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Introduction: Rho-Associated Protein Kinase (ROCK) is one of the members of
serine-threonine protein kinases family playing a major role in the regulation
of glucose metabolism and insulin sensitivity. The present study aimed to assess
the effect of eight weeks of combined aerobic and resistance training on
adipose tissue levels of ROCKs protein, insulin, fast blood sugar (FBS), insulin
resistance index, and weight in aged female rats.

Method: A total of 22 rats (24-28 weeks old, 262.5+15.10 gr) were randomly
assigned to two groups of experimental and control (11 ones in each). Rats in
experimental group participated in eight weeks of combined aerobic (running
on treadmill at intensity of 40%-60% of maximum velocity, 60 minutes) and
resistance training (15 times of climbing on ladder at intensity of 40%-60% of
maximum workload with 1 minute of rest interval, 45 minutes), five days per
week. All rats were dissected after the last training session, and the investigated
indicators were evaluated.

Results: Eight weeks of combined training resulted in significant increases in
adipose tissue levels of ROCK1 (P=0.000) and ROCK2 (P=0.001), apart from
significant decreases in FBS (P=0.001) and body weight (P=0.001) in the
experimental compared to the control group. According to the paired t-test,
weight decreased in experimental group in post-test compared to pre-test
(P=0.004).

Conclusion: Although glucose uptake improved following eight weeks of
combined aerobic and resistance training in old female rats, it seems that the
increases in adipose tissue levels of ROCK proteins could not contribute to
improving insulin sensitivity in response to exercise training.

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

Copyright © 2025 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/)
which permits others to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.32592/nkums.17.2.83&domain=pdf
mailto:Rezaeian.n@gmail.com
https://dx.doi.org/10.32592/nkums.17.2.83
https://dx.doi.org/10.32592/nkums.17.2.83
https://orcid.org/0000-0003-5478-3042
https://orcid.org/0000-0003-0400-0297
https://orcid.org/0000-0001-6898-6804
https://orcid.org/0000-0002-4089-6206
https://orcid.org/0000-0002-1249-2394
http://journal.nkums.ac.ir/article-1-3223-en.html

i o ool o (oK 3 ol oS oo

I S? I VP F sl F ol Y 0,90

9952 SOLROCK iy y 3 (woglio g (holiiwt (S 5 Ol yoi il
o3k Wil (sl sigo 3O g guil A Cwoglio ol

¢ VQL»..C[?LM: U‘QLAM f3 Ydd&?ﬁ é‘? dQL\a ¢ nvul.a:jlab) 4.0..7}; ‘ \‘53‘9@) G&IG.@AM

TS5, S50 stlaas

1 18 - o . . . e a . .ol . s

Olnl e 902 (oDl Sl31 ol8iils ) 50mm wxlg (o559 pole 5 (S San s 05,5 o o359 ST 515D seils
Ol e gz ¢ gDl olﬂ olBiils 0, gioms axlg ¢ 259 pole 5 (S o 09,8 Jbokiwl (23559 (G59lg jud s Lg)_';Sav
Ol 0 ygim o ool 83T oKkl (g0 axly 2359 pole 9 (G Can 09,5 ¢ boliwl ( 5, L8, caats g SsT

eesl 0ylpl )95 o oDl Sl5T olKiils g axly « cb3yg pole 5 S Sy 09,5 (HLIlS, dest 1) ghame o gi”
rezaeian.n@gmail.com

DOI: 10.32592/nkums.17.2.83

ouuS> — el o &yl

e

ol 5 35608 pudlin walats 13 a5 el (s im0 e 3L 00lgsls 51 ROCK) RO b Lo o 5L (a9, oo Rt LY B

8L ROCK (slocrtigy » (oglie 5 Silon (o5 5 Sl o3 atin ot S (o) calllao cnl 51 B 0)ls (25 (e goadl &

g ole wralls slagise 15 ()39 5 eyl & Canglie (aSLis (FBS) (g5 Lt 55 gl 2
B 55 e V1) S g 025 05,5 99 50 S0l 09t 4 (p,5 YEVIO £ V0N ¢ catin YA-YF) oole &) oo YY 5l g,
doye £o-Fe Sl s Led i (59, (usd) Shlsr (oS 5 Ol el atas St )0 )5 09,8 10 L) 0 e (09,5
Jolsd aads SO L aas jbasys £o-Fe cal jo b 5l 28, Yb 4 e 003k) (Seglie g (aBds £ A Cepw

iseals B3l
ROCK (gla 555
5 5lg (oS5 Dl el
¢ soglio
Ol & Sl
30 SBaSlE 5 gt syl dedz (BT ) Gy Lo den s S ES S ke o ) gy (4RSS TO ol JERCN
% &L«})l
(P=+/+ 1) iy <SLROCK2 o (P=+/+ + - )ROCKI golans jfoline igl3dl crads oS 5 Sl ol i o (52| Wpasdly
093] @S Ly g olpee J8 058 b analie j3 (025 05,8 5 P=o/o o 1) o (59 9 P= /- M FBS Jolins a5 L
oo g3l b dmlio 5 G9o3lm 53 (2785 0905 5 (39 Jlsbine 28I L (oo 5 Sl ol i ctin 2l k25 S
P=1v %) 54
Sy 50 5 4 1Bl e 03le il (sla g ) (S Sl ed atin Cute JLises 93 SIS bl 4z S1i6 S At
S SS9 iy yo5 ) gl 5 edgmdl &) Carlr Sgnt &1 el algs gz 8l ROCK (glasatiy (il

4oddo

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

Bl SR SIS jlagisen eka o a5 Lol sbealwl [Y]
s Sl g alae WS (WSOl ol olius e 5l Wi Le
IS pedlin oedais 5o 550 oS plail Ll SOl 4z ST
N YN 1§ EFCIUI N POV I =0 PO POV [PV PR PO
il g Sl alae o Boes ol ges] 4 aiasly (Sl s 51 55515
U] 058 n s Sl cilien Jolge alansly 4 5 w2000 &) 27
255 sl ole 5l S a3 TRhO-GTP wsls olis 13 lallas
35 U JUl L oS wlgyzr 23l 53 55l jlugigen palas o
4 (GLUT4: Glucose Transporter Protein Type-4) ¥ ¢4

AY

s Conaz 2l sloans (b ol 5 (590555 (b5 3925 L
slracads 51 o ganall ;o cwodlu baa> liores g odls 5y 5
Sl 0 ey S pe Slle o g el (S anelr Sl e
abd 5 (el lags )l (Gl s« By e slacs Lo carells
9 ol e S 20 (SN 09 b Jalge (i oS Cu
peats @ ateoly casa glasl gar D s)ls bLs )| ceidguil o
Si9re Spbie 551 @te I Sl Sl liwgisen 330
(oS o8 5l 053 (Sglie Jlasl sl oo sl Jshe it 9 ool
95,19 5L S 4 (305l USS 4 (550 0503 b e


mailto:rezaeian.n@gmail.com
https://dx.doi.org/10.32592/nkums.17.2.83
https://orcid.org/0000-0003-5478-3042
https://orcid.org/0000-0003-0400-0297
https://orcid.org/0000-0001-6898-6804
https://orcid.org/0000-0002-4089-6206
https://orcid.org/0000-0002-1249-2394
http://journal.nkums.ac.ir/article-1-3223-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

oo 9 Slgs

5edsee ool oS el 2z CELROCKI s oo 55 a5
P2 b oab 3l lagbse o |y pdgwdl & Sl 7] 55505 5
DV S o cams 2y il

3lakse sloedl o ROCK s Slas 5380 az o ololis olp
Ml .85 sslainl Gloyo @MSle 5l lgi oo 2y L B
IS Lol (Sdnlie slag lon Gloye ln goasie Sl
04309 9 S0 Sl Gl Gl )3 g0t olulid g0 g4 cubs L8
5 S St b Wlgi oo &5 Sl 4 pol 5 eSS slas e, 5l (S
SIS Sgisen Syate e el Sloypley s 85 o
Sty el 0ly9d 53 ohuga 99 5 Calis (1S L o
4 Sl g ROCK sloyplyy pone o L3 )| & a3 b S
U adauly 4 L8559 Dl el aS 5l 0gzg Jleiz |yl ¢y guns]
ot pll il aisls i Jgwdl 4 Cwglie ses ;0 ROCK
2 by Olepes Gl emyn @ Sldllas I gogama ol
oher 5 (Muiloz) jele alex;l cailazsls y ROCK slacyussgys
slagise o L Slujed jo) gy lzl wels plas (V-1+)
G el aliae 53 gl & ol Spugy s Jlogleo
OhSes 5 (Bao) gl [VF] 55y ol jem ROCK (sla iy yy el
slgige ;5 ROCK Glujoly o (goulaS i 5 (VYY)
ropdle VAL aials oledl (g5lsn iy poi i (il 31y iells
wan cuip glzl aS WS 5155 (VYY) o) Ken g gile o)
oS w2y (21 @ b eadily slagbee 50 (slga Dl e
b coedgmdl @ Cuoglie 35t 5 Gdsmsdl o ok 5 0j9 RS
IAT g ol yan (2ISul aliae o ROCK2 (55 ial38l

