[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

YO-YY () o,larh) YY 6,90 ¥ &fa@*dﬁjo:mJjJé.olxlw‘*uajaglfduy

2950 Gy JWguil ot sl Jolw 3 55 g S glio Sl o3 Jolad (o
o 939 g g T g3 00l (LS ) SO 18 YO (o F I g oiig 9 (B9 T

Yo3l3 i g ay L e T lande e A £ )

e.’.&

sl Slad o 52035 5 gtaslie Sl S oS 5 s B b sy pl o sd de B 5T e Ll e Cubs tasdie
A bl s gl s slage et galae 55 3 5T 586 Ol JU sl

b IS bl e s S @ bl S son (ST EY G5 Latia N e L) oo e e Vil 2y,
3lrl slad s Olojen 3y b o3 S (pyed (ks WJLESAL oldarl lad b Goos be3 S5 e (ALd 03,5 [ yeS
oo glresls i (6 Sell M O s By YO0 sl S Sed S 5 Olsee Sl kS ey Sl L s JLS 500
AE o 5 452 02%5 (g sl prlas 53 V4 (GuS SPSS il S e i Jlale 53 ills il RSt

Al slad sk 5255 Lol Ll (ol gme B YO e S S5 (s Ol haslie (s i Tl el 5o tlaaiily
Ol 3l adshon Guyy 5 eslie op e kel 3105 Y0 Ll S S o 0y Ol lsome Ll & e JUL 5l
Sl smn S5 p G b et S 4 Sl G P s el Sleder 02 S Sobeas o Jlaiae YO ol S S 5
RORINE

Sy o 5 g o K15 e IS 01 galit slad sl 3oy 5 s SLeBl 015 e s ol sbeanl lul bt g S e
sl 5 BT Lol alS 5 65 ety 55l Jele mmen 8 e oled a0 eslie oped Lol 3sd SDlas

ol s

Ol pl S (Dl ST ol &sls TS Al (B35 SiPm i 0s S )

Gy AWYNYIVAIN 030 ¢ 855 55500008 8908 (pdilss asle 5 (Sas s geuSiils (o350 Hlsh el alas oS ol i ldd
eidyalijani@yahoo.com : < 4 ,5<I)

VEN /YO 1y eyl VEN VY sl g3 ya Gyl ZRVARVAR SR PR NG


https://journals.tums.ac.ir/ijdld/article-1-6112-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

el guil sulaal slad sles 33,55 9 (e gl Calis a3 Jolad a5 1G5 18a0 g ilale vs

L Ssoosr Olos ccwle gadsd 5 odle aslis (0l
Slasly o 51 S LT (sladd s 2ol 5 Ay O ga5 58 ¢l 5ol
S s e 0l b3S V] T e sleda s 5T Sleys
e aslie Sl Gy b Sl das Lolal el il

AT S oS s 5Tl b 2als w0 o
S ol Sldllas 13 &S Sleys b Kl o S
e $amS 5 B 3 3 Sl sladises
3l sladsha sheslaal 5 Sleys J gk canl osls 0L
sl Oldlas 1 b (Oladlas pl (gl (gda ol a5 ol
o> [Tl Gy sl b Jsho g5 e 055 14
D5 e S Olge e el Sl (b a5t Gladla
Do e Sl ool lad shos s o slas Ole s (6
Slp ek Slsdal 2y S ol gbadshe kg Ol
S g abs I a8 S Sldllas ol G s culs Ol
s Sllllae 5 L5 S 0 ano 5 ol 1555 akwsas |
Szt Poos 5 ol gladsha 5l 1S 5 aS das e 0L
& Giios sl 6 syl bsls ol pen 4 1 5 o
S s abs a4 Mae Ohle 3 3l slad sl W1 JLos
J sk 48 Wlosls 0L dor Sladllan [V ] sl oS o
Jo YT Lo S5 mshan s Eol ool glo
L5 LG g3 Shas 2l 5l 3 55 JLG sl 5l 558 sla
L5 5la 5508 slad sho Sl eslanal ol ply Aisd e 3
23 ol Ok Slays 5,55, S syl OBl L5 e
Slp ol 4 Bl e Cobs (a5l Olays 5 5 S
b gl sl 4 JWS sl sl SIS glad ke U Oleys
el b slis (ol 0lays 6l ol sl cilosls aalsl (g i

