[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

FYFYYY (O o jladd) YV 0,90 N Fr e (0 9 53T .0yl acual galis g casbas dlas

P399 8593 9 C 9 E Gt ST slo JoSo B pao g oS 33 03 303 il
99 &9 Solid 4 Wi (13300 S s 90 wdd U 43 (530S gino
T e 313 0 63,5 P 5 et MTOLE w15 LA agll

0 AS>

Y

ot O K3 I g ey BB sbe s e B glacanl 3 bt Cansy G Olea gl Aol aedie
> 80as 2 C S B SlaeS] (STl Juse G pan 5 oS5 el D el Ol GRag Saa ol Sl s e e e
B3 e 95 A b edd (s gl o la b B 3L s Shes 555

o)ﬁ@)b salal Oy soas Sprague Dawley 15 5 ol s (ise e oloey sliad ol ol 5 o e sasdllas 3 ila B,
(> sl gaslie Dl 3 (s Slaise RS 058 Olpea plle la g 1S e (e sV 0p S 52 50)
Sres e Jold S 5 s RIS Sl (S 5 i 5 JeSe 5 L3S 0 e C G E el JoSe S ks la s
okl 35 s geots 015 515 (50 ol (p el 5 ol s (SUage O35 dep 3 £0-0 (godulh S b atie 3 55, 0 ¢ eslis
Sl a5 Sk 2T Sl ey el BA S il atia A b o e ST A3 812V (ol D 5 adds VoY
335 obsls bl 05051 L i laesls s oL, Real-Time PCR 3 b 5l Tfam 5 PGCla slacss Ol ol Al s
(PS1/v0) w5 4 smstow way-ANOVA 4 b

Shdd s S es S 5 e IS 65 S o (P<e/00) Tfam 5 PGCla (slady Olu Lls ime J2alS ol olis Wl ey
e ge 3 Tfam 5 PGCla slads Ol Saalsil o slodil 5 Sl o el 5 LaSo b jume 45 w0 sdaline anlllas (pl 53 o e
G pme Lol Hlad ol s o 50 035 5 S IS Cale Ol copl 2 osdhe el dls o 555 50 2l Lol bs ol s
(P<r 2 0) ol aly ralS laos S lu 4 e (13 pne sbay el 5 feSe

3505 SIS Olpe Al o (S 5 a5 5 DSt (ST 51 8 Gl JaSe G e sl sy gl bl 1 S aomst
ST oS 5 S5 e e )l 0 53 g Sals Ve sla b e B 3L (o AS e B3 S S0l o s

) asls &L@@L@lerlﬁﬁ;l@w}> & Cobid (35 Ly 5 (S s Sl Cilus)

Lol by ol o fise ¢ A8 sie 3 Shas (60 510 355w ( SIAS] u:JT JJ&A (S 5 ped HERNLY o850

535 5% !

Ot Ol (Ol 55) Olginl dls ¢ ool 3151 ol&isls 35,5 TS U A S ST RUS P P RS
Ol Gy e oDl 13T o235 3l Aol s o Sy Can 5 05,5 =Y

(AL (s asle el (Ol oleal saly (oMl oI5 sty wals Hlsl (a GLLA wnlsi sl ledeal (LT
f_taghian@yah00.com: S 5 3KI ey AOA/AVOA0 & duus Fdies - ANTY AL VEN

VEe V8V 1yl eyl VEe P A/YP s Sl g3 59 Gyl VP VY il o gy


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

v € 9B (laseast (T (sladass U puts 9 (o5 5 (3 pad Sl 1500 g Ll YYF

SoAS 5o DNA - e 555 55 age S8 5 355 o0 IS alen
Sl Jolas 53 (6,48 520 DNA L Tfam (g8 520 53 350
02 edd (MS ey kS oy gladls 25 Ok 2 s
S ol osls 0L Olallae [V V)] S o SaS (GHkS g
5556 2alS 5PGCIo 05 Oly Laals & mes Bl 5 s
LOJ 5o cpl Ol 2als 55 o (THAM) (6,8 20 o 5955
53 bl B dmes b e (S se 5 Shes 55 IO
TASIYT S e Ll 5 Lt

kS e 55m 5 3, 5kes 53 I oS das_e 0L Aal 5
B 2l s ks HEsl 5 el D S
Gl Sl 5 S L Sl ol by DIF] AL wdls
Gl Sy Olgea i35 Ol as 5 S!Sl ool
POkl gl DV E] 550 0 slgnty culis Oloys sl i
S See slke DI b (LB sl (G5
L Oboys a8 das o OLES dalpl conl 5L 3550 (6548 2
Ll (S35 SeosSal Al 5 B iy S5
S Yo 1y lS e B3 5 SlAST ST 2 BB
GoES s 4wy S5l Sl s Sl Cimen [VA-V0]
DAT &S s 1) oS ols o Sl 503 87 (8 5l
SSer B 5 C uluy ol ol b LS nl 1 el
Olseas GdenS 5 i 5 55418 Sl san Jidas b o
Jos by i Sl ln es Gl glas S,
Y] s

