[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

VFeo/sQ/Yeicdl y0 &6 O3 (Bgo dngels (Sl pele oA (g (cole aloeo

Ve VWbl )b VE) 590 e o siuid 0 ylous ¢ o 0,99

5230 9 gy B 99 33 Sl (3 pod i i il
V1S COb 4O bt L il a3l 9 (559 0k o
(b9 by go

A e e Y .. Y Z Y 2.
ool L jozmo ¢ Al (g ¢ (S5 (hrwlis (Sl o

kg 3y Allie

3B, L8359 cpyed Ol el ol pan Wl SSL o LasllST Las 5l ol Jele Soaw! jiols8l b solS ol tdoadile
g (hbs slagtae (WSS (LAlaST il (asls (S0 g bl 5B 90 )0 (Seliiul o pe atin

Sl 0,5 YEEYIVY (59 (Sl L Naval Medical Research Institute  jige ju VA olawd casdlas ol o i gmy p (9
o J7S 09,5 7 50 (Bolal (a5 okS 2 )5 (oo Vo) oo sl 32)55 9 00z n e Gyb 5 oo ST e
SSgp w35 18 ()b g lidg, 5B (Subs (Seliiul (nyed (S0 g (2lids) 51 (Bhs S5 (Sl g by, 56
oo,k cél g 6)9](:“-? diga 55 (D98 o 5l D9 dad A Do 4y azan (0 59, O (/-0 VMaX) wliiul iy el
o1,k o Brain and Muscle ARNT-Likel (p5gy olo ol 5 ctalaST o sl (asls o cdgudl Coglie ol atils
A plol /00 (g yls sixe zxlaws ;0 SPSS version 16 158 5 b s Lol 5JUT .o (55051l

P 0) ails o sme B K05,

Sl S50 o S3958L5 el SaieSsn Ol o STl o )Slae (LI L (alinul (e (6 S A
g5 ol el 5 oud Joho padsslio yiti Gl o (o)l 56 50 collad 05 co Cobiope o] ol 5 (g
Bl 850 Wilgi oo llew cpl 4 o Gleys 5l il S laieas (S B o ey pad

Bmall ¢ _aolusST ol o ctoliin] oy padecobs 1 goudS” dojlg

iy (Sl g (2 Uubg ) 3Bgs 50 holiiw! (1 yoi aiid Cuiad il Lo joaze 00ili ¢ g s aiasz e slrwlis S (e Sonolz 1€l
AN og (oo apd (Sdj pale olSiils ctagh cele dloe . Subd BT Mg0 I Sl COb;S (plo LT il 23 LD (559,45l
FAVY-AF «5) ¥+

Ol Oles Ol a5 2B (o ig (S T9d92 ud 295 (s 253 (S9mitils -

Ol 0l es Ol res a8 (s j)g (S T9d91 e 09,5 -V

Ol Sloal Slanl Ol pez dague SIS ¢ oS juol> 23315 iy pole 59,5 -1

VEFAAN PN Y: Sy F9 2o BAJAETNT@ULAC.IT 1 Suig piSUl Gy ¢+ ¥ 1=F1 1 VAAY ¢ 2 a5 (U ghummo 53kansy 95)%


http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

Moo SRl 6 pSedn jsbar O3St B pas lugcS g
bos o5 Sl a5 cudl o) il s WA
s ROS a1y e il oo (2al58 Lidge bos oS giee
obj ol Ll o5dn Jahomolo, pls (5l oo Slpeis
Fobo Slgen b hie (LSl Sa o yes ooy ,o ROS
Li> gl (V) ojlalge Sl 4 1) Joke o,8des g 5l
pU 4 oduzmn o190 ) g sle o ok (WSTss, Sung
olisS 55505 Sudlad 31 352y (eS|l s s
3 salaST jlas el ol sla ol adg wass b ous
Coghi b awgle Dad b (oh)) culld g 0gdioe
bt Led s Caaglie s Sl 5T olKius
s lem a5 cwl ools s Claass (AF) o9l
ol oo (555,8ll iy o PLBTL Y gg8 Cubs 5 SSsile
2 Gipals cels ofiws @S olxl 1 (V) el
saia (V) o) jliwgen laa> o cwlul g ol ety
QO diwly Sglie OS] Wlgh oo, codled aw,
Sl ©ro,led o) (V1) Mt Sgne | (559,400 o)
Sore N leerdan 5 Suidlaid slanlp el
Suprachiasmatic) SSlewlS lpgw  atwe .ol
2 &5y Wled oy J5S 50 re (qwseVligee (NUClEUS
Sk 5l 6y sl .(OY) o)l bl s by
0BUsS oyl ilepllen 5 cuclo ool ( glin Sl
9 S5 0 (A o 39 58 eoglile jsbds )1y ongea |
59y Jolse STl amme sl Jsho 5 Lozl ples Ly s
o (brain-muscle arntlike 1) Bmall ;4,als Slogs
(circadian locomotor output control kaput) CLOCK
35 O0Y) anS e welas | dske sloo Slas a5 axten
by sk oo Fo53 559,80 lapt, (Jsge mlaw
el dngn modr Glez 5 g (smgly) 995k sladil>
s Bmall clagyatisn 0,555k (nl Cue soil s s
s Slas aelars 151 el s ol .l CLOCK
() WS (oo melas 1) S5l jliwgen Lai> (oln 5o )50
Jo = (e sladl 3 (559, Aled o) pelas lacels

VP ) 599y ¢ il 0ylosd ¢ o 0590

OSl 2 (5,6 9 (2 bivg) 5 99 50 (oliiwl 1306

3L g w8 L oS el (Slplin Ll asgazme wabss
(type2 Diabetes mellitus) ¥ g4 cobs wab oo (atuive
A 0l o0 o){lﬁ g @ oo JSi 1) cobs 8 )lge woye A
Vg ks w4 e e 5o 8 paekee YY1 4 Soop
Caal Cobd o0t )0 L sla b 0 Shos (aki (V) Wi
Col ol ) Bgile o yiage 51 (S sialaST jLad (V) o)ls
5l el (1) S5 oo Culis S iy 5 obxl el as
5B sk oyl 0T o 8 sl las oy alor
Bl o ol Sl 35 5 ST Ol sla o),
25 o 53 (ROS) (5081 Jlab (slaaisT (F) 95500 o
OB (Job Glujels 50 g Wigd oo wg Suels b Ll
(oxidative stress — _coluS! uyiwl asls .(B) o)l
(Total Oxidant b oSt Comdy Caws a5 index)
(total antioxidant oG oSt ool cus,ls 4 Status)
olas 1) Jshe cimlaST jlad cuxsy ol o £APACItY)
oSy eSTge o Josl, Jels ROS  aas e
ISty s GersISs 5eeSt (H202) 55,000
imlaST Jlas 4 e ROS ol el JouSg 0
oo JB polie Sl 55 52,0958 L 09d o
oolie 45 ROS o0 Jlab yue clon 35T .ol olROS
) gl 5 wisdios ol LSl B sladsbe 58 65 bt
ol e S (oo el (LALaST LS 4 Cs
Sl olusT L ROS odg ulidl el cobs (o pglas
59 Omt Sy S| 585 C LS et (s b
29 Wb (F) sedos malisiRe e ol 5l Las SB)b
S5 B slodsbs dadsbs glsl nlo M, el
LS ks i o )0 5 3,18 (oo Lind SlaanST T
UG5 SN COUT-SN, PR ] RC OU S VIC OV P P W
5 LT Bty on Pl Ga el WSl
id i 0 wlge wesee et |y baplhiesT ]
ORlBl L S cdld e il s sl ol

