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ABSTRACT

Background & objectives: Mitochondrial dysfunction is one of the main risk factors for
neurological diseases which are associated with aging. On the other hand, aerobic exercise has
beneficial effects on the brain health and cognitive function, and also improves mitochondrial
dynamics. Therefore, the aim of the present study was to investigate the effect of 4 weeks of
aerobic exercise on spatial learning, memory performance and mitochondrial dynamics in the
hippocampal tissue of old rats.

Methods: For this purpose, 14 male Wistar rats at 20 months of age were randomly divided
into 2 groups: aerobic exercise (n=7) and control group (n=7). The exercise group performed
4 weeks of treadmill training (5 days per week at a speed of 10 to 15 m/min). Forty-eight
hours after the last training session, the animals underwent behavioral tests. Twenty-four
hours after the behavioral test, all rats were killed and hippocampal tissue was extracted. The
mRNA expression of OPA1, Mfn2 and Drpl genes were assayed using Real Time-PCR. The
Independent t test was used for statistical analysis.

Conclusion: Aerobic exercise in old animals improved spatial learning and memory
performance, increased hippocampal OPA1l gene expression, and decreased Drpl gene
expression compared to the control group (p<0.01).

Conclusion: It seems that aerobic exercise can improve the function of brain mitochondria by
modulating fusion and fission processes and it can be considered as an effective non-
pharmacological method to deal with aging-related learning and memory perturbations.
Keywords: Aging; Spatial Learning and Memory; Aerobic Exercise; OPA1; Mfn2; Drpl


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

YEY ObKed 5 (U Sold sanl LS)'}-QUJ)-NWZ)»L

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

2 SR S g a8l ) ()i giko

" a8l (Al ac * ilad paio paans (G S Sas]

Ol —0l g (oMl ST ol&iwls W35 o wls daly (sh)vs 6),]94)43 o095
Ol —0l g (oMl ST ol&iuls PEEPYENG] YK JUEN PR P 6)9]9.»)43 05,5 ¥
hasanmatinhomaee@gmail.com :Juesl - PAPYEMFYY :puS1s - PAVEFANYNY cyals . J shuo odiuy 55 *

oy

335950 Dy S o b Joss po suae Sl low Sl )3 1l ol Jelge Jl (L) gine YNAT 183D 9 dino)
Dbz 5o Seue b (LA sine (Hbisy 9 )l Galib 3 Tlac 5 jie wedis j Sdute il SJlsd GhIIS SN S
Uﬁqxgdbdéxhébpﬁ)fslﬁs)ﬂac)q&)lﬂwwwZ)Jlu_m))._n).z}bdyJUaa)IJ_LQ‘))wl)l
S92 8 SR S sud 2a8b S (L) sie

SIlg=d G909 5 ¥ s oslw Sdsbas by a4 adle Y sl 3135 &b 5 @) e VE Slass o slaie (s DI hg)
)3)6)0|5;)|9463)0H3$w)03m2u‘b))gogﬁ..\.i.\d‘:M(»wV:élM)d)ﬁfO})f}()wV:élM)
ez blgan i e duda (AT Sl o el coudid 9 i 233505 al ) (a@ds o 50 10 )+ oo s b asan s
oS o bl 5 33 h ALbS Law) seles 5)Us) 00T Sl dws el Dl 5 wouu 20385 )13 (s )lid) wsesT
I8 Limiow 39— RealTime-PCR s, Jl oslaiwl L Drpl s Min2 .OPAT slay) mRNA gy i Zl psciwl
.Aﬁo)&mldﬂ»mtuﬁ.o)'-r)'l oo T Jud=xs 9 @y 53 (5l s b 45

oS 5118 OPAT o) e 0liae 9 Swissy Soup ) (L83 absls 5 5 a5 3k 3 )Slac ju wllgin )3 Sl (2 o5 TS
O 1) sl Gl JHuS 09,5 b auglie )3 1 Drpl o) gl ulise 5 Ginl 381 1)

Slaa il 8 Joass G b Sl s GLaGIIS sine 3 pSlos 315550 SIlsd (2005 &5 Jun) e s & 1§ ) Al
2> aladls 5 s T s WIMAIL ablie Sl Moo (29I e Hbo) O Vlsie 4 9 03wl Ssug 8L 9 (b gxed
Do a1 )5, 03 5w

