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Introduction: Autophagy is a key anti-aging process and plays a crucial role in
maintaining the health of cardiomyocytes. On the other hand, with increasing age,
the levels of free radicals (ROS) in cardiac muscle cells and mitochondria increase.
Sirtuins are one of the primary molecular pathways involved in autophagy, which is
related to cell longevity and enhances antioxidant defense.

Methods: Twenty-four old Wistar male rats with an average weight of 350 + 50
grams were randomly divided into control, moderate-intensity continuous training
(MICT), and high-intensity interval training (HIIT) groups and were trained for 8
weeks. The expression of Sirtl and Sirt3 genes was measured using the real-time
PCR technique, and the concentration of SOD and GPX was measured by optical
absorption. To compare the groups, a one-way analysis of variance test was used at
the alpha level of 0.05.

Results: The gene expression values of Sirtl and Sirt3 in the HIIT and MICT groups
were significant compared to the control group (percentage change 72.06% and
70.14%, respectively; P< 0.05). There was no significant difference in Sirtl between
the HIIT and MICT groups (percentage change 6.44%; P> 0.05), but a significant
difference was observed in Sirt3 (percentage change 31.68%; P< 0.05). The
concentration of SOD in both HIIT and MICT groups was significantly higher
compared to the control group (percentage change: 26.37% and 23.36%,
respectively; P < 0.05). The GPX concentration in both HIIT and MICT groups was
also significant compared to the control group (percentage change 43.34% and
18.50%, respectively; P< 0.05).

Conclusion: Both types of exercise, compared to the non-exercise group, modulated
the gene expression of Sirtl and Sirt3, suggesting that exercise likely activates the
anti-aging pathway of sirtuins in old rats. Additionally, the concentration of
antioxidant factors increased due to exercise, especially high-intensity interval
training.
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Extended Abstract

Introduction

Aging is associated with a gradual decline in cardiac
function and an imbalance between the production of
reactive oxygen species (ROS) and antioxidant defense
systems. This imbalance leads to increased oxidative
stress and a higher risk of cardiovascular diseases. The
sirtuin gene family, especially SIRT1 and SIRT3, plays
a crucial role in regulating cellular metabolism,
responding to oxidative stress, and maintaining
mitochondrial function, all of which are linked to aging
and longevity. Exercise is recognized as an effective
non-pharmacological approach to enhance cardiac
function and improve antioxidant capacity. This study
aimed to compare the effects of moderate-intensity
continuous training (MICT) and high-intensity interval
training (HIIT) on the expression of SIRT1 and SIRT3
genes, as well as on the activities of antioxidant enzymes
in the cardiac muscle of aged male rats.

Methods

Twenty-four male Wistar rats, aged 20 months, were
randomly divided into three groups: a control group (no
exercise), a moderate intensity continuous training
(MICT) group, and a high-intensity interval training
(HIT) group, with eight rats in each group. The MICT
group engaged in continuous treadmill running at a
moderate intensity (approximately 60-70% of their
maximum capacity) for 30 minutes per session, five
days a week. The HIIT group performed high-intensity
running intervals (80-90% of maximum capacity)
interspersed with active recovery periods, maintaining
the same session frequency and duration as the MICT
group. After eight weeks of training, the rats were
euthanized, and cardiac muscle tissue was collected for
molecular and biochemical analyses. The gene
expression levels of SIRT1 and SIRT3 were measured
using quantitative real-time PCR, while the activities of
key antioxidant enzymes, including catalase (CAT),
superoxide dismutase (SOD), and glutathione
peroxidase (GPx), were assessed
spectrophotometrically. Data analysis was conducted
using one-way ANOVA followed by Tukey's post hoc
test, with p-values less than 0.05 considered statistically
significant.

Results

Both exercise protocols significantly increased the
expression of the SIRT1 and SIRT3 genes in cardiac
muscle when compared to the sedentary control group
(p <0.05). The group that participated in HIIT exhibited
a greater increase in gene expression than the MICT
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group (p < 0.05), indicating that HIIT has a stronger
stimulatory effect on sirtuin pathways. Furthermore, the
activities of antioxidant enzymes—catalase (CAT),
superoxide dismutase (SOD), and glutathione
peroxidase (GPx)—were significantly elevated in both
training groups compared to the controls (p < 0.05), with
the highest enzyme activities observed in the HIT
group. These findings suggest that exercise, particularly
HIIT, effectively activates molecular pathways
associated with longevity and oxidative stress resistance
in the cardiac tissue of aged rats.

Conclusion

This study demonstrates the positive effects of both
MICT and HIIT on cardiac health in older rats. The
findings indicate that HIIT is more effective than
moderate-intensity training in enhancing sirtuin gene
expression and increasing antioxidant enzyme activity.
Implementing HIIT protocols could provide a more
effective strategy for combating age-related declines in
cardiac function and oxidative damage. These results
offer valuable insights for designing targeted exercise
interventions aimed at promoting cardiovascular health
and longevity in the elderly population.

Ethical Considerations

Compliance with ethical guidelines: All research ethics protocols
and guidelines for working with laboratory animals were implemented
and approved by the Research Ethics Committee of Islamic Azad
University, Tehran Science and Research Branch, in accordance with
the Research Ethics Code IR.IAU.SRB.REC.1400.192.

Funding: This research received no funding.

Authors’ contribution: All authors contribute equally to this study.
Conflict of interest: The authors declared no conflicts of interest.
Acknowledgments: The author would like to express their sincere
gratitude to all who helped them with this research.



4 1 //)Ui i r}"

| rva-oea ,_{":/":/.C ety A \
|| J.l'l ¥ <
wld s 59 (aluSTnd EBS Jolgs g (i gi g GBS 3 (509IN 9 9L DLy yoi 1 duylio

fd);k;_uu S ¢ Yﬁ;}l{;l%‘ g"u.cyl.élsl.\slm ‘Mﬁww‘b)u

almasiphd@gmail.com :asbll, . ol pl ool ps o oMol 331 olKutisls «liions g pole doly  selosnl pole ¢  Slusl pole «lus) 5aKisly 43559 (S5elg2 a3 09,5 )

w4l el el o ool ST oSty (s g pole soly ¢ selaizl pole 5 Sludl pole lusl 018l (o9 pole 5 5 S 095 ¢ Jghue Bias ¥
Gholami_man@yahoo.com

Bazgirbehzad@bmsu.ac.ir. :asbbl, .olpl (s (ze) dlas (Soj pole slKisly ( S35 S Lo (b9 (555l g2 50 liaios 3,0 ¥

h-abednatanzy @srbiau.ac.ir :asbbl, .1yl (;lys ool o151 oslKisls wliuios ¢ pole soly ( B5)5 pole 5 (S Canyi (b y> 0,5 ¥

ouS> Al wleb!
R [+ N AN SRCN P SUUNS-S PR FSCOUIVENN L GOV IR SACIN DY SURISTH I RESRP T EF PR YIS iagi il goi

