[ Downloaded from shefayekhatam.ir on 2025-07-04 |

[ DOI: 10.52547/shefa.9.2.48 ]

“y' o \F- )Lg,g S a)Lyi; o0 090

The Effect of Six-Week HIIT Swimming Exercise and Resveratrol Supplementation on the Level of
SIRT3 in Frontal Lobe of Aged rats

Amin Mehrabi'?, Abbasali Gaeini®, Reza Nouri", Farhad Daryanoosh*

"Department of Sport Sciences, Kish International Campus, University of Tehran, Kish, Iran
“Neuroscience Research Center, Institute of Neuropharmacology, Kerman University of Medical Sciences, Kerman, Iran
Y
‘Department of Exercise Physiology, Faculty of Physical Education, University of Tehran, Tehran, Iran
‘Department of Exercise Physiology, Faculty of Educational Sciences and Psychology, Shiraz University, Shiraz, Iran
gy y

Article Info:

Received: 15 Aug 2020 Revised: 10 Nov 2020 Accepted: 15 May 2021

ABSTRACT

Introduction: Mitochondrial disorders play an essential role in reducing the health,
infestation, and progression of aging. The SIRT3 in mitochondria coordinates many
mitochondrial biological aspects that are important in aging. Moreover, it alters directly the
activity of many metabolic enzymes. Exercise has been able to enhance SIRT3 protein’s :
expression and improve antioxidant function and neuroprotection. Resveratrol acts as a !
modulator of SIRT3 and has anti-aging and neuroprotective effects. The aim of this study was
to determine the effect of HIIT swimming activity and resveratrol supplementation on SIRT3
levels in the frontal lobe among older rats. Materials and Methods: Thirty rats were randomly
divided into 5 groups; control (C), solvent (S), supplement (R), HIIT exercise (EX), HIIT !
exercise, and supplement (EXR)). The EX group performed HIIT swimming training for six
weeks. Group C rats did not practice. Group R rats received only resveratrol supplementation.
Rats in the EXR group performed HIIT swimming exercises with resveratrol. Group S i
received the only solvent. The SIRT3 protein levels were assessed frontal lobe of the rats. }
Results: A significant increase in SIRT3 protein was observed in group R, EX, and EXR i
groups compared to the control group. In addition, there was a substantial difference between |
the mean values of SIRT3 protein among the three groups. SIRT3 levels in the EX and
EXR groups were significantly greater compared to the R group. Conclusion: Increasing '
the amount of SIRT3 in the response of HIIT swimming training in older rats indicating the
involvement of this protein in metabolic pathways, antioxidant defense, and neuroprotection. Keywords:

In addition to metabolic tissues, this process occurs in the frontal lobe of the brain.
i 1. Resveratrol

i 2. Swimming
i 3. Aging

*Corresponding Author: Reza Nouri

Email: nuri_r7@ut.ac.ir


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

= & -
iRs iy dlis

S ige 3o Sliwy ©gd JOSIRT3 4l » J9y51)955 9 U HIIT )59 cadled aibd gl ju3U
e

[ Downloaded from shefayekhatam.ir on 2025-07-04 |

[ DOI: 10.52547/shefa.9.2.48 ]

T gl yo ol yd M6 95 Loy (Sl (Armlie M ol oo ool

Ol e Ol oA (1S o 18559 ke 055
Olnl e wole)S (S pole olSails (s55lsS e by 55 olRtngy wolaae! pole lasion 3541
Ol 08 Ol RN (G S5 008 (59 (595525 095"
Q‘):‘.‘ ‘}‘)':"f‘ ‘}‘J:‘.-:‘ oLl ‘s“w‘B) 9 sy Pbl‘: oasiails ‘U009 6)5J5")"3 °5)§F

i wleMb|

1YA9 LT Y- sl 1¥A9 ols e YO idl 4o

1 suads sLejly

Jorles,-)
L

SV

D18 HEB (6 ATy, S ey g £9, o S a5 iealS o b yuS g PSS :apaiio
Wyl el (g a8 0 aS b ,aiS gl S 05> 5l (85l «5,0 S 5ie ;0 SIRT3
5 Gzt 2o ST SIRT3 ou S Joass pls—ear Jg,5095, iz o 05t |y (g8
J—oSo o Lt HIIT i3, cdled 351 o ond bl il 5l Baa o)ls Sy )e5 culadlons
9 398 .0_3h oo ;o (e slabye e (Fldey 05T 0 SIRTS (e ;2 Jg—l)93)
O o3 R J—oSs (S «(C) J,=55) 05,5 O a4y Bolal ol o yigo o Vo :LdIIG)
o= yod EX 09,5 ol o sla g .aiad peedi (EXR) J—oSo o HIIT ¢ 505 ¢ (EX) HIIT
B50,S el G yad €09, S (il oo sla ige assls ploul aie il o an |, LS HIIT
09,5 =lee Lo bge 00,8 Sl e Jo,sls5, J—eSe Laid R0, 5 (il e sloaige
S8l o Pl 1aid S 05,5 ol alsil Jg,alyg5, @bl o U ol pan 1) L HIIT sy o3 EXR
SIRT3 (559 5 ol M (g yimmig (19, 4 9 0= Iz (e Slahge (GSlotoy o] s S
awslis .0 EXR 5 EX 05,5 ;o SIRT3 _5g n Jlaie jlo e imsl3dl LBaisl ool C s 4
O SIRT3 o= L)_&LA O d)‘étf""c u_AjLD.: u_>‘)_’ 05)Lc s odwline J)—»-AS 05; l_:
=59y Ols—isay SIRT3 |33l spgpaSaauii ol a_ils g ls —xo (iol38IR 09, 5 L
o=l 9gm JmB o sas lid Lr;'l)z.z—: (_;Laiu.‘byo 5o LS HIIT oy s dm fly (o (g0 dS
D23 oo ol (g Cdled a3 Sliy g o a Sl alac i Sslie slacdl o

nuri_r7@ut.ac.ir :Sod g y5SI| o


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

Ve Lo s oflas gt o9

[ Downloaded from shefayekhatam.ir on 2025-07-04 ]