Do 4 dawgio b o Sl b gjler Dl pes ols sl Gl o )
Sl 0392 039 B g Sigmisrr Sl odllae (SBg) (SYsk
YO oo ool ploml G50l ol cezel dily ol 5o V4]
SealS gl atan (o g, dw cawgie al b (g5ler o ped adds
S9oB sl lon £939 s ol SIS 508 3500 0039
pole 5 (555 A dils Lo ol pogdle [T+ ] sl oa 5 05Ty
4o (Rl b 9o g5 Subs 4 Mo pllew 4 il (G855
oglie Sy e B Ho syl Ol yed aan ;0 488 VY 04l oo
ACSM: American) 55,5 obo 25,0l @IS [V ] wias olov
ADA:) 15 5l cobo awwse ¢ (College of Sports Medicine
b 4 M olew 4 55 (American Diabetes Association
oS 5o e o b g JBlas cieglie Sl e yols bl g0 g4
Slyyed aSLulyl [YV] el 00,8 apog 1) 5lse olyyes b
S 5 S p T Gile Slupel b oSS s (Seslie
sy SS5gp VYT cesls dalgs laredle ;o crdgas! 45 Colos
082 ol Soglin g (55len (oS 5 Dl yed caalllas (pl jo Coie
(Jlogles i 53 (Sl o Jdsar loye b alie 0 L5
osle (slo ige caiiwa  Sdglie sla g low 4 Mol 6 00 5o i
Sl @ amg b YF] wols JSas 1) adllas ol (sla Soges]
650 e g 45 e aalEl 5] 56 Codle & Lgs pe SIS
e len (Sloys g (mgh o Sog) aslsl g Wil Sk g
ol Il sl LSl wl (K 5 jgmecadln slos pual, LS o

AD

[y Jobo &2 555I5 39,5 0l (gl S 25 41 sl )3 Jobow (sl
Ras-GTP oolgls yl 5 5,5 oolsils 5 la;T Rho-GTP oolgils
oy 3 Siyise il o S sla s L 3 o5 s ]
GDP & Jate Jlb ot JS5 oo b Senliss slof] GTP S
Al 1 Jelw alises glaan] 8 30 GTP & fate Jlid S5 o
3, sasxie slap 8e5l 5 0iS o (5,1350S 1, la;IRhO-GTP 5 YY

RhO b Lo yo LS oSy (7m0 Snsdiomly Jule 5 il L o
(Rho-Kinase or ROCK: Rho-Associated Protein Kinase)

L7 o] wyls odas 31 oo pedlie

Voo ois b seSen ROCK) Rho L Ly LS ey
IV sl i m i o slagleS odlgils & 3late 5 (pgillaghs
) ROCK el suss gloles ROCK (sl pj3s5l 95«05
0o )3 PO 4S5 b silapd w4 L a5 (Ly L)ROCK2 4 (W1
IVT wjls calis g5l axals po aoys AY 5 atselagul g5 4o
Jed 5l Saselnd Gbse glaanld s ROCK lagetsy
Sl oG5 Ol ol mesSre s Jsbe e sk a2
ot Jlosl 5 Glo oMae plal ( Jske cdSul aoplesle
L3l wyls 2 (St

Rho-GTP |, ROCK colled ws o,Lal ol 5 i 45 joboslon
RhoC 5 RhOA (ole cnl jo 5 &S oo welad Soo8 slajl
5,SLee RhoC 5 RhoB . Llis 5 5 s ROCK oS Jlud
o 55816 Tl o pslanecnay V) 0 T wiss oo e 1, ROCK
Ja5 GTP « 1, GDP . (GEF:GTP Exchange Factor) GTP
Jud STGTP 5 e S8 (sla)I GTP ol &y GTP oS s
asls 4 )les b (055 5IGTP oSl & a0l 05500
Dyl as selss Jlee b Jlad ROCK w34 Jaie ROCK L
RhOA 1, ROCK oalydl o5 & gl 8 oo lyic
el 00555 (Sl (53, Al i b 5 035 o JUub GTPase
e ol o (dRSI:Insulin Receptor Substrate-1)
Cld s g 99l oo gl 20ply s GialiEl o FYV/FYO
8 i 4 D] s aliil 1, ISl alae 3 558
S peddplio 5 soopade ¥ ik ROCK (slogsisy,
SNl J ol D] wls ISl alae o odgudl 4 atly
sz S8 50 sl Glosely ;9 ROCK o )Slas o0 sg0xe
i o Bl (5 2929 (slaaidly g o)lo 352

el s gl Sloyaly S ROCKT cacte 285 Olalllas 55
OIS Bl g ROCK 55 ol aS g sbas aiyls oledl oy
swolS e Dominant-Negative ROCK .l ROCK
Lo 5 s9dge ndgmsl oy Jlisay IRS-1 s aljand
PIK3: Phosphoinositide 3-) ¥ ;LS aujsnlsand colled
(Adipocyte:locawsnsl) o,> <db slashe ;o |, (Kinase
5 5t GLUT4 Jis! 55 ROCKT gloosd ko ans oo ialS
o lie o VY 0 0] WS e Ggie lacamgnal o 1, cgudl
Sial33l el egass] ;5 ROCKT g a5 wiols oLt lalllas
s b o Jled 5luS Gatigy Jleyeln e 5 PIBK/Akt
[\#] 55 oo (MAPK: Mitogen-Activated Protein Kinases)


http://journal.nkums.ac.ir/article-1-3223-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

VP F Ll oY oylods AY 0,90 « Jlouds ylulys (S pale olKLi1S aloro

D5 b 3L 5l am 55, @ d(Sreslie) Sl ohas ooy
s plosl

JeloS5 125 olRis iile pedite Il & (g iss pae 4 255 b
Sy ek S Sl et By oS slajlS
aiBs gy 5l e 45w iopy fVF] al soliiul Lo hge i
S5y 4883 53 e ot b Jolao Loy 45) o5 a5 (95 8
S 50 Brostlid (23555 (903l (05 SNz pganme Jred
P2l A g ol ggph aiBs )3y 03 Sy b gejl cnl o el
500 Sl a5 ool s 00g38] ] Cae T ds BB ds
2 b, atdin ey 52Nl e [ﬁ] Wdgs Hdygo 4y o8
b dlre (p yed aslin (b Sl S5l Sl eS 09 S

it b Jem Oseil 5l e, o anty ©p0d oyl ol
3045 S epdy (0 eolawl (Maximum Carrying Load Test)
VO Joleo (slaije a5 Jlp by oo YU b 5l b, oJs) ands
b, aSal 5l G 0s 0nd e Lapl po 4 laday (g5 oy
Lol adgl 459 4y 0,8 o MG g Vb Lo 5l b S sl
lal>ye 3,5 dlal anld axd) o Yo 0loy 5l o) o)bgs 9 08
45 e s 0lg g5 Lo, a5 Sl o adlsl oo b (o 5 o (sloa
«(Failure) ce.So» alais & oMlasl (o g &gy Yo boy 5l Jlge
O aiden )b Glprer 05 (o0 Joo alo po ol 53 & 45 (1459 0k
Irvlas o a8 o

P Lougie b oS b 8 s (855 oiasd okt (5ls Bl e
Coads (Aol 590 (y503] 50 edeliansdy aiiny e B0 o £
Oygots (Saglie Sl pad O Jred i o (g gl 5o ) adBs
e (oo po 4 glaj9 45 oy g (W9 o3y o5 5l 38, VL
odelawddy (55, l doye £o-Fe Jobao Jad aijg aS 5 sbay ol
2 lejiae (lawgio b o8 ad) 05 Jlosl 1) aitin Jb (5051 50
Jols b oo 3 558 YU a0 003 Jols aisho 0 sg0
IYAL 0 028, WU Jl yo (o (Sl Sy ol i