Drpl Mifn2 OPAT «s)ls (3 p03 4 2bad alidla 9 (5 a5 3k 5 pn 15345 5l o ly

1PA9/3/F - 1 gh 23y \PA4/5/1 5 readly S
opSabib el 3T Golen V] 3510l o0 sl & Ao diio
s a3 &5 sl ae 3381 ple Y Jae Jly) e I 6ol sl o Joole S (5w ol ps
Shal Hial s G2e Jl oz Ale -89 5T 5 il 58525 - otd5 (Lo Lo alen I ol pib

: . . D e 5 0 SILS & 39) 50 Dledbay Jae Jls)
Alzheimer’s Disease



http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

Va9 b (P o o )louds (Pl ©) 9

Jul S g e sle olfiuls alzme VEY

"\ ey sigas STGTP (yolisls Ly Jass po (555
Sl )58 sine AidL yruass slacyiss » (Drpl)
o9 r— 9 (MFN) © yuoligls L Jos ) STGTP
osizmed [£] 315 S (OPA-1)°\ (s juas 599 5T
o ) Slad cgeze il 9 Sge s 2 (2l
L (Lo sine Sl )3 ()Ll adon JI Suwais
SIosdse am B lis 0 9 3iiS o puLai5
JSb Joduw 6 6l slajls & Fwly ) (Hb)AS ke
ban 5 JolS5 muitimne )b a3 ol (l &4 323 50
a2lg b [V] 3 oo )l 3 8l s ) Lo gl
S8l yw Jalss ps JMAT &S 3583 e wlis k)
slasilon 5 G n 0> (23S siue (b o=meDd 9
Js ol b AT cociml Jod s (5 5 b dos yo suac
S 03 V9 s Y L b po wledbl

.ml)}mﬁpé)ﬁ)uﬁh)ww
0509 A b )s wayled aS cwl oaub o3y lis
5 se el o 5 3ude il Slga Sy wallas
slasilon o xo byl 9 S)ls Sialioh > )Slec
b 53 pmudl 5 0oumiss )b el 3T Sisle J5)50 59
ey )9 alled Sube il ads e Hlals
o38line " SIS Sk 5 waeS sud Salss S i
O Vb Gl 33l Jolds Sute il (ol 5 S 50
259099 50 il s Laplusl )3 oS sud ojlasl 5
Ol )-8 ‘VUQ)A_'.A SLa T30l 5 9 wup353 >
Lo wlslom )3 3)5)9—5 5 Gl Ai—wiudy
L] il o (5 39 woillad o liko (5LBo gu it
23 (808 siue j8jgm inl 8l wael b))y wlis pos
Sl e 93,5 Jles Gapbo Jl 5 o3t SHSwl wMibe
29515 5 PGC-10" sislo e a3Vl SiiSswo

3 Cytoplasmic GTPase Dynamin Related Protein 1
* Dynamin-related GTPases Mitofusins Specialized
Proteins

> Optic Atrophy Protein 1

% Dentate Gyrus (DG)

7 Dendritic Spines

¥ Peroxisome Proliferator-activated Receptor
Gamma Coactivator 1-alpha

Pzl ) Silgsl 5 abidla IS s Sl 5 0339 pibuy
ol b any Dg b 5w ek 0 )9 sl
Gdl=e 5 ) ba Jolse goxs 4y Jae dls) £595
SO— s 9 39 b 03lS eyl yee Jobb S
28l5 )3 A oS wllis py e K bras 4 Alg3 e
slaly Sicw ellw 85355 5 phie b))y wulled
Yol Dual [1] siiua s (5 Db Al
P AT 3ilod )5 AL Al 5 5 s) ooyl i
S35 ogub polic Jl 5% a5 Slowa wylled el
L by Shal Jlg) aslgs e bl 5o 3ol Jol
23 38U oz ) el 1T solow dawwgs 9 o