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

OhLes 9 Sy ol m 0 -

3l emS 5 ecabs Wl jekataas il (g lay B slgal jealiguis
Oegiigi el s95l0 o (High Fat Diet) <z 13 23,
3l o> s 577+) HFD aiin O &owas b sleog )T
@ p e Y STZ 058 ol iy o is)S Clys (o
GuF Ohe @ kS @l V) (G s eSS 2 STyl
Ab o alys) Sygoas STZ oS il Blas ()0
o 59y O 0 G5 adeds Yo (b g ags PH =0 Sl
mo/dl i i oyl sbal Sol5 oS sloige STZ 3,5
oy, S (VA a3 3 )18 (ubd 09 )5 ¥ 15 (555 silupSen
w3 by 6ol (Bhs 0gF b plojea s plle S8
SlS el logmid 1o (2B aw Gloog SS90 4 o
Syt Sl e tle Yo gl g (ope Ve Job 4 Slad
Cogb, I8 il az 0 YYEY gloo b e 0 0l 5l
aiclo VWY Slig- o6 a2 5 aoye 00 L FO
a ol oy ol l3e Gragh (b e wad syl
ol anlllas () JS0) <8,5 )18 aaiges Lzl jo ol5] & g0
sl Josdljsiws Blle Sllg> L IS BUS! 5le olul
b plnil (5559 pole 9 (S Suny oRimgn IS weS
e ad)lf}L» <an glyl 5 NV imax) J.SL):> CaE pas (gt
VST PSS I IR I
Grred b (el SOd (g ped (Slaog)S 50 b i8S ey S
g 1ol 50 ool Cawods Vimax 5l ool b - Ll 590 asals o
alize sloog 5 slahge b a3 p)ler e
P el baids 0 by wad ool )13 s 5 s,
30 e Vool 44880 ¥ 10 G g o 0D 6,5 4l 80
O Ll b aiiles by hge a5 Jloy b .cdly yiali8l asds
Sy lgie b g ags Shb Ceyu ol IS aslol
O 5 5 S €555 0 5] 53k sl 5 La] 25T
09,5 12 lp Al Sae s (gl gl 5 hge o Sles »

OAY ) 0l sauoriw 09,5 led 4 bgy e el yo

YF) 599y ¢ il 05losd ¢ o 0590

bg (b9 Sdlad oyl 42 (598 pdiinns Gl -l SOL
55 ol olbe wsl Bmall el Lol slagys 5l (S (V)
ool tl sl oSl layy JES s
o5 s e oLt alsd (1Y) Conl S gl (slooniiS welass

oMy el o8y ol b Al Gl et Byo
i Oliee 5 35S (oo 29 |y (Sl sla 5T colad
7550 Dlac sl )b g5 5 0 ped Cordg 4 b asll pl (o
g Tahara <ol slxl lejoyse 0 (V0) ojls S
b s3ng b g oyl 4 SO3e)0e 58 slagesly ()50
oo P b slagilen 5 Sbs (Bl nKiny
as ailosls las il Ko 4 Dalbram .(\#) ailes 57 158
5l om alae cdb o Clock 3 Bmall slassg, el
) G oSl 8 53 ullid 5 e il i ol
Syt S Sgen b (dyed 3Shae 55 i
aplacsT  o)lye ool Oldlas (V) wisu e
Lol sl o0 plonil s bt b layT b g o lanaST ]
15 Lolse ol ol Codlad b )y 4 45 (lanlllas
5 S B s o ol anlie 5 il Ghlen S
ST I LI P S S ST
Cedlad plodl loj Bl g0 LT a5 sy ol 4 sl ol
ooyl GalS e NS el S e a1y (23558
0 Sy9re wadls (Db llemys IS 5o gslacs]
50 oldinl p el U ) pols Giegh Gow 1N il
5 Oyl & Cuaglie slaatll p (SO0 5 (2lidy) 5lge

b oo (b laige el ,SL 28l 5o (caluST i

5 Pl 1zl Ll 5l (o) g9 5l ol agh
5 dilesl Gige sl A bl o eole Bolal (5 S diges
YEEYIYY S5 oSk b aiin 00 b ez NMRI ol 2L

Sy ple ol alslel Sl iyen 355 5l e S

O3 (9ot Sloyd = (Sl lods g (S pale oGS Ao


https://jps.biomedcentral.com/articles/10.1007/s12576-016-0450-7#auth-Yu-Tahara
http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

L8 (YY) 0 (ZT15) i A celu o o (SO0
4 oo b )5k sln tge (Lol o pes 4ol 1,2
PRI 5] Jeod 5 b (o )0i Ojgod alin SS Do
107+ VMaX Lwsio Sods b (2o pe sloog, S 50 (o ped
s ol 1ol g el ads ay0 adds A e
9039 (V) o )55 atia o 0 ald> B g atin A Do @

2 o)l (Ssde g SIS

0S|l s (oSo,6 9 Ly 516 93 33 Sholiias] 56
moderate-intensity continuous ) _teliw! s pes
Wobs Wl gl leebl 1w aae SO «(training
W,S (nyed g, 5l e Sl 5o 0 (n e slaog S
Foele plidg; 958 oloy Gy sared Oloy o e
ZT12) e & colo Sob g5,8 by 5 ZT0) meo
g% 3 o Sele (el oy 9 (V) b i8Sl

fe
N Chgs e 30
-5 Al AT
NMRY
- -
j s
i ! ' 7 s Bas %
B 4 Aulad - el 26
RIVES Y il o 10t n=3
A % 5ol diaa e I} ! —} [} 4
35N 43 22-25 - Las 1 2554
= 3 ssf 4558 -
s sy AMAE 4K n=3 =: > Aligs 5308 gy o2 53 Sl ; . L
';:u el 12 n=3 n=3 n=3  .iuifaus 5) HFDs STZ 3 f{JL’wIL* gt dﬂ:ﬂ*uj
et STZ: 20 mglkg for 1 d e
JERREE NN
4331 B0 1y Saa
%60-50 Vmax: o Sad
acis 8 1s 53
=50 pua 9 osla glag
CH-ZT3 CH-ZT15 CD-ZT3 C DZT16 T-D-ZT3 T-D-ZT15
C ]
LUAE g asBalS Al gs Lne aladl G et AS Al s g clly et 58 aladl 31 e el 48
dafal g dn3as
IR 2 125 el ‘s ; e
ot J@L:U‘M‘Jf:ﬁl:‘.:: - il ¥ G BTG e R Slaidie sl aalL

G slglsle sustes 5

Gesi b o fosei ) ISa

cds b (> Bioassay Technology) 4s5  olais

slp ol Syl TEIY eesl 908 9 UYIT eesl e

s oolatal o5 Jgeyd 5l el gl s Camglite (yl5ae tomin

Fasting Insulin(uU/ml) * Fasting Glucose(mmol/L)