3hegbay ol 28, Y b Joes 3 595 s & Labge G20 (sl
) 90 3 4 5 s oolial 138 g b (S0 5S S5
b el Lo i 0 sl

5 W g b ise «shyed dndzr BTl e el FA
sl (alaglejl gy 5l eoliiul b gy 0,50 slo a3l

ab b))l

2B bo3T sl g,
(alisb csle (28 51 ) s yed dadz (50,51 5l ey csls FA
ool (phobad Goluly G b el oo, (L8505
AVMA: American Veterinary Medical ) (S, ol  Sijppls
st 590 ply dw b Slle> (YeYe iolne (Association
(eSS 2 055 oo olmy (2l 599) (il (Laldll 25 ,2) (alS
RS el 550 (ile QLT 2S5 U
S S0 Sl o S, b ol ez (o S5kS
G lp b gl pdise olisl o Sl wad
a8l gl el oy <8l 0 ROCK2 4 ROCKI slacyussgys
PBS o lucyl Cdly 12 45 & g0 oyl 4 00 dngd Slsgan HLs g0

AF

5 Sl oS5 Oluyes aan cute Sl aw)p sao,s ddlhas

o9

FLTIY)

o9 R adiged

Ban b a5 0g 9e3lm ik b o) 0 gs 5l canlllas ol
Tobw 2 (FRoglie g (slgp (oS5 Dl ped e St Sl (o) p
S sl oo gobe oz 8L ROCK (slacntss
Sliae 53 G% 039 5 Oeleml A Cuglie (azlh (93 LU
Pl (J5S 09,5 o 5 (9525 09,5 S0) 09,5 93 )3 oole wills
b s ol oole &y g YY 1 dalllie ol (s lol digas b
O by e VAYH) alie e g (S8 sla Sy
crazml siolas ol 45 ol e a5 (0,5 YEY/D- £ 10/ -
(NIH-Publication) il cllps 5l coles Syl
osa 41 5 (610055 ( alEiglejl 5 sole Glual (gl eslitals ge
oS (09,5 32 30y V1) J55S 5 (0525 09,5 93 59 03l ol
SE auls ol adle ol s
okl ol3T slZzils 51 IRIAU.BOJNOURD.REC.1403.017

el 090

o293 sl s
59 bl oads J S byl s 5o sie 00 j0 iy ol 4 BUI o b,
O oy £950 £ S0 b cel 0o3lgs ¢ olidig, Celu 05l9)
Casb, 5 (1,5 S8lu YY V) Les (pae (s chgels £9,8 5 o
ozl @B [0 &) d slasl Wl (6,)l0aSS (de e £e-Y)
ol FY 0 YV 0 Ve ol 4 g 5y8 » b oW Sy
GBXe> ogare slié 5 Ol 4 ablil aS wus 5 lbaSs slasSa
sl adly gwmws (63l GilomSTy g oy Ao | oadangs)
G5 g Lo wugb ) Lrax 5 cuslin dae byl i 5l licebsl (sl
N s GRS g S 50 3520 (Fogll gl haw ) celis
Jleiml zals 5 Slilgs ol 51 Jeol> Shigel gazi I b o
J“‘L‘ Lfl)'.’ 9 |5_¢b 905 oKn )| (uu}.} 5 G.mﬂ.a.l 6L‘°6)L°-.“:‘
oolaiwl iwiash, § gwles 3l Cusb, g Lo (s3940l Ol s
oole g 0T b ailg, & g0ty Slilgas (6 10455 (gl pudB ¢ yuimon .0
5 0l 6)515"‘.’ g b el cilly Laas oly aiod alnd oul g
).u)‘).u) »® ol eolawl J.v).w| (u? 4...:‘).1) JLuy )| QU}‘D &53'.\.0
dod ooyl pogdle wols plxil a8 SO ) o) ploals (Gaio0 090
0555 g Al la 10 Sw; bl h b aias g0 o Cow 4y b,

i sl B aig ogag oloy 5 058 Y g Jewo 5 595 s

el Sy
e el 3 g Cslite sy, 45 soslie 5 (55158 (oS 5 (e

2975 lp b plonil alhe Clie e 4y 5 ALan 4O 59, @ < )

i O3l (o859 Selled D g Glewzr S b s g 00 e
5 (515 (Tl Yo tils &80 bty Jeed ) oo 5 59,


http://journal.nkums.ac.ir/article-1-3223-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

oo 9 Slgs

(el 15 i) 35515 ko 2 ol ) (HOMA-TR) (5
YYIO g e Gl o el oty o) b opudgm] 5o

@olel Jlni

oyt Sk gyl 5l eolarul b deesls (5)lel a585 (08 b
‘oz SSLROCK (slacntisn gsba sl (89,5 om Sglis 08
shoslial b o 039 5 095 sl Sl (e guns! (o0 Zola
039 R 095° Syt e (slp o Q3 JEae 5 (051
0se3l 51 eolil wien 5 skl pgal 1S 50 50 G
b ooliiul el o BLS) (w2 lp ggmim (Fope
s 53 9 VY a5 SPSS l53le 5 5l ol b (g Lel Judows gy 52
s bl [ 5] e g lolina

sl
SSE 4 o 09 9 09 SEAL SIS (gl o ol
ol 00l 00)5T \ JB» 3o M 6[.205;

by 0y )y LBl (w293 )5 (BLoN (93 b ud s
Adoke g s Wl Flac w53 o5 ,5) lated jlipes
azyo =V olezsl b aws 5l ey sk il (Sen 7 53, PBS
Ce o by A8 30 gy Do 4y o Y (BB sles) gd g (o5 6l
yeiS Cole @llfcie Vo) Ll Jow) jeeinile O v g
Y sbes o g eslaer i sl sy @l Wad (L]
b (g eSS ol 5 le ax o

LifeSpan) uiluse el @Y 5,8 <05 LROCKI sy
L 5 ROCK2 59, 4 (LS-F32208) IS, .1 (BioSciences
iz Comlom L dLS-FI189) oluges olol i o5 15 oS
Clald wad ooz gugnile IRV gy 4 s Sl 2 eSS
S5 sl b Sy o3l by, @ s Glil SIS
L ol osslombt <55 35505 2 Sl eolisal b 5 o]
208 T Slpss copd g pdows S ke Somles
i S5l g3 Gelgadl Jlaie homi (6l 0l (5 S0l
o9y b 0,8l (Thermo Fisher) picdge s <8, &) opudgudl
(Ol e 3l S rSope b eceS Josdigiws 3:b) gl 1Yl
4 Cwglio asLs (Lot Number: 0743072822) ai oolazu|

0393l 3 095 liter 53 JFES 5 (275 03,5 50 (o290 SlaaSLE Jlme Bl 5 (ke Jgux

Jrs eI . .
(n=\+) (n=Y+) el (e
YOV/OYEDNY FYAULVEY /AT o9o5Tom ROCK1
\WEIFEEN /A Ye¥AVEYY/EA o905Tom ROCK2
B0E) /-« (RIARE VAN RS Gdsbe 2 0,5 50) gl
\YA/YFEY/AY VVV/YVERYTY o9e5Tom Gid s 3 o5 en) 55518
Yo VEIYY YIVYE- /Y- RS gl 4 Canglite a5l
YEYEV /A YAV OIVY sl isie
ARYZIREAR AN YOF/PEENE/- 905l @5 o O39
WY J-YIEY CHJUUFL IRV

P @S 095 0 o iy bl Gl L seslie 5 sjlee
F Jya) P+ +6) 3 o 305l b el 505l
Lo ok Sl o g (S 305 @l 2 Lo
5 Giled oS 5 Sliyel atin Cuia jl e myz cdl ROCK
4 Caglie (el (93 Ll 565 el gudl Dl pis b (oglie
S5y sl (bl esle wiall gla e ;5 o (135 5 edsesl

(F Jooz) (P>+/+0) sl

S Dl el i a0l el s 5 1903] @l 2 L
5 (P=+/++ ) ROCKI goh jloline [il3l b coslin 5 (55l50
05,5 b duslie 1o oy55 09,5 10 o,z <l (P=+/- 1) ROCK2
05 bl SIS ol alS (hizmen g olren S8
09,5 b aalie )3 (025 09,5 o P=e/e V) s (59 5 P=2/ 4 )
gl o gobe St dencpll wdevalie JuS
09,5 99 o P=+1-5V) (gl 4y Cunglie a3l g (P=+/YFYF)

