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Effects of intermittent cycles of ischemia with resistance and
endurance training on Murf-1 and Atrogin-1 gene expression and
fiber diameter of gastrocnemius muscle in diabetic rats
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Abstract

Background and Purpose: Muscular atrophy is one of the most common complications of diabetes.
Exercise training has been suggested as one of the treatment strategies for muscular atrophy in diabetes.
Intermittent cycles of ischemia (ICI) protects tissues from subsequent ischemic injury. However, whether
ICI has beneficial effects on diabetic atrophy remains unknown. The present study aimed to investigate the
synergistic effect of ICI with resistance and endurance training on Murf-1 and Atrogin-1 gene expression
and fiber diameter of the gastrocnemius muscle in diabetic rats.

Materials and Methods: In this experimental research, 42 wistar rats (age, 8 weeks; weight, 228.31+12.1 gr)
were randomly divided into seven groups of normal control (C), diabetic (D), diabetic ischemic (1), diabetic
resistance training (R), diabetic endurance training (E), diabetes ischemic+resistance training (IR), diabetes
ischemic+endurance training (IE). Diabetes was induced by one-step intraperitoneal injection of STZ (50
mg/kg). ICI was conducted by tightening a tourniquet (with a width of 8 mm) around the upper thighs 20 min
before exercise and included three 5-min cycles of ischemia, followed by 5 min reperfusion. The training
groups performed exercise training for six weeks, five days a week. Resistance training included climbing a
ladder by attaching a weight to rats’ tails at 60% of maximum voluntary carrying capacity (14 repetitions with
one minute rest between repetitions). Endurance training involved running on a treadmill. The treadmill speed
for the first week was set at 9 meters per minute for 15 minutes. By the sixth week, the training speed was
increased to 18 meters per minute for 30 min. Murf-1 and atrogin-1 gene expression were measured by RT-
PCR and the diameter of fibers of gastrocnemius muscle through the staining with hematoxylin and eosin
methods. Data were analyzed by using two-way analysis of variance and Bonferroni’s post-hoc tests.

Results: Murf-1 and Atrogin-1 gene expression significantly increased and fiber diameter of gastrocnemius
muscle decreased in D group compared to C group (p=0.0001). Murf-1 and atrogin-1 gene expression
decreased significantly in R (p=0.0001, p=0.0001), E (p=0.0001, p=0.0003), IR (p=0.0001, p=0.0001) and
IE (p=0.0001, p=0.0001) compared to the C group. In addition, muscle fiber diameter increased
significantly in R (p=0.034), E (p=0.007), IR (p=0.0003) and IE (p=0.0003) compared to the C.
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Conclusion: Based on decreases in Murf-1 and Atrogin-1 gene expression and increases in muscle fiber
diameter. It could be concluded that aerobic and resistance exercise with intermittent cycles of ischemia are
more effective than any of the exercise interventions alone in preventing muscular atrophy in diabetic rats.

Keywords: Exercise training, Muscular Atrophy, Hyperglycemia, Ischemia

How to cite this article: Zatparvar M, Frzaneh Hesari A, Farzanegi P. Effects of intermittent cycles of
ischemia with resistance and endurance training on Murf-1 and Atrogin-1 gene expression and fiber diameter
of gastrocnemius muscle in diabetic rats. J Sport Exerc Physiol. 2024; 17(2):80-94

AN



S S l E P SN bl g 5359 (5599 B A Pl
‘\?‘Ar AF-A+ lbain ¥ oylois AV 0,93 NFeY

g Al
sMurf-1 o5 oly 2 Foliwl g (Foglio oy poi b (oSl gl a2 )il
b0 (2l yxe B hge 5o glBgd Alac JU yhad 9 -y 59 5]
K558 a7 g ke &l el (O 59 OIS duzmo

Ol eyl e godlsl ol5T ol8tils (g L oy ¢ lusl 80SLesls ¢ )55 (55892 58 05,5
oo

2 ae (3951 Glops slagby, 5l (o Ui (559 o yed Zenil Subd j3 ol EHSie | (Dlae By 5T 180 g dse)
Slden b oS oo cdablne Cllain oSl ol il g0 aedl ) oSl ol sboas >l ouds slgaig ol
Soas iz lifhon Jl poyn Baa byl fagh Cad (e (g Sl S (6 (BT oSl gl slaas 2
2855 el (2bs oy s9lgs Al b jab 5 V=g T s MUMEL (5 Ly (il 5 (aglin (503 b (oSl slie
(oSl (1l (b plles S35 09,5 i 4y (Bolal & jgon Ly ol o Gige TV o028 Bakod (] 0 gy 9 Slge
NS el (oSl +( Shalisl (p pod (B ¢ oSl (SHaglie (3 ye3 (b Salil G a5 (b (Shaglie (e (b
O b (o8] Cglise sloas 1> 285 5 j50 Blaoys,0 &0t MPIKY B+ 550 L) STZ (glal> 1St 5,5 b ol slall
oSl (glaiBomty 590 dus Jalds g ol Jlosl Codlad 5l oy 4835 Y+ g Ghge slagyly (Vb 4 (o e i (0,0 L) o8558
b Jols (taglie 0 po3 53,57 (o yod A 50 55, gty 9 A D Dke s ( pel Sloog S 0gr Blate ()38 AlSS &y
())SS e ol il 4o S LSSV ol o eyl 2STas wo )y Fe bl (hge po 4y Jate &35 L (b0 5 5l 028
dLan (0 4S5 0 Jol dide 10 4880 V0 Do 4880 (0 e 1 Ceyu b il )5 g5 (69, g Jolds cioliinl o e 09
L 5l8gs dlac 5 ,lad g real-time PCR ig, b V=39,51 g MUMT-1 5 Lo o, 4885 Yo e g 4i80 [0 e VA & ot
5 oolicl (g yhy (srzhind gajl 5 a8yl (bl s )lel S, 5l (6 Sl (il S gilos (5l S