SUoks Jole cpdior (0555 Sl el 5 ol S Cled
(e LS a3 5y S 3 oS 1A 1y et b e e
W5 o S5 ooty aslia 5 el Sl e ol
IVVYV] 5l w3l Ao 5 30 Gue 5 I3 ol 6l
ol (S ol 5 galid Sl e S 5l pesdle
Gladshe 53 lodS e $3am SRl 5 Ssyml SRl L
D] &S Wl ol alse oy 55 bbb 25 o5
LB sba Csbie g plde Dl ol a5 Sl osls OLAS dal 5

ol QL8 sl s |, Tfam 3 PGCla ol Ol g 5

2 Transcription Factor A, Mitochondrial

4o e

5B bl e O a3 e GLIBIL s 68 als
e g ols GRIBl s BB Ol ) e s S
Sl e ST D Y] spde By Sl Sl
G 3 opl b el ol s, (B oLl P55
3550 oSt ol (Ol a5 SIS s
$35 5 B OV s (S 20 5 Shas 3 I
055 b A8 s ((Jaise GLSLILl Ole s 33 5
Ul e b 5l G35 M5 00 e A8 Bl
(LS s 55 gm I Sl @ a5 b o jls e 05 S
oS e Ml 5 o sladed O penldnS] SV
Sl ol 20 B 3L ATP W g Jals s sege S0
b b sladle W15 e omerlS on ol 2 osMe
SokS sin 555w 5 3, Shas ys sl 5 Sl S o s
e 25 5 3 g 5 Sae s Ml Eely Wl o 45 23 S
«rl p oo [T t] opd o 5 ol Gladsher ()5
L Ol jeod Jdsar Wl e Dleis l (I sn w5
Shegen ool b L s il a0 5 bt b

o] Ak Wdsbe ol 115
5 ST il 5 el 5l sl S ke ks
5385 S0 ge OV 4 s oS ols s
5y e ol el Ol ss b 5 35 e (S e 5> Shas
33hr B ol 5 b ool sbad e
el 3l aS el esls OLis (el s dal sl ol e gdle [T V]
DU 5 GoAS 50 55 A Lol (S5 (o 5 O A3
3 Ses Il 585 L850 4 ST as S e Of 5 Shes o
e 2l 33 6 5 alid 5 O A3 Al 53 (S e
PGCI0) 05 & ol e3ls 0L Lo 5,8 o ol ol L
S PGCLa 5,03 (i (6,8 yun 5 Shes Mt s Lagitoe
02 oS e 3 Shes 5 Pham 03 el et
5 b CaPGCla (s [AC 4]l LI ol

))‘\SC,‘.«J‘ L;WJ"}J}J )j:Sb &Tfam J;_}fdanamY Qj

! Peroxisome proliferator-activated receptor y coactivator-
lalpha


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

YD (0 oylat) ¥Y 6,900 F e e (5 g 43T .0l arual galis g Crslas dlas

Sprague sl L 5 alme ge e 00 (Gl 03
YA =TV o & O35 Gesgdoe 5 oo VY=VE - Dawley
53 Sllsm Y s ol b Bge A5 esland (’45
10 Cysby ol S le gam s YY=TE oy 5,1kl Loyl
S Sb el VY8 bl VY gt = Lo s e
adas s lill Sl = b bl pmoman LS (502
P03 RS e 05 8 iy 4 olal sba s B e LS
Olpsa (o ol lafipe Jols d(Gage o V2 0s S
Dby s () (2l plme Sl SRS e S
JoSe 8 mls Gla e ((B550) (b el e slie
s 5 JeSa s S 5 ((JoS0) Lo S B pas CHE i
(JeSot S559) (oS 5 s

bt go2be JLSG Gou 5 L ol e la e iiulis A
o (IP) 7 Slo 5l &ysea (STZ) ' e sis)sn ol
(0 S5hS 52 0,5 e 00) Lo 555 550 sl 5 (i i s
wocpl pedle WS o pH= £/0 L ool mew Ve 0/ s
Sl Bl L sl poe 55 (2ls 2 ol e Gla s
Sthe st 02 SIS o (oo Sl e S0 g S G F
i (6 xSe3lul o3 5 5l (Accu-Chek, Active) s S IS
A3 (s s 53 p S ke Yor Sl i WL 5SS
IYATds as S

S 3 ISt 5T gls oS 1 GldamST ST (gla oo
oS Sl addllas cpl s s 4 OWIT S je 5 =LK
el 5 (€l ) TS, Sl ol ol Gl 5
Sy ose e oS Sslweslal (go 20 A3 S eslizl EY
»hds=E &:‘L"wpf&:ﬂ“ 5C el ¢J§\ shas
O35 p S S/ 2 Jeo) 558 Sss w5038 = 055 s
Sl e a4 atis Cile Sdear 35 0 0L K (B O
LYa] A& esls ol e

rlial (e g eglie (p el planil Juld 1S 5 e
3OS Leysn Y s i 3 5y, 0 geslis (el 3y
aads Y laoy s w5 ands SO lasl SO s colral galols