DIVT el 5L (g i Dl a bad sl
e aas 0wy (YY) Molanouri Shamsi gasllzs s
B vJL.u sl 5 Shae gl Bl Oy seslie
53 &S J s cnl asly JalS dlae e 3l Ol mbs
sl s diae bi (o dils a5l o ed &S a5 S
© (\Y4Y) o, 5 Panahi K5 g g 3 [V s S ubs
oAl SugSt Ol eslie o sed win Jler e p

9 .L::—‘Jﬁ Q;DL_[) )l-'\‘—s«rJnj )‘)_v @\JM Lgl.au.::jﬁ B Lﬁ"M

4o e

3 e I 51 L0 les S mls ol (olay
e BTl ol ST (ol (S mls (6§ ens
B w31 Gosba V]l Sobs gla el 5l (S
Sdds 53 s s GRlP Lol es Sl salas
sl sdalie b Oblew )3 (poman 5 Sl AL
IY] ol

S5 ge a3 slosl il (1D) e S S5 5
ST L3 5D sk lage sl S &S s
e 5 Lpd oo Ol (SonSsmla (S pom) (Stliys yor
S n g 5 S paed 5 S Dl B
I¥] a8l 5 odos

Ldlasl gk s (Jske 650, da HSp (sl siee o531
5 M s ey U e U glanSs
Fo e Bld S Sl L pels onl e (S25550
L8] A8 o Jogd 255 0

355 bl (ol lh s Oles gl ke 305
3 SFop m el st ol i e s
3 e Sl 05 s ol 4 S Olbey Sl F o (ST pbe
Sans 53 ki axlse JSle b Dby pad ol bl s Gy
Caslie 3 s g SOl Olpea paslie (el S8
[0] ol S 5 O Rasy g s s
ol s Liso e 2 b S8 Jaos aslie slagy el
NI disie DS paslSsee gbokl sl
3 ok (Ghas e SRl el sl Glagn S
SHalpd pl sy b lpd e by 3 Gae s Sles
v,aé;)le-g,{li:jl&u)uxwJ»JJ;SQ,.gUASJJlJJbﬁ)
Sladi gl Gl SOl gos 5 SRl geslie DLy pod kS
s oo Godkins ml Bl g5l LS (2bs
23 LS e S g Bbs Obley 5 aslie yed Jl o
AL e bl 5hes S cpl b Sloss sla s ol
N


https://journals.tums.ac.ir/ijdld/article-1-6112-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Yy (Y olad) YY 6,90 V¥ cadigusayl g (o 9,8 -0l el galie g Cualsa dlas

}Méée)\.b‘ c<=.> LgeJ&La &Jb)‘u)} Lgajja.;&.b-lb
Lnils g o S e Y0 VL 053 S ol s

Ads s § b s b

b st (galirl slad s 31,5
Lo, WJWbsal ol glad b i8S 5 gilulas ol
alr Sias beeidhls s melS Sheslanal b ses 31 g
s Ol il Soson 5 B ULy 005 olr
Gl 5 s glacsl il 3l w5 LS lus Gl
L0l iy stk G D) Ol o (S
Ol gl yin glan ST lad ghos 55 Lo 5l day A wlad
S Y oy soas B 55 I e 53 S '(BMMNCs)
Sbss s s il b aw g Ll @ sy plae K,
Gl YE glacl 3 adle 5 s esls 4ian s PBS L
(Cat NO: oSS g it L ol WP
slad e oS ks 55 5 3043050,promocell;Germany)
(Cat No: C- "EGM-2 1, ;55 L o san (M199) JLL 501
bFGF, VEGF, EGF |.Ls 39211, Promocell, Germany)
Als Vo ol an 4 S Sl el 5 I35 5 GF,
I s emlesi il A 53 0 85,800 Vet s ke
e sk 5 YVC les b L 5LsSU 55 (558 e o
Vi 5o CuiS ases Al enly CLiS 0 o S ALST (65 5740
Snsler 5w gbdile Gl ea Jsl cela
ol s 5V Y 5o, 50 LS L Sulg 0 A 2y 4
Nikon Eclips ) »sSae sy S0 oy b Jsle
Sy Golsppsas oSaws 4 lae (TS100, Japan
adlas (gl 5 5 (guls » s (Sight DS-L2, Nikon, Japan)
03,8 @y 5 5 A 555V 5l A 5.3 8 15 eslanal s )5
0 v isled 3l day A o3l Gio3 S d g dad sk
Model: MEK-6450K, ) oS | oSy Jame sy Jshor Jl3n