AV J992) 3955 ol e jlobine (S5l b J5u5 g (052
S P Sl yed athe Cute (ol el e x5 5 osesl @l L

S 09,5 b dngliie ;3 (0075 09,5 15 (S Sliy ¥ 40 Sud Sl ey (o) 20590 SLoAFLE Dl gl Y Jgax

P o T si NTE ENTE )
537 o) JLxo Bl 2l eSilee yaro
*ofene -0/aY# YeloN ¥ SVYY/AYYYY Gidides 2 p,555) ROCK 1
¥ -FIVYY VYAV —FFID e Gl 2 p555) ROCK2
*.vee —-/a4Y - [OOFYY — (00« - Gidshen 32 0,5 950) Calgmail
¥ \favY4 Y/0-2aY N Gididhes 2 p )5 95) sl 55418
o[+8) YNNY <AYA-Q < IYFY ogd) & Cangliia a5t
RRVERR BIOYY YIoF- b FAATYYYY ) o O39

AY

P<e/e0 gl yo (s loline ¥


http://journal.nkums.ac.ir/article-1-3223-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

VP F Ll oY oylods AY 0,90 « Jlouds ylulys (S pale olKLi1S aloro

93l b alie 55 (g0l m 50 3 Slaog S 10 (oS Dl pod alid ot I ey G (39 Dl gl ¥ Jgur

P L}:’})l t J’)’)‘ ‘>)|‘”L:""| t$u°" Q"‘i'L"“ )L.‘."“ d')’d‘ u*i’l"" L“"S)f e
*op. ¥ BT VIEYEVY YIAAYY - AFFYYY S SN O
*ofeoo BN FIFEEY AIYE-10 YEO- - S L

P</o0 mha yo (s loline ¥

Gz sloog S 0 )39 5 yedged] 4 Caaglie el il SIS (gl b oy <8l ROCK (slatig y ol s o bLI )P Jguer

(P55 o™ i9 gl 4 Conglite (5 L0 Lt 5505 gl Lo o
554 —LEVY iza JARE} TGl .
<ITEA IF)) TN <IAYY P ;) =
[\ 1Yoy I¥VF /-4 i ROCK1
e . . o i
. J=s
“/3AY <AV < I0%) <IADY P ;)
<179 VY <IYAY SIVFA s
=3
\SY <[£55 <IFFA “IYA- P )
” ROCK2
—Irey -I5v8 Nirai < 1OVY s )
- 160¥ “IVA¥ <IFYA <Y P ) Jg
PKB: Akt/Protein Kinase ) B ;LS 259, 5.5 PDK1 .54 0 L

el g WS (39,05 | o 5185 05 o0 aljand |, (AKL LB
WS oo walats 1y 35518 VDl & 5 ol PDK T Cass iyl Ban
[ry]

oS wols L VAAY Jlo 5o b osl o ea o (Richter) s,
@ Gk ) SIS plral sl Cenlis Wlg e ()5 clled
Ly 03955 i 565 lrale Gl o il (g
Sl Jlisa (595l pBS (Bl 4 e g WS (oo St
03955 «Supercompensation: Jl > pb ZMasl o L (o555
R N T s B
load (glalid (&) Sl pod Jlioy 345 oo g Gl gudl &
7553 SlaceBan lye (RIB Gk ) sslan (o855 Slo e
(NS g Fism 5 038l P Gl Slasply e 5o
Jolse lyme 205 (silse byl 5 5 S g S Sl
R 3lge dgnp 5 Slellas Jolge il g Sl ot
Obyr 5 dlae (S nge Glyme Ssupe (Dlas bl g5 0 et
4 Sl 290 50 oy e plle )3 ki g ((Sas (9>
Borae 5 (stoglie Sl o3 503 g 51 ITO] il (25 dgo
ol 504 s g5 o Sl aliae 0055 il33l alansly 4
S 5 Segliie Bl pes Sy o0 S5 4y 5 [YO] wisd gl
2 Odgmdl 4 Canliz dgp 50 (5 )*-"L’ &l Dl i b
3o s aalllas ol s el 992 b VYT sl aals lucolls
5929 b (Saglie 9 (5il9a (oS 5 Sl i atia St ol el
Odgndl ok loline l8 L cy93 SLLAL 3565 loline 2als
4251 0g oo (dguil 4 Caaglie loline i pae Llte g o o
Oedgnl ol (al3l SeS 4 (93 SHIS p0 rals ool S ot
Oedsnl 2l alanly & Sl aLulgns (3559 Sl peT oy
09 LAl S 6lS als 45Tz 098 lgail 4 Cunglie Sgag o
P edgmadl ol (115 L ol (e gead] &) Cenglie S5 Sl 4
b ol o

Sl ol Slospla 5 Gelsedl 0575 53 saxie Slalllas 4z 5]

AA

Slalllae oyl alosl (pagh (ol cosdplosl glogw, 2 4 4295 L
(siosia 5 S3l5m (S 5 i 5 a2in St Sl gy 8 ol
osle wialles slaige 5o (07 8L ROCK (sboiyetisn ok
(S5 oS 5 Dl o At i (sl s (ol gl L o3
ROCK2 s ROCKI slapuiis s lobins Lislidl coms toslie 5
A oobs wrolls sl ige jo oy b

Ollllas wboe Rl garelle )3 93 g9 cobs 5op Sl
oz g Ll 55605 o Pt ccubs gand wols olis cadplx!
o 55 ol s el aoys Y/ IS0 ,8T 5 (SILYASY - s 55,18
£ 0,8l 50 a0 T/ AldA-Fe ol 3 o cols ged aS
oads i,138 duo 0 YOIF Jlo YO YL ol 481 5o g auo 0 #VIT alluVh
Gl g ywia Hdgudl 4 Sl e I3 L Y] el
4 Sl [11] 095 00 05 35518 walais 55 o0 (5 5 s
Sl 45 355 00 I (elssl ) Jiny90 Sl Joho 4 el
35 55515 )y gl i 5T Sl e ol ol
cble o mals gl 4 gl 4 Conlia Gl by
il aites ol oy ol ol Sl 5l (el Lo 50
.[ﬁ] Sl

055 Gl axly g 4 edgmdl Jlail b Gedguas! (Sloypley s
ok J31 021305 51 59,5 Saled ol Ldlaie 5 g
Ogedhyied sl e egde gerh
O3l yand g gl 005 (Autophosphorylation) ,ISses-
azly s a0 aly,aud IRS-1 (e 200 o0 &, IRS1 595
PBBK:)  5lS-Y  Jymjenl  baslid  ehs
e Ay &4 4S Ded oo Juale (Phosphatidylinositol 3-Kinase
PI-3K wol5 ] i o Jb |, w3l 2l P110 (5556wl 5
s bl 3 a8 WS e 5 UIS 1) o janlsind sla ity o
PDK:)  ajsulsand 4 aiwly 5l o Jub
PDK1 J.3 ;| ¥ - (Phosphoinositide-Dependent Kinases


http://journal.nkums.ac.ir/article-1-3223-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

oo 9 Slgs

Sl pdplic ;0 ROCK (slocpssgn o, Slee [F4] aas oo
ahvly @ Cel (Sen 2y L Bl 9 S o &
L9 asl el sasS 8 (sloppms b Jlite S pn s
@ SSLROCK lagnssgy collid mhaw ()53 a5 (s sboe
35555 5555 yman el sl ls il alandy & saselle
59 > {TNF-a: Tumour Necrosis Factor- o) Wi-,g0e5
o 3l Al o)l 28 sardlo b olyer (Sdsbie glaslon
Wlete 5 oz <8k ROCK slappisn oo b Jsuslyal o
Oy 3 o 9o el sl gule pohe falS
sbons BT glls iS50l Lletllas S silo s ial33l 5
Sl anl b g saralle Jlioar 3,00 Uil ol pl [FY] ol
Sfbee 5 zohw Ojsrel gohe Sigdnnd elS Jdsa
Sl sllsnle axiiys 5 o2 <8k ROCK glagss
b SRl cabs 5 Gedgedl @ Conslie S Jlensl il 28
¥yl