[ DOI: 10.52547/shefa.9.2.48 |

“0 ol
M
JolB 4SS .(02) aS o S o5 (ERRa) LT (59 il
ol 6l SIRT3 g el ad bgs L )| ol 4SSl asgs
a_Lac 9 6‘°9—Q—§ —= 6LQJ5J._“) B PGC-la u’_:...ub
PGC-la ;o SIRT3 (Y- YY) cul (5,5 ,— SISl
—orbais Jlge o Jlad 5 adl y 908 S 2 ol 5l
AMPK 4 CRBE = PGC-la olp oo asli b
S92 PGC-la (51,5 SIRT3 (Y+c YY) aas oo i3l
sL20; ol 5 b yaiS gie 55500k algy LS el
5 LaROS olojp—w 0 a S ooy ofmgd o] Bo o
o5y i o |y ;36 ol sla Sy g oles (iagh
00 =S Jlsd g alowls yo (5)9—S s 3l z,L5) SIRT3
03,5 pglro el AMPK oL 5SS 45 LKB
PGC-lo ,— a5g3> SIRT3 cncs pogtas jo—in Lol ‘;,._*:,I
I, ATP oJg5 SIRT3 a5 bl 51 (YY) 5,035 oo 50
S AMPK 5 (YY) a2 oo Gimlidl Lacdl 5l g )b—us o
uL—MAJ ‘) oMéu_mf)) G_ml) s_i_.: M_.MJJ )L_)] l_.:
SIRT3 a5 o,ls 5929 80l (sul & g0 2 0020
PGC-la s3lw 5 e g mordais Lo LSLQW.JL:B =
4o sloosls Ly gg-bge oyl il aisls , 5 AMPK
- )1_....9 le—bu“’ﬁ“’ 9 L{bJ}l_“: )| GQLAI_.»‘ l_J OJ_A] Cmsd
C—'l‘“ Sl u_i.o.n ‘)_:) el 00 600 SIRT3 09_~.o.5
s g SIRT3 098 Cigid 40 ddi ) ode] Cwd 4

L pls (mbyaiSense Baa S 0,5 alauls jo
ey ailrasn sl s3sdsid o o] Al LT
(V) 0,00 b g ol aals SIRT3 55 aS ay
o— 6L_.(Mj9.o.i o Sl 00 ui:)\}_f O—i‘ — cj)L_.c
sl slon 3 (=50) el Sss Sl S e
w3 5o SIRT3 gl olie (2Bl Lo oS e
o Ll ol sls il a8 s 5 b Sliny
19 5 O3 e o=l Ol 9 B9 Ol Sl
a5 Gy b 5 (V0) Cl il ialS j s o, 2
S l8l el (5559 lad 1 (5L (655l 0geS
b AMP e islisl 095 oo Jylow ATP /AMP
s el sl 905 9 995 s AMPK o JLad
s Ay g ddd oo il |, SIRT3 Lo
So abse dgte |y (g cblis 5 Gl ST
OgeDlils oy - G Cmie (69,53 5k )5 g5
Gl 5 553 oo 5LET SIRT3 51, LKBI s Jlab
clad Jlie 53 (V) 555 e AMPK o lad i3l
3B ol e Ylaio (g 3T s S anlie 4 (5

! Nicotinamide adenine dinucleotide

dodlo
u..._calf l_> aS ol L_S‘od_.JLu Bd_nb ‘S = J_uT)B

e 9 S Smlils (mligdn st o Shes oom
s loms 3 6l 31 s e dEl S il ol ,_an
Jole 6y 9l ® odlsd (V) wpd oo &) (—bi3slsily
S g (Sl [y Pl assS e s e
aloz 3l Sledlw Ot 1 (6 lmn S8 iy g £g 0 A
or e o=l sl g Sl eslez (69, i 9 S0
L5|°J—’5 u_..o.ib‘ (rfd.‘) )l 0,99 U_" a .'og_v).o LFLAAAA
O+ aslazil, Uil byl 4y Lags 55U 5l e
7| BESE WO | 1| g VY- W 0) KOG SN S AR YU S
Qﬁ“\_‘ J_nlS.v )_..ul.uj.w 5o 6‘4_H.a] ..\.._...J‘ 6LD0JJL°@[;
5 el sl >l Lol o Slenile (8L s
Slasglss a5 0s)ls 3,8 g bl blad 5l (LS S
5 Pl Cadlad (ol (4950 (6,58 e )0 S92 g0
3 sl (3l g SS9 3 0 50 Lag 3l
ol oS e Sy ile 43 SIRT3-5 (6,5 )3 aslazs 5
i jo—b d bl ol S5—Bo0 Ssly
i i | Splie Lo 3T 5l oyl b
LS'_MH) 09—>9 )l LS)L‘—““" Libu.uy).._..u Slusl Q_" 5o
Sl Lo jlow 5 5 alyd ys s, =S g
ey o g el 5, Sl ials Ly SolSe L)
il o je a S Ll 5l SG.(VFVY)s s LLS )
ob).'l_uj le_ﬁu\.u—‘ﬁ — c\_u5§:> SIRT3 a5 ol U_"
SIRT3 L PGC-Ta.(YA) 5,ls (6,550 5s5Ls8 (g3l g
a 4.»—A.MJ‘9 oJ_>)5 l_a SIRT3 )5_>9.A3).| J_v}».: o|) )‘ ‘)


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

[ Downloaded from shefayekhatam.ir on 2025-07-04 ]

[ DOI: 10.52547/shefa.9.2.48 |

\f-. S o 0)lels (ot 0y90

= =
U—AASH ﬁ‘_—‘LA.,—Q

SIRT3 (li—e = Js,=hh95) J—eSe 9 Lt HIIT (3554
0 ol jm (e slagbse e (Glie ot

L gy 9 dlge

B Sy s cl lanwgs g9 5l ol iagl
095 g Lo a5 aBboe (25 slaiagn g9 )
«(8) b J—o (S5 Pz 09,5 «(C) J=5)
oo s HIIT ¢y a3 o (EX) HIIT ¢y a3 «(R) JaSe
o9 o 0 gy ol jo Lol ool ploul (EXR)
YO i Lo Sty ol o aple Ve i (e
B _zils Cloacl pole slo iogy -5 0 5l o, 5 FO-
a8 ol ol s g la s Gl (S pale
Sl ol 0955 Jlomd amy (6 il £9,5
el plymea) (e slagbye (SSLD (L)
slaghse (i) Sdgn L ol Y515 pas 5 (6=
D33 S5 iy €5, 5l B ols S (ol es
> o as Jols (a3l mal (F) 08 51,87 sl