225
sl soge;l ;o HOMA-IR jlaie gals L ol;él

Homa-IR=

5 ol eatmoplis coi i 4 il sladige 4 S (0L
b and 8L s s 4y Caaglie alS

ool el elaluSt eyl a8l ni

1 (TOS) ST ol arndg s 5 (OSD) ils]

slaises .l o Cawsas (TAC) oS T ol consy

s> PH= VIO ol cland 5L o WSS, cdl

S om 9 oxise nlisen jlosliiul b 5Ly eaiiS lee

9 4.9.._9.) VO S £ 4\.9...9.) 59 Yoooo jjob)j-«-ﬂ-').«.sb

YF) 599y ¢ il 05losd ¢ o 0590

slade cain oy90 (Ll @ 5l o cels FA (g4l diges

09 GuF b g JEe il dised (lle e ge i o3
3 (% 533 2555 5o Sl 4 o oo V) ouslS Sla
s (0% 0j9 PSS o Sl 4 p S e Vo) s
Som g S8y GBI et (o5 sladiges aa
Ads B Doe ay Ak jo 590 B e ey b Gy il
Olojer 3 WSS il al gilulaz o] g diges
JE Ve 5558 a4 gan glagile] plnil cuz 5 cuilo
s Gy Sy ahis wix a5 obel I wan esls
30055 @ ol 3L (Jese el aalo b 5B 5o ol s
o it (14) A5 g5 855 4 bype e el
Ol gl 4 Caaglie Lol dwlxe gl . gl 4 Caglin
s eSS i, b oes S5 (HOMA-IR)

59 395 b gl 5 il eigas] (sb) (5 yegitdy i

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

OhLes 9 Sy ol m 0 -

S0l elas old sl Serodly Libbre couls
oKiws jo wiak eols I8 (lSi,J BioBlue-Lite™)
i bl ol el ez LD-IHX-RAY il
JS 2000 )"S“‘" ol&iws )| oolatwl b oo ).(bl.b slbasl
2395 dle laail atadly 5 Sl ((u> BonninTech)
Oean A Cad pgn o Al il gile oS )
Oesg s 4 S aalllae 9550 (Slaog S 50 53l dlS
e Jawgs J5S 09,8 50 595l dlS (g 4 S Bon
‘—AB; )‘)9 R )90 JS 2000 olXws

Sobol Julowi g 4 5205

ol Ml b B anllla ol o ligle] coles
A 485 50 (Soielen S5 A diged po (sl 5wl plxl
3l 5 5Shgsrals O3l 5 ool 35y Jloji (st S
Jelos g aums o eoliiul (g (9051 5l la il g Kales
(ANOVA) 4é,b 5 uiblg 56T 51 osliiwl b laosls uib g
)‘)3 be))| S)yge LSD ‘SA.A-E.IS ‘)5.4)] l) lools u...faL..n d.......aLﬂ.n 9
SPSS lidley 5l solil L gyl Slsls ads oS
A plol 0oy B (g ls sime el L VETSION 16

JENESRRTEIR
pole g5 SN Cany oKinghy bwg Gudos ol Jlingn
e J5) | oA Al =359

(IR.SSRC.REC.1400.039

Jgoz yo pol> Gragh sleadl il )ly Julow g a5

Mo (yoge s ytalyly il aS amo o lis s .ol oel )
Sl yrie zolaw posd 50 (SO0 g 2lidy) loj g cobs
alie il oo Jbolias woje iy mhw jo (2bj)l 5 50
slaog, S o alzlone 51 s (2bs)l )90 slo prie (Silo
O30 mls il sad Wl Y Jgax o kgl calisw
o-\...b\)ul.m) ‘(YJQ‘A}) asJlas Syge ‘_gL%oB; O G....n.x.»
sl jige 4 Cud Lo sla jige 15«39 ¢ HOMA-IR

Olys jo Sl (i 53U g Ml JpuS 09,8

YF) 599y ¢ il 05losd ¢ o 0590

alllas 3)50 sloals oLyl cox 29, @l Gilule
ov9y 5 ookl b 3L 5 diged 10 usig  liee L0 ool
55 3V TAS ySojlail jshie 4y ol (5 pSojlail 5,580
ol Lol Ky ouS 5 g, ol o .l eolanwl Erel
azinobis-3- ethylbenzothiazoline-sulfonic acid2.2v
Siye 5 dSl Glos] Gl wllS 5 jea> 0 (ABTS)
Ol b egili P20 gn Jsbo )3 o (e s 45 35800
4 Trolox e 5l .0ed oo souziw SlaS] ol cub)ls
mmol TroloX & ,50 4 mls 4 eoliiwl 551, 5 lge
S TOS o jehaieds (YY) wo 5 5,155 equivalent/L
vy onl bl ol eolal Erel lawg oad Chog b,
b () oSS JS85 5 S8 4 ugf 8l (s ageS]
JB egil 0F+ zge Job ,o a5 ail oo Xyenol orange
5 o osliinl il IS lgie 4 H202 510l o (605050l
(YY) as syls Equivil pmol H202 bl gl
Oy Jel s s sl Bmall sy ol b))
SDS- o ,0 VY 5 5 eolaul b by (glwlos «dl
Bl a4 ey slbdges e 08 sl PAGE
JEsl 51 e o8 Jate polyvinylidene difluoride
Sl dgone gt Jolye plowl g PVDFlid & (055
Al ead ad O 2y Oed SAS b dlewy @ Lis
b LAl e Cdpdy plbnl CelucSy ©as &TBS
Santa Cruz ) (\:\+«+oa (38, anti- Bmall sob sl
,o (Biotechnology, Inc., Santa Cruz, Calif., USA
GOl cels ¥ o 4 Gl sles o g5le dgoune Jolowe
L s g giiacds ,b aw TBST 8L L Lodl .aiads
Y Sae a VYoo o8, L (SC376938) a5l (sob ol
Figyghed g GeFgn I el 4sSl cela
ad sl Bl JpS olee a0 HPRT) hawils
e S YO+ o ool ECL S 5l lawily j5els slareay
aslol lesdl 4 (55,01 AYYE-A @bcam) ECL LIS Joloxs
Jobro 5l o 5l omp i )5 o] 50 dido V Sas 4y g
9 LA erw wial Sed lase [, LA (gl

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

OSl 35 (K9,U 5 2 livgy 30 95 4o soliiw! ;b

Bolws las (g blise Sglis TAC jse jo (J S g bo oy 4 Cand 2o yed loog S 0 byt ol Zokaw
Bmall ite (VUS2) oSl mls duglio (>/-0) 4o loyitie ol o o 5alS W, 5 891 4l e ¢l
3 e ol Gl Ol o g malS canas Ll S (P100) 99 o gme woal o3l 1y yed sl Jige
sy ol JAS a8 slaisn 4 o ibs slagiss  HOMAIR 5 iyl 55315 OS1 TOS (sl it s
o5 sy S 5o (eliiul p oS 236 (Gl (P=2Te - 0) aalllan 3,90 (slaog S (ooled yo (alidg, 9 (So,b 51 9o 5o
ol Sl Wy, a5 ol lis (gubs ey I 4 s 3 039 ©lyuass (P<+/+0) Wsls s pa b g jlo gine glas
w50 g el siol38l onls ools oy yei slaige o piine P=-1YFY) cuilys g o soe Solas olidyg, 9 (SO,U 5B g0
-05,5 Bmall jo &l (p=+/++ ) Cewl Jlo xe 0o )0 O saspolis TAC e (V Jgoz) x5l gl awslis
S92 )l gme bty 9 (Sb 5B 90 50 S8 5 (b la & Comd (b Glahse )0 pxie (nl mhaw b gae JalS
ooy S (o yd FSlae Sy Sl S5 (P=1/1)) 6 byl Pl ) g ol J5UST 095 slahse
3 elEel (pyed o e b ssamslis aslllas 590 Slog S ar Cund (gl sloog S S (Selial (n yed
A S 005 0318 1y 103 Sl Jige 10 S Tas e s ol s s ige ;0 TAC Gl s Wi, a5 ols oylas o ubo
90 50 Sl e Slpnss (<412 0) 3¢ K0 (sloog 5 Sl o gre oy O mhaw 0 5 Cewl Siol38l ead ools

