome 555 513 S 0,Lal Gl pm slads 5l (555
Sl sst s g Sesll ple 4 Oy ol
o oolgin Liash cins akl ol oS oLl Slas]
ol s LSt opl g Seslul ke sdul Slallas

el S s b gz, s S galas

S S 4

Jho G o eslie (n el 3ls DL 51 ey il
S5 0S| Conds 3 5 4 Ll e JL 500 (g3l sl
STZ Lol oWl mbs jslacs; )5 Sl gahas OluLs)

=l

with bone marrow cells in therapy of diabetes. Stem
Cells 2008; 26(1):244-53.

9. Fiorina P, Jurewicz M, Augello A, Vergani A, Dada
S, La Rosa S, et al. Immunomodulatory function of
bone marrow-derived mesenchymal stem cells in
experimental autoimmune type 1 diabetes. American
Association of Immunologists 2009; 183(2):993-
1004.

10. Ezquer F, Ezquer M, Simon V, Conget P. The
antidiabetic effect of MSCs is not impaired by insulin
prophylaxis and is not improved by a second dose of
cells. Public Library of Science one 2011,
6(1):e16566.

11. Weir GC, Cavelti-Weder C, Bonner-Weir S. Stem
cell approaches for diabetes: towards beta cell
replacement. Genome medicine 2011; 3(9):61.

12.Qi Y, Ma J, Li S, Liu W. Applicability of adipose-
derived mesenchymal stem cells in treatment of
patients with type 2 diabetes. Stem Cell Research &
Therapy 2019; 10:274.

13.Yang LJ. Liver stem cell-derived beta-cell surrogates
for treatment of type 1 diabetes. Autoimmunity
reviews 2006; 5(6):409-13.

14. Milanesi A, Lee JW, Li Z, Da Sacco S, Villani V,
Cervantes V, Perin L, Yu JS. B-Cell regeneration
mediated by human bone marrow mesenchymal stem
cells. Public Library of Science 2012; 7(8):e42177.


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

26.

(® oylat) YY 0,90 N F e (5u g 43T .l ! acasl galie g Cualas dlas YEY

Yokokawa K, Iwahara N, Hisahara S, Emoto MC,
Saito T, Suzuki H, et al. Transplantation of
Mesenchymal Stem Cells Improves Amyloid-p
Pathology by Modifying Microglial Function and
Suppressing Oxidative Stress. Journal of Alzheimer's
disease 2019; 72(3):867-884

Galassetti P, Riddell MC. Exercise and type 1
diabetes (T1DM). American Physiological Society
2013; 3(3):1309-36.

Searls YM, Smirnova IV, Fegley BR, Stehno-Bittel
L. Exercise  attenuates  diabetes-induced
ultrastructural changes in rat cardiac tissue.
American College of Sports Medicine 2004;
36(11):1863-70.

Pereira AS, Spagnol AR, Luciano E, Leme JAC. de
A. Influence of aerobic exercise training on serum
markers of oxidative stress in diabetic rats. Journal
of Physical Education 2016; 27(1): e-2726.

Farhangi N, Nazem F, Zehsaz F. Effect of
Endurance Exercise on Antioxidant Enzyme
Activities and Lipid Peroxidation in the Heart of the
Streptozotocin-Induced Diabetic Rats. The Journal
of Shahid Sadoughi University of Medical sciences
2017; 24 (10) :798-809

Nanji SA, Shapiro A. Advances in pancreatic islet
transplantation in humans. Diabetes, obesity and
metabolism 2006; 8(1):15-25.

Vija L, Farge D, Gautier JF, Vexiau P, Dumitrache C,
Bourgarit A, et al. Mesenchymal stem cells: Stem cell
therapy perspectives for type 1 diabetes. Diabetes
metabolism. 2009;35(2):85-93.

Honka MJ, Latva-Rasku A, Bucci M, Virtanen KA,
Hannukainen JC, Kalliokoski KK, et al. Insulin-
stimulated glucose uptake in skeletal muscle, adipose
tissue and liver: a positron emission tomography
study. European journal of endocrinology 2018;
178(5):523-531.

Furman BL. Streptozotocin-Induced Diabetic Models
in Mice and Rats. Current protocols 2015; 70:5.47.1-
5.