cls @l 09,8 4 Cond (b 09, 3 (s loline LalS glBgs Alae b HlaB g uliEl V-y5e 5T o MU 5 ol b
oliial (P=efe eV, P=efe e o)) laglie cpyed 09,5 0 (5)blme (2als V=455 5T g Murf-1 5 Lo (P=+/-++Y)
yele o)) oSl + el pped g (P=efe o), P=ofe e o)) oSa) + gioglia (pyes «(P=e/e v o), P=ofeeeY)
ooy (P XF) il (P [+ ¥F) oglin (18 05,5 5o (5 lobine ial3dl udls s 09,5 d Commd (P=+ [+« « \P=
A 0y Euly 05,5 4 Conmd 3ligs Al b L (gl PR+ /e o) oSl o] 03 5 (P2 o) oS+ oglio
e 951 5l 65Tslr 50 it Jl (oS slaas iz olyondy (eliiul 5 (Saglio (a3 oS 09,00 (laS 1§ S A
a8 b Dl 5 5 28l 5 V=009 5T s MUIT-L (L (28l L ggdge ool 45 00 a3 (52505 &2 Canmd Sl 5
oSl (gl yle ( (Dlae (B9 51 559 (03 1 5olS L3 g

oliinl g Saglin 1y yed b soSun) glite laaz > 5l K58 d (g lax ail 8 p ygnold iallin cpl 4y SUcw! g
o Slled 5 (b5 Sielee et s s ol e slabse o slBgs dlae b k8 g V-l s MUME-L 5 Lo
AF-A(TNVAE.Y

a.farzaneh@iau.ir : Jstue oot 5 aslill,”

VEYTFNA Gl b VEYTFNA Gl g b VEYTYIYY il e gl

AY


https://orcid.org/0000-0002-8935-6112
https://orcid.org/0000-0003-3477-8286
https://orcid.org/0000-0003-2128-3068

Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

Ll s 0 ol
@ &S il (SS5 (IPC) (oS! (g jlwonlel e
S5ty aSam]  lisS slaas >
5 0 o0 pldl (plal L) bl o (dame Sl ys)
ssba & By iy 5 Sl o] bl BT

oLis el 435 13 IPC S pome o pae o oo

T

cladlone 4y lgi co o)l cpl Ho a5 ((A) el 0als ools
LS 5l 56l il e BB slesle
5,5 o)l ol 5 IPC Jlosl et o o8 ywsiS i
S S a0l 6,185 sload 2 (izren ()
Fom s o Soe JLliguil o Slee 090 4 iin
853 Gl s O0) Oisedn s seSsl Slace]
e O o ol )b ol 5o 6595 b=
S8kes 3gupe (V1Y) (e 5 JoouSie 090 o0
59 < 5l g 1) il phlen o JLliswdl
Wb 0T 65,5 )5 oSl (6 tosle] iy
° Sy B pBulejl o (ae ila b 5 9
OF) cdl il IPC anls o Jloel dos
wdn 90 o Dlas 59,8 GRlPl poe 3929 b Grizmen
ras (S fal5 g (33 0l) byl 090 4 IPC
L) ol e oo &S b )l jo SDlae-
5 (V0) (M 59,8 Gl )0 IPC Jl (35 )L
s gl e ((VF) D5 5o <dbil Soe
Mgy Gl DMae o Slee 2500 sl o>
s oJlhgegp G, Sg5le (nl0s2s b Cand aSeiee

QOV) Sloads atdpdy (IS jsboty (3luogcdgm 5
cles anle 4 a5l dlae glas S5l
Sl s )3 Dol oS Cansl Dglite a8 Salowl (2559
sl Iy lagal ool g8 (Jslse Joho Sluyels
Slosd Byl 5l (Sroglie (0 poT cdinej cnl p3 05 (o0
Do ge i B mls comms MTOR 3 AKE s

e Sl ed b el el oK B

AY

doddlo
b oS Conl (onld (3o (gilugidgn 5 ko Cubo
S b ale s5sS slapladl 4o agil OIS
o 2 9381 V) sl ol o ISl alise g o e
@ 2Ll 5l (Mae b cudgid sl coge Sobis
(e oyl 4y o Wlgi o a5 295 oo (LI
Sgd Has Grs g 655 e 5 Cogw OS]
Ol RIP Gl Glojely sl LS
JLid (AGES) aibiin  onlSllS  ¥game
2 25 b )Sgile alex 5l Geze Sl 5 (2l
Alac bs 51 (V) aiied cubs 5 L6 Sdlas g 51
S g Oegn e Gm Jols pas b (SIS
ghie gl (2ol a0 g Sl oljen oty
Shas 8555 yols Caws 3l g SMae sla )i (CSA)
lasS e 4y faly o by ho 5 bl oo 3l
Ay g cel Glugi 5 (SRl 5 (Snll (55LsS
2 P cabs asile Suieleily Ll o dwyoe
w255 5 Sl Ceaglie g oS e cnl e el
ARl () 05 0 Glilews cnl )0 gy 0l i
G 2l (IGF-1)) odgudlact o) ol ol
Ceaglivo (TNF-00) Wl y5055 55,55 ole 5 -5 o) 5o
2V =eierT 9l ole g 0y g plp
pac 3 25 Jelse (n e ahox I (ISl dlae
(b 51 (F) ool KBS ST ige 50 Jobos
w25 wmlp ileJls e Murf (nidsSos SIS
B) ol 5 3> (e (55T amti ;5 5 bt
s,k lold 8)Lys slos pns sloiags
28,5 Sge Hlas Syl sas S JsSUse
5 25 Slopply Sl s on (I L (V) ol
Ohles 50 (BT Jles wge 45 (555 slagleys
5 Sl oais glulls JolS jebay gl ubo
O S8k Gloky sbjluleisr el sla
5 G~ ol p (oSl (siluoslel



e (P95l p oSunl g (o559 Dl yei S

G & 3959 )lne 235 plol (] 05 SSgijgtune
lowdl Sl gl 5 05 VY- BV (59 Jali
Sgr Zulys 09,5 )0 il g 50 5 Sheo YO I 5L
Lulgl ;5 Sy Jols Giod 5l zg5 sla)las 5
Aada 50 53,5 12l g Gle pad jle b s
Dg g begS 0 B 2 iy gl
300 gy Sl 4y )y p S)90 2o slatse
VO x 10 x Yoy aly,S L ez gl i e
sbod) oui 58 (alsmecl Lulyd o (el
S Sy oy B0 2D Cugh, oS il YEYY
3550 2l g 9 lbil (@38 025, L5 OVAY 5,05 0
sl ige o (6,05 alilel Luls o 5L
Sogot Suyel bed b 2bal Sl ale
Wobs Sy plle J51S 098 cida po Jola
(ol e (Sube el o ped (ks
(oglia ped HgeSml (b (oSl (Lbo
Gl i8S L8 (elitul o peit peSianl (ks
sasliily Sllgas b I8 B &S lavgs gl
A0S 5 ol ol oyl olRasls S5 psle