NG
23 635 po s 4B (ain Gl— L5 )IS sise
o3l ol Yluis Aslaiils (5w alike slddwus 48
ol g5 5 swilaumST Sla s T Hask aublil aF !
BT 5 S a8, Hlas S S Slel wle Ylgic &
OB (5 359) VS b jue SLAG IS giue
YU by S galio by U1 s [¥] 350l bl
3 oS g Sl 93 VS LIS sie 5 ol
G 9 LS g VM AL A wd JLs S)e»
ac slas len szl )3 1 ba ol Jolge
Jales s Ml s )5 1355 50 Jleuiss (5w b s o
PR S PPV R v J R PR g I
by o Suac Sl Ilen 5 6 e SK)s)55L
L9 03 508 —oubis Lol 9w el
ol o aislih ol pob ) jsid (b3S gise
93 iwon e 4 | (LIS sie il san [£]
S b a5 Jla os o)l oplbl (5038 giue
PRRNETESRNE TP PV FURL A (PR ST
ol Blasil 38 3 gl 50 i pw5 Allan (50 give
SpSoc 4S5 35 9) 5 Jeiny (LIS sive (2big2
S [B] Mg oo g ) RGNS sine (b
o 3 pSlac 4 Baec (L) sie (Hbsmed 5

! Mitochondria Fusion
2 Mitochondria Fission


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

YEY UbKod 5 (U Sold sanl

A G pdwd )3 &S (5 ek 4 A5 IS welw
Ao bl ablas S0 9e S sl slde s T
Joslhgiws 4 anes Ly wllgs a3 by o Jalpo
ol ST olSiiils bt g 3y wisles jozxo 5 (SOVA
IS5 T PN IEP-S GRS USIS! U B\ ls
Sl acsy .o el IRIAU.TMU.REC.1399.124
Law) soles (oS bou=o b il T aias
Aad S e & Ol S )les b sl T ) glaie ay

03 )90 gy 9 4B po pie Ve puw b adds ) -)
A Lo ) (uaw .3iid 35 )8 T (6 r2e > (aiad
09 )5 1353h s 09,5 ¥ 4y oslw S8slas by
J)S 09,5 9 Ilsd Y

9 353905 hal ) )led ¢y o5 atad & Ho)os 09,5
Al w3 b 5 (2005 05,5 b plo jod J)iiS 09,8
U.\_u'é)f)l)éuia}ol';uls)f)l,sué):.o).\LQTL;
J=59 3 bl Sy L) ded Sl Shuze ool yuibs
S Lawm) aS 3o g0 ol 4 (S)lsR (g pes
AL Aat )3 )9y 0 an)d a0 b b uls )5 )l
Jsl sladaiag )3 ls )3 )les ey IGTBIS Hy (y2 )03
93 99 S AT S5 ARSS o pio Nt i eSS 5
Jsaie 40) OT (o sla@uds b aady b slamss 10
23 b hal (laes) vs SNae SKuwa Jl g a8 ola
Db Glol 3l aids o e 10 A wac e Aiad
OF Slaads b aads ¥ L slaads 10 wags aw ps af
10 e b ) (e ol dad )3 1393 ,5 el LT
0 aads ¥ L slaads 1O =g i 0> adlds n yio
DONE] aials jo e wled 4 LigT oy slaads
Oily i s wlouds eles )3 (2 pe5 095 Slaw)
L ciuns S S b 5 il oaliswl b 5 353w e
&3l il Olsws s &S pueT Shio = /0 b
aolsl & il < L ol b 5 38 500 Skl
IRERVE ST FUREE RN

s bl i ped duda (o)A T Sl g el EA
oo 2T e 0o .2t 35 18 sy el
Sllgn Hlsd aladls 5 5 a5 w0 =

O s+wlapuST (TFAM) A ' 5 )5S sise 539
Jis ol Lo [V - ] 3z e 35 1 Lyl
)8 a xe53)5 0 3L) j—%0 0> Ygu—wlawsSI
A S iy Sy Grae s sk ) 3 a8 (503
bz sk 4 s 3555 S50 e silie
S ySloc 31 b0 syl el ol [V ] 3583 5o ol
03 0T sl b el oo josio Lo )5S gise

bl e slaie shuxe GOl b 5 wMibe
Oty o5 35l wldlae 9L Lo (sl gmima (bl
3o ) js0 )3 (b )AS gie (2lagr =GOS
OIS j Sadlite ol 9 Aslesls HIS w2
P as 255,8 GBILS obled 5 "09auwls el oaub
Drpl zsbw Gilsdl s ge S50 (205 4iad
s S5 S VI MIN2 Zolaw )3 j s Ysa—
5" 55 %3 lasllos )3 [\Y] Ssibse su S b o
03 L (g0 p—a3 a2y 7 45 asals gluds ghlses
Zobw SIS D 52,55 )l bl ,s slaw)
0dLS ) oS guty )3 M2 5 Drpl assly il 381
SUlgns  pLasd walivh 3 )Sec Soug —ngo 9 o3l
23 LGS siue pice i & Aa 95 L VY] Soib 50
213090 05 wledbl 35105 (prizred 5 o 3 )Slec
ol ) )3 (LIS sue (2lagr )= Bl (g2 w5
Sl (2 05 atad & )3l pw) p & aslllae (ol w5 2
23 )38 s (2lage 5 (LAS DAl 3 )Sec 0