3Ascorbic acid
4 DL-a-tocopheryl acetate

uﬁ)ﬁ}“ Lg’lﬂ_gl.ia E) L;:ALE:M\ &:JLJ“)»QJ” ‘u'.’.lj" e}‘))\.& .JJAJ;;a
5 oS g 3 Shat 5 yogy (36 0 25 28lS (sl s
LYeeYo] ol OgunldnSt Ly uls5l o sudl & o glin
SIS sl san Ll5 o seslie 5 (il Dl el oS Il
ol s oSl s sse L Syl DSl
LS\AJJUGA DL 8 )‘ &:a..m.:: u.4>=.:~4 JAS Q)j..pm bv\.iv\.i
G pezn S L5 S aseie (Y0VV) OLKes 5 Venditti L 5
J:’i(fel Y ¢‘;~:j)} CJLiJQS rbu\ L o‘Jo.h Ll S ;,.LB
U‘)&"-‘“ 9 HejaZl et I¥] JJ;& PGCla QL\:’
e (il el i A aS Wl Ol (Y4YA)
Glar— 3l Sl el ea b g3 8 S 5 5C by
ool s ek by Ohlen s Slust wl
Sl Jsp amer 5 Pios 3 AU slaus)

LYV] aeS o 5 S sk <L
Fim s SNhes p JaSe a5 p e Slefen g peme 3
pe ax g Lolel ol s gt by glacdl 5 (6,8 5
3 oolie Slagy o3 Olajen 5B (gaal 53 ey e
Qujﬁdwjﬁjdﬁéw&)bﬁu&ﬁm‘
S ol gaallles 53 € 5 B lans) 5T gl oS
L kS e 555w 5 2 Shas  Olojen 5 Sl &) oy
ik glac, LB sl Tfam 5 PGCla slads ol b5 )]

S g e $5 95 5% el Lo

YD)

P35 o bk s s Sl g5l Sl e,
O (54aS Al L oS ol (3,18 655 51 5 0 pite dim
oSy 55 psle oSl Sl 6 55 2 SRes3 2
GlS ol Ly (Ol 52) Olghol dxly ol sl
ROW PR ey ALl Sl LS g s,
(IR.IAU.KHUISF.REC.1399.043)

IStreptozotocin
2Intra-peritoneal


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

v € 9B (laseast (T (sladass U puts 9 (o5 5 (3 pad Sl 1500 g Ll YY$S

53 5350 Sdeds g pi g ediul B S pons O S5l (5,
ERANGERA NPT IR rj.sjdjl Saws 5y A rt?u'\m
Gama (Ao s 00 s Loaads Vo £ Saia Aoy 00
L oadds YO oy (gatia chops T Dld L adds Vo p)ler
CREYIPHER S e G NPT LI PR IPRL LU
ot (b3 ol e Gla e o S Ao 5 VO 5V

OV Jdar) [Fr YY) s ool

Jsb 4 0l 5l oy YU 51 (SCee eslan oy el S | ]
4 o gle G i ps Wiy 055 WL L 5 e S
‘,\.p);oajjj\mdjiémﬁ.mrbalﬁ)xg;,y
o3 Y 5 V0 (ULP;)wM G (doys Vo £ S
jr;j.aéw‘wpmfuém‘wﬁ%ﬁ;ﬁém
5 ol Caslie Olgeas o, 055 o s £0 5 8 (2la
ol ) Sl Goler oos M Al el ey baw g

OLs 5 oy ol el (gilsa Ol ed S ke Sl

a0 USG9 n -V Jgaa

r.....la"" r.‘;:u r....a“ ("""'4 (JL@? r‘,..o (‘5.‘. J‘5| aan
Vo A% A A AT 10+ 10+ AN Sl
sils
Yo e Yo Yo Yo Vo A A Sl
/40 JAX) AR /AR /N0 /)0 /AR 1.0 ol
. ol
Yre Y*E A A2 A3 A3 A3 A2 )\J,_(J

& gas 1 03l CDNA « L ; Real-Time PCR (RT-PCR)
Lot 315 Olas 53 Slady (sle s slaiSTs sl L e
SYBR ld>, &G .S 5 RotorGene 6000 oSz
Takara Bio (godi3l. s .5 51 PrimeScript RT-PCR Kit
L 03 Ols ool posdle il eslanal pl3 5 5i8 ol Inc
03 Ol gl 5 3 5 013 Sbsl o) YT S wanr s
AR5 S Y-l 05 s anlllas ol 3 e ol
0555t 5l b S5l cpl pogdle i a3 L 55 (B2M)
ool Y Ui 53 Lol I el gl = (o (g0 5)

]

G e @atlhe p 2 51 o 1L 51 gyls s 4ges
Sk (mg/kg 10) -y 55015 5 (Mg/kg 100) elS L ol o
el JolS (o350 (0 5l g S s O o JS55
4zl Of died 5 oo el 5 s lu CIb ol
oo yame sadly 4 bash ol ilulix 51 e
DA 03 s ekl o bl mbe 055,50 55 5 Jae s
L 0,3 ol S Sl gam s A

oS, Jaslisies Gb CDNAGE. 5 RNA | sl
3L SIRNA s Ses I3 2l o S os oy 03
RNeasy Protect Mini Kit (QIAGEN) .S 3l sslazal L U3
5 ool ahowsty s b sy S L d A
odd | Fia RNA clale o 0 Ol e NanoDrop olSes
Gilhe RNA ¢85 S ) L CDNA e i (g Se3ll
A plxl (Fermentase K1622 —.S) o i3l farll sius