b ,ole (IR(IAU.SARILREC. 1401.254)
sbaise 03,5 Subs slr ol 2! R
390 Djgeds Grmgie sl g 5l (2l
MIKY 5905 33,5 L a5 & e opl 450l oolaiu]
Cobs Uil (Slao Jlo & g0ty (rmgigh Yl B
cels VY o YO mg/dl oYL o 5 cd,5 & )50
a5 s S s eadldll Culs plareds (8,5 5l
Mo g aghes 03,5 (Hbs 5l e So.(TT)
G b oSl iluoslel (e Al
sl oy YL 4 o s Seta (500 L) &S558
oSl gladdoziy j90 w3 9 @l e slajbge
9y a8 S b Jlool (igudn ) adBs @y L
oS Jlod Gl delol) sy Gedloygs Gl 2
ClS jgaiinST gl ol b e (ol mlan (o

AY

bl g by g 8 lE coge AMPK
olis badl, S OA) ssdce odlae ylus]
e B b Jyne (Saliiinl (505 45 2200
b oS5l ol &5 el 5 09) cud e
S5k g Byl 93 )3 (aglie g (Sholiinsl (5 po3
iloolol sty i i 4y azgi b g i)
Ol b ) Dlas oSlee S 0 coSu]
3k ool 5l 2l QLSS wiile (5 il g (rdge
(Dlandis§ gl ay b oy Sla JUST
E3o90 ol sin g 2 FE BB 50 o Kiagh
L ey Siwoslel s Jles! LT &5 axiva
(Soliinl o yo3 4 (Sl Alde (295 ls sla Ll
6)’L..qool.a1u:ﬁ Jlesl l,..T Oizred TO2S oy )
e Saglie iyl 2 2lPles ST (oS!
» Al bl Bkl fo)ls By 5 mla
3575 V=9l s MUML (22555 (el Sl oga>
b soglin (pped 050 G aS Cawl oads 5155 8 jls
>y 0 1, V=rpiesl 9 Murfl s Y oo
(Vo) ol als” By 5T Al po o 5 Gialifl (Bo il
~0259r1 s MUIEL (20lS o gy (sdams el 2 0938
23,5 )5y (Seglie (o5 Iy (Sl dlae )
(VYY) LialS o (V) Lilssl cliios _dm (T).YY)
OS5l o Sl Aae V-gngesl 5 Murfl
SLas 1y (V) (S5lge 02 pe3 5l g i poie 9 (Shaliin
A 2l Gagy ) dua by sl
Oued Lol s el oSl glie slao g0
5V =oiorl s MUL (5 ol 5o gralicnal 5 aglin

D9 b o, 4o gl8gs dlac U lad

OB H )
o TV G5y 07 Gebs (ol e s sAige
0 akhe Sk e by oI5 5 ol (ge

SRl Clls> S 3 Syen Sy



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

5 segliie (yed FgeSml loog S 0 a5
el e e el o yeir e
Colad L akds Yo oS! ojlwool] i
4ig3 FO yslite ol dyd Jlasl elil 5 oglie
T Do 4 (oSl 93 (ol (tdlad 9,0 5l iy
Ll oy 4o gy ol 5l o g Jlost aido
W3S Ok A Gisd ) meeSl slooygs ol
Ao Ve gelitul b g (Seglie collad oS5 5bay

A gy (oSl 555 (5l
ddr 0 3 5l g eoles FA DI Lo 3T sl b
b plee slaghe Bl 5 ol iwl Ll yd 5o (o pos
5 (Ve MgkQ) (elS 5l oS5 (Slhoig,® B3
dlac (o Mol e o (B-Y mMglkg) DL
(39Sx5l 5l g o gl el b hge (5590
Slr Ogmlidigen 5l o B 285 13 wle ol o
BB 5 =gel s MUME-L (lag ol it
Murf- La )5 o Gionias jskateds .0e oolaiwl dlac
A eolitwl Real-TimePCR g, 5l V-cpj9,51 51
il 4 Jgl al yo 15 285 &90 RNA gl el L
@ p RS e S Voo ouddlal Jonl s ol s )
Sad bglie b 0 ools IS5 4l 10 5 a8Lol bodiged
slod ;0 4hB0 10 Doy laiogy Sue (S5 )9 9
RPM ;0 48,35 V0 S 4y (s g 00D 43950l Jaora
A Ggudy il o T il A y0 o> gles g VY- el
C959,5e & 9 0ol lax RNA (g9l 5, Slad 56
s 3 L2 Jgilg ol ol 4 g ol it (6,50
yokatedy a 4eSSl =Y gled 0 dlds Ve Gl w
RPM o 4835 Vo Goe 4 bdiges RNA g,
D ey il o F il 4> 0 Sl gles g VY e
033 glglund w23 VO Jolbl b locges; 5 Joloe
5 YO+« RPM o 428 iy Do 4y faudy yiiles i
o 285 el WS il dr s ler sles
s S Yoo Yo ke coges; (ol Sidaad

AD

L b e by ol ol sols 18 (s
30 Cowgy jeibew g Lo alS (jad g8 adtie
ido o 50 oS! (slwoslel g wad 0l Lol