S (SIFUINS) U555 e -l so L33l 6y sem g ool A (sl Jsbo 3 (ROS) 3lj] cslo 01, sk
S o g |y il g6 g sl Jobo e b agi o 48 el (55658 ol JsSsa sl pruns )
laog)S 4 (Bolal ygods p5 YO D (45 5:Ske b jliay S5 g 35y o VF Sliss s AR T (W9
i ki 5 335 s (HIIT) 03 (055 (505 09,5 (MICT) basgio s b ogls5 (3205 09, <8
SOD cble jixiw g Real time-PCR sy jl aslizwl L SIF3 ¢ SIrtl (cla 3 by oas o3l o y05
Sl s 5 dalSy uil)ly el gl 5l g S duglio (sl b (6pSojll (68 la dlwge GPX 5
A5 okl ¢/ <0

AR TARAV RIS | PN W TR by

VEYTY 1A 3 555U fu b
Vo5 Y 10y LU
VEOE/¥ YA Wil g ,U

o5 20y3) 397 foline 555 09,5 & Corns MICT 5 HIIT 65,5 > Sirt3 5 Sirtl o5 ol yolie saidly

- :lm)is.:.:lf

(P<1+0) (PVFA yuis dioy3) cudls 343 Jbline cglis SIM3 5 wSe g (P>4720) (S/FF 1uis 20yd) Aoyl T
9 YEIYY 54 puis duo)3) gy jbline JjiiS 09,5 40 cas MICT 4 HIIT 595 93 10,5 SOD clale wsding Sl ot
2oyd) 39 sbolime JyiS 09,5 4 cuns MICT s HIIT 095 93 10 j5 ;5 GPX clale (P<-/-0) (v¥/vs wds
AP<-1-0) (\AB- § $YIYE (o iy yuis whme hse

15 SIM3 5 SIMtL cloyj (55 Ol s cam (0205 Gt 0505 & Canmd (205 £55 53 5 36 325 AT
Jelse clale uomen S o Jlb sy slaise 13 1) bigisme Gmid e B)yy Sluped Y| o
8L Rl S (gl o peS pegad s g (25 Sl (PSS

siolaSTas g8 Jolos g pigi yw S5 50 (o9l 5 (29lS Dl yod 51 Ao« a6 ik sole 01300 5 3L Blilo (oM 0l canld canlod) 23 Uans!
FY=YE OV (V) Vvl g s pale & i ol sloe, (8 dlae o
DOI: http//doi.org/10.22059/JSB.2025.3706560.1623.

4 (CC BY-NC 4.0) juols' 528" iy ol 121 353 5,58 cesllo 3> 5 ol (U, sl s ol 4y (g yod m

jsb@ut.ac.ir : jos) | https://jsb.ut.ac.ir/ :a; pas ool |.canl 03,5 ,liSly Sy

By © s oKl e les : sl



doi:%20http//doi.org/10.22059/JSB.2025.3706560.1623.
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://jsb.ut.ac.ir/
mailto:jsb@ut.ac.ir
https://orcid.org/0009-0004-2180-9025
https://orcid.org/0000-0001-8960-4123
https://orcid.org/0000-0002-5128-7617
https://orcid.org/0000-0001-6638-1131
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1

ol (Kas g deld ulall o, L re

PPR VP

B o Sl 51 G 2Bl > Jolo S o elgl g W93 mjsg] oo (B sladglo o3l olas gy g, 0
Tolaw il Jdsa b oho cpl ()i gie 9 (8 Alae s Jshe > (ROS) Sljl o JISGl, zolaw oo ialél b w8l oo
Sielan cullsd lai .slﬂ S 0ol dles 3l (6b baial j9 55 g 0dbiunS| GY guaste a5 b o il 331 INAD g 4.5 g5 s
d9d e yrie pie slod Slas S5 9 JUl ¢ Jolo SIS (65 5] pudgplio (8 Cawd jl s g 0dd Joho 5)Slae )3 (ol o
]33 sgmg anlo VY slac) b dugliio ;5 anlo Y (slayge B )3 uajsusl (soyd Yoo Gialil (iis guls ol o [V ]
I\

b 1595 s [F] o] (STITUINS) L 595 paaw o 1S 00 Jo (6 ym0i 9 (538951 b bl y3 a5 Lol J9SUg0 (sl pnne 51 (S5
L 5 ool NAD+/NADH i Ly otNAD o 51 e 5 gl Syl 5 lslss Copmdg s disS s Sy
bl (05108 oyl 4 Cnglio Gegl pdas Cgs (oI Cdgatte ol o > S i B ()5 Sube
)l W )9.‘044 ).u 9 V c;'] .\.Q.JL;O L{L))‘ ‘) Jalu) dl.{b Slrtl .\J‘b.)‘.) U ‘M?)" [ ] '\"50‘0 L{U‘ s Ja_lo 9 J_m .\_Jy
5 GPX (sl 3l cadld )33l camo 8155 o PGCLott )35 oo 55l PGCL-tt ol cypmaodhiiols g cymodlygiasds 3y
IV F] sitn LSl glés Jg) L oS 39 SOD

OgmolianST dlon 51 (6508 gt 3,Sloe b Lo po (slaass | gyl 0 o105 il 3o )b 5l a8 Canwl g ¢ b85S g SIN3

o il L Yl Sirt3 d9ueS g M8 ol 938l ] 5o ROS ugi b ablie 5 clawd (o5 opjedl siw ¢ gdie dlgo
ows b bavijo slacsslon 5 (950 — (ol Sl ilow (silogd g GBOUES (b wlo G (1331 L L ye slags)lon 4 DA
JUsl &8 o 5 Slos )3 M) cons g0 (6 )0 5o 10 SIM3 dguaS” a5 w03y (Lt gy )0 [V] conl bli)l 3 uas
SIRT3 jlge ()b 3l 5,0 8,5 PGCL-00 53 )b 5l (6,08 gine (slood, o g Igime wulals )3 SIM3 piomen [A] 395 c0 (9,8l
s U’l Sirt3 )_,l L;Lm)K”L» )l )i».) 05\’ [ ]59.,.» d)ﬁw ) SOD2 p.»).:‘ wb:lf).a.» 9 ROS .A.Jy u,uu|)3| —S>90 Lmu»y: 2
9 2> o yialS FOXO3a (gjlwJlad 3,k jl 9 ;YLK s MNSOD G o0 dlwgas |y diwds g (55058 g0 ) odilgs ROS &S
ool 4 5 A o 1y 2a28 ROS «ujgng] & 0S50 5 Jobo el 51 0 9 6m 8g) )3 2500 il (B pmle gilo