'Real-Time PCR (RT-PCR)


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

Yy (0 oylat) ¥Y 6,900 F e e (5 g 43T .0l arual galis g Crslas dlas

Lo yasl 2 (A 53-YJ gua

L b el M 2L (bp)
B2m Forward: 5°- CGTGCTTGCCATTCAGAAA -3’ 244
Reverse: 5’-ATATACATCGGTCTCGGTGG -3’

PGCla Forward: 5°- CCCTGCCATTGTTAAGACC-3’ 161
Reverse: 5’- TGCTGCTGTTCCTGTTTTC-3°
Tfam Forward: 5°-CTTCAACCACCACACCACT-3’ 92

Reverse: 5’>-AATCTCTAAGCCTCCTCAATACAA-3’

At (1ls o Gl fie 0> 0 SIS ks Ol
Sl sl 55 IS 0y S a4 el (gl e ) sba
055 4 Camd U3 05,8 035 Ol (emen (P<0.05)
& sl (P<0.05) ool axils g 5 BB b33l J 28
05,5 5> 05 A3 Al o adllls 30l B S8
I T R S R Ta s
4 s Solrgme SRalS O SIS S B Ol e JaSe
ol sdalive asllas 'l 53 ¢ g 3.3 sdalice Culis 05 S
055 0> st F BB Olge 4 S8 CBLE Olg oS o
el a8l el ey S L a Gl oS 5 oyl

(¥ Jsa)

GraphPad /53le 5 b s Waesls 1, LT Jelow 5 4 20
Gl sl A dslns blizal 5 o 55 bl g Prism
oMo A plnil ' Shs 5 old Osn3l (i S3le Sas
T b bl a e el ul b basls (ol
2l o bl maw 53 A5 4 uls (ANOVA)
sl 633 Ol (SD) s lbliv | Gl pul £ SKle &y g0
P<0.05 s Lo 5 4 325 (sean L3 (5Ll Comal mlaws o

la asily

BE d?ﬁjdjjéuw” ’,d.._..a'” }JCJLC«W‘v J}J\k).)

Sw‘ah\bdu;@b o | 0 G‘)‘JA}}{ éLﬁeJ;

(slase GBI a3)  (uSils) Lo pudis s 53 oSl ¥ gan

(s ppS ) 05 28 (0 5) 03y Loy £
RYYARE: VL YeEYA: Jus
Fgoe/t £ YYA yoxyo <obs
Y10 £ e/ \YW,0YEn Ry
Y0 £ YE/Y Yy Joa
I NZVA% BLVA AR+ A JoKo 5 05

by J S s S 5 Il J S s 8 o Sl pae sl SLa”
Sl IS s S L sle laes S o Sl pae gl SSLES™

ﬂlyldjlsw)jb@uejﬁﬁbgwijﬂ
53,5 ;33 PGCla 05 Ols Ol e« pizmans .(P<0.05) sl aily

s oot 0 g1 Sl el sy s )l a4 a7

03,5 33 PGCla 03 Ols Ol s 45 ol 0l yaseloe 4 b 55

2 Two-way analysis of variance 1 Shapiro-Wilk Test


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

v € 9B (laseast (T (sladass U puts 9 (o5 5 (3 pad Sl 1500 g Ll FYA

sl (P<0.05) sl 4l JialS baey § ol & s
se Tfam 03 ol il Col andlas opl 3 ol 4 S, Sa
1l es S a ad oS ad 5 el e slaes S
Olf e G5 s elaly (Y Jlased P<0.05) ol o
RSl Bl e 5 s sl s S Blasd i
53 Pl LG o 5 2505 G508 e 555m 5 0 ,Shes S5

Las s bs ol o sla Bse 5315 (658 g1 s Shas

PGC1a

1.5

=
(=]
|

Relative Expression
U000
L ’0 ‘0 ’0 ‘0 .0 ’0 '0 ‘0 '0 ‘1

¢

IXARXRAX XXX AX]

¢4

Hige ald @il Ju PGCla 5 ol Y Hlagad

Alide slac g S yu (2 s sla

Lo s L sl Slesply e 5 5SS Sl ses
Gladesl O gslionST Ll o 505 crl » esdle [TE]
s Rl (658 sn P s SO Gosb SV o
ol YOl s s o0 (s 331 53 o o358 Jals Lol &S
LS Clidgge sl gledle bl byl
&:UsjAJLS/V.,.JS o agly Il 5SS ‘PG(gla
Sirtuin 5 "05 5 L ols Jld sla3lsS 55 0 (CAMKII)
V.Ja.)” 3 Camge Godas A0l le o5 3 (SIRT3)
So35 Gaams 5 GoRS e (el e 03 e SlaediS

eliial el ais Sl ol edle s Lt (6548 st

2Mitogen-activated protein kinase

(P<O.05) ool 4l a5 Loy S sl 4 Cuwd b
05 0ly l Al el aalllan ol 5o 0l a3 8 )5 slasles
4 s JoSam 503 5 G ed (JaSe slaos S0 PGCla
)03 (g 3 Sl ges P<0.05) ol els bs ey S
sdel Loz S Y Jlagad a5 b lis S et o
Ssba TR 03 0Ly Olpe b b 53 bl o o30S
Bl Sl ey S ple 4 Cond bz 058 55 (guls e

s 05,8 55 TRaM 05 0l Ol e < peomen (P<0.05) oo

Tfam

1.5

-
(=)
|

o
o
1

Relative Expression
446404

)