48385 Ve Do dn mlro (hge e laol o o]
s LT s ygme)] (dan) Lioles] baome L
90 ool S8 g A 9, S e g (llisl dd> e |
x> 10 (o S5, Lo lailgwl 2) alie i
L obsl sl a3 (ol (s 5 0
8138 (e Ll Uy L] d o) aliie sl
e olwlid ) alse Lol a g 80 0 Soo ay g o
ag g el (S g alor 5l g5 6 Jloel Ay
= @llid) Jobs dd> e 9,8 (sl 0,5 (Ll any
a8 FO oo an e ge po Sl (a0
oals 1,8 uad o alie il Ly @“L;_;LT > 0 5l as
o |y Jols k> e (mlime Gig y8 s 9 090
L alie Gl 5l (S5 50,5 0Kl 5 a5l
Se (=) JB > e (5 5l e SBS M 0
3 (St 5 s S, Lo (5SS lalss slhlo s
po—w 9 pgd ad> o ol plol A 580V o s 4 A
o mlme Ghge o (LBl A bl ()l 6l
abgrye (SLoodls g 9 03,5 Lo b (590 dliuy
F) o 6)BTH? odd lao slapls coal e L
ot 9 (5 > PloB pae (o p Gl odleay
SS9z sl Gl (e slo Ghgs (o Dl
Oh—e g3l 2y5—2 yp (e slo g ooy
ad> o 95 Jolds ool mal (FV) 08 518 5 5L
48385 Ve Do dn mlro (hge e laol o o]
o Ll sl e o3l (amaz) (imalojl s L
g B a3, et g it Al e sl o
5 ol g ol A oliS A o sae olyl 4 (ol e

Cely g aisl ails Lacnsig s ooml coalled 1y olyas
2 590 iyl e o Lol e ite o, Sloe i3l
eload pydae Ly )85 485 )90 Lo iagh
4S5 (Ve ) e g o5l ooy 5o JLie sl
Sl 0ol podre s plodl ools g 15 Jogo o £y
o529 5l90 £z 59; aldbglo (59 Clad asin Cdo
el 08,5 aalass Sl alae o |, SIRT3. 5 uss>
s )5 lam alac (o 1) SIRT3 e lad «pizmon (Y+)
YY) el ool i e dily oLl L 5 (i)
L NAD 5lee imal33l L LT3 oyl i an (Y5
Lieds (YA +) el wils b)) 'NAD ljso sials
oo)li=5 6, cngame 8o SIRT3 Lo i als
Sl Sen g S repgh 4o wogdledr (YY) cwl ouls
b g )5 lad Sl s ools s (V< 15)
Dl s 3 5 SIRT3 g 1 2l (sl
990 it 5 o2 |y (ol iS e slagntiy
Sl 1) jetml g (il Ltd ey ras Ceglie
S =2 U595 ol odls (FY) 05 e
el A5 o By e 5 e Libls 4 Lax 5 oo
(YY) 0 )l ppae ctadloes g cnbd ws (Sl 0
et s ool e Lo Uy Lo 555,
Sr—=Sokr Loags,ss o> Ot S 28 5l (S0 o
o3 oo a5 el Aol 0 g S (e
4 hlem po 1) aladle o, Slee wlys oo Js,—5)s5)
A (YF) S gy i glababls WS i Lo
L sl swmog—o LT 35 me Slslllas (556
OB assz jo 1y (b paS e sly—me 5 Gl ol 8l 5o
Ols—ear Js =95, L= (FOCYF) alos 57 5,155
S8 a g 0ys o) S imghy Jawey SIRT3 ouisS Joows
LFV) 3)s gydgo ol Eavanl ) i 45 el 4t 5
5t Bt el pyle 3 35l e los ) 5,
s s ol el o 5in iy oy
L gy s ey okl ol s s
$Ln St sl 1 55558 ol Ay ) (53 Shac
i | g e gt JuLs iy g
@ aS Sl (6,508 s dinlby g Jlad dbasl> (s )Lge
055 (o 518 Sl S saiall L a0 15
0l a5 el ol 55 Sia o llae dan aiyl, (YA
SIlie pts 5 0lS (—F 9 (I SIRTS ()
BTy 0, Shae 050 ;5 95250 Sloalgd 5l (e sz,
G i iy o) 31, ol GslS Ly 5 il
i 31 a3 g S o S
e 4 ST as” Jg,51,95, Jte (s9ly—e g (059
6397~2 SIRT3 ol5se j ;- S00Se Lo s wsils (5559
e 8 oyns bl imgly 5] o oyl Al


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

Ve Lo s oflas gt o9

[ Downloaded from shefayekhatam.ir on 2025-07-04 ]

[ DOI: 10.52547/shefa.9.2.48 |

“0 ol
&
=) 5% Gmred Ols) (e 45) pls ae (BX 05,5
0= =25 0 (Gl (e sl tse (b (IS
S plal (@ljom il 2eS Baa L) e 3
5 Jsl St 9 o5 S () sl (FF)
SLSY (o pod by oiid g pg Jyl sLadiin pg
8Bl (5 59,5 39 o (o sLagn (55
Lactate Scout-EKF-) po Lol Sy 5l , 31 cmgs LG o
T 2 o=l yro sl yhge 0l oo ooz (German
9 G ¥ B, 2) (Bass> og—ate ubd )00,
o,/ glicigy as > g ol 5 il am o VYT Lo
5 lasbil gl g ol a aslolyl wiws g ael )Y
5 o8 S ST 00 e Sl sl e (gl
=l slagise ooyl s S8 ol la e
Ot 3 el FA (555 asl sl les o
Jo—ol cmle) Lo (mlme slabse (i ped 4l
el oyl (Gl ingsy 35 o LS azoaS o g 55
S e 0 AANFIE) Lo ,S (Sipy pode o iils
S (902 S8 S deeS 168 S 4 e
FUEONPIIWERUL S RV IRUPTIR TR JU A ST EE S g -
Sty o9 g glpial 4 Lol (e sLabys
99238 oS3 amle Ol S o 5 ah laa o s
Oy L G 5 Sslamez D 0y Gimales] i
Ol s Sl B0 S A )5 8 58 o
o NIh (e Fm (59, Lol ol (5
chale o labwl oo 3l eslaiwl g 0 53015 g 4
Oy gy Sid dauslome Ladigad (g ceulic
ol sl sl eslawl Ly SIRT3 e ymnd (gl D
Rabbit) a4l 5 (Anti-SIRT3antibody sc-365175) a_Jsl
: (6c5) GAPDH 4 (anti-mouse IgG-HRP:sc-358914
st Lol 5 ol g Sl 8, L (50-32233)
It Catd ol (59 ilndag) (ST 5l pnita 555 9
ool l Uy Lanelid ateils wiass ,alls sl olS]
“9mld Osail B 8 (o) 05 Tmagl 5 Sle
2 1) gy dinls Gl pxie b a8 Sy
9 039 S Dol (s (sl lo plti o9,
sloatia o (e slagise Hs5 DLy olre
o=l Jelo g3l 5l 09,5 50 45 il g ey ol
s Sy glys A ol l ;S g, Sl
el Gyl 31 Ui 5 (et Aoy i o s
S e—ine Dyg—o joa b el a s, b S b g
O Sl S5 e 53] Sl lasli ol (95
Gl s—ro o ol ool ol Lacglay 58 | oo
ey 428 bl P [+ gl oo 5 ey