PLESTY
L s @) VE slass yuils asllos sl 553501
P)S FENVEY7 59 (puSbe b anle ¥+ Hliwny 3133
Laws) a3 ayd ol ) giwly giuiuil Jl &S 3559y
sogb) SHF Sl ax )3 YYEY Shu=o sles Vs
APAY SO/ plichs) ad a9 30 €D s

! Mitochondrial Transcription Factor A
* Gusdon
* Kou


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

Va9 b (P o o )louds (Pl ©) 9

Judl S g e sle olSiuls alme YEE

Ol s a5 el T <8 )b 4y cwawd b 390 agls
4 A4S b 5o 031 o)l Plgs s g% YIS law
lay vlo) 3w .diles 3L T B9 Al V- =aw
DL >0 )3 (55w asy gauw) 3 i) sSw a8
ATl Gus S ge il 9 s S 0 )lasl b jeeT
azxb9n Jl ulgn o) )t )3 gl (Rl OIS
L 39a bl 4 g A il Sds alga by )
SS90 S (Jlanl) w9 0ol duibse oils ¥
oo wllgm Hbasd Al (yhgel Jo) (ppaT Jl
SO Lo dds o ol 0 b ,5 DS L))
ST Jals Jl oS o b s as slast £+ oge)T
oo 9 S VS (Sl ) ge b 5o kbl 5
03 5% Wi &5 (538 o0l @) ) b b o ylo)
S 95w U,_o)'T BSb 6 S o lasl wembls )8 T
5 G s SKialed ) 0 sbiie & DIRT
b g3 55w w9 p w3elT Pl Sl uy ol 0 5
ST L mhaw o0 5 b e o) St o
,S_wo__gl.o,_.i,oa._x_s@élgg)yoc\.,lsaé)f)l)é
9 bl D13 (S8 pub Jloub ddihaio) P93 @) Jouws 0>
Ml Il Gdsbuas ysb & Rl T Jla )s =) ,0
L Ol (o b ) T Jals & Lol wua
3&S|¢gl)gTaJoaqu$)Wt5}£»Uo;)S
03 95w U3 )5 lay ple) wae .38 V3 uT o)
SS90 IS b 5o S 5 o)l U,.o)'T PIgY-y
S U3 law 4 Hsld u._»_Ln)'T)lS PINEN T IPANGI PV
S g DA 393 09,5 Jl g Al 7 o s
o) ws)lis) 9 ool Jl sy el YE [1D]
OB 92— =l Bola S, s IS DS G b
=0 9 lan 598 ollws buwgd Ylgs puw .38k
s 650 S o bliial b i yuamn . 3ub Z )l JolS
A 03l VI3 mlo YIg s S 91 je =8l Ay
a3 A e sles )3 G wlinle)T plxl b 5

b (IS S il
aS 518 a3l Jl pLs RNA zlpsxiul )5 baie 4y
Invitrogen, CN ) Js ul 5 i Sae | 0 0jsed