(VF) o Jlos! codlad 51 g aaBo Yo 0 508
T 9 A Al Sow 4 Seliul g Seglde (3 a3
Oy Vb ol teglie (s ped ol 2l i )0 3,
A yiagilo VYo sk 4 oks oboy
Ll 4 (baly o cile g0 lad b aly Y8 o
S ige (s b gylobnl  jglaieds eljo
e 28, YL o 5 5l a5 e ) R (@l
Wi g pSolal ol e cud b iSlas uj.aﬂ
O iy weyd VO Jolee (slaizy oS )90
RIS K P DR S REp ey
Sl il adBo g .0l adlsl LB 6o | S5 Lba e S
Shge 45 Gy B g, ol Bl 35z Wyl oo
o525 Jste 5 s (o plho IS S5m0 4 S50
Cod,b yiSTas wo e b Seglie oy ped . 1SS
slige &5 Shgopd Wl Lzl ol e
P Om s W0,8 dgre ool LSSV e
iyed (VO) il colpul dads G waro
5 99 oy OIS Ll sy s Jeld Selinal
OIS 15 Sy (g S elal p (p el S
Slaghge (aliinl (n a3 955 5l Gl 0l S8
S5 69y Celad (KgSz b olisl jshiiedy ol
Vool Sy b aldo i Do @ ands> iy oS
O 5l om axisls el jao cod b aids e
442 )0 gy e 9 ABB0 50 e &5 i p b (2 pel
Job ;0 5 ol g0 Jol dan jo aads VO Sus
b adlal Jol cule; b g ()85 jsba hagh
ooy 4880 ¥o D0 g 480 40 e \A@PT:‘\;&
booyS oy 9 005 o5 aids iy aud> 2 0
SO 0Ll (YF) 8 )5 ploul aads jo e gy Cojs



e (P95l p oSunl g (o559 Dl yei S

Dry block heater L JSiLuge 5 olSiws ;0 RNA &iges
Glod ;0 ad B0 Fe @ P VO slod o dado Ve Do
oS il d 0 AL los jo adds iy g ax o TV
ool o b oaioslel CONA (sladiges .o axilds
BUPERIR TR GAPP-KVE G P g W SRR P PSR
L @i 2 a2 ye o5 4 bgape CT sluel (talesl by
V Jgor b anlone () g (g Ol 29T 5o b

2 oo i |y (Lm)f)'lﬂ) & yasly g3

b ot 8Ll g Sn o 4 RNase 5l s e L DEPC
CDNA dl> . (ﬁ\ )'l O 09 J~ QT 4 RNA o,
Fom 9B 4z 0 Ve IRNA gladiges 0l 3w
o Seos At jsbaiedy Wl Jiie Fu (g9, 4y b O
il RT 35T RT 3L ol cDNA sl (ol RT
s § 005 boglis 505, L DEPC i 4 Oligo dT
Srd e IV lossdy S o A pl glapz> o

5 RTmix (g5l> oaioslel (slacsgsis Soe il a3398

ooliswl 390 b, 3LET S5 N Jgu

o 53161 gy
GAPDH-f AGGTCGGTGTGAACGGATTTG
GAPDH-r TGTAGACCATGTAGTTGAGGTCA
r-ATROGIN-1-F AGGGCAGGTGGATTGGAAGAAGA
r-ATROGIN-1-R GTTGGGGTGAAAGTGAGACGGAG
r-MuRF1-F GAGGGCCATTGACTTTGGGA
r-MuRF1-R TTTACCCTCTGTGGTCACGC

aalol o 285 1,8 (Sigma-HT110116) 568l
sail; oo JSII 4 lapY 2l 6,50l jslateay
(1) Jskly U515 ladigas g 3locblish (gl pmpes i
g ol ool 1,8 4885 VO Do 4y plas o (V) Jobily 4
&9, (5IgMa-1.07961) Ml w0 )ad G Ll o
L g ouds odibw oY (55, JoY g ol ools )))8 diges
2 5 pSe (LABOMED) (5,55 95 S
loools o555 (092 (smrs (sm 2 Sl 1 slo Judend
S laos s illy e 5 Shisgrmls osesl Sl
el 3o 51 glis (o 1 pslaods 5 50 (o5
b ool (S ke (9031 5 a8)lSy el s
Sliles olas 0 428§ 15 )0 - [+ (s foline b
25,8 plowl YY L0 SPSS 33l 5 b (g ol

Vooiesl lans oo a5 ol las leasil,
P=-/e-+\) Murf-1 5 (F=SY/VQ, P=+/---))
el 95LeS (sloog,S s oldgs dlac (F=YV/FY,

ilae V-0nisrl 03 Ole ol @l o)l (g lolins

N4

S5l Sy hyy 3l slBgs dlae b Hld (e ol
085 Izl Gy ol eolial (gl elenS gilen
Jolome 0 cels YY B YF Soe 4 alolddl diges
3 I IS (68T 23,5 8 a3 10 ulle b
Al o ool plonilas o Ve g A Ve Gl ol
b eslisal sbly oo 5| JSI1 0,8 €5 sl an
Ohl 5l Bl o g 605 I8 sl Jsbl; 5l
O peig, S olliwe dliwgdy ladiges ol oolaiul
Wl pY (59, g 0o 03ls (B yieg Soe gy Cualind
3900 Y ol (6 5ual 5, (gl o eols 1,8 o0
Yeode a4 ol)F gile &> 0 4 sbes o (Vinteb) 48
©9d Aged )3 3szge Sladll B 285 38 adss
JF 50 ladiges (alsiomdlly ped A>pe p3 350
VO Sawe 4 plas jo (Sigma-1330-20-7) ¥ 5V Jsbl;
5o oolaiwl b ‘Sm%j Joe s 285 18 ai o
Can Sae 4 ey Cd T e S GYL Ol o
Sigma-H9627) . leSglen S, b adl
Slo,S 1o 4l 90 cgubglamds 5l g o0l aLLlAS

S5y J31o 4iBs sy ¢ (SigMa-1.05680) o)



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

P=r/eoo)) oS Seglie
Jolias gals a4 (P=+/e+0)) MH@L&L&‘
09,5 4 e glige dlae 13 V-piepl 0f ole
o boawlie 5o () JS8) sl oS

Oial38l ceSshr aglin 1y pod ¢ goliiwl 5 Sloglin

e 9

U")’“" (P:‘/HOV, P:o/.\‘\“) ool LS

DS & e (§ 5 I3 (oS el
sl (P=+/10Y) welinul

¥/o.
/o
¥/
¥/
\’Y
i
V/8
Voe
o
e

¥
€

K

V-39 5 o ol

a H K

3o 5las el 098 4 i [ (21 09,5 50 91590
3> L 58 (T (orelind (03] @l (P=2/e 00 )
oglie (e wubs 098 L awslie o
el P=e e v V) el 3 (P4)e0 )
gliiol (o8 g (P=efe o)) (oSl + Shoglie
025951 Ol slolie alS 4 (P= /e v+ ) oS
(o] oY) (Sroglie (s yod o o gligs Alae )
(P=e/oo¥Y)  elial