ot ool SPSS 22 158l 5 51 slitaol Ly Laools

axsly

555655 B blio 5 (il oo b 00t b il
o g dnz (oo gm0 9 (oles 29
Ethovision, NoldusTechnol- so—l50 i sidyy b0,
W s e Jale ,Sa0lS 4 4 S 0gy, version7
b5 8 s 035 5 S sleez abogpe slaosls
b el 48 (e g e T e (F1)
A gt oslg aii il s S e Plasl g acials
O S 90 5l Jd e S (e slajhse aen
VA ) ol ool Ly ol sl d o o Lol
S 3 ad> 0) (el Ar gl gy il
Lo iss el o sl ol dals 45 0550338 |, (aan
Ul ol o il T 5 oo el Ly il o
Voo o sl (Silee 5 po il 00 Ol 3oe Loy
Aol sdo eyl g a8 8 1 8ol il w a0
S gam gloa_l> o o S L a 88 miy Do
LtT Ul il s g 4y (oo slniss
Ot S 9z (gl o e L bl (gl ias
et o] 5l ol il i g Ls aids Sy
S 5 ey o e 00ls 18 Ol o 0,lg0 g 004
$lagbse (sslalitl e o 5T e el TA
F 0gyS ,B) WA amndS 09,5 O 4 olay oo
05,5 (e 5 TAOEYT ()59) Cog, 8 s malimo Sig—e o
0975 5 (p 5 T2V 5) Rog, 5 (F-FEY- 59 EX
(S B oYY 39S 05,5 5 (5,5 F+ VYY) 559) EXR
oty Lt HIIT sy EX 05,5 ol sl ige
2 oy oyl BV e L L gl Yo ey VF
O St Ay (D59 4l ol aels sl 1) cgs
e plamil (Gl 58 59, S aia 48 59, dw) 4idn
1) gl 8o Jlaasl )y olsmse L HITT oy joi o
45 390 (e Ghome o (o 09 o) A (o) Aie
laan o g ol eadlal las aoye ) b 0
D508 G yed 93 (o 09 eV F L (e s
A0S (o3 o3 € 09,5 (il e sLaige (FY)
Jsr—lis5s J—oSe 5l s R0y, 57 (il e Lo bge
Pl e S50, ;0 Jo—Ixe (serva-10700-Usa)
A oS Lol e alie ) 5lelS ol 5l ooy S (CMO)
Bl (o Ghyn y0 (332 533 prSoS 5o ol
HIT ¢y 05 EXR 05, 5 lymo sla ige oso,S
09,5 aels pladl Jg,1595, el 0 Ly ol o |, Ll
S, (G201505-13-China) CMC Js_l=e (S) P>
EENENSTR SN SO ISR SRS TN
K r:l_?d‘ ‘ali_;.m e (S s R EXR) 05)5 A u—i‘)z‘o
el Sia EXR 09,5 (ol pre slatse (ol ple
O 3l 81D 9585 oo g9 8 1y 093 (i e B9 5l
alie) Lt HIIT o o3 (5158 51 (o—b o il (3,

|2


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

[ Downloaded from shefayekhatam.ir on 2025-07-04 |

[ DOI: 10.52547/shefa.9.2.48 ]

\f-. )LQ‘A) 90 O)Lo.:a oS 0)90

= & -
g—_".&.'hs_}J=: s__‘L__Q~_n

Sl a3l (g lo smme El38IR 05,5 Lo aslin (o
S OBJ_.? u._.:‘ r— Uj)_e‘ .(P<‘/'A) 05..:..3 )‘0‘5_.;.:.0 EXR 9
5 colas gyl e Dglay 08 09,5 Lo aslie o
PR )J5J._w J—AM aS ol S ] u_)‘
ol gl 58 6,B R g EXR 05,5 10 Plo olsica
) us.?' olsy u‘).auﬁ ‘05)1.54..) el i slas as)_f 9o
d_M,.:Ln.c )d EX osj_f ‘rJ‘)M Guw}o )s) rv_w.w a_an
lime Jlie 5 (P<e/e o)) sl ialS gl dsan Ly
EXR °5}—f 90— (5_")M GL—EQ“’T" 05—> olasy
# s=le slagtse 0y o Soloe—xe glis

3 g Bae 4 olaws gl ol i se ol o
S eoliwl bl wl e w0 cwlie g)lal (5]
Sls s ;S (s S oslasl sl s Jdow g3l ol
3 o= 095 T 2 0 = e slaise O
O3 () Jaaz) Cils (g lo smre s A S
(P<+/+0 ¢ FOYAOY ) a8 )b S e sbylg Jdo
93 Ol Sl Gy (610 e oglas Bls Llis
(o=l plo (V Jgoz) oo 0925 09,5 iy ,o SIRT3
09,5 0 SIRT3 e aS ols (Lis S¢5 mins 93]
09,5 L awlie WEXR 5C 05, 5 Ly a_slas 0 EX
(P<‘/"\)C4_A:B|J QJ’"'_")‘S‘ 6)106_;M)5_Jc¢_3‘s 5C
EXR  EX 65,5 ;5 SIRT3 50 o5dle amy () ,sgaf)

i 5 pgme < Jsl sloatin ;3 oo gl bse 0s (Sl - Jgozr

3ylailiwl Bl il il slows
YE/A FAOFY B
T8 . oTY 5
¥4 £ 7Y £
¥ /a4 £ \[F¥ £
Y IFA .Y s
YA £14/YY F
Y£I59 ARTES F
FYIAY FAY/FF §
Yy YAEMY £
YAFY FLEITY 5
TAIT FYO0F &
YY/TY FYV/AQ s
YRIFY YA 5y &
WY/ VA-NY ¥
Ta/4 LT TARY ¥
—a



http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

\F- )Li’:! ©9S 0)14,5 5 0)90

[ Downloaded from shefayekhatam.ir on 2025-07-04 |

[ DOI: 10.52547/shefa.9.2.48 ]