IXRARXRAX R XX XX]

¢
'.0.0.0.0‘0.0.0.0’0‘4

0.0-

ohge ol edly o THAM 45 Gl —Y Jlagas

Alide slac g S yo (o s sla

S S om 5 Lou
5 Cwliial) oS 5 ol el oS sl Ol sl (ganllas CJL:J
3 sl @) CHE Gulus 5l Ol eslinal 5 (eslie
L edle 5,08 e 3G Tfam 5 PGClol e 0Ly (LS 5
5 edias LS U3 i Olise 5 095 S IS il (ol
b5 Shas g 2 el Sls oSl 5 Sl a3 ol 310
2 ol 2 edle ol ol slms laise 3, s
o CSE (el B pan 5 (oS 5 Dl o5 ol sl 0L
) ol o TRam 5 PGCla gla0} Ols Jls e o33!
Sl el 5 SISt Bl LS e 45 sl oL Laesls

G305 I3 oS e Fism Sy p eS| S s250s

I AMP-activated protein kinase


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

ya (0 oylat) ¥Y 6,900 F e e (5 g 43T .0l arual galis g Crslas dlas

S SBSLHAS g1 5 Shas 5 535 50 Ol Tfam 3 PGCla
b S 0 S L s s 5w gmme S5l 5 L o0
S 3 JeSam S S 5 0s S 03 oS osbar S e gy
Sl 3w gumen THam 5 PGCla sladss Oy [isl 331 O e
3 S5 i bl S A edalie aalllas pl 3 (romen
o o by ol gla e 3 E 5 C S O s
05 0ls Ral38l o 5 B 3L 55 (658 50 55 5 RSB
5 S8 Chle Ol g 3355 0 Tfam 5 PGCla sla
oo 5 S 5 cp e Olesen ssba o mbs glatpe 05
Sl 4Bl alS (gl pme Hsbas Wles S b, 1HE 4 C
open 5 GMenS (B (s o o 555 45 S
Fogm Ui Olamar (o 55200 oXS 500 555 RIS
Pl I8 s 8 5 s oo Gl s 50 6548 s
Sl L Ll s B o5 Cogle feSle G ame Lol ol S
T0] 555 Wl s Sae 213l ol lag S s 55 50
o 5 SIS 5T e oS s 2505 T cnl b
s 3T GG, W 5w e o b abtlte 53 Jles
Sl el 5l Sl Ol s Lo st (S e 3
33 ST BT gy e 53 ol 5l S s
Aot JaSe = a3 Olesen galtle o5 5 00 2
bas 31 iy SIS (gl e 0 b 31 56 Cioliae
s Ll i e U5 a5, s b LB
oKy s Shes Pl Lly o GlhesS] o1 SlS 5
55SU 3 oS Sl sdd aseie iy 3pe |y (6L s
Fis Al > Al B wls e ol 5 s
S Ses Ddd e o e Sl S L) (6,08 s
P St (BT sl 5T 2l [EY] gt (5,8 s
3 A Sl 5l e (B glag S e 3 Shas s
el E&C s oS Olajen Gre 5 oS 5 Ol el
Ao gl sl 53 ST 5T gls oo 5 5555 e
SoAS sn B3am SRl 5 LT GadiGsl, Sials (s
Sldlas 25 Lo plie s st 53505 6550 L2 la

S8 se 3l ys Fas' s, chle ey LB sba
TP sl 2als 1 abs sla e

Lol s M| 5T e Ol a5 L ot gladla s
ol plxil pss 5 Cubs o g 3 50k Sl
C S E bty b yuan o5 A3 sl 0L (glaslllan 3 ool
& S 0130 53 HDALC 5 1 susl (e36 SIS 3 gy
Loy oS Koo landllas 53 s 5l sl ol o g5 ek
sdalio (ol ol plwil VoY Jle s 0L 5 Minter
Shsed o o3 JWsAl Sladsle S aSa S
G Ul sy 2l e 53 p 8550 Y WLl 4 5L
5 Ml Al S 4 LS e 55 Ol 1,5 13
Blol CHE by Ve 5,500 £ S Lases 4 o5 Sl
53 IVE b Rl S e Fham Ol S o0
S A S jasia VoY Jle 5 0Ga 5 e gandlas
B Ol 4 Bl (sla i pe s TRAM 5 PGClat (o555 Ol e
3 S Sl Olgee g Sl g Bl A ey
Loawslie 53 Gy laisn 3 58 SleeSt €y S s
OB Gl cpl 53 (e 2wl RalS (Il ola e
Sde Al 5 Dde ol S elinal Sl Sa3 bl a5 s el
Piom s 2 Mes 3 e Jalse @i 5 Ol RIS o
s Meex Loy s ladlas 3 [FA] sl (6,48 s
Doy 53 SLi 5 by el il o 0ld 3l OLES OLSas
ol 5 0 SN LSt (e ymeis 3 Ses 3 g o 1S
Chavanelle « ;s 31 [F4] coul o 51051 C 035 s
Ol el aids Av S Wsls QLES YV Jle s O
Sl e O5emS] JSIU o3 Ve B Sus b 55
s, mbs sl sse Tfam 3 PGClo sl Ol s,
L8]