5 Gslop oS 5 Ol s atan cute ol pll cslllas ol o
3 09o3lm 53 (275 09,5 3 e )y ol kS L Jleglie
2@ 0555 55 O 039 Sl 9 9 o2 (5el e b aslie
Ll sgzg 4y az g b cudls jlolne Sglas o208 05,5 b avslis
ey Ll [FV ROCK colad 5 oy 0058 oy sitio jloline
doe b ROCK oty n Gl oo o (9 08
b polie & 595 SIS s (ails S5k g Gl 4 Cols
ok @b 5l 58 e il o Rho sla] GTP .ol ol e
Lgs S35 iy » GLUTA (ol a5y Saalizo
Sl Ol e o JL 0l )10 (porlatd (28 i
a5 el by ats sanlis loline (slalal, 55 &l s ROCK
slacnlgule Ghals g (59 Rl Giyb 5l w0l (o555 Oli ped
A a il adls 8 sl 4 Comlas S ) (2ledllas
o (o5 5 Sl pei JLisy ROCK slapraiy i3l a0
38kee 5 [FY] o0 et oinSsiam ol (il
Rboss G g x Sb Gl Sl Qledlas
i SIS alae alexl bedl K 50 ROCK lagyiss
ol 00l pdgail 4y Ceaglie Ll Scolimw Sgugy Blo g 48 S
Sltlas 5 Sl oty slaplS sl sl aslis il o
x5 Sedliion Jelse nl 6 pSolal i 5 a5 S0l
5 o wiles 25 Al oS S aslllas (pl gl 35S 4> n
9559 025§ S Blie Gt 53 otes Jole 93 55 (o yeS o
S50 szl Casgame 4 azgi b oS wis sl a4 conles
Cwglan (asli Jlolins posd pae j0 Conl (S siellus (sl g0 4o
sl atsls i asdllas cpl jo gl 4

ole i gzl wisls olas (VAAF) o ISen 5 (Seals DR);L.
So)d Joz Dud 3 (58 o) aBs (w) DadnS (s5lga Dl e
L) siele slagsogesl ;o (atha 50 59, TV iy 8 obyo
) Colun ;o oo ocie Jloliss e alS b (Jlo £Y Sk
aS Jl> 15 2343 ol jo yudgusl (AUC: Area Under Curve) e
2 & Goeoky adds FO-Y) (gilee wuad Dby yes obe 2B

e e (A 0 5e, TV i B byl wsye VO cul

A4

Jskeo el & sk J51s GLUT4 Uizl s GLUT4 31t iyl
omy Slalllas by ledl algmil &) Comlan ial3dl jslite 4
3525 4 B )90 Gelgdl @ Curali 5 55515 Joods Sguge 2ol L3
U] s o ) 525 dgmsl Dl 5 Lunaz 5 G Al (el
pas 392y b (95 S5 Rals a5 3)ls sezrg Jlexal ol el ple
6,5 53 alansls 4y calllan ! 50 padgmadl 4 Cenglio loline yeris
GTP wiols olis ol Slllas sl 0315 &) 58 algms! 51 Jiins
S Sbasgisen j5ebgi (slroatiSerlais alax3IRhO oslils (sla]
Js Glo e 25k 5l Sy (gl dlanly @ loias oS aite
Sl o 4y by 53 1y sl & ol 5,36 5 el
sfkee p Slallls (S &S5 9k V7] arise spe SB35
8l o gl (Glosely s 3 ROCKD (slaiyitigyy oo
ol 008 g 3l ooliil 45 Ws,S 15 g iiils pledl oy
39 Oedesl 4 sl o GLUTA pl>al> 25l ROCK (slo iy
SlS wals plad bapagh (pan wizse 9sd e gl
Slosply e G114 e ROCK (slocraisy ouisS oo
DVE sgs 0 oz <8l ;5 AMPK 4 PI3K/Akt

50 Pl wols las sadplxl Sldllas oS cosl ans SO 5l i
P 3580 b (Bl oasms bl )| (Lol Jule o)z <3l 0 Sles
ool (Bl 1) (o &b wojgpel Sl g3 g9 ol g SIplie
1y oz b aSly sl oy kb 6,053 oo L 45 aiils e
Lldjl a5 wuS oo hpas o pSouil B0 (38,5 plsea
ooz sl Jod I Jele wo 5l e g cl J8 (Sl
3 BnadlSling p wiliie sl S gl g lacnlS 5o danlSlo
Ot S o mh 5 0S99 S oS 9l gt | a3y i
O% e glasnlp wilg e oy b Gl eadpmd s Jalse
sl 2ledll (Sl el 095 L o ol o Shos (Jroad g5 gzeen
3 PS50 nlply w8 @las 1) S5 5 (052 meedilio
3L 4231 GBS 93 g5 Subd 5 Bl 5L 5 Wi on aammges]
oS (s yee) lomsnol ojluil LilE (Jle olgieas [YYV]
S5 ool Gkl L wese gy gy dF s baee
olyor Gelgudl 4 Cuaglie 5 Lol osip ey SlacnlS slugsl
5 5smol Sty 4 e SzsS Sllemgol &S Jb s el
5 3590l o9 oalaliy [YAD s o elgdl @ Sl 050
O O39S slagty, JWsa xSl Sl alS
@ e oh Gl Sile e red Wlgioe (D)9 Dl e
397 81z 09 el ]399 50 09 (gl ) Cuoglite falS
5 e Judods el e el 0,90 10 pdgud] 4y Ceoglie
LA il 55 (oo Gl 51 (30 (22 2L (Slima 5 ot S 5
oS wisls o S5 oole aallis (glabga |, axllias oyl sla_ioge;]
oo 5D Fedn iz oy aSly (o Gl alanly 4 L
ROCK sl psigp ardl a5 Sog cpdgamsl 4 Sl 2l
S oo 6 Kmilea | Sl Jele g0 Gl (o850 5

lymome Al L sl ol5 widdle sla e )3 (o2 yiior ged
e 3245 Sl oo Oloill 0l e Slacnats p Ggandl yind g
RhOA-ROCK s aSbTjl il ite il oyl il ol

ol eamgnsl (o 1) ledl o iy lacnlgnle &5 ole


http://journal.nkums.ac.ir/article-1-3223-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

VP F Ll oY oylods AY 0,90 « Jlouds ylulys (S pale olKLi1S aloro

S8 sl ansdy azs 5 cele § 5580 Az g 4 Canilgt oo 2l
Syt oy B0 b 0508 Slalllas opols albos! opl by S
2 055 walize gladly )3 aiwly Jolse s ROCK (slagyitis
4z bl glp wcalidie Gt ;3 a5 (o859 Ol oS 4 by
@ Gre e sl s ROCK slayzisy o,Sles yige

ey 0 S0

S sl
6ok G ol 2l o b a5 e aee Sl alwgins
qelo 1y Glojad g Sas culys csusile,

2bo 3L&i
s ol el 5l blite ab geen lio opl (B g

S
oliT olKizils (6550 ahabie ggmisls dlu, 5l aid S, alie ()l
s 00 |).?‘ k$_|L4' wl.e.‘> Q}.\gj&m‘ 39550 LsA)'L-Jl

VIS PATIR
Al b o, g0 ol)"l oy (6,558 alato allu ) 5laid 5 allis oyl
<l IRIAU.BOINOURD.REC.1403.017 &M=

OB W 95 o
yobice g Lasaly lobiw] (Basns 50 5 Canl gziils gl odiun g

References

1. Lépez-Otin C, Blasco MA, Partridge L, Serrano M,
Kroemer G. The hallmarks of aging. Cell. 2013;
153(6):1194-1217. [DOL:
10.1016/j.cell.2013.05.039] [PMID: 23746838

2. Machin PA, Tsonou E, Hornigold DC, Welch HCE.
Rho family GTPases and Rho GEFs in glucose
homeostasis. Cells. 2021;10(4):915. DOL:
10.3390/cells10040915] [PMID: 33923452]

3. Sylow L, Tokarz VL, Richter EA, Klip A. The many
actions of insulin in skeletal muscle, the paramount

tissue  determining glycemia. Cell Metab.
2021;33(4):758-80. [DOI:
10.1016/j.cmet.2021.03.020] [PMID: 33826918
4. JeBailey L, Rudich A, Huang X, Di Ciano-Oliveira C,
Kapus A, Klip A. Skeletal muscle cells and adipocytes

differ in their reliance on TC10 and Rac for insulin-
induced actin remodeling. Mol Endocrinol.
2004;18(2):359-72. [DOI:  10.1210/me.2003-
0294] [PMID: 14615606]