(P=2109) 2955 Jlo gre (2lidg) 9 (So b 58 sloog Sy (alidy, 9 (S0 56 g0 Dlpss (P =)0 T)

F85 B/FO0 \YAAD sEIAYY MVEYYT YvmIYTvrAavY vEnaY T FFAAY F
offo oo offo o offo oo offo oo offo oo offo oo offo oo offo oo offo o p

LSD (5051 b 5 alslas 5l axlllae 5550 (sl yuiiio o ailivs] Bl il 5 (uSilo ¥ Jga

VONSEY-FD vy dys P a/a9:£-/A0" Pl AEYEAE VA NAREN S FANBEVYYYS AN FE YR jarEe/e v CH-ZT3

VOB EVYYY vE Y sED VWAYEVVES v ekaiva® eyt vevakyeevT ypnasenst ovateA® CH-ZTIS

VEAYEVE-D R prEy ar? YAV v AMSE0RE vevaARa-a®  afEavey eyt vardepys? CD-ZT3
RfY

W2 DL NPT YYIA £ F2 AV/OTESFYT \OV/FYENELT  YEESYIA-D orvEeovd yvakevs®  CD-ZT15
sY-

YEEFEV DT YETTHBY YOIPVAY/FAS VARYEVAYS  VeRveasy®  AsvYee© FEE LYY YR pYP TD-ZT3
¥VA

YEA-HVV-2 verry oY Yo otys.d SYA-HOAVY YV esS AVEYYAYY G AYEe ¥ verEenYS TD-ZTIS
Vay

“CH-ZT15 . L, 56 wlls J,uS 65,5 =CH-ZT3 cesl LSD sivns o330 ] M 08 foline oains ™ lis baysin oY ol e oY g,

TD- iy 385 (s (o 5, “TD-ZT3 (S5 15 s JyS 5,8 “CD-ZT15 L liss, 36 s J 555 05,8 =CD-ZT3 (S0 56 pll J,i5 0,5
el ol slameyg 5l oS e BMAIL ol T 55T & hage] s OST o gl canglie asls HOMA-IR S5 316 s (a5 03,5 = ZT15

VFeY 590 e ¢ il 0 ylosds ¢ o 0590 O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

OLe2 5 (i3 ol pi e -
Bmall

1 a
_. 0.8 b b
= 0.6 [~
SH FE N
)
AT S a5 7
AN AP Ae
o o <~

HPRT
BMAL1

anlllas 5,90 sloog S o BMall gy ol s ¥ IS

Sg gwpd (YY) il en 5 Guichard 4 (7)) il Sen
@Bd S 2 IS STL (95 3S6IS Sl leasdl ol
Jobo peddilie by sladsle CD36 slaows S Joo
5 O9bos pelaid 595 VL polaw )3 0di S 5 0135 e
5 GSIS sy el a5 wnsoe (Rl ) @ ol Qi
Sl 0008 iz S9don gilannST pudglie yo LS
Gzge 3 00 ;S0 s Gl 0 3 S ST oz
ER (ol egsilannT (il aiile (Jokoo ol (slagealy
iy el azin A slxl eizes (F0) 93,5 s o
slaghss ;o bS] jlad a2ls fall corge Slinl
gdahedi ols,)l3 b oo lgie bl 0gd oo Sobs 4 i
oL g afzalpur «(¥F) o Ken 4 Trivié (YY) o, Ken
Ol g g (B) il Sen 5 Kantorowicz 4 (Y0)
Codlad 5l w9 pKe ROS udgs Lol ae 90 JS o oS
Gl (6la e 5 (6,08 g (39 2SN JUH 0 ey (S
|, liesgs e piamses Jolss ROS it NADPH
NS5 2l 5 Solons (oo baled &y 5 05 oo Jis
A Splie 5Slee  zadgt & Wb e Sy
SN e e g e Sl (nlpegdle ((VF) 5135 o
(o Cudlad ey (M) ars e (il 1) ROS adgs
ol Splie cdlad AlEH L olea (ST B pan
JUesl e ey 5l s eeti s ROS gy & cnl 5 wboe
JBS 5 (65l i) 05800 somie (5 )MS e (9]
5 O ST weSTnge wile W (5eS]
ol clallas Q) Wsdoo all LSy oS,

5 Siee s Olyesd Al ) S ol 4 wilesls

VFeY 590 e ¢ il 0 ylosds ¢ o 0590

Cwglae Gl Coge cobs ol lis ol adlas gl

Colleb atin A plonl 5 o o 4 e (glabige cigud
o 5 el Canglia Joixe LgalS 4 ctelizd
Colled 5 S5 Cloyy (SB35 ryed wd e L Soge]
aod e Rl | gl Glapely 5o 2550 slagssn
Comolu Gl 5 cdgudl Cwglie ol g (V)
Sladllas o edged & Cond S5 0uiS S a0 la sl
b et LIS gl a5 el o cany 0 (YF-YY) ool
Gryed e pal g @l Geb p el ol hagh i
aoes pl a8 al gdad] Canglie ol g coge (laal
(YA) L) Sae g Park (V) 2l Kea g Dela clalas b
guod (YA) 23l Ko g Malin 4 (V%) il ISea 4 Slent
sy g Gelgedl @l 5 Gl ol Ll il sgne (ol o
Sl 5l il eanSdiae gladshe by SIS
E Fobe s slapne g Lo 13, 5o LS| &5 0
ol o alaST o sl aiile (Joloo o sl (slaguuly alox
Syo 0= LD T sslpos J:S5 5 (53531 ¢ samdlygail aSiels
@y (M) Wl 2 Jobo S 31 (20 Ly slo ol
S b Wgd oo e (dgudl Cuglis 5 (oM ola
5 sladobe Ul Rl cage (2555 Gl e
s Glhae (V) 3900 lguilnd 5 5 (Slayply (A5lo 0
2 sRleSTHled alh i cage cubs pol> agh
dnds a5 005 0 ok 4 Wi slabge Wl SSL L
g Jingbo «(Y+) LuilKea 3 Oh wlo)li5 L L Lol

O3 (9ot (Sloyod = (Sl lods g (S pale oGS Ao


https://www.researchgate.net/profile/Malgorzata-Kantorowicz?_sg%5B0%5D=ciIOW7uhjOUXTAYKQn7fFFf79axAMw5yfVDtXYGineOwiXMtxiP2euX-wMYH1MUMROgypyo.jPjLukDOX_uzvDEVwXyjO_3JotMJdkKFifKIK82mv5AlgkeQodPzm0OqowNf0KANUl269xP05gd3TfqBO0l2-A&_sg%5B1%5D=jKyCBb7avQej7AGV5kpHM6b7V09LStMUF6kapZPr1MPmDy2EbYLCVhbtjVhZxdgo08nSMxU.xzUi2JpA0T5dO8CgmzxiXpWMwtXvuIemEdQeS-2ErtJK-FqT6w8dFPYt5GDdrVBMtburAJxfwLZun21XKRviNA
http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