5 b SRl T GG, Ol Br 5 Subs I
chw ol S s bodS e Bise Olge amd o
5 oid Sbes,S 5o IV Al e el ST sl
L0 Ol RIB Hs 4 (JaSmin el S5 s oS

! Fas Cell Surface Death Receptor


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

v € 9B (laseast (T (sladass U puts 9 (o5 5 (3 pad Sl 1500 g Ll YY.

Sus sl Ss 5l (6HhS e 355w Ol b el (sabail

6 s s

0SS sa el Sl S5 BT 5l Wi O 5
e LS Ol 5 A 2lesT ) el plnl]

..,\.;‘)\.3 \) @\J‘).,G 9

Kim HS, Kim SY, Kwak YL, Hwang KC, Shim
YH. Hyperglycemia attenuates  myocardial
preconditioning of remifentanil. Journal of Surgical
Research 2012; 174(2):231-7.

Imam K. Clinical features, diagnostic criteria and
pathogenesis of diabetes mellitus. Diabetes
2013:340-55.

Duan J, Zhang H-Y, Adkins SD, Ren BH, Norby
FL, Zhang X, et al. Impaired cardiac function and
IGF-I response in myocytes from calmodulin-
diabetic mice: role of Akt and RhoA. American
Journal of  Physiology-Endocrinology  And
Metabolism 2003; 284(2):E366-E76.

Turan B, Tuncay E. Enhanced Antioxidant-Defense
Preserves Cardiac Dysfunction via Regulation of
Cytosolic Levels of Zn and Ca lons in
Hyperglycemic Cardiomyocytes. Free Radical
Biology and Medicine 2016;100:S178-S9.
Tanoorsaz S, Behpour N, Tadibi V. Investigating
the Effect of mid-term of aerobic exercise on
apoptosis biomarkers in the cardiomyocytes of
streptozotocin-induced diabetic rats. Journal of
Fasa University of Medical Sciences 2018;
7(4):488-97.

Akyirek O, Akyirek N, Sayin T, Dinger I, Berkalp
B, Akyol G, et al. Association between the severity
of heart failure and the susceptibility of myocytes to
apoptosis in patients with idiopathic dilated
cardiomyopathy.  International  journal  of
cardiology 2001; 80(1):29-36.

Mooren FC, Bloming D, Lechtermann A, Lerch
MM, Volker K. Lymphocyte apoptosis after
exhaustive and moderate exercise. Journal of
applied physiology 2002; 93(1):147-53.

Hood DA, Tryon LD, Vainshtein A, Memme J,
Chen C, Pauly M, et al. Exercise and the regulation
of mitochondrial turnover. Progress in molecular

)'_5.)_9&)3 ‘;f‘lf“'? MLJJ CJJ&Z}C}})J Q)Lﬂjm.’u\};b;a
5 LT I, s s Ko s st 1T S
))LMJ’NLSLA)\IQ}C)M ‘Q,\,deujuﬂjdj\ﬁ
5SS o b R Ll Ol salis 5 S8l
GBI o CHE sl 5 (sl LoSo 51 oslizaal g yon
S50 CoE by oS 5 JoSo L LT 36 gamlio
Olpe Shom iz 3 pl aallle ol (glacys s
5 slnST ezl 5 ol gla, S sl e dIKsl,

10.

11.

12.

13.

14.

15.

=

biology and translational science 2015; 135:99-
127.

Cho YM, Park KS, Lee HK. Genetic factors related
to mitochondrial function and risk of diabetes
mellitus. Diabetes research and clinical practice
2007; 77(3):S172-S7.

Mootha VK, Lindgren CM, Eriksson K-F,
Subramanian A, Sihag S, Lehar J, et al. PGC-1o-
responsive  genes involved in  oxidative
phosphorylation are coordinately downregulated in
human diabetes. Nature genetics 2003; 34(3):267-
73.

Bostrém P, Wu J, Jedrychowski MP, Korde A, Ye
L, Lo JC, et al. A PGC1-a-dependent myokine that
drives brown-fat-like development of white fat and
thermogenesis. Nature 2012; 481(7382):463-8.

De Filippis E, Alvarez G, Berria R, Cusi K,
Everman S, Meyer C, et al. Insulin-resistant muscle
is exercise resistant: evidence for reduced response
of nuclear-encoded mitochondrial genes to
exercise. American Journal of Physiology-
Endocrinology and Metabolism 2008;
294(3):E607-E14.