G Yo o Jolids 5ol olluws b oslaiwl
7 glal 91/0 ydod a) S o)lgnd b seils
ST Ol oT 6 e sile Yo glas)l B as 395 (pio il
G oS S .39 03b yo ST Sl ax)s VLY
Y 395 oS8l YA elasi)l 9 V- pohad &y Hodw
&0 N G52 35 o 0> T g ) el
Sl 03l DlHyB eah s Giun Jl slae yals
o Jl Z )b sleial) Gla s 5 asbl w03uiS Ginle )T
Pl CPRC NI SPENR W R PREI L L)i"ugl_o)'T Dl o
s s Etho Vision 7 -l P aliws 4o plgss
5 L) 8,5 50 VDS © e YL VS AT s
2203 g SLub suame 5 )5 (b 50 S
L auiliS 50 Jsb &5 Silo) w5 wd GhiseT Vb
S8 o b (0ldz 595w) oM sy (595w wlges
AR ol &2 0 U'}—P a5 Slo) wa sy
o ool bs) 353 5 a8 01l (6)AT e
oiludd abadla 5 553k ) ) Sl puse T
wale polaio 4y 8L b ilw (&l i3y ) g0 (e
o law) (hiswel Jl Jud cclw PE Jlo a5 938
oM sy axe o A8 e S asds ¥ o
ads o oyl 3 16 T 3L ads se (.00 )5 Ld
285 Sllgie So) & e a 09,5 93 0 slaw)
S 5w L wa Blas Kl & ) js)
A3 (B woin) pow g douws Vs &5 Yl
2B £5 )b )3 .35 45 IS b igel v wmubls
oilal Al 1D-F - wae =)y & sl il Tl
ABlS o p8 Ylgan B 3ubs 50 031> 98w (590 D pdiianl
sl 5 e o )iy Jud Jl Geade =) b bl
)9l ews an Jbe Shbl bu=xe )l (UaS  Sép0 95
o Vb Il 55 )l Gdslas Heb 4 g (e
ST JAIS 950 & (o e (b cmgin (Jlosis) ol
Ax 5 9n 0)lgd o & Ylgn Huw &S b 5o )
G55 B 3,5 o Lib olgun wndla oyl 03 3,8 13
233,85 W8 T o0 9 388 law L T ) vl
7 30 03 5w YIS law & LB ) A Sogwo


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

YED whlKed 5 (U Sold sanl

s Enzyme mix oT jl Guy a8 )8 )l d % 590
03 Jsl=e 2500 a8lsl Jol=e 4y Reaction buffer
Ve oo 4 Jsl ala o taub 435Sl Jlgie als e Y
e als e DI Silw ax ) VO sled Ho aids
935 Silaw 4 )3 EY slod py aada Y- wase
-oBbw ax )0 A sles )3 Al D s 4 g Al yo
03 5 b jitus CONA =ulis 03 5 353 ,5 plxil 318
Ples . ab 0083 3T Jibw as s Ar aie sles
Hoskaiwl L 5 352 ) R 690 VU plxil Jal o

b Ll RNase free Jolws
=5 by JIMRNA Gly 7o & 50 ll
Ol e LS slawl )s .aub oslaiwl Real time-PCR
@ bapo Sl posl g rizzed 5 CDNA diye wlile
2 Sl wble Jb s Ginle T I oslaswl b 03 0
a5 Go9b A 3335 e ailllas Jsb & plas

.)3.») calLio Ct O 9 )_o._gb UI).—P L).:).mf
RealQ Plus 2x Jloslaiwl Ly Real time-PCR

L s AMPLIQON w5, Master Mix Green
Lol CDNA I 0,5 535 Y8+ o tale I osliiwl
390 Sl pudtio &2 b gy po Lo jeul g g5 28,8
=) 5L )3 Lag) ol wleMbl ulsl . asllas
Ay s (0l pmal) ity a5 iy ow 53 NCBI
byl : Jolis Real time-PCR aob 5 .(\ Jsaa)
V- mae 4 9 ASmlaw a3 40 sl ps Al
20 slos )3 PCR JSiw 0 )d woib yuwly aaids
Blos asangi b 5 a4l 10 waw 4 ShHSKwlew ax)s
(JSomw &+) asb ¥ o & JSw 10 1 ol yy JUasl
W) I 293 Sles Dl g aub axd T Hlas )
mobaisl g0 & 5 o plril Sl iiSTy wazo
s 505 ol pod a5 HUSTH JI DL )2 03 5 ) M sln
005 S35 T 3585 ) 0 i hie JpuS
I 8,5 Dl 3 Ll S)9—n Sy
(GAPDH) ' 5L 35 3083 wlawd -¥_suaadT puls