¥
¥ ¥
+
e ¢

B

7

TV ¢
IEA

S
,f?’ &

5

x990 $Wog S 50 gligd alas V-3 59 T (o (5 ol Amg o ) JSCO
PP PYRCIOWE I [EPRCH JUUE L I SICH PR Y S PRCROwE g1 K FEPRCN JUUE TN | WP PR P PRI S KN CEPRCH JUUE S g

oS 3D yaxie Sl 09,5 L sl o 5l8g0 dlae
omolain! (P=+/++\Y) soglin
(P=elv+ o)) oSl oglivo (103 «P=+/+ )+ Y)
oeals 4y P=2/e e o)) ceSiwhr gl e g
09,5 4 S olgo alae o Murf-1 -5 Lo Jloliee

MR W) JRVOA TS N oy

&

by

¥

Jo)]
~ ~

Murf-1

anHoHK

A Comd (0l 09,5 ;o gligs alae Murf-1 5 Ly
(P=eleev ) il globae uolidl Wl 09,8
soglie  pyed a5 ol olad leeg S duslie
iy (PEefe o)) caliiwl oy o3 ((P=o/e v v ))
Falial Gpyad 5 (Pe/ v o)) (oSl + hoglie
Murf-1 Lo lolixe ials 4 (P=2/+++)) oS

¥
¥
¥ #
# €

| l

~

¥

€
JI

v

+
€
g

,fé”

N

\..9,?

7

7

I G
:Jf .ﬁf

e r Oy90 slrog S 50 aligd dlac Murfl oowd (45 by A lio .Y ST
PP PYRCIOW I FEPRCH JOUE . I ST PRI Y SC P PRCUowe g K LEPRTN JUUE T N [PPSR PROROE S K\ CEPRICH JUOES g

AY



O g 55 pld Shas B 5T p oSl 5 (259 Sl pe3

ol i b cwlbis aSan! Jlosl el e b b alS 4 cobs a5 ol lis beasily
O g P=2/VeY) gweglin (pyed b oawglas P=eler e V) Al e plle 09,5 4 s gl8go
oS Jy el gy (P=4/-0)) el dslie yo as ol las J’“"csfﬁ‘cs“"‘“"”uﬁ")‘a"l""
ores g PR oSl (gl Gyes (P YE) (aglie o yed Zolis 095 L
b hE il 4 (P=efe YD) oS toli] oSt aglis e (PRl V)  elid
9 F USD) b mie (oSl 098 @ S (Dhae Sl el g (P00 T)

(Y s sligs dlac b Jlad oliee liil 4 (P=+/+ -+ Y)
A ¥ ¥
Yo

Y
Yo

Yo
Yo
Yo
Vo
)

o

) .\3, \\}j; f f-’y f’)
¥y W
wp) .
7 7 __ A
rp) .
7 e
239390 $Wog,S 50 glBgd Aldc ;U a8 Al ¥ JSo

(um) Shase b k3

2599 el gilod (6 3015y gy b iions (sbrog 5 50 gl8g0 aliae ;U s o glai F S

Sy oSl b (2 yed ooy )T )0 Slped e Gy A g Sy
i 4 ol oSl gilueolel oy g 5 sl (nyed aS Ol (LA ol gl bl
Hae [ k8 5 V-rpis sl g Murf-1 jlolias,.e ealS 4 oSl sloo 50 ol ooy 5 oleSas 55lse
Ol ol iagh mli b alie ab e dae b ad ols8l g V= p39,5T g Murf-1 o5 Lo

O‘)LA.:.} IR ‘595).»1 sl el w‘ﬁ‘ (Godxie a5 6 ebbdy Wl e 6.4[.».) ‘5‘».1).7;.9 sl ige gldg

AA



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

e G i V-nis 5T el 4 el lagsly
ol 0 o3 09, o0 (oS (prizren L e (b
w230 FOXO g NF-KD glojoly (6o e 055 5o L
(Bl YA 39 g n-cniagSag oSiws e
e ,o Murf-l ol W (56,55 jses Jole
O9n Sy Boyb 5l (S oS GBI
IS o s |y o5 (AMPK) yjiee b s Jlas oS
Gty Bus e iloJld b (steglie (08
V= Oedgmiland o AKEL B LS (5 (ol
~ods T s MUM-L (s (als” ami yo 5 FOXO Jlges
WS oo SxSslr has Bogl il g 95is0 e )
(YY)

BALS 2S5 b oad JUd 805 (e wnl » 09
3hsol; o b - LS 15818 g (ST
b saglie (o3 45 05 o (555 gl DLie (g ]
SaS (Dlae bogi Lk a4y 0w S ol Ol Gl
FURDIRVL N

(T o fSan g UG sl slaazil b alie
Jrppes ey djuoolﬁ—lﬁ. aan 9o a5 Wo,S 8
ol Ll dein 5 0l o lor dlae dhaie mlans
90 ( Julae ;o (YY) o s Sl ol ol 8l o gily 50,5 5L
P9l 5 08 el s Gz Cusgame aiie
5 S8 3l A (Bl e ol e (s
SHad iliEl (YY) ol eS| swei)l 2l
oSl 4 M (ler 5 e SL31 )5 g3l B0iiST,
5 3ln Gefizd o IPC ata jloz 5l (g B (e
ozl by 5 (FF) 43 G515 (V- \V) o) e
Aslas 3l Oladod pan a5 caS Wb laaglay ol
oolizl (st g5, Cuid) azip Sy Saa 4 IPC
(FTY) L Kan o UG Gaios 45 a5l o wio,S
A Jleel aian (o 59, b g alar g0 Do 4 IPC
il 45 woS B (Y1) g g el