Wang CH, Wang CC, Wei YH. Mitochondrial
dysfunction in insulin insensitivity: implication of
mitochondrial role in type 2 diabetes. Annals of the
New York Academy of Sciences 2010; 1201(1):157-
65.

Rahimi G, Heydari S, Rahimi B, Abedpoor N,
Niktab I, Safaeinejad Z, et al. A combination of
herbal compound (SPTC) along with exercise or
metformin more efficiently alleviated diabetic
complications through down-regulation of stress
oxidative pathway upon activating Nrf2-Keap1 axis
in AGE rich diet-induced type 2 diabetic mice.
Nutrition & Metabolism 2021; 18(1):1-14.

Perry RC, Shankar RR, Fineberg N, McGill J,
Baron AD. HbAlc measurement improves the


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

AR

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

(0 oylat) ¥Y 6,900 F e e (5 g 43T .0l arual galis g Crslas dlas

detection of type 2 diabetes in high-risk individuals
with nondiagnostic levels of fasting plasma
glucose: the Early Diabetes Intervention Program
(EDIP). Diabetes Care 2001;24(3):465-71.

Alper G, Olukman M, Irer S, Caglayan O, Duman
E, Yilmaz C, et al. Effect of vitamin E and C
supplementation combined with oral antidiabetic
therapy on the endothelial dysfunction in the
neonatally streptozotocin injected diabetic rat.
Diabetes/metabolism research and reviews 2006;
22(3):190-7.

Balbi ME, Tonin FS, Mendes AM, Borba HH,
Wiens A, Fernandez-Llimos F, et al. Antioxidant
effects of vitamins in type 2 diabetes: a meta-
analysis of randomized controlled trials.
Diabetology & metabolic syndrome 2018;10(1):1-
12.

Christie-David DJ, Girgis CM, Gunton JE. Effects
of vitamins C and D in type 2 diabetes mellitus.
Nutrition and Dietary Supplements. 2015;7:21-8.
Radak Z, Chung HY, Koltai E, Taylor AW, Goto S.
Exercise, oxidative stress and hormesis. Ageing
research reviews 2008; 7(1):34-42.

Deng H, Wen Q, Luo Y, Huang Y, Huang R.
Influence of different extracts from persimmon
leaves on the antioxidant activity in diabetic mice.
Zhong nan da xue xue bao Yi xue ban. Journal of
Central South University Medical Sciences 2012;
37(5):469-73.

Church TS, Cheng YJ, Earnest CP, Barlow CE,
Gibbons LW, Priest EL, et al. Exercise capacity and
body composition as predictors of mortality among
men with diabetes. Diabetes Care 2004;27(1):83-8.
Church TS, LaMonte MJ, Barlow CE, Blair SN.
Cardiorespiratory fitness and body mass index as
predictors of cardiovascular disease mortality
among men with diabetes. Archives of internal
medicine 2005; 165(18):2114-20.

Kanter M, Aksu F, Takir M, Kostek O, Kanter B,
Oymagil A. Effects of low intensity exercise against
apoptosis and oxidative stress in Streptozotocin-
induced diabetic rat heart. Experimental and
Clinical Endocrinology & Diabetes 2017;
125(09):583-91.

Koves TR, Ussher JR, Noland RC, Slentz D,
Mosedale M, llkayeva O, et al. Mitochondrial
overload and incomplete fatty acid oxidation
contribute to skeletal muscle insulin resistance. Cell
Metabolism 2008; 7(1):45-56.

Schwingshackl L, Missbach B, Dias S, Konig J,
Hoffmann G. Impact of different training modalities
on glycaemic control and blood lipids in patients
with type 2 diabetes: a systematic review and
network  meta-analysis. Diabetologia 2014;
57(9):1789-97.

Venditti P, Napolitano G, Barone D, Di Meo S.
Vitamin E supplementation modifies adaptive
responses to training in rat skeletal muscle. Free
radical research 2014; 48(10):1179-89.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Hejazi M. A Comparison of the Effect of Eight
Weeks Aerobic Training and Vitamin C
Supplements  Consumption on  Antioxidant
Enzymes in Men With Type 2 Diabetes. The
Horizon of Medical Sciences 2018; 24(2):103-10.
Halter JB, Ouslander JG, Studenski S, High KP,
Asthana S, Supiano MA, et al. Hazzard's geriatric
medicine and  gerontology:  McGraw-Hill
Professional Publishing; 2009.

Jesudason DR, Dunstan K, Leong D, Wittert GA.
Macrovascular risk and diagnostic criteria for type
2 diabetes: implications for the use of FPG and
HbA1c for cost-effective screening. Diabetes Care.
2003; 26(2):485-90.

Dotzert MS, McDonald MW, Murray MR, Nickels
JZ, Noble EG, Melling CJ. Effect of combined
exercise versus aerobic-only training on skeletal
muscle lipid metabolism in a rodent model of type
1 diabetes. Canadian journal of diabetes 2018;
42(4):404-11.