WS psbas (M) wms e il 1, O sl usl, Lol
O S Sluyes axas o ROS odg ulil oldlas
Oloy Dde B iz (50,8 (Sobal Glie (197 63,150
a opl 4 pal agh )3 Lo ol (S (n e 95
Bmall 5 elf coge wyzp lie Gpae a5 msduw,
5 Petrenko slalesl L a5 00,5 0 W06 il o
s Petrenko 4 (YA) _ul,5ea 5 Lee (YY) o Ken
IS lr a,led phn Sl g () (e
g el Gy9p8 SSL S8l o Shes iS5 (Sl
sladsbo il 5 iS5 Jusley o s BmAIL s
@ LBl vgeS Grzes (Fo) 3l o 0 ) L
30 Soigdgmednl Sldlas (FA) sulxl oo conodS p0le
O Cwl Sae (ghg,all  (Saleal was o lid Ll
(T2D) Yeg cubis 5 (Sl wiils Sl gl Lo olx!
Poa slodsho 1o is,alds colu odleay gl i
Bmall _ials adls o wuil o Jhs 4 T2D s oLl
G5 @l Gllae (YY) was oo 28l 1) (rdgusdl jginss 1
Cundg Sgapy g Sl (S ol el ol
b laige WSSy 1) ol Jlade 5 oo Bmall
(Vo) Ll Sen g Dalbram «ls )53 L aSiaes oo il
ol ooy 31 Sk Bro eliul colled ploxl 5 .l guer
l, CLOCK 5 Bmallicels glyzl Lol iuigy g3
i Jole & lsie 4 HFD G pae adl ans o il
Looad S S8 Qi (g8l o, p NS
o) el cdls a5 b s wms e 22l 1) pged]
Aplnl Lo Ghagh @l Gllae (Vo) WS (o0 iz ],
G OSI o sme oS cel (SO0 506 o codled atin
cels o5 Gl O wpdleay i gliss, 56 4
osire (@lidsgy 51 @ cons ()6 56,0 Bmall  Josse
OS2l gy )3 (s plnl Gloj ogas o oo
slaghge ()b 56 g alidg) 51 5 Cullad o (6lo Sne
L Lo gmbs oud abnl oldllas w5l a8 0i sanlie b
ol Kea 4 Dalbram «(fV) il Sen 5 Savikj zls

YF) 599y ¢ il 05losd ¢ o 0590

OSl 2 (5,6 9 (2 bivg) 5 99 50 (oliiwl 1306

bl 3laeaST g (ol oyl Lalp 55 (4298 B (o]
s (S Slad plla WLSSL ()0 50 (A) O (o
B Jske ples » H202 5G4 Jud H202 LawosERK1/2
o]l (F) sei oo plwl ERKL/2 s oS o b

oS ool aps b onl dyge oisleST Lis Laug ERK1/2

5 (Y0 o)y Sijgim olg ROS 315§ o5 polis

508 sla sk 0l a5 was e olas Wosls ol cggeme

» ) o)l ROS & (ool (S WIS 52,0950

el 3 OSH auli3l s bl g, snds plonil Sladlas

N2 RO IRV U S WK 1 IOV I Y I SO I

EBs 3 4 lawgio Dal b plaie Soy codld IS ek

Lo L sael vty gl WS 0 S5 SlawnST T

Kazemi «(¥f) ., ¢ Trivi¢ «(2) ), 3 Kurkcu

3 ey Y| T s a5 el g B (10) oS

PSR VIRGIVN | PY- I EREWERPL § SE IO IRLIVN | P DY IR R AN W

Condy 5 gilonnSl Lol e Jobs Sae obisS

Sals g oSt bl cgs 4 Slas] sl

(F,) S o &8y oialeST jLid oo 4 b lannST s

S 0l 5 ol el g, » WL sad 53 Sldlas

Silop cdled il Kan o Trivié aslllas axdl g 55 oo

39 59l DaB oS 0g (S SAS gy, atia ¥ Oue 4

Glsd aass sele Slusl (FF) coul oad aslis YL

32510t adgs 9 Y Db b (G Sudlad (o LU (e

b S oodled coplpodle ams o plas 1) of5T sl IS0,

51T e 51 ool ol 4 (K & G,

SLad olml el a5 9580 e ROS wlsi 9 550 o

Silsre Sx lld ST aiz e (M) 00 8 o0 ol LaLS]

My mail e plxl GRSt el Gl i )

€5 ol Jsb ;0 ROS jea> a5 (o,ls ROS ol i

oz el 55 byl g sl s 4 Vsl el

«STglee il (gilep o bl Cos a5 il a8 Wb

s g 00l Gl 1) (ATP) wlind g5 cnjgiol w55

Al Oygoinds 5 a0 JUb 1) (XO) Slapst opils

O3 (9ot (Sloyod = (Sl lods g (S pale oGS alo


http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

OhLes 9 Sy ol m 0 -

PERARNT-0;5> i, Jolse sl,ls HIF1o/HIF1p

sasJd 53 by s alie slo, sl L SIM (PAS)
P Nl ee g S i Zele slap ol (nSees L
cel Bmall zals (V) ool atsls (ads ol s oliee
gl b oat S5 20 Sl odlae 35 6l5 L e s
Ol GRIPl pSen oS e on 5SS Jed
9 oold S gufe ‘) U.J}M.u‘ L wsl.ﬂ.a Bmall 9 CLOCK

St ¥ ogg Sobs 4 M slahse o Iy g Joo
eras 5ilo s Jols Soy colled lawgs celu saims s
Ylim! (0F) wil o adsSs o555 ol5 Lal 5 Sl
5 NADPH ,o5Lss osenlons] cel ROS  gass
S5 4 Sl o o 090 KT JUIS B sl aloml>
Celo oy asmo oo lis o Sldllas walsl oo Olg>
Sl plys BB JsSge 5 5 5l S a5 S 3 (il
wd i ol 4 0D cwl Jee gy slaisSen
Celo o Slos Cusds gl ool b gloys oyl il
Voeg ks gl 5 R ln Col See (559,808
UlKen 3 KIOC il b ol ol (Byb 5 bl oo duie
s Chiang «(f#) Yardley sToghi-Eshghi «(fo)
Ul 8en 9 KIOC zagh 10 0g gl (FY) il Sen
5l solaws 4 wisgy CADIT2DM & Skie ol 3 Lo Soge;]
a5 WS oo L2l Ui yo aildbgly & jgoa 1) (o8 Sl
el 1) (5559 SS9n e b2l » JSS gplge
Yardley 4 Toghi-Eshghi dalas 5,50 cdled 0o
By wb laa B g mo Vg 93 )3 ol (Seglie (o3
4y Zabd @ s S8l (g5, 5 2, en 5 Chiang iass,
Sldlae Jlgeal LYo 5l IS jsbay 05 aan VY o
)3l 5 bacllad plonl o lled Bt 5 £55 4 s
PIBKAKT o0 JuSw sl ool Slalllas Sy 0 5,8
oasiny allad g aland |, Bmall (sl b oot Jlad

GQQJL.iH» 4\5@[.79] )‘ qu‘).v05)LC Jﬁ\bs‘a u..@lf |) Q—‘

YF) 599y ¢ il 05losd ¢ o 0590

UxlKes 3 Mancilla  «(fY) Kanaley 4 Heden «(\-)
S 355 Codlad ldlas 5b gy g genen (FY)
Sl s WIS oo 1) iuse Ssete 1) 59,400
ol &8ly o S sasme welas b oesls 5B Lo 1) Al
el Dlgrear 1) 59, 5l (easuine oloy )3 ()9 colad
S35 peddglie 2 oo 5 (69,0 Sele (Sialoals sas
oo oo o8 WSey -T2DM o M ol 3.0V +) el
b 5 S e g el Conles 9 0l
Sdld lp bt mee Blgh g e Job je Ll sl
PR 15 09 (27 9 9B (e a5 0 edige delunl
LSt 5B 0 eigidle mds (F)) wlbioe il oo