“0 Z d
M
Slivg oot O SIRT3 e 1 Jo,50,05, JoSo g Lt
ol gt w0y (e laige jae
Cedld S5 g LS HIT 45,9 e Jlad olo (LS
—lme slagtye yie (Glodey w9t ;0 SIRT3 l; s

4J)l_> LJ)_MS 6[.905; )é f"-"*‘" 9 PH—w ‘J9| 6[.2“1&
Jol &de b avolie 4o (5 ,lo e wglis™

S5 Az g Sy

HIT 55,9 cdled Sl oss ol iaghy 5l Bus

Jolyssy s W HIIT (o35,5 collad 51 26 SIRT3 ad )b S (ily)ly el (g5l b =Y Jgor

YN £o10Y Yoo £

YV 2N

S ZARIE VAL AR L I0)

AIFA ENFA

QA oYY

T R AT

Alb- £YV/vA

&

(28 KDa)

SIRII o e S ——
{37 KDa) -

—— SRR
= Breferat —_—

I— Plof-nny =

(Tenymo) jo ploJ) rsmaygg
asney HAOJVO ELFTS

Group

Lo e

K EXR EX

A5 a8 ,F L /00 Loy S hen (sl 6 0 ine i sloog,S (yes STRTIIGAPDH ¢ty e dunlia ) o gud

|3


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

[ Downloaded from shefayekhatam.ir on 2025-07-04 ]

[ DOI: 10.52547/shefa.9.2.48 |

\f-. S o 0)lels (ot 0y90

= & -
U—AASH ﬁ‘_—‘LA.,—Q

BIRCUNEL Sy SN 9 E=p N VRN RPCRP-N CON | WIS [
Lis gl w5 - Lol il bl 8 50 500 s
Saie (guadgi a8 as ATP i g Jolw 5,0
aS bl 5log i o 0wST'NAD a4y NADH g0l
oiml38l Jdo a4 o ls Ky 'NAD o SIRT3 . Jlss
e L sy i el 35,5 «Jlkd )0 'NAD
ol s (V) ol Laslidl 5 S SIRT3 a s el
QL_.M:) faL_a..: Lg‘.éb).‘._w.a ‘)‘—"9‘&5“ HIIT (! oo ool
I, AMPK g 1 Jg05allS" d Lo 5l Ca2+ amy aiisly Jolow
JLsd oS gslasloly ATP 5 Jjs0um o Ca2+ usl3dl Ly
S92 i dmy (Jolw plyply joans 93 (2l o
Gl e 50,5 Jled Lo Yl e L spu i ol
FA) oo rol38l 1) SIRT3 ax_wilys AMPK 5 —JgosallS’
0disS oo Glaeds Jg, 3195, 500 S5 3PV
o=l Ol oyl (5 cdled a s L5145 SIRT3
ul)l&.w 9 O—= os)L.C 4 (YY) é)‘éj‘so )_J‘ 59y
SIRT3 oauS Jld S olg—eas Jg 51595, 31 (Y-10)
Jlsd |y —alides glow,oly o e a5 00,5 ol
—S>5S slmossS Jld ass S s Lagl oS e
Loakal) )0 gomaxr slas Sy, wSles oo Jg 595, J=e
ool o a S IS Lol (FQ) 0S5l 9524 4y SIRT3
Ol 45 Sl (300 9929 J5 5195, J=e 59l
Lol s e iin dlgo sl S5 5 51 e s g oo
oo sl @.‘_eo SIRT3 = Ja)_")s)) )_»| ‘_gLQ)lSS)Lw
e Jg 1,95, oo lois (glaslllae 423l Lol o]
b35S gie) degane o3ugds g NADH S5 o5 5 )b |
SIRT3 _zisl58l eelb NADH ay 'NAD cos il o
Pl e (s3lasloly Lo il o Jo 515, JeSo 45
OBl STy g i3 L 5,595, (85 5] 09—
— 09d— .(B)) 39—3 o0 SIRT3  Lol,é e el MMP
s AMPK ¢l 6|§¢_¢15 Oy UL_wU o=
318U sl = 550555 65t JLST 50 SIRTS
G i aS ales S g i |, —asllsT s
SIRT3 b_._.»oYl:; W—A-E-AJ - Jﬁ)—")ﬁ)} )l_>‘ Syg—a 4O ‘)
(AY) el 055l 59 >9 4y AMPK (g5Ldled 5,1 5
Juii )—'d-:-“ sl g5l cols ol Jlo ol Lo
s ool jo (g i Olsllas 4y SIRT3 g,
E9 g Dah (bl g oyl A anl 4 glasss .ol

ovg—o o—lxs aLac SIRT3 iy (5 lo cxe u]3d
A3 iy oh5 5 (D) aale gl (ol
7o L aclie )3 Jes 5 (59) (omgd HIIT (o atin
(FF) cwl oo somliis OL’)"": 9 OL’ JJ._MS osj_f 99
eSS (V) oLl 5 ogVl ooy )3 (oizren
b 8 ool FVB/NT ol ools g 55 ((gldczin V) bye
Olss Tz 69y aldbgls (umgs atin Ad 0h pglas
V) cwlools nolidlly wawd Lac 0 SIRT3
Qlss Tz 69y asldbgls (umgs Jlw S 00 S5
o Lo Jige (g9—d8g0 aLac SIRT3 o e el
JrS L dlie ool g oS cd )b Ly oasigd o
o—zeed (Y0) ol mlBl )l me am 0 5
S dled olo L (Yo V9) o) an g S 2o
) SIRT3 ol les &= 59, asldbgls (9o (2559
Sl 00ld il SIRT3 jig—o oS gt sl yg,98 4o
o Giagh mals L 2 sl gl mals (TY)
A azg by ol nlo (Voo YYCFFF0) il oo guen
29 Smlled S g e L iaghy bt ol
ez oled g b Jees 5 695 (990 €5 5l 4 HIIT
@bl SIRT3 o paliin 30 aildbgls a0 o Ls
ool s 5559 cdlad Sos 4 S bl el
By )5 (Lisler b slos S 5 Sl sl o
P Sldllas L) ol ionghy (o ped JSSsp g9