IV-2] 3930 oxio gliens]

& Canl (S (208 ga Fiom 9 Sy B9y JHES )3 5550 ool ScuBan p B3y Slacalled dilisee b sl

Sl o gy 5 5L S 5] g lipes GoSUsS & a5 b ot S sialls Sl ey 41Kty (cla Sl 39
Gl &Sl lawgio U oS cad b Jled sl yiol clady o YU il b bjyg cudled slacgls Jols (HIT) YL s b ool
Ju g AMPK/SIML poue (gilodled b wmad (0gls cpped - [A] 300 jui il Slower bl pd g Cunbge j981)8 4 Caliseo ol 3
5 S an B Gl g Calid 3 5 39 sm Sl g 518 e > PGCL ol ol s GPX 4SOD 33,8
Oy athn Sk &S Conl 0dd 03> (U5 5 bawgie Al b a9l o ped ogad 3 [Ve A 5900 (Sl g (8 CHlac
3 859 ©laped V1] w30 ialjEl 1) (6,48 e DNA 4 Sirtl « PGCLa im (6)8S gixe 3o padld dw po (lo (o9l

ol ROS wlgs (ials 5 (objiSgie 35sm b badye (slaanl ) (il cage oy SIM3 g PGCL - a1y 5yl 51 5 )b

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole



ry Aot L;‘Lbc:.v) gﬁ&d‘.‘:)d ,:.:‘.3[....&7.4.45&.) ‘jA/}.ﬁj u:..f}.f),.w dbuj))‘;‘j/"u-j ‘SJJL‘J'CJ “_)4.7)3'/1“3“:4

NAD s Joass gyl 51 SIM3 cpl 1 938 g oo aioluST 50w yooud g dund gl dgups cdiniin (S puao 5uus]
29l Ol yoi a5 Cuwl oas 030> Ll puomed ol 390500 jlons (3355 e o | 5L (656551 s HHT Sl yoi 3590 5 ldsiod
oISl S g oo L) GoLbls 5 w5 M sl 4y 3l )Lid Al o dipdar g Al (S ped 3Ty 13 E95 awds 05
b ool Ol pod ylicmen Lol ] 0iis w985 diadlus 31)81 350 13 gabg0 (pl Lol S Jlael p5obsS™ o ped loj 10 g
a5l i Adgi wile )by (ilen ygmolinnSTly )> a8 glatwen 5 caumwdy Sl ped pl Wilod S 7 lae a7 5y Jllué b lawgie uds
ol 2955wl (2 3 Gieo cnl celple [V A il 4l b ROS 5 clgilio g8 3 (o5 g5k ¢ Jsho (somadgilio piunses

oz 51 (53655 yomo b bayo (sloguign p bawgio S5 b oaghS 5 1ad gl5 (ye 4o 93 58T o L] & Cnla oy
©3,) gy oglis iallu (slacty pinluSTas s Lalge oy gl g U yeiss o

SR 5 (wlwiig 5
YO-£0+ g Sl b (mle Yo Lo yis) sl g o155 3y 35 @)y YF (59 (34856 92 o3k (2265 €l 1 ima cnl sl g,
Dad Jite aldlie ploxl (dly oyl (S5 pole olSiils olKislajl 4 5 (5l )5 ol pl gl gt ) ) 0 plol S

1 ] Al b g 45 1) Laliylell cllse b S cla dadllysiws o Limad > GHS] sl gy olod ol Limgls 5
Jols Limgs celoog,S 1 a5 lasis g pole a5y oDl 15T 682315 Cguns IR.IAU.SRB.REC.1400.192 i3y

52 (HIT) (50 A) 2308 2515 (325 09,5 MICT) (0 A) Lawogio 05 | 09l5 (3205 09,5 (CONMIO) (0 A) J 8" 095
bl o les gy
Uhse pryaste 3l cdy duwga ) iagh e S50 Nl ()RS5 (W AT (S0 - plidy)y S do)s YO0+

sl gl (aBislejl cllgs gy 9 ST 3 50 3l Cllgs dad 395 dgae 136 g Ol &y (o yiand 9 B05 435 2K lo]

b G5l gless g oRed (g bl g e g (o elol bl o) us 43S Lo o]

O 0 JSSg 99
ol €8 38) Joo3 s b 05 )l 59y 058 oy 5 Ll (sl 2ad 29l 5 aghts cyed Jol (23555 (o ye5 (sloog,S
)55 8 by Cllad Aoy LS > JyuS 09)5 A welalS Al o ¥ ] Copus b Jro35 5 185118 (bl

b plool dide cudan Gde 4y dian Hd Goy g |y 093 4 baype U9y 09,5

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole



u/JLf.‘bj 4.:.1;‘;.4[4”0)[«; YA

93 yb b 48,5 L > ol (gl ey SO At b sdovis (VO2MAX) bypae S| iSlis dion o puiud jg,

Dy Sypae eS| @Slas 0o Fe B ud b (0,8 Dy 4dd B (B pan eS| yiSls ds > £O
Nl cwl ol ol Jolye & g gl cutn ol huod 5 b g (s148Ed Yo aule o ol bl (sl o yes JSSg

s S| ySls Loy AD U A Gl b gls o Y aldd ) (Bpas et Sl wopy Fo¥r cul b S e S

oS Sl i Slidisg )3 a8 bl 1L (488d gh) (Bpae iS] yS I s yd Feo¥e Gud b 13,8 3y Y plsl do )y
s G ol 0445 02l L)L'“’ u"l)}w L;Lmu»yo 5 U_B)»AA u)MMf] )Sl.}b 9 (99D Cae pw LS’YL M (RS A
DV] el (li8l a4l o gt +/oY aitin 2 (g ped S8 ol cpl pr o dd (e g ol (90 Sy olsl o i o 4l

329 S B 9 53190 Ol sl SS9

dod danl 05 (6503l o yed s ST el 5l ool b B (o3 Slas cud b ¢ (b5)g Cud il 90il ol o slaige 4
2 yieghS /Y Ce o b (sl ] ;Yo i) Jued )i (g5) (6)B ko 0y90 S Cod Jlgie joy dw ide 4y 4y VO e & b Jige
el )3 yieghS /¥ il b celo ;5 yioghS /Y &gl caepr b a5Blas & ygods 08 Sl yg05] s 28,5 1,3 caslus
20 Lo jhoe 45 05 o plosl iloj b (903l b plosl b9 (a3 890 3l A g B (208 Sl (903l b plord] (4255 s y0)
Sle 0903 So 252 423 yhio Jrad 5 ) 8355 (90 4 B o pus (213 T 51 g Aol 5 29y 1B ey L 20095
2904 a1 3590 (Sl 6 )55l (58,5 jlai 53 (gl &S (305 b )3 oS W95y b S plosl (i peS Aol 98 Sl ey i
e VO Joleo MCO2NVO2 pis JoL5 apus 95 MMOMNi] 1 5L SLSY Cali L e pos Sl &y sy 3555 plol e
DY) o)l 5955 sy > VWOZMaX 5 Jued 5 cs s oy 0L bl wilesls lis claass