Ju gleaiss Gugdle b GRIBI L8 el
5 woe 225 1) (RNS) (35555 5 (ROS) (5]
b e ol S e Jos ST LT lyie
Al wadoe Rl ) G el il el
o |y Bgennd S g ale SlowS] 5T slaes 51
353 0% O s 5 Salled Sie s s el mo o il
S5 Wl Gegdle mi5 p 6l Lo )8 DS
ST slaJISol, als cel uigdle 5 (s5lsm (o ullad
L oS Sloj oy 4 gDl g ge (G odlad 5l AL
5 ) gelinSy Wlg oo Bl olpen (il ped
§ colas dbosgy Cizpd s Eals | asall oo oslle
5 oo cedbe bl el o Sy ells 5l sk ROS
Cobs odleay (FF) 00 S ol b oanily )55l
05 ol Ol S s (1) 95500 BMalL 20l rge
Sondy (V1) Cwl L2 Splie slagy JS 0
5 NADHNADH zshws 5 wilgo Jobo Ssibio
ab 3% 56 PARPL 4 SIRTL asibe iy (sbaes 1
oeols (V1) aiS oo SO 1) Wy () Sucdlad (oS
Sdlad Sl G o xge Sladl 10 (aS ) (eS| ha
15 (HIF 10) oS gt 00isS Tl 53515 005 o odyd oy
ol ar gl lnly logs Ole s 0ad Jld (nS5n Ll 5
5 CLOCK/BMALL g5 o o5 ol 5l oS Wl

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

@Lﬁw&jf tbl.‘?u‘ 1 ! 009.,.; LQUT O MLG.A 9 u}‘bf

33,5 o Slgaiin ol lgie 5l9e b

ol ghlem ol lis Jols Luagh mls wadls jsbay
sl 5sSUsS ol mudplio yo 45 SYES ar g b
oSl 2l OSH g (gl canslin (aal8l rge S o0
28l onl o 1y Bmall sy clile uizen 5 09 o0
58 lanl jo swliul codled aan A sl ans o ralS
Sl Sge wzee w2lidy) 5B gl 4 cens (06
s=bs slagise o oSl 2dl OSH g (sodsedl canslise
G S SR nl @Sl Gl B aes e Gl
Sl 65950k wi, b Bl 5 Solie (o859 S JSSs
2,5 solatuwl cubs 4 M ol )l

i St 58 Al 4,5 ol e
28 Gliwgs gobes 3l aliwgnay aibge s ol
Dlce Jos 4 Jlo a8 wiles S (o)l ol oy

Sl Jb ol

.o)L»' S99 @L‘\o ) ué)l&

OSl 35 (K9,U 5 2 livgy 30 95 4o soliiw! ;b
Dol Cusll Dde SYsb K S L el (See pdsudl
2 &FE8 Sl GYsb Lol oy90 o 5l Suzme 43385
).:‘ > ol ol:;ul G‘“J}“‘J‘ &:A.ABLQA L:b:by.u ‘5‘>).s ) 45|).‘>
A Comd S5, 58 glaol jo celaiul (i plail a5 gools
Sl gl Cunglie 39 )0 9 dws il Y ged Cubs 4y s
BUNIC O PR V- Lb‘s;.)}a)'] ol el jled el
Oliee JysS pas 4 loe pol> ol latgsgame
sl yo Sl 050 eloe o pas (Brae slde
sl byl omimpn g (b jlam Jie) 9,008 slacels
ol poedle 0,8 o)lil (h5,all o) @ atly slagy
5 s olele jo oh55s s IS5 a4 Sl
oblas 5o alae g oS Sl cobs o e slocdl ple
Sl b glacodls bl Gladlas (55 iz o oSl 4> g5
clld 5l gse Jshe pedplbe p 1, HIT Joe YL
Sl e pol> Gioghy 0 oS (Vo) wlanasls gwlaal

1-Kung CP, Murphy ME. The Role of the P53 Tumor
Suppressor in Metabolism and Diabetes. The J
Endocrinol 2016; 231(2): R61-75.

2-Jiang WJ, Peng YC, Yang KM. Cellular Signaling
Pathways Regulating B-Cell Proliferation as a
Promising Therapeutic Target in the Treatment of
Diabetes. Experimental and Therapeutic Medicine

2018; 16(4): 3275-85.

VFeY 590 e ¢ il 0 ylosds ¢ o 0590

3-Dimauro I, Sgura A, Pittaluga M, Magi F, Fantini C,
Mancinelli R, Sgadari A, Fulle S, Caporossi D.
Regular Exercise Participation Improves Genomic
Stability in Diabetic Patients: an Exploratory Study
to Analyse Telomere Length and DNA Damage. Sci
Rep 2017; 7(1): 1-2.

4-Riahi S, Mohammadi MT, Sobhani V. Role of

Oxygen and Nitrogen Free Radicals in Diabetes-

O3 (9ot (Sloyod = (Sl lods g (S pale oGS alo


http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

OhLes 9 Sy ol m 0 -

Induced Atherosclerosis, and Effects of Exercise on
It. Physiol Pharmacol 2014; 18(1): 1-5.

5-Kantorowicz M, Augustyn G, Wiecek M. Oxidative
Stress and Training. Antropomotoryka. Journal of
Kinesiology and Exercise Sciences. JKES 2015; 72
(25): 69-78.

6-Hoarau E, Chandra V, Rustin P, Scharfmann R,
Duvillie B. Pro-Oxidant/Antioxidant Balance
Controls Pancreatic B-Cell Differentiation through
the ERK1/2 Pathway. Cell Death & Disease 2014;
5(10): e1487.

7-Li N, Liu F, Yang P, Xiong F, Yu Q, Li J, Zhou Z,
Zhang S, Wang CY. Aging and Stress Induced B Cell
Senescence and Its Implication in Diabetes
Development. Aging (Albany NY) 2019; 11(21): 9947.

8-Nunes-Silva A, Freitas-Lima LC. The Association
between Physical Exercise and Reactive Oxygen
Species (ROS) Production. J Sports Med Doping
Stud 2015; 5(01): 1-7.

9-Recep K. The Effects of Short-Term Exercise on the
Parameters of Oxidant and Antioxidant System in
Handball Players. African Journal of Pharmacy and
Pharmacology 2010; 4(7): 448-52.

10- Dalbram E, Basse AL, Zierath JR, Treebak JT.
Voluntary Wheel Running in the Late Dark Phase
Ameliorates Diet-Induced Obesity in Mice without
Altering Insulin Action. J Applied Physiology 2019;
126(4): 993-1005.

11- Tahara Y, Shibata S. Entrainment of the Mouse
Circadian Clock: Effects of Stress, Exercise, and
Nutrition. Free Radical Biology and Medicine 2018;
119: 129-38.

YF) 599y ¢ il 05losd ¢ o 0590

12- Kurose T, Yabe D. Inagaki N: Circadian Rhythms
and Diabetes. J Diabetes Investig 2011; 2(3): 176-77.

13- Lee Y. Roles of Circadian Clocks in Cancer
Pathogenesis and Treatment. Experimental &
Molecular Medicine 2021:1529-38.