3 ey oNes olidl o IPC o dlaseciis

Ad

ATV V) wssls flas @il o BIL aslae jo b
O 5 (s0lye ol Buiod gl b aliv 0l e
B e Alae V-3 5T s Murf-1 zals (YY)
e diin ol 1) (b (2l sl g
Ol (V1Y) Sen ¢ s ain,S (5135 Seglie
V-cpios] g MUrf-1 galS 4 (g5lon o o5 a5 cyols
oedlS .l e 6..;[;.) ‘53.1).71.4 sl e ‘_J;u dlae
s 5| e a5 dlae V- 5951 g MUrf-1 o5 Lo
oo 0 Y g lawgie ol b geglie oy el aian
Jlie po s BE (VYY) o Sen 5 cs,kiols
2 b3 T ol l331 b (ralid ol o8 a2 e
Ohlen g £zg (VV) wl omie Dlae Julog 3ol
A Cand eliul pyed ads Ve WS 518
oo 2als e 1) V=na il Ol (Saglie Sl el
Shosply e 4 azg b oaS g, 0 (S (VA)
P95l s asls p (eliil (i e Jobogygy
Sl bYs 3l as ols gy wladls Mac
§ DD (g Aged Wilgi o Olidod gl jo Dglas
SiRg3 50 5 W el slaise b dogesl o Kan
sl glagise 2 Ld (nyed JI GLes 5 (29
ol Alwsdy comnedS ole (obs 0 D sy
loodiluSTosbrosiyluST Jobss y5enT Jleb cloaiss
Slad mldl cpl asS o JiSre GpSoiz o> b )
ol yost DL o 2lS b gl ppizman g luS]
7S 50 93l i sSen s sl 2 (98] e
slaceSan A (V) )l (ol pow (las
s ol dlas 3957 sbml 5 FOXO JEix o
Ol IRl 4 oSl cnl Ol (Rl 4 (s ok
4 drg b osdeymio V-iudsyls MUMEL slagy
“egSen s 9 (AaleSTHLES o (Sharen oS4
Crred WL s (asudien (gt obd )3 o3l

Sl g alaShas s Gl b el



e (P95l p oSunl g (o559 Dl yei S

olRl 4 sdie Slge g 05eST hers Wl G
el s e DMae gilugis g Lol
OA) b 0 dgge Dlae o Slos aoes 10 g S 0
57dro Gk Sl oSl ilooslel iy (izen
G Ll oo i S ogs 5 ATP
SFA) aes o il 1) ATP Sl eslaial o Sdlac
e Joped 40 &5 Jil Bl @ g Bk
as allesls lias b magh 0,5 o lil 0ed co yoxie
ilosgas Sl Alae )0 IV 5 11l 0,5 (sl (slagygpsp
oS! (6 5lmonlel i 5l b 3ol ljge0 Jalge
S Sl RIBl G & gl oo Sgae
B Glr Oy orae Glepply Jagnd 5 635
slacodgaze j1(F+) 09 0 (5 > 19y b Jud
o WlaST S s (S0l pas ol> guam
2 09 Oy (oSl Alse ide il Sl g 4
(aS (398 paie b el 53 by sl ()l
sobaets ab anb el 5 Cangy Gyl g Led tals
slagty, 5l Ol 9> o sl Sl Lol

2,5 okl (6,18 S b (BT g il 5530
Subd 39500 LS pol g slaatih a4z gL
5 seslie nyed g 93k olyen (Dlas BT L
Ol (2ol L (oSl slaas 2 ol enay celinn
ae b yld aal3 5 V-0ugs 5T o MUrf-1 slagys
S e e 1y 2ol 5l (A6 (las B 5T slEg
i (g5 S8 cuz o (o auls aasily
s, gle calil wan (pl bsylo p cols 51 oL
Slihos aieils Calys 51 56 (B9 5T anlyb Jlooage

ol diey ol 50 (6 i

St Al 6580 Al l g, e ()l
w‘ (5)LMJ ..\}‘5 LSAN'N‘ \)‘)—‘ o&u‘o ‘5»:))5

oty S Ll 5 g 2l oBiulel I a5

Sl 4 axg L (Y0) cuslas g 51 calial (Easgs
Sey GRlP czge IPC ol anl> S Sl
3 JeSe obsS Gloj (nlpli el e (NO) wlus]
(FF) il s o Dl i Joods dangi Jloe L LA NO
3 Slae p atin o ) i ploj b pae ol
meog il NO ise il Lials Jsay wyls IPC
5980 oK) sl > oluas syl Sy Loz
(Y VA o5an 5 (i il Al 12 0 0 Jlac]
Bz ez ) (VA (T V) San 5 o 5 (FY)
aS Jb 30030 5 0oliwl IPC jo )5 (159.8 3 = soSs]
Ohlen 5 BLE faghy 9 pol> Gudos jo IPC

D92 3928 sS85 2 ans Joll (Y4 YY)
(s b oSl ileoslel iy ali¥len 180
ol jarrdy IPC a5 0in )7 (5 )13 (YY) o)) g 3l
% 59y 99) 4 ez Job o (Fe e (ol Sl pes
e Ol 030392 9 g Oloj o Ll 4 (i
b e LS (e 4 e 4l T Sy 905
S GRS TVY ) e 5 g5 ol 0938
wit il 3| ey |y 315 (lrosiiS sl ool 08 ST
S oSt] (3loolol iy ol jomay saglivo (203
9 )5 g () wisly ylias Wl ol 81 jo Ly oy o3 &
VT PO IO SIS I A R KD B J{ L OV
Gl & (raglie 0y olpenar by (giluoslal iy
A S Cewd o 535S b Wlae (g0l &j08 iy
eeyas ;0 (F) ad omie pllo ol 31 50 (lesSay o e
Cas ) o8 i psbr sl (slueolol iy oSl
2 Ol S (3o (nl Cuple 4 4z b S oo
et Boe g Joke sl Bgile ogas
Sl 5 D)0 Gl Sl silwoolol iy
S owsh plas LS slagragn o5 kbl
N oty Ggye s s oS (g3lmonlol iy
Sl Gl s o 5 Jhgese ol (naiz o
elasl mali8l (YO) 0ad oo sdSil OMae 4 o>



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

Mechanisms of muscle atrophy and

hypertrophy: Implications in health and
disease. Nature Communications.
2021;12(1): 1-12.

https://Doi.org/10.1038/s41467-020-20123-1

5- Ebert SM, Al-Zougbi A, Bodine SC, Adams
CM. Skeletal muscle atrophy: discovery of
mechanisms and potential  therapies.
Physiology. 2019;34(4):232-9.