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole



rq NN/ L;LAQJ uﬁ&aﬂ)o ,:.:‘.3[....374.45&.: ‘jd/}ﬁ}wj}.r)’.ul L;Lbuj)."_fo}/s.lj) ‘5.'}1.‘.7‘3 ‘_)J)f/imglia

Lo S 8 aidad

Loy ¥ LUl

L 03,53 aids 0 Y 6K sl e

EW-STS KGR

D (29l oy ped Seilewd gy LY UG

B33 S o xiw
) ol Blao 9,0 35 gty o pe8 Al BT 51 ey ol YF lojam 5 il 5,00k Sy b3S ) ey oo
S5 Dgas (Sl 3l g (clo)sS Stoms gy 2505 Gigaie (pSoLS 2 p S ke V0) 025 5 (pS5kS 2 p S ke
g pyw (il 4833 V0 oy g Yooe 93 bcdn )3 V0 (slod 13 05l 93 0,5 Somts yiler diwgdy b 48,3 Lol LB 5 wuditne
oo 9 8L layionin (sl b (e Bl Bl G Ar e lod b mle Sl 3 edigilulir (slowdly a5 plosl LDl
Slyr g doxmie @lo Gl )3 e olpendy S5l sd prw ) gdgund |y Aol (B dlas co gl SOl (JF gl
O )15 5] e (BBl sladiges (gjlwealol (gl Al (1SS A e y30,8 )3 g Jitte (Sibjy pole olSitils &y (gany Jeloiga 320

o b 099y 53 diged b 5l g D (59 badiged I )5 (dee B 393 (s BAD )1 5258 Sl Sl dase (slad )3 bndiges
D sl Y8 alye ;500 b us dniliS & (59, diges 545 031> 1,8 0ud 5 )liKal 5 457 V/0

w9390 SBY ) e

3lis 1 o )5 e O+ 3l ookl b RNA gl 56l .05 olizd QRT-PCR iS5 5l 55 b lysaid Lgm et psliaiods 3559 ol
RNA origl ol jpolie coieS 55030l cly ytogilh Y9+ o Jsb L (ploll adyouyl) yrogisbn b plonl (g slogys
sl i 013 ] 5ol RNA Ggs S an3 o L5 45 350 VWY siiotilss sla OD 5, 5ke RNA .05 e3lil

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole



Q/JKM} 4.:./.5‘:«:[4”0)[‘4 r.

bl Gl 3l )0 SisS Real Time PCR 50,b 5l 05 ple (2les (2bj)) 5l J8 dacaS 855l <8 0 Joulljgiwd 3o
SYBR Lol S 5 (cslals o) Real Time PCR (iS5 jl oalil b s oolizul (Med) Gin 5 5 (@PAN) 15 a3 pe S

Wy o f ol daw 9 Green (Applied Biosystems)
A &3 > FO 5 4y Vo e 4 0,8 Sl 40 A0 slod 3 plod &5 > ySgi e slay5 sl Real-time PCR &by,
o youl .y plosl Al Ve Gde @ 3,5 ol do 3 VY 5 sl VO e & 015 il do 0 Fv il Ve o & 05 b 45y

ol 0as 031> L3 Y Jadz 3 e 9 Bun sla i gyl Il sk olpl o5 Ko Canj 84 bawgs

w3590 BG5Sl e LY Jgan

iy (8" — 3) g3
Sirtl Forward GGATGGCTGCACTAACAGCGG
Reserve CAACCAATGAAACACTAG
Sirt3 Forward GCAAGATGCACATTACCCTCTG
Reserve CAGCGTGTGATCTTGCACTC
GAPDH Forward TCAGTGAACCCTCTG GAACGCC
Reserve ATTAC TCGTTGCGCAATCTG

(GPX) 3l g3 (947U al5 9 (SOD) ;U gomnsd STy gaw Cudlad 5 5051001

g oadaill Jaall)giws Gl colaidl gacyS jlad pbsl b fioris plxil Cap oddlecmio ooy ladisel 2bjz b
b (ol L — BIOSYStem <5 ,5) ;YU 3l oSt J) oolizial L GPX 5 SOD yioxias g REODX il 5 1
(TBA) dpusl S50 l955 L (STg &uly 52 GPX 9 SOD cale 500 b o0litiol 28,595 (0] Jgog,So ¥ (65505l ol
D9 b g wla ySelul ly pregly Sl Gogod oy aw Glie b gll Sy Sy dlwga
G 31 58 @l D e Il oxie bawgs jagil OYY gse Jsb 50 5y i L (IS0l 8L BiORAd) jregibgiSed

A5 G355 (NG/MG Of Protein) (55, )5 e  p55

o3Iy (g lof Juloxigay 3o

sy slae Bzl 5 (SuSlyy lapasls 1 ol o 4 ab eslisl (tmgh slaod oy (ly oy el I pols Gaios
Slp SF i o90il g 4l logl 505 oalial sy (39 Jloy (slp Shggymlis gajl 51 ad odlitl ajlage a5
Jolie (53l oS (gl (AACE Liio g5 & ¥) 2-AACE o5 5l .ad odlizwl P< /40 (g lolins o 13 29,5 iy M yuuns

5 plosl Version 8 Graph pad prism lils 5 b besls oo .o dwlxe fold change yolie 5 o5 ol

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole



r) Aot L;LQQ) gﬁjjil‘f.cjo ‘;u‘..gLu.ﬂMfLéo ‘jdl}.‘:j Q:‘j};).f""’ dejﬂ‘ﬂ}/‘*}j ‘SJ}L‘J QL‘:Q.‘;)}/L:'L&