S Gy 05 L sk ) (Nihon Kohden

3 Endothelial growth medium

sl Soaels Sy a3 plal S 51> LS aalllas ) ol
Sy o3 a5l 2L hae s 5TL e 4 015 e 50
b Sl Wil o Loy a3 nl g sy uls sla
Ao s opl by DTSk Cubis 53 b 5T olos il
shos Grzman 5 seslie Sl ol Dl a5 Lsyls s 5o
o 4 eabs ol e Olys 5 JLL sl gl sla
Sladshe G o eslie Dby el atia Sl Oljes O
Jole 3 ol A5 a5l (b sl 5 LG 501 (ol
G, Ja gakas 3 Hsp25 s 5T 580 oly 0 1)

L ),
o3 9da b jls g 315 oy e T (S9) 5 oS sanllas ol
T g R RN BARRE AR TR
oKls (S pels (oSl Sl ey s plnil AL
il 5 O o losT a0 JUSH 5l e 5 Ll a0l
b3 05 ST Wl o SV ald o5 80 55 L L L
Supt s e S=t gaslie et 2l o ST S
G seslas o el + 3 05 S=0 JLL sl galal sk
gol Bdd s olal O ooty JLL 51 (ol ) J sk
AT Sl LS S plse 5 G slass
w8 513 Al sy 28 dmly Skl ST oKl s
F{CR-PRRCIPS IR | SV -t g A S CIP R P P BCI
VY ol a5 Aoy 00 Cugb, b (S el VY

.JJ.L.Z&)\»KJl.'\.'c);_jp.a\ﬂwj:w.sl{&ﬁ

b Wl
J=1m saen 53 G S5 s el S 5s als W sl
S3h g3 A eslazad 40mg/Kg 5 53L (IP) Bliws 0555 &) 5o
oK 31 oslizad L e ise oled 05 A3 bl plo
5 oWJTRoche &L= ,15 sl Accu — check Jis e S IS

! bone cutter
2 Bone marrow mononuclear cells


https://journals.tums.ac.ir/ijdld/article-1-6112-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

el guil sulaal slad sles 33,55 9 (e gl Calis a3 Jolad a5 1G5 18a0 g ilale YA

g 5 b ealinad G g el G5 S 5adS 0505 Sl claesls
Jelosi sl sSl Gaslie gl Ledls 35 O35 aeb
St G el 05031 50 s 5 Wl 655 53 s S8,
35 6Ll plaS a5 alsle g3 8 s L esliza
3 el (DU 53 (ol | J g 55 55— (a5l s 105) pebas
5 A eslinal ele 53 bl Jdes sobl 0sa5l
V4 (gased SPSS (Lol lgale 3 5l eslizal b Laesls ko
b S Lt )3 PSS W gesl (5ol e haw 5 L5 S olnl

RGO IS 4

Laasl

u:,li.ql Stz 3L 5 HSp25 s Oly polie ol ,oa
Jsbo G5 b mls WJ 25 mls (s slaes 5 sba o e
) dads s meslie s s 5P L mbs sl gla

k;...wl ol 4:\)‘ D)‘.)ut;..ﬂ‘ k.ﬁb}u‘ 9 k):'<JL3ﬂ Q)}J

S S

Obay oo p Sl o b oattn & Ddeay ba e
oV LI L 0L 3 G gl say o o3 S Iy bl
5ooeitls e S d el W YU L
i Saedm g e 3 Jske Goo s et
L bl a8 838 Ll atin V53 1y taslie
A as S b s Celu EA el Slads o cl il
b LSS L 0 Bl el adr e
Syl o Sl a4z B Yo el SO ol il adds
635 Olyee ol Gand ¥ 53 45 35 U5 4 ped DS
03Ok O35 700 w3 =E Slads 5 s Jige O 055 /Y
s VEY e Sl s O O3 TAY w42V ol
O3 /ATy &5 e, W=V 0 Ollds jo el O 059/ 00