5. Jaffe AB, Hall A. Rho GTPases: Biochemistry and

ol podle [FF] ws o JenilD AUC o Jlslies 2olS asys
duslie o aszils ledl 55 (Ve #) o)) Ken o (DiPietro L) g oo
d(didon (B pae GiaS0s )0 FO sgu>) lawgio ol b by a3 b
(Lin (Bpae eS| do,0 slisa sgam) Gad, by i s
Sloj e il U3 ;0 gl 4 Gl 39 o WlgE oo
Sl yes o Sl gy 5o [FO] il wlie uyes 2> oS
5 (Houmard JA) o lege ¢y gl s Coli &l 5 23559
iy Dl i ole i ols ploul wisls plas (V-0 F) o Sen
B R O g
L) s Ll xS Sl yad b denslie o (atin ;5 aido VY-
Jas Gl gl 4y Gl g o (a2 ;0 48,80 V10 Joles
=5 SeSig (b 53 nlpls PPl 058 g0 0 o5 s |
(Duration) ;lejoae wb dewil & Cawlus dgge Ban b
Sz (285 S 0 (nyed Sad pogdle 55 1) (o855 Sulled
Slsize RIS L 5158 5 (535 IS L oS @y b sk Sl o
4 Cowlas 9 )593 J.o.?u Ogay HO «WNog ol,«b ‘5;LM>‘ e
LEA V] 6 o os 5550 (radgmnd]

& 5 an

=S 5 Ol yed atan cue ols pll sle lis bow ol el
Jolins ol 3L (95 Sl 355U EalS sgs b aslie 5 sl
D9 olpen pdauil 4 Cuglan Lasls lolixe ,usd pas g pdaud]
P ROCK lagrign nbsasd oSl p Sllllas (&5 a2 5]
oy oo B @l ol bl 4 as g bl ledl oy il
bl ceaialls jo st (o, 8L 0 ROCK glacy.sig s
ROCK sl cyusigy (5,50 jlal pae ardlacisl Sajenbs o Slee
5 ol slooasls Sy s Sl dlae alexl sl S o
aS 39500 sled 4 Budios ol slacgsgase (il sledlas

Biology. Annual Review of Cell and Developmental
Biology. 2005;21(1):247-69. [DOIL:
10.1146/annurev.cellbio.21.020604.150721
[PMID: 16212495]

6. Landry T, Shookster D, Huang H. Tissue-Specific
Approaches Reveal Diverse Metabolic Functions of
Rho-Kinase 1. Front Endocrinol. 2021; 11:622581.
[DOI:  10.3389/fendo.2020.622581] [PMID:
33633690]

7. Nakagawa O, Fujisawa K, Ishizaki T, Saito Y, Nakao
K, Narumiya S. ROCK-I and ROCK-II, two iso
forms of Rho-associated coiled-coil forming protein
serine/threonine kinase in mice. FEBS Letters.
1996;392(2):189—93.[ DOI: 10.1016/0014-
5793(96)00811-3][ PMID: 8772201]

8. Amano M, Fukata Y, Kaibuchi K. Regulation and
Functions of Rho-Associated Kinase. Exp Cell Res.
2000;261(1):44-51. [DOL:
10.1006/excr.2000.5046 ] [PMID: 11082274]

9. Mufoz VR, Gaspar RC, Severino MB, Macédo APA,



https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1016/j.cell.2013.05.039
https://pubmed.ncbi.nlm.nih.gov/23746838/
https://doi.org/10.3390/cells10040915
https://doi.org/10.3390/cells10040915
https://pubmed.ncbi.nlm.nih.gov/33923452/
https://doi.org/10.1016/j.cmet.2021.03.020
https://doi.org/10.1016/j.cmet.2021.03.020
https://pubmed.ncbi.nlm.nih.gov/33826918/
https://doi.org/10.1210/me.2003-0294
https://doi.org/10.1210/me.2003-0294
https://pubmed.ncbi.nlm.nih.gov/14615606/
https://doi.org/10.1146/annurev.cellbio.21.020604.150721
https://doi.org/10.1146/annurev.cellbio.21.020604.150721
https://pubmed.ncbi.nlm.nih.gov/16212495/
https://doi.org/10.3389/fendo.2020.622581
https://pubmed.ncbi.nlm.nih.gov/33633690/
https://pubmed.ncbi.nlm.nih.gov/33633690/
https://doi.org/10.1016/0014-5793\(96\)00811-3
https://doi.org/10.1016/0014-5793\(96\)00811-3
https://pubmed.ncbi.nlm.nih.gov/8772201/
https://doi.org/10.1006/excr.2000.5046
https://doi.org/10.1006/excr.2000.5046
https://pubmed.ncbi.nlm.nih.gov/11082274/
http://journal.nkums.ac.ir/article-1-3223-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

oo 9 Slgs

10.

11.

12.

13.

14.

1S.

16.

17.

18.

Simabuco FM, Ropelle ER, et al. Exercise
Rho/ROCK2
Impairment in the Skeletal Muscle and Ameliorates

Counterbalances Signaling
Insulin Sensitivity in Obese Mice. Front Immunol.
2021; 12: 702025. [DOL
10.3389/fimmu.2021.702025] [PMID: 34234788]
Riento K, Guasch RM, Garg R, Jin B, Ridley AJ.
RhoE binds to ROCKI and inhibits downstream
signaling. Mol Cell Biol. 2003; 23:4219-4229.
[DOL: 10.1128/MCB.23.12.4219-4229.2003 ]
[PMID: 12773565]

Riento K, Ridley AJ. Rocks: multifunctional kinases
in cell behavior. Nat Rev Mol Cell Biol. 2003;
4(6):446-56. [DOI: 10.1038/nrm1128] [PMID:
12778124

Leifheit-Nestler M, Wagner NM, Gogiraju R, Didié
M, Konstantinides S, Hasenfuss G, et al. Importance
of leptin signaling and signal transducer and

activator of transcription-3 activation in mediating
the cardiac hypertrophy associated with obesity. ]
Transl Med. 2013; 11:170. [DOI: 10.1186/1479-
5876-11-170] [PMID: 23841921]

Furukawa N, Ongusaha P, Jahng WJ, Araki K, Choi
CS, Kim HJ, et al. Role of Rho-kinase in regulation
of insulin action and glucose homeostasis. Cell
Metab. 2005; 2(2):119-129. [DOL:
10.1016/j.cmet.2005.06.011] [PMID: 16098829]
Munoz VR, Gaspar RC, Kuga GK, Pavan ICB,
Simabuco FM, da Silva ASR, et al. The effects of
aging on rho-kinase and insulin signaling in skeletal
muscle and white adipose tissue of rats. ] Gerontol A
Biol Sci Med Sci. 2020; 75(3): 432-436. [DOI:
10.1093/gerona/gly293] [PMID: 30596894 ]
Chun KH, Araki K, Jee Y, Lee DH, Oh BC, Huang
H, et al. Regulation of glucose transport by ROCK1
differs from that of ROCK2 and is controlled by
actin polymerization. Endocrinol. 2012; 153(4):
1649 -1662. [DOI: 10.1210/en.2011-1036]
[PMID: 22355071]

Kato Y, Ozaki N, Yamada T, Miura Y, Oiso Y. H-89
potentiates adipogenesis in 3T3-L1 cells by
activating insulin signaling independently of protein
kinase A. Life Sci. 2007; 80(5):476-83. [DOI:
10.1016/j.1£s.2006.09.029] [PMID: 17056071]

Lee SH, Huang H, Choi K, Lee DH, Shi J, Liu T, et
al. ROCK1 isoform-specific deletion reveals a role

for diet-induced insulin resistance. Am J Physiol
Endocrinol Metab. 2014; 306(3): E332-E343.
[DOI:  10.1152/ajpend0.00619.2013] [PMID:
24326423

Bao C, He C, Shu B, Meng T, Cai Q, Li B, et al.
Aerobic exercise training decreases cognitive

impairment caused by demyelination by regulating
ROCK signaling pathway in aging mice. Brain Res
Bull. 2021; 168: 52-62. DOI:

)

19.

20.

21.

22.

23.

24.

25.

26.

27.