e sadl
o3lis Guaolie ;5 .l fsline S 05,8 4 Cund MICT g HIIT 05,8 ;5 SiFtL 15 ol polia o lis yols guioes slacidly
2 O g9 gl &S Laecpdy )l 3929 ylae glis MICT 9 HIIT 09,5 (s 0l (L5 glis (2 po5 09,5 93 13 0] cnl ol
25,5 93 2, SIM3 17 lo polie D9800 (F () Sl s (G yol0 & Capmd (2 po3 395 Lol sl 03955 350 SIML 13 ol
09,5 Oy 3> LS S ¢ 503 09,5 9 ) (5 el b dlle dunlie )> (yizmen 39y sblize J S 09,5 &) Cans MICT o HIT
5392 Soglite o & Casmss MICT 5 HIIT a5 (slmog,S 5 SIM3 15 s &5 Loy 3,05 3939 lsbine sglis MICT  HIIT
Molize J558 09)5 2 Cod MICT 5 HIIT 09,5 55 1 )5 )5 SOD cdalé sl 035 5o 05l Ol i ) (e €95 &5
Lo py 2,105 5939 Jboline cglas MICT 5 HIIT 09,5 o ol LS gols ¢ o yod 09,5 93 ;0 SOD clale duslis )3 oo g
95 550 05 ol ot 29 e £9 S oIS ©pg0ts 9 9355 MICT (31505 05,5 3 i HIIT 505 05,5 1> SOD ol o
09,5 93 ;0 GPX clale awslis 0 pizmed Do jbline J,iS 09)5 & Cowd MICT g HIT 04,5 95 2 5 0 GPX clale .ol
51 sty HIT (505 09,5 33 GPX cllé oS linagpdy ) g5y jbline cglis MICT 5 HIIT g5 cym by i zuls o yod
Soglis (S5 (903l Aogas ¥ Jgir ol 039: 550 05 ol 0l 53 Gyl €98 gl (IS yg0y 5 03 MICT (33505 095

w30 (Ui 1) (295

SF 0l Y Jgse

S S (J) 29,8 (1) 29,5 e
ofeeey MICT
Control
ofeeey HIT Sirt1(pg/ml)
AN HIT MICT
olee¥ MICT
Control Sirt3(pg/ml)
¥ HIT
AL HIT MICT
R
MICT Control SOD(ng/ml)
ng/m
of ¥ HIT
+[avE HIT MICT
[3¥ MICT
Control
/ GPX(ng/ml)
il HIT
[-v% HIT MICT

Wl (9l5 oy pe3 09,5 tHIIT ¢ oglis (505 09,5 MICT (J 8 09,5 :Control

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole



Q/)KM} 4.:./.5‘:«:[4”6)[.0 vy

E'S T 3 3 e
1
44 | *%k% NS
%k %
5_
T | 1
E i) T
g2 82 4
0o <&
¢ C = 39
¥ o 2+ = 5
® G DG 2
g = < 0
g5 11 8 14
£ £
0- . > A &
» A A L SAE )
° @0 & o°& i
°
groups
groups B
A
* % *
| E 3 %* | =E.'4_ | * ns
2l ) —
) £
[ = [ 34
~ 30 o
5 =
2 «©
- S 2_
© b=
s 20+ %
c
) Q
o c
c 0o 1+
8 10+ (]
x o
o » 0-
O -
A &
> A & o (€] N
O N NN
& S &9
groups groups
D C

SSi5 4 SOD clale wlys (C) . inghy slaog S SSis & S35 ol s (B) imgy sloog 5 SSis 4 SN o5 oo lyss(A) .Y IS5
oigh slog,S i 4 GPX clale cilpss (D) . imgd sloeg,S
P< ofevevasens  P<sse ofo e VP< o/ Ve P<./-0%

S5 A g N

b8 dlae ) gilinST s Jelge g (pdgiyaw slay) p bwgio Gl b (coghts g YU ad b (09l (o po3 Jho 93 pols imgh )
it g1 foline S 09,8 4 Csms MICT 3 HIIT 00,8 15 SIMtL 55 ol ypolia o> (U5 golis b dumslio Miallo slacs,
USES 05,5 4 Cama MICT 5 HIIT 65,5 55 12 15 SIM3 55 oo yolie cadls 399 ,bline glis MICT 5 HIIT 65,5

05,5 4 Comns MICT 5 HIIT 05,5 3 ,» ;5 ;5 SOD clale .cusls 5935 Joline cglis MICT o HUT 05,5 oy g 583 jlolins

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole



rr Aot L;‘Lbc:.v) gﬁ&d‘.‘:)d ,:.:‘.3[....&7.4.45&.) ‘jA/}.ﬁj u:..f}.f),.w dbuj))‘;‘j/"u-j ‘SJJL‘J'CJ “_)4.7)3'/1“3“:4

& s MICT g HIT 05,5 45 5 5 > GPX cdalé .cuslis 3gg sloline coglis MICT o HIT 05,8 oy g 592 jholine S

gl dlae ) (3l b b ye Slojply slaymus 5 J9V50 9 (oo Joloe @ Slgi oo (23559 Ol yed 4 Job () 5Le
o G5 9 d9d e e (B M) 4 WaCumgeognd)§ Wiod g (B9 Sbul b 45 Al bg e aCumgne )5 (slas S e
&5 Ol o cage (Bipy Clld bond 93 yp ol o 3 [IF] 3pde B dlae laole pbal g SSE (eSS
o ol e 50 Y 00 b glts Sl po5 Sly8b Al pad b Sl 5T £lbs y5i16 95 e (33l 5 loygi s
amds GPX SOD 35" Jlub g AMPKISIML jo Jluojpley Lis] & dianly Sl 0 s 0l 391 5550 2 2590
2B (o859 Clld (> 53 (31 Joho S S AMPK el (9381 a8l (Sl g (o8 dlde 3 PGCL-al o il
381 L basye slaguBn alé 5 Glo s o palitis i g 9V 9 ) g il L 090 (Bl Cllogs
3005 Ll sl 0391 (539m0 PGCL 3 Sit pslio dawgio s b zolizl ol yod 3 48,550l (slostingsy b [10] 3igis o
£55 5 Sae s ¥] oS 3 b [V5] iz (55653 (sl pasli 45 wlodgs (lSs 5 FOXO3a (clo iy ol polis Jg3s gy
bl ey 39 L;Lmu.say)‘l oy Cansg ) ol b 2l leglis oyl s Wl So b ol slacudgione ¢ @l e
Slaoisn 23Nl o JoSge Sl )3 1y (05 £55 9 oo it 3l liiso (o509 Sliz o3 oy 5 (sEhas B 93 BB ()2
[ A A A anglin ;S5 g5 b 1) Slaped cul Sl P18 o (s il g A8 5005, B dlas (3lgl Slayply joe 3 155

025 4 Capmd 105 (9l5 (505 095 5 Jolo Cale 5 35 polie lj3l aals GPX oyl 5816 4 Sirt3 35,5516 o

5 SIN3 «PGCLa ix ()38 gie Fiom lopasld plu o 2l (gld Olosed (i ) 30 Sl e @S ool medgr (ool
5 e Gomolinn] by Gl VO2MAX L2al33l b i gls (ped cusl 005 lgis pwioman [)+] il (5,5 520 DNA
Saxt 3 conde L iz oLl 3 SIS Lawgs Jojgiew NADH + 4 NAD s oios oyl 5| il ygmasdl g
o5 Sl yed BT 1 e 34855 () 05 L e g Laiye [) O+ AT 3yl gtalil 559 iyt b B Alie (o lSiLe
dod A UF Gad b (ool aid dw HIT 500 slaes s aide gy oy Lis o)) Ken g Slg soglds oy pod dy Canad B35