[V s S e Jom 0L 5 VL, O

@bl sl iy,
oSbe b 5l o 5 bl Sl eslinel b Gaiss (gl uize ||

b w5 ot lp A3 S Cho g skl Gl sl

Gaiad o yuuiis Auo gi ) Jgua

Hsp25

055
SD M
e ARE g"“"“ «b
ey o/ J RS- abs
VAR AN GoF- Ak
ARy YL S RS
3 AV REo ot BE T

sk s M=y W) e glac, HSP25 S, Jow sla) 586 0L pslie o
(=188 P=o/110) w2l 555 (g )ls e <oslis (M=2/1710))

(Fo xo=0/80 P=o/o¥e M=4/YY) 55ls 555 ols
b GooF S Sl w05 055 o a0 3ol ol
0SB 0Ly ols pme Rl & e JLL I ol sla
Wl obs sle oy Sdlas il 5o Hp25 Sub, o

LESTZ Lo

A S (Gupx i) Shle ¥ bl Jdos mlS (roean
el 5556 0Ly JLL sl ol s gl 355 oo
Lot Wl _nls sle &y Sl cil s Hsp25 _Sa,
Sy HSP25 Ol e p S0k ¢ oors 60l 13 s STZ
SD=+/'WV) JWskl osky sl Jsk Gy oS
e sk (M=+ /44 SD=+/+A+) J 28 5 (M=+/IVY)


https://journals.tums.ac.ir/ijdld/article-1-6112-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Y4 (Y olad) YY 6,90 V¥ cadigusayl g (o 9,8 -0l el galie g Cualsa dlas

HSP25 (51 53 (82055 % G25) lole ¥ pudla g Jadad galid -Y Jgaa

v/ 0A APN V/YY
AR AR 0/¢1
+/+70 +/YoY AARAS

vV

R

v/ve A

o/t

\ /ey d"-f“s
\ /YT G5
VoA X G
Yo AYY Uas-

o G b eslie et oS S il 0L a (U )
ool cpped Ll Sl (JUS Ll gl lad s Ol
Do Kl gakae sl js HSP25 Ols Ol 50 (oo L)

S ol pme (5 5 o uls sla

Yoy 03 (Gup xie ) hele ¥ bl s s
G5 3 Geslie nped (Jalss Sl aS sy L 0=t i
Sakas 3l 3 HSP25 Ol 5 JLB 5l (ool slad g
P=+/YOF M=+/+1) s Dl sme uls gla 5 ge S

Volssad) 55 o0 J..:;U S Sas bl by (Fo o= VYA

Y
020000 —_— g
— 5 :-,"S
—_
£ 015000
w
c
[ E]
2
=
=
0
Q.
2 10000
I
c
@
L]
=
0.05000
0.00000

R O

Gk

b slasy Ha HSP25 (il Hls gai— laged

Sow

soslie el aa N aS ol QLS ol ganllas glaazsl

Gy bl S5 sl HSP25 Ol 5 1) (sols e il 53l

55, s gme il 4 e U 51 (gl ] (slad gl

Sd e G5 5 eslde s el S s Hsp25
Q)L&M RGINIRY )bLfM J:"l\fl HSp25 J_lJLs.a BN Ls;\,\;.\

5 saslas el Slejes 53 HSP2S 155, ol s

o5 S HSP25 Sl lim ;8 (S o sdalive &S & S0len
bl el (a3 Jax) J S 05,8 51 5 5N0 (ol la) o pes
Gl a3 HSP25 LSl cpmman . Sl ns
3 e Glaged sl ) JLL 51 ol slad sl
HSP25 ol jons L) ololg Lo e G555 Ok kil
GF b Gy pde kil 5l S s eslie o ped 0s S

el il T 5 JLS 0 (goly (slad sk


https://journals.tums.ac.ir/ijdld/article-1-6112-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

el guil sulaal slad sles 33,55 9 (e gl Calis a3 Jolad a5 1G5 18a0 g ilale Y.