90 45 e (o8 A (A oS (o0 Al
25y e 5 glaca i 4 YL o>l SIRT3
95 om0 3l p—e g Sz 1) amd o0 by
Oeml38l g 0o S sola il asildbgle & ygo ay lgs &>
o=l aS ol K00 4SS ass S sowline | SIRT3 o5 o
sloac s gloilay 0 e Lo slacdl jo gy
Sl yo ez Egn ol (e aeed o Ely (5559
s S8l az 5 (I Ser g (o imgh) (Dlas
o el 5o (O s Sz iogh g ol ioagh)
LN PR P - A S SP LN | Y- - LD T N W)
|, NAD ,yolie « g5, glolis Laldl ol ol Ly
(¥Y) Gl SIRT3 isl58] o)) aaly 48 oS o ol
sbolw HIIT —%5,5 slo cdlad a Sl an aag L
5 SIRT3 s li8l 1o s oo i)yl L1y (g5,
9l ()9 Sdlad ain pd Sl ey ol dslllas
Ot o5k sl oo A A (e b wu b
(SOD) 3L go—wsd auST pyow rslidl cwl oais ools
SIRT3 oS 6 =S ol (H95 S 5 6 5l 0l o
L ablie o 1, Lagys,ss oslsi oo SOD 55, bz uls L
5 O] 31 (FF) 08 cbailone S Jglie 5 LS| L
Lo bd ool (gl (5559 Sadlad a0 125 4
955 J—aloss 51 0l SOD aseis )3 4 SIRT3 a3l


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

Ve Lo s oflas gt o9

[ Downloaded from shefayekhatam.ir on 2025-07-04 ]

[ DOI: 10.52547/shefa.9.2.48 |

“0 ol
&
SLESY (e aBl o0 9l H9a> (6 S e 50
ol G 3 gliws Snled )3 (OF) 0,88 ST >
o =l ee Lo ige sl HIIT ol jod a8 il ol
g Ll 4 (05 cdled 55 5 it 2 1B
HIIT 2355 cdled slalie jm a5 ol (ole 99>
aS 5,5 leme 0L SIRT3 59y 5 5,0 .0l3él oo
Om S A Gl 50 093 Al L oS 59 o
=0 oaimo ) lid o ol e sl yige o L HIIT
L8 g5l 5 S g 5l jene 50 g Gl 05
o590 ol el (S99 e blis g Sl ST (]
o Gly o adae e (Splie slacdl o Les 4
8l sla ol o asly aol oo (il (5,5 e
doolss ol ()9 Sl 4 5 e Sl g
Ol a0, Bl wnl Js sl 959 50 egdledy ol
Lol as ol g 0l jodiz J55511955 (e Olie 45
Do e i calide w0 ol dla s ol
3 &l Lo dlgiin adliog b oy 00l joie
o=l a8 cl Gl T 0, Slas 5 sy ol 55 a8
3 st 3 Ny st Ly ol 5
Sdlad an sl 0 S (s sla)linl g b e 5o
aslllae 59— is—d oo siloSloly Jo 95, 5 (2559

R
Gi‘é)-.\é 9 P

o5 V- o jleds gl b 5l ol adlas o
o=l ol oa s plol ls S (Sop pade o8 ils
ot gl a S e, Sty pade oS iils Clac!
il oKl Sl caiogas ol | b o L
il 50 e el (650 aabbl 5l 5 a s
2559 pre—dnlin 9 (conBom )5 (059 SHoIm

S YN NS Y L] K A S

1. Cui H, Kong Y, transduction HZ-J of signal. Oxidative
stress, mitochondrial dysfunction, and aging. hindawi.
com, https://www.hindawi.com/archive/2012/646354/

citations/ (accessed 10 August 2020).

2.0nyango I, LuJ,RodovaM, etal. Regulation of neuron
mitochondrial biogenesis and relevance to brain health.
Elsevier, https://www.sciencedirect.com/science/article/
pii/S0925443909001677 (accessed 10 August 2020).

3. Trifunovic A, Larsson NG. Mitochondrial
dysfunction as a cause of ageing. In: Journal
of Internal Medicine. 2008, pp. 167-78.

=lme slatge v an a g Ly (0550 o Jled
L e gloaalyy as ol las j ol gbss ool
e 3 =l e Slatee g 7 sl Cud
I oldasde don ol adl ool o ! JoB 50
Oimls Jdo 4 Y sl LG HIIT Sl pos cnlo
Ol Col il el cos g sl il Jolgd
RUGES PPN JC N PN S U TR ON Sy B O U JUE
Sl ain o 50 aijy lime Gl (ol o (953
g, 5w sl ool saumo )l g_s—‘.‘.lj"“’ slo yige
O 090 ;S_) L_; :L_J.{bj ;i_a u..._w‘o 6‘)_) Cy—rn :L_:.nl:-
Sdailin Jgmame SO ol a s bl 51,5 lse
i gie Loclanmg S 4 oy cnl (s5l90 (o
Q_L’_JS_..J u)l_.a.: Ja_my as é)_.f‘;o )|J_9 oolas ! 0)9_9
Olg—eds eols sl 09 o o dgy 0,9 o Jled b
)—"f)“> Lgl_brp)j aS oo 'H J_,J}: u_cl) ‘)_:) OHGA
)jﬁuww)éjjl_%‘)rmuaw‘)é
)'loq_.olu_wod_,c_,ba_)uyb QHSAM
lolasy ads ceelb oS woloulas Sl )55
Lo HIIT 55,9 cdled Lol osl ouls 95 Laxs
dan yo e SLSY ol ecel Jg,0505, Lo o on
i Ol oo 0l Cwd a mols Gl aS ah v
as LT s an Jglh95, Yol as s, 8 blas il
Ol iml3dl el a s e ul ale ojloa s 555
olasy J._.Js.: U‘)'—"A Ao BLE 035 )l_w 9 u}g_.w
Gl yo o, Sa > abasa ol o uolil
J_—ua t5'l‘°‘9': :L_CBMA 9 Al ooy )L._w.: (5&'“‘9"['“'9
a S aPGCl- J o alge g lasY glaosas Jlal

&b
4. Jones JM, Datta P, Srinivasula SM. Loss of
Omi mitochondrial protease activity causes the

neuromuscular disorder of mnd2 mutant mice, www.
nature.com/nature (2003, accessed 10 August 2020).