10.1016/j.brainresbull.2020.12.010] [PMID:

33358939
Abedi B, Okhovat E. The Effect of 8 Weeks of High-
Intensity Interval Training (HIIT) on Serum

Adiponectin Levels and Insulin Resistance of
Women with Type 2 Diabetes. Journal of Sport
Biosciences. 2016; 8(3): 411-425. [DOL:
10.22059/jsb.2016.59507]

Sigal RJ, Kenny GP, Wasserman DH, Castaneda-
Sceppa C, White RD. Physical activity/exercise and
type 2 diabetes: a consensus statement from the
American Diabetes Association. Diabetes care.
2006; 29(6):1433-1438. [DOIL: 10.2337/dc06-
9910] [PMID: 16732040]

Hordern MD, Dunstan DW, Prins JB, Baker MK,
Singh MAF, Coombes JS. Exercise prescription for
patients with type 2 diabetes and pre-diabetes: a

position statement from Exercise and Sport Science
Australia. J Sci Med Sport. 2012; 15(1): 25-31.
DOI:  10.1016/j.jsams.2011.04.005 PMID:
21621458
Colberg SR, Sigal R], Fernhall B, Regensteiner JG,
Blissmer BJ, Rubin RR, et al. American College of
Sports M, American Diabetes A. Exercise and type 2
diabetes: American College of Sports Medicine and
the American Diabetes Association: joint position
statement. Exercise and type 2 diabetes. Med Sci
Sports Exerc. 2010; 42(12): 2282-2303. [DOL:
10.1249/MSS.0b013e3181eeb61c] [PMID:
21084931
Davidson LE, Hudson R, Kilpatrick K, Kuk JL,
McMillan K, Janiszewski PM, et al. Effects of
exercise modality on insulin resistance and
functional limitation in older adults: A randomized

controlled trial. Arch Intern Med. 2009;
169(2):122-131. [DOL:
10.1001 /archinternmed.2008.558] PMID:
19171808

Lobo RA, Gompel A. Management of menopause: a
view towards prevention. Lancet Diabetes
Endocrinol.  2022;  10(6):457-470.  [DOL
10.1016/S2213-8587(21)00269-2 ] [PMID:
35526556]

Rattan SIS. Aging is not a disease: implications for
intervention. Aging Disease. 2014; 5(3): 196-202.
[PMID: 24900942 ]

Hoydal MA, Ole UW, Kemi J, Ellingsen O. Running
speed and maximal oxygen uptake in rats and mice:

practical implications for exercise training. Eur J
Cardiovasc Prev Rehabil. 2007; 14(6):753-760.
[DOI: 10.1097/HJR.0b013e3281eacefl] [PMID:
18043295

Neto WK, de Assis Silva W, Ciena AP, Anaruma CA,
Gama EF. Vertical climbing for rodent resistance

training: a discussion about training parameters. Int


https://doi.org/10.3389/fimmu.2021.702025
https://doi.org/10.3389/fimmu.2021.702025
https://pubmed.ncbi.nlm.nih.gov/34234788/
https://doi.org/10.1128/mcb.23.12.4219-4229.2003
https://doi.org/10.1128/mcb.23.12.4219-4229.2003
https://pubmed.ncbi.nlm.nih.gov/12773565/
https://doi.org/10.1038/nrm1128
https://pubmed.ncbi.nlm.nih.gov/12778124/
https://pubmed.ncbi.nlm.nih.gov/12778124/
https://doi.org/10.1186/1479-5876-11-170
https://doi.org/10.1186/1479-5876-11-170
https://pubmed.ncbi.nlm.nih.gov/23841921/
https://doi.org/10.1016/j.cmet.2005.06.011
https://doi.org/10.1016/j.cmet.2005.06.011
https://pubmed.ncbi.nlm.nih.gov/16098829/
https://doi.org/10.1093/gerona/gly293
https://doi.org/10.1093/gerona/gly293
https://pubmed.ncbi.nlm.nih.gov/30596894/
https://doi.org/10.1210/en.2011-1036
https://pubmed.ncbi.nlm.nih.gov/22355071/
https://doi.org/10.1016/j.lfs.2006.09.029
https://doi.org/10.1016/j.lfs.2006.09.029
https://pubmed.ncbi.nlm.nih.gov/17056071/
https://doi.org/10.1152/ajpendo.00619.2013
https://pubmed.ncbi.nlm.nih.gov/24326423/
https://pubmed.ncbi.nlm.nih.gov/24326423/
https://doi.org/10.1016/j.brainresbull.2020.12.010
https://doi.org/10.1016/j.brainresbull.2020.12.010
https://pubmed.ncbi.nlm.nih.gov/33358939/
https://pubmed.ncbi.nlm.nih.gov/33358939/
file:///C:/Users/pardis/Downloads/doi.org/10.22059/jsb.2016.59507
file:///C:/Users/pardis/Downloads/doi.org/10.22059/jsb.2016.59507
https://doi.org/10.2337/dc06-9910
https://doi.org/10.2337/dc06-9910
https://pubmed.ncbi.nlm.nih.gov/16732040/
https://doi.org/10.1016/j.jsams.2011.04.005
https://pubmed.ncbi.nlm.nih.gov/21621458/
https://pubmed.ncbi.nlm.nih.gov/21621458/
https://doi.org/10.1249/mss.0b013e3181eeb61c
https://doi.org/10.1249/mss.0b013e3181eeb61c
https://pubmed.ncbi.nlm.nih.gov/21084931/
https://pubmed.ncbi.nlm.nih.gov/21084931/
https://doi.org/10.1001/archinternmed.2008.558
https://doi.org/10.1001/archinternmed.2008.558
https://pubmed.ncbi.nlm.nih.gov/19171808/
https://pubmed.ncbi.nlm.nih.gov/19171808/
https://doi.org/10.1016/s2213-8587\(21\)00269-2
https://doi.org/10.1016/s2213-8587\(21\)00269-2
https://pubmed.ncbi.nlm.nih.gov/35526556/
https://pubmed.ncbi.nlm.nih.gov/35526556/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4037311/
https://doi.org/10.1097/hjr.0b013e3281eacef1
https://pubmed.ncbi.nlm.nih.gov/18043295/
https://pubmed.ncbi.nlm.nih.gov/18043295/
http://journal.nkums.ac.ir/article-1-3223-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

28.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

VP F Ll oY oylods AY 0,90 « Jlouds ylulys (S pale olKLi1S aloro

J Sports Sci. 2016; 6(1A): 36-49. [ Link

Sanches IC, Buzin M, Conti FF, Dias DDS, Santos
CPD, Sirvente R, et al. Combined aerobic and
resistance exercise training attenuates cardiac
dysfunctions in a model of diabetes and menopause.
PLoS One. 2018; 13(9):e0202731. [DOI:
10.1371/journal.pone.0202731] PMID:
30192778

Mathews ST, Chellam N, Srinivas PR, Cintron VJ,
Leon MA, Goustin AS, et al. a2-HSG, a specific
inhibitor of insulin receptor autophosphorylation,

interacts with the insulin receptor. Mol Cell
Endocrinol.  2000; 164(1—2): 87-98. DOI:
10.1016/50303-7207(00)00237-9] PMID:
11026561

Cowie CC, Rust KF, Ford ES, Eberhardt MS, Byrd-
Holt DD, Li C, et al. Full accounting of diabetes and
pre-diabetes in the US population in 1988-1994 and
2005-2006. Diabetes Care. 2009; 32(2):287-294.
[DOI: 10.2337/dc08-1296] [PMID: 19017771]
Hufman DM, Barzilai N. Role of visceral adipose

tissue in aging. Biochim Biophys Acta. 2009;

1790:1117-1123. DOI:
10.1016/j.bbagen.2009.01.008] PMID:

19364483

Holloszy JO. Exercise-induced increase in muscle
insulin sensitivity. ] Appl Physiol. 2005; 99(1):338-
343. [DOL:  10.1152/japplphysiol.00123.2005]
[PMID: 16036907]

Henriksen EJ. Invited review: Effects of acute
exercise and exercise training on insulin resistance. J

Appl Physiol. 2002; 93(2):788-796. [DOL
10.1152 /japplphysiol.01219.2001] PMID:

12133893
Wojtaszewski JF, Hansen BF, Kiens B, Markuns JF,

Goodyear LJ, Richter EA. Insulin signaling and
insulin sensitivity after exercise in human skeletal
muscle. Diabetes. 2000; 49(3):325-331. [DOI:
10.2337/diabetes.49.3.325] [PMID: 10868952 ]
Roberts CK, Hevener AL, Barnard RJ. Metabolic
syndrome and insulin resistance: underlying causes
and modification by exercise training. Compr
Physiol.  2013;  3(1): 1-58.  [DOL
10.1002 /cphy.c110062] [PMID: 23720280]
Moller LLV, Klip A, Sylow L. Rho GTPases-
emerging regulators of glucose homeostasis and
metabolic health. Cells. 2019; 8(5):434. [DOI:
10.3390/cells8050434] [PMID: 31075957]

GH. The role
dysfunction in the pathogenesis of obesity-related
insulin resistance. Physiol Behav. 2008; 94(2):206-
218. [DOIL:  10.1016/j.physbeh.2007.10.010]
[PMID: 18037457]

Matsubara Y, Kano K, Kondo D, Mugishima H,
Matsumoto T. Differences in adipocytokines and

Goossens of adipose tissue

ay

40.