abs e S S and Gl oy paie eS als 8
el HSp claslows 55 IVt 5 siltenST el Jlaz|
Lol BT cpl 5l o b melizal o sed bl s oo
IIY] S o ablis HSp Oly oo ok

soslde o el aia £ sl OLAS il 50 OlLKes 5 aly
Sl o33 J50 bs 58 5 b sba o ge 55 HSP25 Oy 5o
IR s A Rl e ,S 53 e e ol Ol s
Koy sbate jole agh mls b b hasy ol Sl
S Lsls 0L (YY) OLKan 5 U, slo 3l omen [YE]
Sk Eolse S B IS e Reslie g ped sl
FHL (gldze 055 Siass opl 5o .48 (o, Kiy stz 51 L3t
ssba RS abs es S W Cund i ped 5 Bl s S 3
Kawano L. 5 a5 s iash 53 [Y0] 55 VL (5 ls e
(S eIl ol o 550V E S8 S g (Y0 0V) LIS
IV sls 28l | HSP27 & sl st

sadshe G5 Sl ey ol addlae glacsan 51 S
o edsbe Gl ols 0L 5 55 Cubis 2050 350 53 S5l
poete (bl Glwly 53 g Bl Jhe Subs s g 55 Al
Sheslaad Jl s 4y glasdlas 53 (Y0\A) O, 5 sun
Gk 3l aS s, s Jae 5o endilpe (o3l slad sl
g slrs g3 8 Subs W STZ 5 o S 05,
gl Ldsle pl s Goop a8 WS edalls 5 Al
Cobs oo 1y il 4 Caslie 5 enls ralS | 0 SIS
G S LS e dewsinl 5 Ll s e sSas 5 f S
Oeemes [TV] LS cols Oleys (6l u_i)ib- sleys
Canglas 5 Colis BLI1 oy 5 (Y37 0L, 5 vrtovec
o35 53 5 Xatly Sl Jhe @ sl oo sl @
b o ke Glad sk o S5 055 sl 4 i
Abrigo [YA] wsls OLas 1) Sloys Jgho 4 oad La> oI
sk J1 pwsp a0 s 03 (YY) Jl s O
Sl 13l s Sl abae 3551 il o3l sl
Sadsha & 315 0L L sl Gl S ol 5 kel

H>u" 3 )‘ v\.d‘j:‘j g@w“ -« IS ﬂfﬁ ,“’“""-’“:‘.l}‘ LS)\:,J

GoF b s WS Cond JULUL ol Jsbe G5
hsp25 .55, Ol pol a5 53 .3l s s (5 5 5
Ssiime (rals Wl o 8 @ o s IS sla e o
s sl C3lge 5 EMSie SL Vaas| EalS il
S oS et slaiasn b basl ol ool ol
SalS 5 s es S oslal oL o 3l 26 s 5T s hsp25
DL ol o 3 B BT ladde 1 s ol Ol
(YY) 0laa 5 Lawler [Yo-VV] 5 s Sl Lilesls
o as BT 4 e oS Gloil SIS (sla s
53 el ol g SIS 5lnST ozl 1 35
2ol Sadglagtsn der Sl lagaly
el i LS 5l OLE LSl fas el [V s el
R ALl pl S s pS S NSp2S slie e slie
L35y s oy el 4y hSp25 Fol o 4 S il gl
el g &S glap 5 b s oS il Ol
DAY ] il gan W o hSP25 58] o L 52
hsp25 &b Sladlas 55 (Yerv) O, 5 Najemnikova
las cpl 53 Lles S oy o ba ubs SOl galize 5 1,
Hsp25 (g ble Olu stz 5 b 51 0s wbs 5, Y 51
LS 5 pa ISl oolae 5 b 05,1 s HepT2
s oo et s Jub LB Sl s ol a5,
Sy Nl gedd 4 S S50 sla tse s e sl Lo
Sl i boas Sy K5 S eslamal Jols STl sla
Sl Ay o i 5 sl 513 e 35e 1 Sl
Tl e 13 3 s g w53 (nl G SRS s
LEL Ssline 15 e 5 eslhe p el 4 LT S LT sl
I, Hsp25 suly 5 (Yr0) OLKen 5 Chen ioan [YV]
SR i 5 S e L e B gakas s
s Atalay [YY] L5 S8 ealie 55, ol &b
Gl o e i A G s ol s (T08) Ol
sabae 5o 1y gilst e mal gla SHl 5 Hsp Ol
boSa 5 W3S s ks laise S 5 B A
Sl sl (gaen 53 [ HSP 0Ly selinal o 03 aS s S