Siavashi V, Nassiri SM, Rahbarghazi R, Mohseni Z,
Sharifi AM. Distinct Tie2 tyrosine phosphorylation
sites dictate phenotypic switching in endothelial
progenitor cells. Journal of cellular physiology 2019;
234(5):6209-6219.

.Molanouri Shamsi M, Hassan Z M, Mahdavi M,

Gharakhanlou R, Azadmanesh K, Baghersad L et al.
Influence of Resistance Training on IL-15 mRNA
Expression and the Protein Content in Slow and Fast
Twitch Muscles of Diabetic Rats. Iranian Journal of
Endocrinology and Metabolism 2012; 14 (2) :185-
192

Kanter M, Aksu F, Takir M, Kostek O, Kanter B,
Oymagil A. Effects of Low Intensity Exercise
Against Apoptosis and Oxidative Stress in
Streptozotocin-induced  Diabetic  Rat  Heart.
Experimental and clinical endocrinology & diabetes
2017; 125(9):583-591.

27.Heydarnia E, Taghian F, Jalali Dehkodi K,
Moghadasi M. Effects of Eight Weeks of Combined
Training with Antioxidant Vitamins E and C on
Glutathione, Glutathione Peroxidase, and Superoxide
Dismutase in the Heart Tissue of Streptozotocin-
induced Diabetic Rats. Gene, Cell, and Tissue 2021
8(3): 111277.

28. Newsholme P, Keane KN, Carlessi R, Cruzat V.
Oxidative stress pathways in pancreatic p-cells and
insulin-sensitive cells and tissues: importance to cell
metabolism, function, and dysfunction. American
journal of physiology 2019; 317(3): 420-33

29.Santos JL, Araujo SS, Estevam CS, Lima CA,
Carvalho CRO, Lima FB, et al. Molecular
mechanisms of muscle glucose uptake in response to
resistance exercise: a review. Journal of Exercise
Physiology 2017; 20(4):200-11.

30.Klip A, McGraw TE, James DE. Thirty sweet years
of GLUT4. The Journal of biological chemistry 2019;
294(30):11369-81.

31.Bohm A, Weigert C, Staiger H, Haring HU. Exercise
and diabetes: relevance and causes for response
variability. Endocrine 2016; 51(3):390-401.

32.Hoffman GL, Spagnuolo AP. Effect of repeated
exercise stress on caspase 3, Bcl-2, HSP 70 and
Cuzn-SOD protein expression in mouse intestinal
lymphocytes. Journal of Neuroimmunology 2007;187
(2): 94-101.

33.Lee MK, Jung CS, Yoon JH, Lee N. Effects of
resistance exercise on antioxidant enzyme activities
and apoptosis-related protein  expression  of
hippocampus in OLETF rats. Technology and health
care 2018; 26(3):457-467.

34.Yavari A, Javadi M, Mirmiran P, Bahadoran Z.
Exercise-induced oxidative stress and dietary
antioxidants. Asian journal of sports medicine 2015;
6(1): e24898.

35. Vieira Junior RC, Silva CMS, Araljo MBD, Garcia
A, Voltarelli VA, Reis Filho ADD, et al. Aerobic
swimming training increases the actitivy of
antioxidant enzymes and the glycogen content in the
skeletal muscle of rats. Revista Brasileira de
Medicina do Esporte 2013; 19: 204-208

36. Ferraro E, Giammarioli AM, Chiandotto S, Spoletini
I, Rosano G. Exercise-induced skeletal muscle
remodeling and metabolic adaptation: redox
signaling and role of autophagy. Antioxidants &
redox signaling 2014; 21(1):154-76.

37. Muthusamy VR, Kannan S, Sadhaasivam K, Gounder
SS, Davidson CJ, Boeheme C, et al. Acute exercise
stress activates Nrf2/ARE signaling and promotes
antioxidant mechanisms in the myocardium. Free
radical biology & medicine 2012; 52(2):366-76.

38. Steinbacher P, Eckl P. Impact of oxidative stress on
exercising skeletal muscle. Biomolecules 2015;
5(2):356-77

39. Derbre F, Ferrando B, Gomez-Cabrera MC, Sanchis-
Gomar F, Martinez-Bello VE, Olaso-Gonzalez G, et
al. Inhibition of xanthine oxidase by allopurinol


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

ARAl

40.