14- Parameswaran G, Ray DW. Sleep, Circadian
Rhythms, and Type 2 Diabetes Mellitus. Clinical
Endocrinology 2022; 96: 12-20.

15- Kazemi M, Marandi SM, Movahedian A, Rezaee Z,
Mohammadian H, Emamzadeh SN. Action of L-
Arginin on Oxidative-Nitrosative Stress Induced by
Acute Exercise in Muscle of Rats. Med J Tabriz Uni
Med Sci 2018; 40(2): 64-71.

16- Tahara Y, Aoyama S, Shibata S. The Mammalian
Circadian Clock and its Entrainment by Stress and
Exercise. J Physiol Sci 2017; 67(1): 1.

17- Khalili R, Hasanzadeh S, Jalali AS, Shahrooze R,
Najafi G, Eimani M. The Effects of Liraglutide on in
Vitro Fertilization in Mice Following Experimental
Diabetes. Qom University of Medical Sciences
Journal 2020; 14(1): 51-60.

18- Nazari M, Moghimipour E, Tabandeh MR. Betaine
Down Regulates Apelin Gene Expression in Cardiac
and Adipose Tissues of Insulin Resistant Diabetic
Rats Fed by High-Calorie Diet. International J Peptide
Research and Therapeutics 2017; 23(2): 181-90.

19- Chavanelle V, Boisseau N, Otero YF, Combaret L,
Dardevet D, Montaurier C, et al. Effects of High-
Intensity Interval Training and Moderate-Intensity
Continuous Training on Glycaemic Control and
Skeletal Muscle Mitochondrial Function in Db/Db
Mice. Sci Rep 2017, 7:1-10.

O3 (9o dugly (Sloyd = (Sl lods g (S pale oIS alxo


https://www.researchgate.net/profile/Malgorzata-Kantorowicz?_sg%5B0%5D=ciIOW7uhjOUXTAYKQn7fFFf79axAMw5yfVDtXYGineOwiXMtxiP2euX-wMYH1MUMROgypyo.jPjLukDOX_uzvDEVwXyjO_3JotMJdkKFifKIK82mv5AlgkeQodPzm0OqowNf0KANUl269xP05gd3TfqBO0l2-A&_sg%5B1%5D=jKyCBb7avQej7AGV5kpHM6b7V09LStMUF6kapZPr1MPmDy2EbYLCVhbtjVhZxdgo08nSMxU.xzUi2JpA0T5dO8CgmzxiXpWMwtXvuIemEdQeS-2ErtJK-FqT6w8dFPYt5GDdrVBMtburAJxfwLZun21XKRviNA
https://www.researchgate.net/profile/Gabriela-Augustyn?_sg%5B0%5D=ciIOW7uhjOUXTAYKQn7fFFf79axAMw5yfVDtXYGineOwiXMtxiP2euX-wMYH1MUMROgypyo.jPjLukDOX_uzvDEVwXyjO_3JotMJdkKFifKIK82mv5AlgkeQodPzm0OqowNf0KANUl269xP05gd3TfqBO0l2-A&_sg%5B1%5D=jKyCBb7avQej7AGV5kpHM6b7V09LStMUF6kapZPr1MPmDy2EbYLCVhbtjVhZxdgo08nSMxU.xzUi2JpA0T5dO8CgmzxiXpWMwtXvuIemEdQeS-2ErtJK-FqT6w8dFPYt5GDdrVBMtburAJxfwLZun21XKRviNA
https://www.researchgate.net/profile/Magdalena-Wiecek?_sg%5B0%5D=ciIOW7uhjOUXTAYKQn7fFFf79axAMw5yfVDtXYGineOwiXMtxiP2euX-wMYH1MUMROgypyo.jPjLukDOX_uzvDEVwXyjO_3JotMJdkKFifKIK82mv5AlgkeQodPzm0OqowNf0KANUl269xP05gd3TfqBO0l2-A&_sg%5B1%5D=jKyCBb7avQej7AGV5kpHM6b7V09LStMUF6kapZPr1MPmDy2EbYLCVhbtjVhZxdgo08nSMxU.xzUi2JpA0T5dO8CgmzxiXpWMwtXvuIemEdQeS-2ErtJK-FqT6w8dFPYt5GDdrVBMtburAJxfwLZun21XKRviNA
http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

20- Ostler JE, Maurya SK, Dials J, Roof SR, Devor ST,
Ziolo MT, et al. Effects of Insulin Resistance on
Skeletal Muscle Growth and Exercise Capacity in
Type 2 Diabetic Mouse Models. American J
Physiology-Endocrinology and Metabolism 2014;
306(6): E592-605.

21- Sato S, Basse AL, Schonke M, Chen S, Samad M,
Altintas A, et al. Time of Exercise Specifies the
Impact on Muscle Metabolic Pathways and Systemic
Energy Homeostasis. Cell metabolism 2019; 30(1):
92-110.

22- Erel O. A Novel Automated Direct Measurement
Method for Total Antioxidant Capacity Using A New
Generation, More Stable ABTS Radical Cation. Clin
Biochem 2004; 37(4): 277-85.

23- Erel O. A New Automated Colorimetric Method for
Measuring Total Oxidant Status. Clin Biochem 2005;
38(12): 1103-11.

24- Dela F, von Linstow ME, Mikines KJ, Galbo H.
Physical Training May Enhance B-Cell Function in
Type 2 Diabetes. Am J Physiol Endocrinol Metab
2004; 287(5): E1024-31.

25- Kirwan JP, Kohrt WM, Wojta DM, Bourey RE,
Holloszy JO. Endurance Exercise Training Reduces
Glucose-Stimulated Insulin Levels in 60-to 70-Year-
Old Men and Women. J Gerontol 1993; 48(3): M84-90.

26- Slentz CA, Tanner CJ, Bateman LA, Durheim MT,
Huffman KM, Houmard JA, Kraus WE. Effects of
Exercise Training Intensity on Pancreatic B-Cell
Function. Diabetes Care 2009; 32(10): 1807-11.

27- Heiskanen MA, Motiani KK, Mari A, Saunavaara V,
Eskelinen JJ, Virtanen KA, et al. Exercise Training
Decreases Pancreatic Fat Content and Improves Beta

Cell Function Regardless of Baseline Glucose

YF) 599y ¢ il 05losd ¢ o 0590

OSl 5 59,6 g oLy 3 90 30 (Solisw! 36
Tolerance: A Randomised Controlled  Trial.
Diabetologia 2018; 61(8): 1817-28.

28- Park S, Hong SM, Sung SR. Exendin-4 and
Exercise Promotes B-Cell Function and Mass
Through IRS2 Induction in Islets of Diabetic Rats.
Life Sci 2008; 82(9-10): 503-11.

29- Malin SK, Solomon TP, Blaszczak A, Finnegan S,
Filion J, Kirwan JP. Pancreatic B-Cell Function
Increases in a Linear Dose-Response Manner
Following Exercise Training in Adults with
Prediabetes. Am J Physiol Endocrinol Metabol 2013;
305(10): E1248-54.

30- Oh YS, Bae GD, Baek DJ, Park EY, Jun HS. Fatty
Acid-Induced Lipotoxicity in Pancreatic Beta-Cells
during Development of Type 2 Diabetes. Frontiers in
Endocrinol 2018; 9: 384.