IS 3l mbs sl s 5 bl pl bl sy 21530 asllas


https://journals.tums.ac.ir/ijdld/article-1-6112-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Y (Y olad) YY 6,90 V¥ cadigusayl g (o 9,8 -0l el galie g Cualsa dlas

z .

S S don

s nh ool Ol ol tass (glaasl gyos 53
Gy Ll LETHSP25 Hls pme Sl 58l Cm 5o e slie Dby a5
0558 sl 1y Hls pae JAul581 UL 51 gslas) (glad e
..,Li:ﬁ sdalin (5ol san 30 35 By 5 cped el
JLL sl (galit gladsher 5555 a5 S e Lol Laasly -
Shas T Ll s Gl (i) K Olpea Nl
e 2l 03 S50 sl oy, s e ol (ol Sl S0

3,1 (g s Sl oy 4 5L

S Bl
aass 8 Ss sdla, sbaasl 5l as S sl gallie
IS 555 G3Pn i G Gty A £l U
oS> 2305 pake 5 S S oSl SDlae as
o e 31 O8N 5 sscnl ) el S ATy Sl N
<=l>.=3l):Gojygufjxﬁfgﬁﬁwjjbwje.lﬁ,i&b
L obzel 5 S5 S Lo 5 6ok 1 Lo Slidsd sofs 2 ol

.JJ)‘J

1. Azizi F, Janghorbani M, Hatami H. Epidemiology
and control of common diseases in Iran. Press
Khosravi; 2009

2. Halvatsiotis P, Short KR, Bigelow M, Nair KS.
Synthesis rate of muscle proteins, muscle functions,
andamino acid kinetics in type 2 diabetes. Diabetes
2002; 51: 2395-404.

3. Murton AJ, Constantin D, Greenhaff PL. The
involvement of the ubiquitin proteasome system in
human skeletal muscle remodeling and atrophy.
Biochim Biophys acta 2008; 1782(12):730-43.

4. Welch WJ. Mammalian stress response: cell
physiology, structure/function of stress proteins, and
implication for medicine and disease. Physiol Rev
1992; 72(4)1063_81.

5. Safarzade A, Gharakhanlou R, Hedayati M, Talebi ,
Garakani. Effects of 3 Resistance Training Programs
on Serum Vaspin, hs-CRP and TNF-a
Concentrations in the Streptozotocin-induced
Diabetic Rats. Journal of Applied Exercise
Physiology 2014; 8(16): 87 — 100.

5 erA @M s (A6 Bl b ks e SOae (3,

IYA] S (6,8 e b
JLL sl gslart slad s G5 5 sl o s 5
5B a5l ol e aseie [Ra s atls (Sla e
by olse s el ulg s L5 e HSP25 3 5
G5 ol S (5,8 e 350 B Sl S5 5T 51
Sl sls Sl SO Wl e UL 51 galir | glad sl
Sl e bl A3l Sabs Sl 5L Glacanl zals
oot ol 3131 s (SSae by 5T 0kys sl 30t
23 S0 S8 SISl s sln Ll Asl S
LG s St Ll s Slas s 5T mals ayl b
s AB ke slgty nlple o 6558 Sl
ks slaaise n Sode Vb laesss o aslis
Il K3 ladia 515 50 sleniag imed 355 oo 2
Soo oWl 5 Jleys dle S ool 5 sl i gla
SaS sl bad sk £ e B ot eolil sl gl
s 8B Sas 2 OS5 5 358 alels Culis Ol &
3 has L, by SB ol J sk Gy 5 reslia

S5 andlee bs slad 3 > myoD 5 myogenin .3

b

6. Molanouri Shamsi M, Hassan ZH, Gharakhanlou R,
Quinn LS, Azadmanesh K, Baghersad L, et.al.
Expression of interleukin-15 and inflammatory
cytokines in skeletal muscles of STZ-induced
diabetic rats: effect of resistance exercise training.
Endocrine 2013; 6: 58-64

7. Castaneda C, Layne JE, Munoz-Orians L, Gordon
PL, Walsmith J, Foldvari M, et al. A randomixd
controlled trial of resistance exercise trining to
improve glycemic control in older adults’ type 2
diabetes. Diabetes care 2002; 25(12):2335_41.