41.

43.

44,

45.

46.

47.

fatty acid composition between two adipocyte
fractions of small and large cells in high-fat diet-
induced obese mice. Ann Nutr Metabol. 2009;
54(4):258-267. [DOIL:  10.1159/000229506]
[PMID: 19641303]

. EhrhardtN, Cui J, Dagdeviren S, Saengnipanthkul S,

Goodridge HS, Kim JK, et al Adiposity-
independent effects of aging on insulin sensitivity
and clearance in mice and humans. Obesity (Silver
Spring).  2019; 27(3):434-443.  [DOL
10.1002/0by.22418] [PMID: 30801985]
Nakayama Y, Komuro R, Yamamoto A, Miyata Y,
Tanaka M, Matsuda M, et al. RhoA induces
expression of inflammatory cytokine in adipocytes.
Biochem Biophys Res Commun. 2009; 379(2):288-
292. [DOIL: 10.1016/j.bbrc.2008.12.040] [PMID:
19101507

Munoz R, Gaspar RC, Minuzzi LG, Canciglieri RDS,
da Silva ASR, de Moura LP, et al. Rho-kinase activity
is upregulated in the skeletal muscle of aged
exercised rats. Exp Gerontol. 2019; 128: 110746.
DOI:  10.1016/j.exger.2019.110746 PMID:
31629802

. Pektag M, Kurt AH, Un I, Tiftik RN, Biiyiikafsar K.

Effects of 17pB-estradiol and progesterone on the
production of adipokines in differentiating 3T3-L1
adipocytes: Role of Rho-kinase. Cytokine. 2015;
72(2):130-134. [DOI:
10.1016/j.cyt0.2014.12.020] [PMID: 25647267
Muiioz VR, Vieira RFL, Katashima CK, Gaspar RC,
Lino M, Trombeta JCDS, et al. Rho-Kinase is
differentially expressed in the adipose tissue of
rodent and human in response to aging, sex, and
acute exercise. ] Gerontol A Biol Sci Med Sci. 2024;
79(3):glae001. [DOIL: 10.1093/gerona/glae001]
[PMID: 38197701]

Seals DR, Hagberg JM, Hurley BF, Ehsani AA,
Holloszy JO. Effects of endurance training on
glucose tolerance and plasma lipid levels in older
men and women. JAMA. 1984; 252(5):645-649.
PMID: 6376837

DiPietro L, Dziura J, Yeckel CW, Neufer PD.
Exercise and improved insulin sensitivity in older

women: Evidence of the enduring benefits of higher

intensity training. J Appl Physiol. 2006;
100(1):142-149. DOL
10.1152 /japplphysiol.00474.2005 ] PMID:

16141382
Houmard JA, Tanner CJ, Slentz CA, Duscha BD,

McCartney JS, Kraus WE. Effect of the volume and
intensity of exercise training on insulin sensitivity. J

Appl Physiol. 2004; 96(1):101-106. [DOI:
10.1152 /japplphysiol.00707.2003] PMID:

12972442
Malin SK, Kirwan JP. Fasting hyperglycaemia blunts


https://www.researchgate.net/profile/Walter-Neto-6/publication/296716842_Vertical_Climbing_for_Rodent_Resistance_Training_a_Discussion_about_Training_Parameters/links/56da3e8a08aee73df6cf6c00/Vertical-Climbing-for-Rodent-Resistance-Training-a-Discussion-about-Training-Parameters.pdf
https://doi.org/10.1371/journal.pone.0202731
https://doi.org/10.1371/journal.pone.0202731
https://pubmed.ncbi.nlm.nih.gov/30192778/
https://pubmed.ncbi.nlm.nih.gov/30192778/
https://doi.org/10.1016/s0303-7207\(00\)00237-9
https://doi.org/10.1016/s0303-7207\(00\)00237-9
https://pubmed.ncbi.nlm.nih.gov/11026561/
https://pubmed.ncbi.nlm.nih.gov/11026561/
https://doi.org/10.2337/dc08-1296
https://pubmed.ncbi.nlm.nih.gov/19017771/
https://doi.org/10.1016/j.bbagen.2009.01.008
https://doi.org/10.1016/j.bbagen.2009.01.008
https://pubmed.ncbi.nlm.nih.gov/19364483/
https://pubmed.ncbi.nlm.nih.gov/19364483/
https://doi.org/10.1152/japplphysiol.00123.2005
https://pubmed.ncbi.nlm.nih.gov/16036907/
https://doi.org/10.1152/japplphysiol.01219.2001
https://doi.org/10.1152/japplphysiol.01219.2001
https://pubmed.ncbi.nlm.nih.gov/12133893/
https://pubmed.ncbi.nlm.nih.gov/12133893/
https://doi.org/10.2337/diabetes.49.3.325
https://doi.org/10.2337/diabetes.49.3.325
https://pubmed.ncbi.nlm.nih.gov/10868952/
https://doi.org/10.1002/cphy.c110062
https://doi.org/10.1002/cphy.c110062
https://pubmed.ncbi.nlm.nih.gov/23720280/
https://doi.org/10.3390/cells8050434
https://doi.org/10.3390/cells8050434
https://pubmed.ncbi.nlm.nih.gov/31075957/
https://doi.org/10.1016/j.physbeh.2007.10.010
https://pubmed.ncbi.nlm.nih.gov/18037457/
https://doi.org/10.1159/000229506
https://pubmed.ncbi.nlm.nih.gov/19641303/
https://doi.org/10.1002/oby.22418
https://doi.org/10.1002/oby.22418
https://pubmed.ncbi.nlm.nih.gov/30801985/
https://doi.org/10.1016/j.bbrc.2008.12.040
https://pubmed.ncbi.nlm.nih.gov/19101507/
https://pubmed.ncbi.nlm.nih.gov/19101507/
https://doi.org/10.1016/j.exger.2019.110746
https://pubmed.ncbi.nlm.nih.gov/31629802/
https://pubmed.ncbi.nlm.nih.gov/31629802/
https://doi.org/10.1016/j.cyto.2014.12.020
https://doi.org/10.1016/j.cyto.2014.12.020
https://pubmed.ncbi.nlm.nih.gov/25647267/
https://doi.org/10.1093/gerona/glae001
https://pubmed.ncbi.nlm.nih.gov/38197701/
https://pubmed.ncbi.nlm.nih.gov/6376837/
https://doi.org/10.1152/japplphysiol.00474.2005
https://doi.org/10.1152/japplphysiol.00474.2005
https://pubmed.ncbi.nlm.nih.gov/16141382/
https://pubmed.ncbi.nlm.nih.gov/16141382/
https://doi.org/10.1152/japplphysiol.00707.2003
https://doi.org/10.1152/japplphysiol.00707.2003
https://pubmed.ncbi.nlm.nih.gov/12972442/
https://pubmed.ncbi.nlm.nih.gov/12972442/
http://journal.nkums.ac.ir/article-1-3223-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-02-25 ]

oo 9 Slgs

the reversal of impaired glucose tolerance after
exercise training in obese older adults. Diabetes
Obes Metab. 2012; 14(9):835-841.[DOI:
10.1111/§.1463-1326.2012.01608.x] [PMID:

22510250

48. Bajpeyi S, Tanner CJ, Slentz CA, Duscha BD,

ay

McCartney JS, Hickner RC, et al. Effect of exercise
intensity and volume on persistence of insulin
sensitivity during training cessation. ] Appl Physiol.

2009; 106(4):1079-1085. [DOL:
10.1152 /japplphysiol.91262.2008] PMID:
19196913


https://doi.org/10.1111/j.1463-1326.2012.01608.x
https://doi.org/10.1111/j.1463-1326.2012.01608.x
https://pubmed.ncbi.nlm.nih.gov/22510250/
https://pubmed.ncbi.nlm.nih.gov/22510250/
https://doi.org/10.1152/japplphysiol.91262.2008
https://doi.org/10.1152/japplphysiol.91262.2008
https://pubmed.ncbi.nlm.nih.gov/19196913/
https://pubmed.ncbi.nlm.nih.gov/19196913/
http://journal.nkums.ac.ir/article-1-3223-en.html
http://www.tcpdf.org