Poole DC, Copp SW, Colburn TD, Craig JC, Allen
DL, Sturek M, et al. Guidelines for animal exercise
and training protocols for cardiovascular studies.
American Journal of Physiology-Heart and
Circulatory Physiology 2020; 318(5):H1100-H38.
Garcia NF, Sponton AC, Delbin MA, Parente JM,
Castro MM, Zanesco A, et al. Metabolic parameters
and responsiveness of isolated iliac artery in LDLr-
/-mice: role of aerobic exercise training. American
journal of cardiovascular disease 2017; 7(2):64.
McDonald MW, Dotzert MS, Jiang M, Murray MR,
Noble EG, James Melling C. Exercise training
induced cardioprotection  with moderate
hyperglycemia versus sedentary intensive glycemic
control in type 1 diabetic rats. Journal of diabetes
research 2018;2018.

Fernandes T, Magalhdes FAC, Carmo ECd, Oliveira
EMd. Aerobic exercise training inhibits skeletal
muscular apoptotic signaling mediated by VEGF-
VEGR?2 in spontaneously hypertesive rats. Revista
Brasileira de Medicina do Esporte 2012;18:412-8.
Kolwicz Jr SC. An “exercise” in cardiac
metabolism. Frontiers in cardiovascular medicine
2018; 5:66.

Hawley JA, Hargreaves M, Joyner MJ, Zierath JR.
Integrative biology of exercise. Cell 2014;
159(4):738-49.

Minter BE, Lowes DA, Webster NR, Galley HF.
Differential effects of MitoVitE, a-Tocopherol and
Trolox on oxidative stress, mitochondrial function
and inflammatory signalling  pathways in
endothelial cells cultured under conditions
mimicking sepsis. Antioxidants 2020; 9(3):195.
Modaresi MS, Fathei M, Hosseini SRA, Ziaaldini
MM, Shahi MRS. The effects of two iso-volume
endurance training protocols on mitochondrial
dysfunction in type 2 diabetic male mice. Journal of
Diabetes & Metabolic Disorders 2020; 19(2):1097-
103.


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

39.

40.

41.

v € 9B (laseast (T (sladass U puts 9 (o5 5 (3 pad Sl 1500 g Ll TYY

Meex RC, Schrauwen-Hinderling VB, Moonen-
Kornips E, Schaart G, Mensink M, Phielix E, et al.
Restoration of muscle mitochondrial function and
metabolic flexibility in type 2 diabetes by exercise
training is paralleled by increased myocellular fat
storage and improved insulin sensitivity. Diabetes
2010; 59(3):572-9.

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. Scientific reports 2017; 7(1):1-10.
Kedziora-Kornatowska K, Szram S, Kornatowski
T, Szadujkis-Szadurski L, Kedziora J, Bartosz G.

42,

Effect of vitamin E and vitamin C supplementation
on antioxidative state and renal glomerular
basement membrane thickness in diabetic kidney.
Nephron  Experimental ~ Nephrology = 2003;
95(4):e134-e43.

Redza-Dutordoir M, Averill-Bates DA. Activation
of apoptosis signalling pathways by reactive
oxygen species. Biochimica et Biophysica Acta
(BBA)-Molecular Cell Research 2016;
1863(12):2977-92.


https://journals.tums.ac.ir/ijdld/article-1-6093-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

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

The Effect of Combined Training and Consumption of E And C Antioxidant Supplements On
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ABSTRACT

Background: The apoptosis process as a common status in heart injuries could be imposed significantly by
hyperglycemia chronically. Therefore, the aim of this study was to investigate the inhibitory effects of
concurrent training and antioxidant supplementation individually and in combination on biogenesis and
function of mitochondrial in the heart tissue of diabetic rats with STZ.

Methods: In this experimental study, fifty male Sprague Dawley rats were classified into five groups (n=10
each group): healthy rats as control, diabetic rats, diabetic combined resistance/endurance training, diabetic
rats which consumed supplementation vitamin E and C, and the combined supplementation and training. Here,
we calculated changes in genes expression based on artificial intelligence methods and evaluated genes
expression in apoptotic influencing combined training and antioxidants vitamins consumption in heart injured
models by streptozotocin via Real-Time PCR. Combination training including, respectively, resistance
training, 5 days a week with increasing intensity of 5-45% of rat weight and endurance training on treadmill
increasingly from 10-30 minutes and intensity of 40-75% of maximum speed during 8 weeks. Data were
analyzed by two-way ANOVA (P<0.05).

Results: the relative expression of PGC1a and Tfam were significantly decreased between healthy control and
diabetes controls group. The results indicated that significantly increased of PGCla and Tfam in the
training(P<0.05), supplement(P<0.05) and combination groups(p<0.05). In addition, in this study, it was
observed that supplementation and exercise had an increasing effect on the expression of PGCla and Tfam
genes. On the other hand, glucose concentration and weight of rats treated with supplementation and exercise
were significantly reduced compared to other groups (P<0.05).

Conclusion: Based on the results, interaction between antioxidant supplements and exercise reduced the
glucose concentration and improved the mitochondrial biogenesis of heart tissue, while the combination of
these two interventions compared to the effect of each alone, the effect has more.

Keywords: Combination Training, Antioxidant Supplements, Function and Mitochondrial Biogenesis,
Diabetic Rats with STZ
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