DIV] 39800 03580585 0] g (556531 L3l imlS zokans 53 Sgp o VO2MaXao 3 5+ s |, MCT sVO2max

oo Vg Cluo (3505 g bausgio b b (e b1y B (28le ST gy 3 (V01R) G)lSen 5 5810 b)lo (308 gl

o1 W ybge ) (tolusT (slacuwl 5 wjongl (Rl o SINL3 polie (il38l b o yed 3l GUS (g prume G20k 31
PIBKIAKUSIRTL sluyply yous 5 FOXO3a u3lie lojan oy olyie b 35 (YVF) olSon 5 o) g 115 ol
e (sl0g)S dan 3 (ol5 3 Slas ol (L5 36 ) gl 0 plos atells (sl 1> Jgilig3y JaSo o9 (e ) e
sl ol 4Bls 21581 0y 05 0,8 4y o unjoyasd o ol jgtaga] TNF-2 joolie (55 (1901 Lialles 09,5 )3 9 2l 58

L)J)JL.U )‘ 55.» ob; u&b)b Jyl)a)) JASA as u_m”S )2 Slrtl )Jblslp Lol 4..3[.: uwb&‘ UJ)AJ Lgl.m09)5 dod ) P|3K/Akt

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole



Q/JKM} 4.:./.5‘:«:[4”6)[“: rF

Vb g3 )L Gials )3 (6 S gie Fiom yrae (3)5 S8 L (soglS (23559 Cullad o oy (LS gyl slmosls .8l il
O M ($9) 3 295 g eogl 5 B3y b L olyen g kB |y Jo a5y JeSa Syl (Y2Y) 8o g (6595 A8 0 oo
2l 052003 £ 93y 5> 00l Lt g 035" gy r (b slobse o SIML Gl g S5ml (sl S loses ) Blbgyy o
g2 4Bl ol yel 0 J5US 09,5 & G 0jlul S 4 SIRT Y

o fin 5 4855 Yo ke 4 sy & CaksS cpl 4 yped i Y5 |y gilnS] (elnyialsl 5 SIEL(Y-AY) olySan 5 552l
5 (TAC) pb (lapus1 5l olie 150,8" )y idygd oo Jeod 5 59y 51 &t )3 Al 2 320 WV & aidd 1 50 IV Cspuo by
A5 JUé 1y PGCL-AJAMPK/SIRTL yoans 5155 o Lauwgio b b iyy05 3 (i gults w15 wiyyr (34855 3] 5o 3 SOD
2 (VVY) Ghlen g £l ainj e 53 [F] 255 Iy gpeasia SRalj81 5 luyed g5l Sl paleSTas g8 (gopw polis
ly oadsoSul (oo Gl Juo 3 )5Sl & 350 B3l 5 lain ()59 Callad 1)k Sl 5uilannST ol Cunsy SialS 395 adlllas
355 S5l MI ) g bnlanasST T il 5] ogito 5 o8 s b (2 p05 cJoSo sl 1 (sl ol (i o () b
> ol aan ¥ 51 ey 1y VB g 5lusnsTyy (98U8lS lgeund 2Ty ko o

Sy (STl g g 9 ¥ 5 ) (335 s eShaS (il Jled a5 K3 )S Gl (6,540 lgisdy sddpll b jiag

5355 oz |y 1l cal ) iso s s cpl 4 351 b)) (b Jolse 4 22l ol S il il 23T 4 ) o
23 ol 1) augnged 5 L Lo ye (556551 Sloyply pe b baspo pludl ol 5 505 1503 glgil 51 5T ldllas 595 po Slpciiy
S8 L g pe oL )8 gie Sign 5ig> 5 (ST 55§39 (awyp j8 (g n R (55 Ol (o ogdle 34 e dlaidy
B8 sl o SabolisS s g sladss S Jols (8 5,Slos (sim sla imgs 13 29 o dlopiuiy Dl pldl Jlusl Cumes
(i pis D90 o 3Bg1 L baye (sl f HUS 0 dall o) B > (Jgt (b g el bl sl Jols
505 3Bl 0 Lyl iz OMBlAe I jogad 3 SleMbl g (B 5 g d9dze ((oolis Sladss Sl Lged
FiL 53 ok (B oyl gilinST a5 jsblen g pols B slacudgase I Gl LSl g 3 Slee Slpuss 4 i3y

(el 548 SIM3 5 SIML (o] (35 Gl el o 0203 9 0955 2 S (2303 €95 9 2 b (L polbs BuiS gl

Jolgs cale yizman S 0 S8 s slagise 0 |y Lodgime mio e (D)9 Slaped & canl opl Sl dons
Slogcd g 39t sliwly 3 HIT @by yo3 €S gy i .8l (il 3l 1as (0ls (0 ye3 (ogaddy 5 (aye3 il (SlS] 5]
(ol 9939 b i 1yl glgil Ko b duslie (o il dlae 5y 9 LROS L ablis o (¢ gy il poy ST Gy cons Jaws e
Sy (olS gl 5 g ol 0 5> twydas siallis g (53695l Sluyply (sl ppane Al Sl po3 G5 nl (SoSelg b Sl

D9 plosl doj (pl 13 (g el Sladod Cunl g g )l

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole



ro Aot L;‘LAQJ gﬁ&é.‘:)o sé'.glu..ﬂd.afﬁo JA/}&} Ufj}j)‘-"“' Jbuj))‘ﬂ}/‘-u-} ‘f}wé “_)4.7)3'/1“3&:4

S g 0

Sl g pgle doly oMl Dl oSGl (o559 (5992548 09)5 (559 I d &by )d Jgl bk g Al jl s Gudivs oyl
sl Fonlps D525ly (61 Lo & ol plosl )3 487 (681, okl don Sl alusgondy sl o1

References

[1].Gonzalez-Montero J, Brito R, Gajardo Al, Rodrigo R. Myocardial reperfusion injury and
oxidative stress: Therapeutic opportunities. World Journal of Cardiology. 2018;10(9):74.

[2]. Phaneuf S, Leeuwenburgh C. Cytochrome c release from mitochondria in the aging heart: a
possible mechanism for apoptosis with age. American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology. 2002;282(2):R423-R30.

[3]. Liu Z, Ren Z, Zhang J, Chuang C-C, Kandaswamy E, Zhou T, et al. Role of ROS and
nutritional antioxidants in human diseases. Frontiers in physiology. 2018;9:477.

[4]. Bayod S, Del Valle J, Lalanza J, Sanchez-Roige S, de Luxan-Delgado B, Coto-Montes A, et
al. Long-term physical exercise induces changes in sirtuin 1 pathway and oxidative
parameters in adult rat tissues. Experimental gerontology. 2012;47(12):925-35.