41.

42,

prevents skeletal muscle atrophy: role of p38
MAPKinase and E3 ubiquitin ligases. Public Library
of Science one 2012; e46668.

Fang Y, Tian X, Bai S, Fan J, Hou W, Tong H, et al.
Autologous transplantation of adipose-derived
mesenchymal stem cells ameliorates streptozotocin-
induced diabetic nephropathy in rats by inhibiting
oxidative stress, pro-inflammatory cytokines and the
p38 MAPK signaling pathway. International journal
of molecular medicine 2012; 30(1):85-92

Le Blanc K, Ringdén O. Immunobiology of human
mesenchymal stem cells and future use in
hematopoietic stem cell transplantation. Biology of
blood and marrow transplantation 2005; 11(5):321-
34.

Lv SS, Liu G, Wang JP, Wang WW, Cheng J, Sun
AL, et al. Mesenchymal stem cells transplantation
ameliorates glomerular injury in streptozotocin-

gt Jal gl gl sled gl 33,55 9 (o 9lo (1 pa5 Sl G150 9 paia

induced diabetic nephropathy in rats via inhibiting
macrophage infiltration. International
immunopharmacology 2013; 17(2):275-82.

43.Cao M, Pan Q, Dong H, Yuan X, Li Y, Sun Z, et al.
Adipose-derived mesenchymal stem cells improve
glucose homeostasis in high-fat diet-induced obese
mice. Stem cell research & therapy 2015; 6:208.

44.Chen MF, Lin CT, Chen WC, Yang CT, Chen CC,
Liao SK, et al. The sensitivity of human
mesenchymal stem cells to ionizing radiation.
International journal of radiation oncology, biology,
physics 2006; 66(1):244-53.

45. Chen F, Liu Y, Wong NK, Xiao J, So KF. Oxidative
Stress in Stem Cell Aging. Cell transplantation 2017;
26(9):1483-1495.

46. Valle-Prieto A, Conget PA. Human mesenchymal
stem cells efficiently manage oxidative stress. Stem
cells and development 2010; 19(12):1885-93.


https://ijdld.tums.ac.ir/article-1-6094-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-22 ]

Iranian Journal of Diabetes and Metabolism; Vol. 21, No 5, 2022 344

The Effect of Resistance Training and Endothelial Stem Cell Injection on Skeletal Muscle
Oxidant and Antioxidant Status in STZ-Induced Diabetic Male Rats

Syed Reza Mir Javadi', Alireza Rahimi*!, Fariba Aghaei!, Mahsa Mohsenzadeh!

1. Department of Exercise physiology, Karaj Branch, Islamic Azad University, Karaj, Iran

ABSTRACT

Background: Because insulin therapy cannot properly control the progression of diabetes and its
complications, other alternative therapies may be desirable. The aim of this study was to investigate the effect
of resistance training and endothelial stem cell injection on skeletal muscle oxidant and antioxidant status in
STZ-induced diabetic male rats.

Method: In this experimental study, 36 male Wistar rats (age 6 weeks) were divided into six groups of control
(healthy), basal diabetic control, diabetic control, diabetes + stem cell injection, diabetes + resistance training
and diabetes + stem cell injection + resistance training. In this study, rats became diabetic intraperitoneally
using streptozotocin as a single dose of 40 mg/kg. Resistance exercises including climbing a one-meter ladder
with weights hanging from the tail were performed for 17 sessions. 500,000 bone-derived stem cells were
injected by a cell counter. The levels of superoxide dismutase (SOD) and malondialdehyde (MDA in skeletal
muscle tissue of rat were measured by using the kit and ELISA method.

Results: The results showed that the SOD level of rats in the resistance training and endothelial stem cell
injection group was significantly higher than the diabetic control group (P<0.001). Also, the level of MDA
rats in the resistance training and endothelial stem cell injection group was significantly lower than the control
group (P<0.001).

Conclusion: Resistance training and endothelial stem cell injections can be considered as a non-
pharmacological treatment to reduce skeletal muscle complications in type 1 diabetes.
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