31-Pi J, Zhang Q, Fu J, Woods CG, Hou Y, Corkey BE,
et al. ROS Signaling, Oxidative Stress And Nrf2 In
Pancreatic Beta-Cell Function. Toxicol Applied
Pharmacol 2010; 244(1): 77-83.

32-Guichard C, Moreau R, Pessayre D, Epperson TK,
Krause K-H. NOX Family NADPH Oxidases in Liver
and in Pancreatic Islets: A Role in the Metabolic
Syndrome and Diabetes? Biochem Soc Trans 2008;
36(5): 920-9.

33- Emami A, Sahranavard GA. Effects of Aerobic
Training and Chlorella Consumption on Renal
Antioxidant Indices in Male Diabetic Rats. Journal of
Animal Physiology and Development (Quarterly
Journal of Biological Sciences) 2020; 13(2): 1-11.
[Persian]

34- Trivi¢ T, Drid P, Obadov S, Ostojic S. Effect of
Endurance Training on Biomarkers of Oxidative
Stress in Male Wrestlers. Journal of Martial Arts

Anthropology 2011; 11(2):6-9.

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

OhLes 9 Sy ol m 0 -

35- Afzalpur ME, Taheri Chadorneshin H. Physical
Activity and Oxidative Stress. Tehran: Bamdad Ketab;
2015: 51-5. [Persian]

36-Uzar E, Tamam Y, Evliyaoglu O, Tuzcu A, Beyaz C,
Acar A, et al. Serum Prolidase Activity and Oxidative
Status in Patients with Diabetic Neuropathy. Neurol
Sci 2012; 33(4): 875-80.

37- Petrenko V, Gandasi NR, Sage D, Tengholm A, Barg
S, Dibner C. In Pancreatic Islets from Type 2 Diabetes
Patients, the Dampened Circadian Oscillators Lead to
Reduced Insulin and Glucagon Exocytosis.
Proceedings of the National Academy of Sciences
2020; 117(5): 2484-95.

38- Lee J, Moulik M, Fang Z, Saha P, Zou F, Xu Y, et
al. Bmall and B-Cell Clock are Required for
Adaptation to Circadian Disruption, and their Loss of
Function Leads to Oxidative Stress-Induced B-Cell
Failure in Mice. Mol Cellular Boil 2013; 33(11):
2327-38.

39- Petrenko V, Philippe J, Dibner C. Time Zones of
Pancreatic Islet Metabolism. Diabetes, Obesity and
Metabolism 2018; 20(S2): 116-26.

40- Rakshit K, Hsu TW, Matveyenko AV. Bmall is
Required for Beta Cell Compensatory Expansion,
Survival and Metabolic Adaptation to Diet-Induced
Obesity in Mice. Diabetologia 2016; 59(4):734-43.

41-Savikj M, Gabriel BM, Alm PS, Smith J, Caidahl K,
Bjornholm M, et al. Afternoon Exercise is More
Efficacious Than Morning Exercise at Improving
Blood Glucose Levels in Individuals with Type 2
Diabetes: A  Randomised  Crossover  Trial.

Diabetologia 2019; 62(2): 233-7.

YF) 599y ¢ il 05losd ¢ o 0590

42- Heden TD, Kanaley JA. Syncing Exercise with
Meals and Circadian Clocks. Exercise and Sport
Sciences Reviews 2019; 47(1): 22-8.

43- Mancilla R, Brouwers B, Schrauwen-Hinderling
VB, Hesselink MK, Hoeks J, Schrauwen P. Exercise
Training Elicits Superior Metabolic Effects When
Performed in the Afternoon Compared t000
Morning in Metabolically Compromised Humans.
Physiol Rep 2021; 8(24): e14669.

44- Rastegar Moghadam Mansouri M, Abbasian S,
Khazaie M. Melatonin and Exercise: Their Effects
on Malondialdehyde and Lipid Peroxidation In:
Manuela Dragoi C, Crenguta Nicolaec A, editors.
Melatonin-Molecular ~ Biology, Clinical and
Pharmaceutical Approaches. London:

IntechOpen.2018. Available at:
https://www.intechopen.com/chapters/62754 . Access
ed Aug 21, 2022.

45- Steidle-Kloc E, Schonfelder M, Miller E, Sixt S,
Schuler G, Patsch W, Niebauer J. Does Exercise
Training Impact Clock Genes in Patients with
Coronary Artery Disease and Type 2 Diabetes
Mellitus?. Eur J Prev Cardiol 2016; 23(13): 1375-82.

46- Toghi-Eshghi SR, Yardley JE. Morning (Fasting)
Vs Afternoon Resistance Exercise in Individuals
with Type 1 Diabetes: A Randomized Crossover
Study. J Clinical Endocrinol & Metab 2019; 104(11):
5217-24.

47- Chiang SL, Heitkemper MM, Hung YJ, Tzeng WC,
Lee MS, Lin CH. Effects of a 12-Week Moderate-
Intensity Exercise Training on Blood Glucose
Response in Patients With Type 2 Diabetes: A
Prospective Longitudinal Study. Medicine 2019;
98(36): e16860.

O3 (9o dugly (Sloyd = (Sl lods g (S pale oIS alxo


https://www.intechopen.com/chapters/62754
http://dx.doi.org/10.18502/ssu.v30i6.10351
https://jssu.ssu.ac.ir/article-1-5638-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-07-01 ]

[ DOI: 10.18502/ssu.v30i6.10351 ]

Journal of Shahid Sadoughi University of Medical Sciences Received: 21 Dec 2021
Vol 30| Nov 6 | Sep 2022 Accepted: 21 Feb 2022

Effect of Eight Weeks of Endurance Training in Light and Dark Phases
of Circadian Rhythm on the Oxidative Stress Index in Pancreas of
Diabetic Mice

Maryam Janbozorgi*, Abassali Gaini*?, Siroos Choobineh?, Mohammad Reza Tabandeh®

Introduction: Chronic hyperglycemia is associated with an increase in cellular damage due to oxidative
stress in pancreatic tissue. The effect of exercise in different phases of the circadian cycle on protecting
pancreatic tissue from oxidative stress in diabetic patients is unknown. The aim of this study was to
investigate the effect of eight weeks of endurance training in light and dark phases of circadian rhythm on
the oxidative stress index in pancreas of diabetic mice.

Methods: In this study, 18 mice from the Naval Medical Research Institute (26+3.22 gr) were selected and
after inducing diabetes through high-fat food and Streptozotocin injection (20 mg/kg), randomly divided into
6 groups: light phase healthy control, dark phase healthy control, light phase diabetic control, dark phase
diabetic control, light phase diabetic training and dark phase diabetic training. The endurance training
protocol (50-60 %Vmax) was performed 5 d/w for 8 weeks. After anesthesia, blood samples and pancreatic
tissues were removed. Insulin resistance markers, oxidative stress index and expression of Brain and Muscle
ARNT-Likel protein expression were measured in pancreas of diabetic rats. Data were analyzed by one way
analysis of variance at the significance level of p<0.05.

Results: The eight weeks of endurance training significantly decreased insulin resistance markers (p=0.005),
oxidative stress index (p<0.05) and significantly increased the Bmall protein expression (p=0.009). The
mean values of all variables showed significant differences between light and dark phases.

Conclusion: Endurance training may improve insulin sensitivity and oxidant damage in diabetic conditions
by increasing the function of the antioxidant system and the expression of Circadian regulation proteins.
Activity in the dark phase causes further increases the metabolism of cells. As a result, performing these
types of exercises in the dark phase is recommended to these patients as a new treatment strategy.
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