[5]. Rajabi S, Noori S, Zal F, Jahanbazi Jahan-Abad A. Oxidative stress and its different roles in
neurodegenerative diseases. The Neuroscience Journal of Shefaye Khatam. 2017;5(1):73-86.

[6]. Jokar M, Sherafati Moghadam M, Daryanoosh F. The Effect of an 8-Week Endurance
Training Program on the Content of FOXO3a and Beclin-1 Proteins in Heart Muscle of Rats
with Type 2 Diabetes. The Journal of Qazvin University of Medical Sciences.
2020;23(6):484-493.

[7]. Hashemkandi Asadi R, Arshadi S, Banaei Far A, Haji Rasouli M. The Effect of 12 Weeks
of Aerobic Training with or without Dietary Restriction on the Expression Levels of SIRT3,

PGC1-a and SOD2 of Soleusmuscle in Male Rats. Iranian Journal of Nutrition Sciences &
Food Technology. 2019;14(2):21-30.

[8]. Ramos JS, Dalleck LC, Tjonna AE, Beetham KS, Coombes JS. The impact of high-intensity
interval training versus moderate-intensity continuous training on vascular function: a
systematic review and meta-analysis. Sports medicine. 2015;45(5):679-92.

[9]. Mohsenzadeh M, Aghaei F, Nameni F. The effect of high intensity interval training on
SIRT1 and PGC1-a gene expression in soleus muscle of type 2 diabetes in male rat. Medical
Journal of Tabriz University of Medical Sciences and Health Services. 2020;42(4):447-55.

[10]. Taylor CW, Ingham SA, Hunt JE, Martin NR, Pringle JS, Ferguson RA. Exercise duration-
matched interval and continuous sprint cycling induce similar increases in AMPK
phosphorylation, PGC-1o and VEGF mRNA expression in trained individuals. European
journal of applied physiology. 2016;116(8):1445-54.

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole


https://pubmed.ncbi.nlm.nih.gov/30344955/
https://pubmed.ncbi.nlm.nih.gov/30344955/
https://pubmed.ncbi.nlm.nih.gov/11792651/
https://pubmed.ncbi.nlm.nih.gov/11792651/
https://pubmed.ncbi.nlm.nih.gov/11792651/
https://pubmed.ncbi.nlm.nih.gov/29867535/
https://pubmed.ncbi.nlm.nih.gov/29867535/
https://pubmed.ncbi.nlm.nih.gov/22940286/
https://pubmed.ncbi.nlm.nih.gov/22940286/
https://pubmed.ncbi.nlm.nih.gov/22940286/
http://shefayekhatam.ir/browse.php?a_id=1142&sid=1&slc_lang=en
http://shefayekhatam.ir/browse.php?a_id=1142&sid=1&slc_lang=en
https://brieflands.com/articles/jid-156188.pdf
https://brieflands.com/articles/jid-156188.pdf
https://brieflands.com/articles/jid-156188.pdf
https://brieflands.com/articles/jid-156188.pdf
https://nsft.sbmu.ac.ir/article-1-2757-en.html
https://nsft.sbmu.ac.ir/article-1-2757-en.html
https://nsft.sbmu.ac.ir/article-1-2757-en.html
https://nsft.sbmu.ac.ir/article-1-2757-en.html
https://pubmed.ncbi.nlm.nih.gov/25771785/
https://pubmed.ncbi.nlm.nih.gov/25771785/
https://pubmed.ncbi.nlm.nih.gov/25771785/
https://mj.tbzmed.ac.ir/Article/22901
https://mj.tbzmed.ac.ir/Article/22901
https://mj.tbzmed.ac.ir/Article/22901
https://pubmed.ncbi.nlm.nih.gov/27251406/
https://pubmed.ncbi.nlm.nih.gov/27251406/
https://pubmed.ncbi.nlm.nih.gov/27251406/
https://pubmed.ncbi.nlm.nih.gov/27251406/

ol (Kad g deli puwloll o, Lo re

[11]. Suwa M, Nakano H, Radak Z, Kumagai S. Endurance exercise increases the SIRT1 and
peroxisome proliferator-activated receptor y coactivator-1a protein expressions in rat skeletal
muscle. Metabolism. 2008;57(7):986-98.

[12]. Haydal MA, Wislgff U, Kemi OJ, Ellingsen @. Running speed and maximal oxygen uptake
in rats and mice: practical implications for exercise training. European Journal of Preventive
Cardiology. 2007;14(6):753-60.

[13]. Kraljevic J, Marinovic J, Pravdic D, Zubin P, Dujic Z, Wisloff U, et al. Aerobic interval
training attenuates remodelling and mitochondrial dysfunction in the post-infarction failing
rat heart. Cardiovascular research.2013;99(1):55-64

[14]. Jokar M, Sherafati Moghadam M, Daryanoosh F. The Effect of an 8-Week Endurance
Training Program on the Content of FOXO3a and Beclin-1 Proteins in Heart Muscle of Rats
With Type 2 Diabetes. Journal of Inflammatory Disease. 2020;23(6)484-493

[15]. Vargas-Ortiz K, Perez-Vazquez V, Diaz-Cisneros FJ, Figueroa A, Jiménez-Flores LM,
Rodriguez-DelaRosa G, et al. Aerobic training increases expression levels of SIRT3 and PGC-

la in skeletal muscle of overweight adolescents without change in caloric intake. Pediatric
Exercise Science. 2015;27(2):177-84.

[16]. Donniacuo M, Urbanek K, Nebbioso A, Sodano L, Gallo L, Altucci L, et al.
Cardioprotective effect of a moderate and prolonged exercise training involves sirtuin
pathway. Life sciences. 2019;222:140-147

[17]. Weng T-P, Huang S-C, Chuang Y-F, Wang J-S. Effects of interval and continuous exercise
training on CD4 lymphocyte apoptotic and autophagic responses to hypoxic stress in
sedentary men. PloS one. 2013;8(11):e80248.

[18]. Lin C-H, Lin C-C, Ting W-J, Pai P-Y, Kuo C-H, Ho T-J, et al. Resveratrol enhanced
FOXO3 phosphorylation via synergetic activation of SIRT1 and PI3K/Akt signaling to
improve the effects of exercise in elderly rat hearts. Age. 2014;36(5):9705.

[19]. Tian H, Chen P, Ren J. Physical exercise, autophagy and cardiometabolic stress in aging.
Aging (Albany NY). 2019;11(15):5287.