5. Genetics DW-T in, 1989 undefined. Mitochondrial
DNA mutations and neuromuscular disease. Elsevier,
https://www.sciencedirect.com/science/article/
pii/016895258990005X (accessed 10 August 2020).

6.Lowell BB, Shulman GI. Mitochondrial Dysfunctionand
Type 2 Diabetes. Proc Natl Acad Sci USA 2003; 30: 5050.

&


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

[ Downloaded from shefayekhatam.ir on 2025-07-04 ]

[ DOI: 10.52547/shefa.9.2.48 |

\f-. S o 0)lels (ot 0y90

= & -
v_a.u.hsj_; Q_JL_Q_Q

7. Saxena R, Bakker P de, Singer K. Comprehensive
association  testing of common mitochondrial
DNA variation in metabolic disease. Elsevier,
https://www.sciencedirect.com/science/article/pii/
S0002929707600056 (accessed 10 August 2020).

8. Mercer JR. Suboptimal nutrition programs offspring
metabolic  health View project Mitochondrial
bioenergetics and therapeutic intervention in

cardiovasculardisease. Elsevier. Epubaheadofprint2013.

9. Hall AR, Burke N, Dongworth RK. Mitochondrial
fusion and fission proteins: Novel therapeutic
targets for combating cardiovascular disease. British
Journal of Pharmacology 2014; 171: 1890-906.

10. Barbosa MC, Grosso RA, Fader CM. Hallmarks
of aging: An autophagic perspective. Frontiers
in Endocrinology; 10. Epub ahead of print 2019.

11. Sun N, Youle RJ, Finkel T. The Mitochondrial
Basis of Aging. Molecular Cell 2016; 61: 654-66.

12. German NJ, Haigis MC. Sirtuins and the Metabolic
HurdlesinCancer. Current Biology2015;25:R569-R583.

13. Sebastian C, Kyle Satterstrom F, Haigis MC,
et al. From Sirtuin Biology to Human Diseases:
An Update *. J Biol Chem 2012; 287: 42444-452,

14. Yang W, Nagasawa K, Miinch C. Mitochondrial
dynamic SIRT3-

dependent deacetylation in response to membrane

sirtuin network reveals

depolarization. Elsevier, (accessed 11 August 2020).

15. Hirschey M, Shimazu T, Goetzman E. SIRT3
regulates mitochondrial fatty-acid oxidation by reversible
enzyme deacetylation. nature.com, https://www.nature.
com/articles/nature08778 (accessed 11 August 2020).

16. Winnik S, Auwerx J, DS-E heart. Protective
effects of sirtuins in cardiovascular diseases: from
bench to bedside. academic.oup.com, https://
academic.oup.com/eurheartj/article-abs
tract/36/48/3404/2465994 (accessed 11 August 2020).

17. Kincaid B, Bossy-Wetzel E. Forever young:
SIRT3 a shield against mitochondrial meltdown,
aging, and neurodegeneration. Frontiers in Aging
Neuroscience; 5. Epub ahead of print 2013.
18. Jeninga E, Schoonjans K, Oncogene JA.
Reversible acetylation of PGC-1: connecting
energy sensors and effectors to guarantee metabolic

|

flexibility. nature.com, https://www.nature.com/
articles/onc2010206 (accessed 11 August 2020).

19. Kong X, Wang R, Xue Y. Sirtuin 3, a new
target of PGC-lo, plays an important role in
the suppression of ROS and mitochondrial
biogenesis. PLoS One; 5. Epub ahead of print 2010.

20. Palacios O, Carmona J, Michan S. Diet and
exercise signals regulate SIRT3 and activate
AMPK and PGC-la in skeletal muscle. ncbi.
nlm.nih.gov, https://www.ncbi.nlm.nih.gov/pmc/
articles/pmc2815736/ (accessed 11 August 2020).

21. Shi T, Wang F, Stieren E. SIRT3, a Mitochondrial
Mitochondrial
Function and Thermogenesis in Brown Adipocytes®*.
ASBMB. DOI: 10.1074/jbc.M414670200.

Sirtuin ~ Deacetylase, = Regulates

22. Pillai VB, Sundaresan NR, Kim G. Exogenous
NAD Blocks Cardiac Hypertrophic Response via
Activation of the SIRT3-LKB1-AMP-activated Kinase
Pathway *. NUMBER 5 J Biol Chem 2010; 285: 3133.

23. Ahn B, Kim H, Song S. A role for the
mitochondrial deacetylase Sirt3 in regulating energy
homeostasis. Natl Acad Sci, https://www.pnas.org/
content/105/38/14447.short (accessed 12 August 2020).

24.LombardDB, TishkoffDX,BaoJ.Mitochondrialsirtuins
in the regulation of mitochondrial activity and metabolic
adaptation. Handb Exp Pharmacol 2011; 206: 163-88.

25. Sidorova-Darmos E, Sommer R, Eubanks
JH. The role of SIRT3 in the brain under
physiological and pathological conditions. Front
Cell Neurosci; 12. Epub ahead of print 25 July 2018.

26. Hallows W, Lee S, National JD-P. Sirtuins
deacetylate and activate mammalian acetyl-CoA
synthetases. Natl Acad Sci, https://www.pnas.org/
content/103/27/10230.short (accessed 12 August 2020).

27. Gurd B, Holloway G, Yoshida Y. In mammalian
muscle, SIRT3 is present in mitochondria and not
in the nucleus; and SIRT3 is upregulated by chronic
muscle contraction in an adenosine. Elsevier,
https://www.sciencedirect.com/science/article/pii/
S0026049511003180 (accessed 12 August 2020).

28. Nisoli E, Tonello C, Cardile. Calorie restriction


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

Ve Lo s oflas gt o9

[ Downloaded from shefayekhatam.ir on 2025-07-04 ]

[ DOI: 10.52547/shefa.9.2.48 |

“0 ol
M
promotes mitochondrial biogenesis by inducing

the expression of eNOS. science.sciencemag.org.