8. Roberts-Wilson TK, Reddy RN, Bailey JL, Zheng B,
Ordas R, Gooch JL, et al. Calcineurin signaling and
PGC-1a expression are suppressed during muscle
atrophy due to diabetes. Biochimica et Biophysica
Acta 2010; 1803:960-7.

9. Naseri F, Ahmad-Zadeh A, Sahab Negah S.
Potential roles of Neurogenesis in Alzheimer's
disease. Medical Journal of Mashhad University of
Medical Sciences 2017; 60(3):549 -566

10. Colter DC, Class R, DiGirolamo CM, Prockop DJ.
Rapid expansion of recycling stem cells in cultures


https://journals.tums.ac.ir/ijdld/article-1-6112-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

el guil sulaal slad sles 33,55 9 (e gl Calis a3 Jolad a5 1G5 18a0 g ilale vY

of plastic-adherent cells from human bone marrow.
Proceedings of the National Academy of Sciences
2000; 97(7):3213-8.

Mohamed MT, Embaby EA, Labib A, et al. Effects
of exercise in combination with autologous bone
marrow stem cell transplantation for patients with
type 1 diabetes. Physiotherapy Theory and Practice
2019; 35(12):1233-1242.

Katuchova j, Harvanova D, Spakova T, Kalanin R,
Farkas D. Mesenchymal stem cell in the treatment of
type 1 diabetes mellitus. Springerlink 2015;
26(2):95-103.

Lyons CJ, OBrien T. The functionality of
endothelial-colony-forming cells from patients whit
diabetes mellitus. Cells 2020; 20;9(7):1731.

Panahi S, Agha-Alinejad H, Gharakhanloo R. The
Effect of 4 Weeks Resistance Training on Murfl
Gene Expression and Muscle Atrophy in Diabetic
Wistar Rats. Med J Tabriz Uni Med Sciences Health
Services 2016; 38(2):6-13.

Lawler JM, Song W, Kwak HB. Differential
response of heat shock proteins to hindlimb
unloading and reloading in the soleus. Muscle Nerve
2006; 33(2):200-7.

Lawler JM, Kwak HB, Kim JH, lee Y, Hord JM,
Martinez DA. Biphasic stress response in the soleus
during reloading after hind limb unloading. Med Sci
Sports Exerc 2012; 44(4):600-9.

Huey KA, Thresher JS, Brophy CM, Roy RR.
Inactivity-induced modulation of Hsp20 and Hsp25
content in rat hindlimb muscles. Muscle Nerve 2004;
30(1):95-101.

Thompson HS, Scordilis SP, Clarkson PM, Lohrer
WA. A single bout of eccentric exercise increases
HSP27 and HSC/HSP70 in human skeletal muscle.
Acta Physiol scand 2001; 171(2):187-93.

Paulsen G, Vissing K, Kalhovde JM, Ugelstad I,
Bayer ML, Kadi F, et al. Maximal eccentric exercise
induces a rapid accumulation of amall heat shock
proteins on myofibrils and a delayed HSP70
response in humans. Am J Physiol Cell Physiol
2004; 286(3):C713-22.

Murlasits Z, Cutlip RG, Geronilla KB, Rao KM,
Wonderlin WF, Always SE. Resistance training
increases heat shock protein levels in skletal muscle
of young and old rats. Exp Gerontol 2006;
41(4):398-406.

Najemnikova E, Rodgers CD, Locke M. Altered heat
stress response following streptozotocin-induced
diabetes. Cell Stress Chaperones 2007; 12(4):342-
52.