6. Jun L, Robinson M, Geetha T, Broderick TL,
Babu JR. Prevalence and Mechanisms of
Skeletal Muscle Atrophy in Metabolic
Conditions. Int J Mol Sci. 2023;24: 2973.
https://Doi.org/10.3390/ ijms24032973

7- Jun L, Robinson M, Geetha T, Broderick TL,
Babu JR. Prevalence and Mechanisms of
Skeletal Muscle Atrophy in Metabolic
Conditions. Inter J Mol Sci.
2023;24(3):2973.
https://Doi.org/10.3390/ijms24032973

8. O’Brien L, Jacobs I. Methodological
variations contributing to heterogenous
ergogenic responses to ischemic
preconditioning. Front. Physiol. 2021;12(6),
656980. D0i:10.3389/fphys.2021.656980

9. Lang JA, Kim J, Lang JA, Kim J. Remote

ischaemic preconditioning-translating
cardiovascular benefits to humans. J.
Physiology. 2022;600: 3053-3067.

D0i:10.1113/jp282568

10. Jones H, Nyakayiru J, Bailey TG, Green DJ,
Cable NT, Sprung VS, et al. Impact of eight
weeks of repeated
preconditioning on brachial

ischaemic
artery and

cutaneous microcirculatory function in
healthy males. Euro Preven Cardio.
2015;22:1083-87. DOI:

10.1177/2047487314547657

1)

3555l Litilenans (¢, San

Sl colo>
SlyT oKty ggmmasls Alu, 5l a3 5, Lol> Wl

Ll e Calom @555 s 5 0351 (6o oD

! 00

(6 5SS Goziily laicay ol bosiun gl il cpl 4o
pomw bdungl g Losal, sbwl flaicdy pgo buinss
Llasls o) Kan g &8 liwe Hglie oliwl lgicas

&l o,
) 3929 (B dimng (e (Al (215 BT

&bw

1. Nellaiappan K, Preeti K, Khatri DK, Singh

SB. Diabetic Complications: An Update on

Pathobiology and Therapeutic Strategies.

Curr Diabetes Rev.

2022;18:030821192146. Doi:
10.2174/1573399817666 10309104203

2- O'Neill BT, Bhardwaj G, Penniman CM,
Krumpoch MT, Suarez Beltran PA, Klaus K,
et al. Foxo Transcription Factors are Critical
Regulators of Diabetes-Related Muscle
Atrophy. Diabetes. 2019;68:556-70. Doi:
10.2337/db18-0416

3- Ashraf JM, Ahmad S, Rabbani G, Hasan Q,
Jan AT, Lee EJ, et al. 3-Deoxyglucosone: a
potential glycating agent accountable for
structural alteration in H3 histone protein
through generation of different AGEs. PloS
one. 2015;10(2):e0116804.
Doi.org/10.1371/journal.pone.0116804

4- Sartori R, Romanello V, and Sandri M.



e (P95l p oSunl g (o559 Dl yei S

11. Kono Y, Fukuda S, Hanatani A, Nakanishi K,

12.

13.

14.

15.

Otsuka K, Taguchi H, et al. Remote ischemic
conditioning improves coronary
microcirculation in healthy subjects and
patients with heart failure. Drug Des Devel
Ther. 2014;27(8):1175-81. Doi:
10.2147/DDDT.S68715

Maxwell JD, Carter HH, Hellsten Y, Miller
GD, Sprung VS, Cuthbertson DJ, et al.
Seven-day remote ischaemic
preconditioning  improves  endothelial
function in patients with type 2 diabetes
mellitus: a randomised pilot study. Eur J
Endocrinol.  2019;181(6):659-669. DOI:
10.1530/EJE-19-0378

Hyngstrom AS, Murphy SA, Nguyen J,
Schmit BD, Negro F, Gutterman DD, et al.
Ischemic conditioning increases strength and
volitional activation of paretic muscle in
chronic stroke: a pilot study. J Appl Physiol.
2018;124(5):1140-7. DOl:
10.1152/japplphysiol.01072.2017

Durand MJ, Boerger TF, Nguyen JN,
Algahtani SZ, Wright MT, Schmit BD, et al.
Two weeks of ischemic conditioning
improves walking speed and reduces
neuromuscular fatigability in chronic stroke
survivors. J Appl Physiol. 2019;126(3):755—
63. DOI: 10.1152/japplphysiol.00772.2018

Leurcharusmee P, Sawaddiruk P,
Punjasawadwong Y, Sugandhavesa N,
Klunklin K, Tongprasert S, et al. Ischemic
preconditioning upregulates Mitofusin2 and
preserves muscle strength in tourniquet-
induced ischemia/reperfusion. J Orthop
Translat. 2022;14:35:113-121. Doi:
10.1016/j.jot.2022.09.012.

16. Patterson SD, Swan R, Page W, Marocolo M,

Jeffries O, Waldron M. The effect of acute
and repeated ischemic preconditioning on

ay

21. Moradi

recovery following exercise-induced muscle
damage. J. Sci. Med. Sport. 2021;24,709-
714. D0i:10.1016/j.jsams.2021.02.012

17. Incognito AV, Burr JF, Millar PJ. The Effects

of Ischemic Preconditioning on Human
Exercise  Performance. Sports Med.
2016;46(4):531-44. DOI: 10.1007/s40279-
015-0433-5

18. Atherton PJ, Babraj J, Smith K, Singh J,

Rennie MJ, Wackerhage H. Selective
activation of AMPK-PGC-1lalpha or PKB-
TSC2-mTOR signaling can explain specific

adaptive responses to endurance or
resistance training-like electrical
musclestimulation. FASEB J.

2005;19(7):786-8.  Doi:
2179fje.

10.1096/1j.04-

19. Macedo AG, Oliveira DM. The Influence of

the  Aerobic Training on  Muscle
Hypertrophy: Literature Review. J health
SCi. 2019;21(4):382.
https://Doi.org/10.17921/2447-8938.