29. Cohen H, Miller C, Bitterman K. Survival by Inducing
the SIRT1 Deacetylase Calorie Restriction Promotes
Mammalian  Cell. science.sciencemag.org. Epub
ahead of print 2010. DOI: 10.1126/science.1099196.

30. Hirschey M, Shimazu T, Jing E. SIRT3 deficiency
and mitochondrial protein hyperacetylation
accelerate the development of the metabolic

syndrome. FElsevier, (accessed 12 August 2020).

31. Haigis M, Mostoslavsky R, Haigis K. SIRT4
inhibits glutamate dehydrogenase and opposes
the effects of calorie restriction in pancreatic
B cells. Elsevier, (accessed 12 August 2020).

32. Cheng A, Yang Y, Zhou Y, et al. Mitochondrial
SIRT3 mediates adaptive responses of neurons
to exercise and metabolic and excitatory

challenges. Elsevier, (accessed 12 August 2020).

33.ZhangH, Schools G, LeiT, etal. Resveratrol attenuates
early pyramidal neuron excitability impairment and
death in acute rat hippocampal slices caused by oxygen-

glucose deprivation. Elsevier, (accessed 12 August2020).

34. Karuppagounder S, Pinto J, Xu H. Dietary
supplementation with resveratrol reduces plaque
pathology in a transgenic model of Alzheimer’s

disease. Elsevier, (accessed 12 August 2020).

35. Timmers S, Konings E, Bilet L. Calorie restriction-
like effects of 30 days of resveratrol supplementation
on energy metabolism and metabolic profile in

obese humans. Elsevier, (accessed 12 August 2020).

36. Menzies KJ, Singh K, Saleem A. Sirtuin 1-mediated
Effects of Exercise and Resveratrol on Mitochondrial
Biogenesis *. ASBMB. Epub ahead of print 2013.

37. Bagul PK, Katare PB, Bugga P, et al. SIRT-3
Modulation by Resveratrol Improves Mitochondrial
Oxidative  Phosphorylation in  Diabetic Heart
through  Deacetylation of TFAM. mdpi.com.

38. Zanto TP, Gazzaley A. Aging of the
frontal lobe. In:  Handbook  of  Clinical
Neurology. Elsevier B.V., 2019, pp. 369-89.

39. Wong DW, Soga T, Parhar IS. Aging and chronic

administration of serotonin-selective reuptake inhibitor
citalopramupregulate Sirt4 gene expression inthe preoptic

areaofmalemice. FrontGenet; 6. Epubahead ofprint2015.

40. Amirazodi F, Mehrabi A, Amirazodi M. The
Combination Effects of Resveratrol and Swimming HIIT
Exercise on Novel Object Recognition and Open-field
Tasks in Aged Rats. Exp Aging Res 2020; 46: 336-58.

41. Walsh RN, Cummins RA. The Open-Field
Test: A Critical Review, https://psycnet.apa.org/
record/1976-27066-001 (accessed 12 August 2020).

42. Ramos-Filho D, Chicaybam G, De-Souza-Ferreira
E. High intensity interval training (HIIT) induces
specific changes in respiration and electron leakage
in the mitochondria of different rat skeletal muscles.
PLoS One; 10. Epub ahead of print 29 June 2015.

43. Shafiee A, Gaeini A, MS-J of A. The effect of eight
week of high intensity interval training on expression of
mir-210 and ephrinA3 mRNA in soleus muscle healthy
male rats. jams.arakmu.ac.ir, http://jams.arakmu.ac.ir/
article-1-2770-en.html (accessed 12 August 2020).

44. Iman Fathi, Maryam Noorshahi. Abbas
Haghparast HF hoseini. Effect of eight-week aerobic
continuous and high intensity interval training on
levels of SIRT3 in skeletal muscle tissue of Wis
tar rats. Physiol Exerc Phys Act 1394; 8: 1277-289.

45. Karvinen S, Silvennoinen M, Vainio P. Effects
of intrinsic aerobic capacity, aging and voluntary
running on skeletal muscle sirtuins and heat shock

proteins. Elsevier. Epub ahead of print 2016.

46. Tao R, Vassilopoulos A, Parisiadou L.
Regulation of MnSOD enzymatic activity by Sirt3
connects the mitochondrial acetylome signaling
networks to aging and carcinogenesis. Antioxidants
and Redox Signaling 2014; 20: 1646-654.

47. White AT, Schenk S. NAD +/NADH and
skeletal ~muscle mitochondrial adaptations  to
exercise. American Journal of Physiology -
Endocrinology and Metabolism 2012; 303: 308-21.

48. Santos-Alves E, Marques-Aleixo I, Rizo-
Roca D. Exercise modulates liver cellular
and mitochondrial proteins related to quality
control signaling. Life Sci 2015; 135: 124-30.

|3


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html

[ Downloaded from shefayekhatam.ir on 2025-07-04 ]

[ DOI: 10.52547/shefa.9.2.48 |

\f-. S o 0)lels (ot 0y90

= & -
v_a.u.hsj_; Q_JL_Q_Q

49. Chen T, Li J, Liu J. Activation of SIRT3 by
resveratrol ameliorates cardiac fibrosis and improves
cardiac function via the TGF-f/smad3 pathway. Am
J Physiol - Hear Circ Physiol 2015; 308: 424-34.

50. Hawley JA, Joyner MJ, Green DJ. Mimicking
exercise: what matters most and where to
next? In: Journal of Physiology. Blackwell
Publishing Ltd, 2019. Epub ahead of print 2019.

51. Sun Q, Kang R, Chen K. Sirtuin 3 is required for
the protective effect of Resveratrol on Manganese-

]

induced disruption of mitochondrial biogenesis in

primary cultured neurons. J Neurochem 2020; jnc.15095.

52. Riccioni G, Gammone MA, Tettamanti G.
Resveratrol and anti-atherogenic effects. International
Journal of Food Sciences and Nutrition 2015; 66: 603-10.

53. Muhammad MH, Allam MM. Resveratrol and/or
exercise training counteract aging-associated decline of
physical endurance in aged mice; targeting mitochondrial
biogenesis and function. J Physiol Sci 2018; 68: 681-88.


http://dx.doi.org/10.52547/shefa.9.2.48
https://shefayekhatam.ir/article-1-2114-en.html
http://www.tcpdf.org