Chen H, Wu Xu XJ, Lu XY, Zhu L, Wang LP, HT,
et al. Phosphorylated heat shock protein 27 is

involved in enhanced heart tolerance to ischemia in
short-term type 1 diabetic rats. Acta Pharmcol Sin
2001; 69(22):2603-9.

23. Atalay M, Oksala NK, Laaksonen DE, Khanna S,

Nakao C, Lappalainen J, et al. Exercise trining
modulates heat shock protein response in diabetic
rats. J Appl Physiol 2004; 97(2):605-11.

e O b 8 e sl e BT e el e
HSP25 sy Ol o taslés o od il iy

S GolSiils (6,8 gdlluy L ols o=

Q\J.@J oroe C»:J_): a&i}‘z Lf;j)j cjl;) ;5""\"

AYAY Olies s

(Sodge o dge ‘L}"““"i 6)_5.13’\.0 DA.;.‘ ‘v.'sb') )hﬁfab Yo

15 0L eslie (pped dlay SO S s
S AS s as Al oolas s IL-mRNA

035 s b s Gl e sl

oKl (53,005 s i s el sy

26.

27.

28.

29.

Y1V 0: (VAN OYAY Ol il

Kawano F, Mastsuoka Y,Oke Y, Terada M, Wang
XD, et al. Role(s) of nucleoli and phosphorylation of
ribosomal protein S6 and/or HSP27 in the regulation
of muscle mass. Am J Physiol cell physiol 2007;
293(1):c35-44.

Sun Y.Shi H.Yin S, Ji C, Zhang X, Zhang B & et
al.Human mesenchymal stem cell derived exosomes
alleviate type 2 diabetes mellitus by reversing
peripheral insulin resistance and relieving [-cell
destruction. ACS Nano 2018; 12(8):7613-7628.
Vrtovec B,Sever M, Jensterle M, Poglajen G, Janez
A, Kravos N & et al. Efficacy of CD34+ Stem Cell
Therapy in Nonischemic Dilated Cardiomyopathy Is
Absent in Patients With Diabetes but Preserved in
Patients With Insulin Resistance. Stem cell
translational medicine 2016. 5(5):632-638.

Abrigo J, Rivera J, Aravena J, Cabrera D, Simon F,
Ezquer F & et al. High Fat Diet-Induced Skeletal
Muscle Wasting Is Decreased by Mesenchymal Stem
Cells Administration: Implications on Oxidative
Stress, Ubiquitin Proteasome Pathway Activation,
and Myonuclear Apoptosis. Oxidative Medicine and
Cellular Longevity 2016; 2016: 9047821.


https://journals.tums.ac.ir/ijdld/article-1-6112-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

33 Iranian Journal of Diabetes and Metabolism; Vol. 22, No 1, 2022
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ABSTRACT

Background: Diabetic disorders can lead to muscle atrophy. The aim of this study was to investigate the
combination of resistance training and endothelial progenitor cell injection on the expression of horseshoe
muscle atrophy factor in diabetic rats.

Methods: 30 rats (6 weeks old weighing 200 20 200 g) were randomly divided into five groups: healthy
baseline, control diabetic, trained diabetic, non-trained diabetic by endothelial progenitor cell injection,
diabetic trained by simultaneous injection Endothelial progenitor cells were divided. Heat 25 was measured
by Western blotting to evaluate changes in protein expression. Data were analyzed by two-factor analysis of
variance test by SPSS software version 19 at a significance level of o> 5%.

Results: In this study, 6 weeks of resistance training had no significant effect on the expression of heat shock
protein 25. But injection of endothelial progenitor cells resulted in a significant increase in the expression of
heat shock protein 25. The interactive effect of resistance training and progenitor cell injection on heat shock
protein 25 was not significant, in other words, there was no significant superiority over training and injection
at the same time as training or injection alone.

Conclusion: Based on the findings of this study, it can be stated that injection of endothelial progenitor cells
can improve muscle wasting but resistance training alone was not effective. Also, the combination of these
two strategies was not superior in reducing the complications of atrophy in diabetic rats.

Keywords: Resistance Training, Endothelial Progenitor Cells, Heat Shock Protein 25, Muscle Atrophy,
Diabetes
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