IPoF s e ol 6Ll i 5,90 ool )5 (i j pole


https://pubmed.ncbi.nlm.nih.gov/18555842/
https://pubmed.ncbi.nlm.nih.gov/18555842/
https://pubmed.ncbi.nlm.nih.gov/18555842/
https://pubmed.ncbi.nlm.nih.gov/18043295/
https://pubmed.ncbi.nlm.nih.gov/18043295/
https://pubmed.ncbi.nlm.nih.gov/18043295/
https://pubmed.ncbi.nlm.nih.gov/23554460/
https://pubmed.ncbi.nlm.nih.gov/23554460/
https://pubmed.ncbi.nlm.nih.gov/23554460/
https://brieflands.com/articles/jid-156188.pdf
https://brieflands.com/articles/jid-156188.pdf
https://brieflands.com/articles/jid-156188.pdf
https://pubmed.ncbi.nlm.nih.gov/25680002/
https://pubmed.ncbi.nlm.nih.gov/25680002/
https://pubmed.ncbi.nlm.nih.gov/25680002/
https://pubmed.ncbi.nlm.nih.gov/25680002/
https://pubmed.ncbi.nlm.nih.gov/30849417/
https://pubmed.ncbi.nlm.nih.gov/30849417/
https://pubmed.ncbi.nlm.nih.gov/30849417/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0080248
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0080248
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0080248
https://pubmed.ncbi.nlm.nih.gov/25158994/
https://pubmed.ncbi.nlm.nih.gov/25158994/
https://pubmed.ncbi.nlm.nih.gov/25158994/
https://pubmed.ncbi.nlm.nih.gov/31369398/
https://pubmed.ncbi.nlm.nih.gov/31369398/

	مقایسۀ اثر تمرینات تناوبی و تداومی بر ژن‌های سیرتوئین و عوامل دفاع ضداکسایشی در عضلۀ قلب رت‌های سالمند
	References
	[1].González-Montero J, Brito R, Gajardo AI, Rodrigo R. Myocardial reperfusion injury and oxidative stress: Therapeutic opportunities. World Journal of Cardiology. 2018;10(9):74.
	[2]. Phaneuf S, Leeuwenburgh C. Cytochrome c release from mitochondria in the aging heart: a possible mechanism for apoptosis with age. American Journal of Physiology-Regulatory, Integrative and Comparative Physiology. 2002;282(2):R423-R30.
	[3]. Liu Z, Ren Z, Zhang J, Chuang C-C, Kandaswamy E, Zhou T, et al. Role of ROS and nutritional antioxidants in human diseases. Frontiers in physiology. 2018;9:477.
	[4]. Bayod S, Del Valle J, Lalanza J, Sanchez-Roige S, de Luxan-Delgado B, Coto-Montes A, et al. Long-term physical exercise induces changes in sirtuin 1 pathway and oxidative parameters in adult rat tissues. Experimental gerontology. 2012;47(12):925-35.
	[5]. Rajabi S, Noori S, Zal F, Jahanbazi Jahan-Abad A. Oxidative stress and its different roles in neurodegenerative diseases. The Neuroscience Journal of Shefaye Khatam. 2017;5(1):73-86.
	[6]. Jokar M, Sherafati Moghadam M, Daryanoosh F. The Effect of an 8-Week Endurance Training Program on the Content of FOXO3a and Beclin-1 Proteins in Heart Muscle of Rats with Type 2 Diabetes. The Journal of Qazvin University of Medical Sciences. 202...
	[7]. Hashemkandi Asadi R, Arshadi S, Banaei Far A, Haji Rasouli M. The Effect of 12 Weeks of Aerobic Training with or without Dietary Restriction on the Expression Levels of SIRT3, PGC1-α and SOD2 of Soleusmuscle in Male Rats. Iranian Journal of Nutri...
	[8]. Ramos JS, Dalleck LC, Tjonna AE, Beetham KS, Coombes JS. The impact of high-intensity interval training versus moderate-intensity continuous training on vascular function: a systematic review and meta-analysis. Sports medicine. 2015;45(5):679-92.
	[9]. Mohsenzadeh M, Aghaei F, Nameni F. The effect of high intensity interval training on SIRT1 and PGC1-α gene expression in soleus muscle of type 2 diabetes in male rat. Medical Journal of Tabriz University of Medical Sciences and Health Services. 2...
	[10]. Taylor CW, Ingham SA, Hunt JE, Martin NR, Pringle JS, Ferguson RA. Exercise duration-matched interval and continuous sprint cycling induce similar increases in AMPK phosphorylation, PGC-1α and VEGF mRNA expression in trained individuals. Europea...
	[11]. Suwa M, Nakano H, Radak Z, Kumagai S. Endurance exercise increases the SIRT1 and peroxisome proliferator-activated receptor γ coactivator-1α protein expressions in rat skeletal muscle. Metabolism. 2008;57(7):986-98.
	[12]. Høydal MA, Wisløff U, Kemi OJ, Ellingsen Ø. Running speed and maximal oxygen uptake in rats and mice: practical implications for exercise training. European Journal of Preventive Cardiology. 2007;14(6):753-60.
	[13]. Kraljevic J, Marinovic J, Pravdic D, Zubin P, Dujic Z, Wisloff U, et al. Aerobic interval training attenuates remodelling and mitochondrial dysfunction in the post-infarction failing rat heart. Cardiovascular research.2013;99(1):55-64
	[14]. Jokar M, Sherafati Moghadam M, Daryanoosh F. The Effect of an 8-Week Endurance Training Program on the Content of FOXO3a and Beclin-1 Proteins in Heart Muscle of Rats With Type 2 Diabetes. Journal of Inflammatory Disease. 2020;23(6(484-493
	[15]. Vargas-Ortiz K, Perez-Vazquez V, Diaz-Cisneros FJ, Figueroa A, Jiménez-Flores LM, Rodriguez-DelaRosa G, et al. Aerobic training increases expression levels of SIRT3 and PGC-1α in skeletal muscle of overweight adolescents without change in calori...
	[16]. Donniacuo M, Urbanek K, Nebbioso A, Sodano L, Gallo L, Altucci L, et al. Cardioprotective effect of a moderate and prolonged exercise training involves sirtuin pathway. Life sciences. 2019;222:140-147
	[17]. Weng T-P, Huang S-C, Chuang Y-F, Wang J-S. Effects of interval and continuous exercise training on CD4 lymphocyte apoptotic and autophagic responses to hypoxic stress in sedentary men. PloS one. 2013;8(11):e80248.
	[18]. Lin C-H, Lin C-C, Ting W-J, Pai P-Y, Kuo C-H, Ho T-J, et al. Resveratrol enhanced FOXO3 phosphorylation via synergetic activation of SIRT1 and PI3K/Akt signaling to improve the effects of exercise in elderly rat hearts. Age. 2014;36(5):9705.
	[19]. Tian H, Chen P, Ren J. Physical exercise, autophagy and cardiometabolic stress in aging. Aging (Albany NY). 2019;11(15):5287.