20. Léger B, Cartoni R, Praz M, Lamon S, Dériaz

O, Crettenand A, et al. Akt signalling
through GSK-3beta, mTOR and Foxol is
involved in  human skeletal muscle
hypertrophy and atrophy. Journal of
Physiology. 2016;576(3):923-33.
DOI:10.1113/ jphysiol.2006.116715

Y, Zehsaz F, Nourazar MA.
Concurrent exercise training and Murf-I and
Atrogin-1 gene expression in the vastus
lateralis muscle of male Wistar rats. Apunts
Sports  Medicine, 2020;55:21-27. DOI:
10.1016/j.apunsm.2020.02.001

22. Shanazari Z, Faramarzi M, Kordi MR. The

effect of eight weeks of moderate and high
intensity resistance training on miR-23a,
Atrogin-1 and MuRF gene expression in fast



Y o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

and slow twitch muscles in Wistar older rats.
Practical Studies of Biosciences in Sport.
2022;10(24),42-52. [In Persian]

23. Delfan M, Bouriaei T. Synergistic Effect of 4

Weeks of Endurance Training With
Probiotic ~ Supplementation on  the
Expression of Atrogin-1 and Murf-1 Genes
in the Soleus Muscle of Diabetic Rats. ljdld.
2021;21(4):198-209. [In Persian]

24. Cheng Z, Li L, Mo X, Zhang L, Xie Y, Guo

Q, et al. Non-invasive remote limb ischemic
postconditioning protects rats against focal
cerebral ischemia by upregulating STAT3
and reducing apoptosis. Int J Mol Med.
2014;34(4):957-66. DOl:
10.3892/ijmm.2014.1873

25. Krug AL, Macedo AG, Zago AS, Rush JW,

26.

Santos CF, Amaral SL. High-intensity
resistance training attenuates
dexamethasone-induced muscle atrophy.

Muscle & Nerve. 2016;53(5),779-788. DOI:
10.1002/mus.24906

Arabzadeh E, Samadian Z, Tofighi A.
Alteration of follistatin-like 1, neuron-
derived neurotrophic factor, and vascular
endothelial growth factor in diabetic cardiac
muscle after moderate-intensity aerobic
exercise with insulin. Sport Sci Health.
2020;16,491-499. DOI: 10.1007/s11332-
020-00631-9.

27.LuF, LuB, Zhang L, Wen J, Wang M, Zhang

S, Li Q, et al. Hydrogen sulphide
ameliorating skeletal muscle atrophy in
db/db mice via Muscle RING finger 1 S-
sulfhydration. Cel Mole Med.
2020;24(16):9362-9377. DOI:

10.1111/jcmm.15587.

28. Vechetti-Junior 1J, Bertaglia RS, Fernandez

ay

29.

30.

31.

32.

33.

34.

GJ, de Paula TG, de Souza RW, Moraes LN,
et al. Aerobic exercise recovers disuse-
induced atrophy through the stimulus of the
LRP130/PGC-1a complex in aged rats. J
Gerontol A Biol Sci Med Sci.
2016;71(5):601-609. DOI:
10.1093/gerona/glv064

Sinclair AJ, Abdelhafiz AH, Rodriguez-
Mafas L. Frailty and sarcopenia - newly
emerging and high impact complications of
diabetes. J Diabetes Complications.
2017;31(9):1465-73.

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;6:307:469-84.
DOI:10.1152/ajpendo.00204.2014

Zhang Z, Wang B, Fei A. BDNF contributes
to the skeletal muscle anti-atrophic effect of
exercise training through AMPK-PGCla
signaling in heart failure mice. Archives of
Medical Science: AMS. 2019;15(1):214-22.
DOI:10.5114/aoms.2018.81037

Tanaka D, Suga T, Kido K, Honjo T,
Hamaoka T, and Isaka T. Acute remote
ischemic preconditioning has no effect on
quadriceps muscle endurance. Transl. Sports
Med. 2020;3:314-320.
https://Doi.org/10.1002/tsm2.149

Kubota A, Sakuraba K, Sawaki K, Sumide T,
and Tamura Y. Prevention of disuse
muscular weakness by restriction of blood
flow. Med. Sci. Sports Exerc. 2008;40:529—
534, DOL:
10.1249/MSS.0b013e31815ddac6

Pryds K, Nielsen R, Jorsal A, Hansen MS,
Ringgaard S, Refsgaard J, et al. Effect of



e (P95l p oSunl g (o559 Dl yei S

35.

36.

37.

long-term remote ischemic conditioning in
patients with chronic ischemic heart failure.
Basic Res. Cardiol. 2017;112:67. DOI:
10.1007/s00395-017-0658-6

Slysz JT, Burr JF. Impact of 8 weeks of
repeated ischemic preconditioning on
running performance. Eur J Appl Physiol.
2019;119(6):1431-1437. DOl:
10.1007/s00421-019-04133-6

Rassaf T, Totzeck M, Hendgen-Cotta UB,
Shiva S, Heusch G, Kelm M. Circulating
nitrite contributes to cardioprotection by
remote ischemic preconditioning. Circ Res.
2014;9:114(10):1601-10. DOI:
10.1161/CIRCRESAHA.114.303822

Jeffries O, Waldron M, Pattison JR,
PattersonSD. Enhanced local skeletal
muscle oxidative capacity and microvascular
blood flow following 7-day ischemic
preconditioning in healthy humans. Front.
Physiol. 2018;9:463. DOI:
10.3389/fphys.2018.00463

4

38. Lindsay A, Petersen C, Blackwell G,

Ferguson H, Parker G, Steyn N, et al. The
effect of 1 week of repeated ischaemic leg
preconditioning on simulated Keirin cycling
performance: a randomised trial. Sport
Exerc. Med. 2017;31(3):e00229. Doi:
10.1136/bmjsem-2017-000229

39. Carvalho L, Concon V, Meloni M, De Souza

EO, Barroso R. Effects of resistance training
combined with ischemic preconditioning on
muscle size and strength in resistance-
trained individuals. J Sports Med Phys
Fitness. 2020;60(11):143-36. DOl:
10.23736/S0022-4707.20.11032-6.

40. Surkar SM, Bland MD, Mattlage AE, Chen

L, Gidday JM, Lee JM, et al. Effects of
remote limb ischemic conditioning on
muscle strength in healthy young adults: A
randomized controlled trial. PLoS One.
2020;4:15(2):e0227263. Doi:
10.1371/journal.pone.0227263