! Glyceraldehyde-3-phosphate dehydrogenase

5 a8Ludl a8l o5 Slue V- - &5 (15596018, USA
23 4835 10 wao a4 ol po 5 bolxe Jl
PIOOMS Sidg pSae Ex v ipupmn S 435551 BUI slos
(Merck, CAS 67-66-3 102445, Germany) s yuw
33 g doe Al 10 wao &y 5 adldl asg05 &y
e o b 9 3,8 silus 4 € slos )3 Jolxo
Doy pislaw aids 10 waw 4 aids s pes \Y- - -
JLanl 5 53 g s59 550 an RNA (s5ls mlo .o
Merck, CAS) Jsibl yids sSao B+ s 3ub 031>
RNA Jsd=o a4 (64-17-5 107017, Germany
Yo bio slod )5 waclin YE wow & 5 aub aslal
o=l emeln YE I Gus b )l sL,5 Silw ax s
a3 & slws) aiids 10 waw an 38 Jod=xo
D Jgadn pilaws (a8 )3 V93 VY- - T il
JUl ) odee V9 303 ,5 7B w35 b (o) o
A G 9 b aslal RNA gus) a4 5w el
23093 YD - Las)d & slod )d) A ads d wiw
B A (o) @le deldl ) 3k Jgud sl (aisds
ookl pids ) Vs LRNA Loy 9 s o
&= (Sigma Aldrich, H5413, Germany) ,sL,
53050 ls 5350,z Jabro plas .3ys,8
5 endile ol )3 285 plomil Sy il RolS™ Joluws
ol ws Jl oslaiwl Lo Lada 590 (3 wuws
b (L)l (Eppendorf, Germany) i 5 9 il
Ols—ic a0 V/7V/A i YA a4 V7 ds s
obizebl o V7] 303,58 oy 28 D glbo aulss
RNAS jl galass RNA jou 5 ez o I i
VB 5)ST U 690 G93luas vgbo as o oulss

) )),59)5.{" o)
Jalme M el 5 o sls L RNA zl sl I ey
o3 ) oS b JS59 0 $2ldoe CDNA i
(High-capacity cDNA reverse transcription kit)
i 3 oo L T 5 p ey RNA Lol i ol
A2 )3 70 los s a8 b Wi & Jel=o 5 S53ub


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

Va9 b (P o o )louds (Pl ©) 9

)l S 3y e sle olSinls alzo VEF

DVV] b Al V4T Jge 58 4 Hlas 3 )90

0 vlw Ve 9 33,3 eslaiwl J i v) vlsie &y

Axlloo 390 S o3l ps Slg5 | Jgsa

Gene Forward/Reverse Primer (5°—»3’) Tm i?f;;t Accession Number
F CTTTCACCCATCCCCAGTTGTC 61.14

Mfn2 R AGCAGCGGTCAGACATGTTTC 61.21 % XM_008764288.2
F TGTGGTTGGAGATCAGAGTGC 60.00

Opal R GGGCCTTCACTGAGAGTCAC 60.04 129 XM_017597866.1
F AGCAACTACAGCACACAGGAAC 61.07

Drpl R CCACAGGCATCAGCAAAGTC 59.48 179 XM_017597844.1
F AAGTTCAACGGCACAGTCAAGG 61.58

GAPDH R CATACTCAGCACCAGCATCACC 61.32 121 XM_017593963.1

) Rbad abdls Gw) » S w9 wse)T s
o =l &) ) odb S o ylo) a5 Sy ylis jus
095 L aunlio )3 SJlgd )5 09,5 slm S
P=-/+-Y) o0 i SIS iz gt 4y J )i
Z ) JNsges) (t=-¥/VEY

ol ul e &5 sy pluis Jaie t o s—e)T @l
Auglie )3 b9 09,5 V3 S sud Drpl mRNA
a8l GHALS (S 13 ine )b &y S 09,5 Ly
(¥ A3 g03) (t=—E/VED p=+/+ -D)

09— )3 oS sty M2 mRNA yLp ol j—se
Js—b ey J)—iiS 09,5 Lo aulie ) by
(t=-V/DYE p=-/ DY) cadly Gl 33l (515 syt
(Y )l g03)

ol Ol e &5 3y pliis Jaiue t osoiT mls
23 0I5 09 )—S )5 a8 g OPAT mRNA
Ol 331 SIS e s o 4y JpiS 05,5 L dulio
(& NS g03) (t=E/QNVA P=+/+ - £) =l

= =
o N
" )

0o
1

(4L 55 386 6l 0¥ oo

Os—=o)T Il Laosls 2295 039 soub 5w 02 Sl
sosls Jul=x3 ) glaie &y .3ub oslaiwl Sy — 9 a0l
S odlaiuwl Jaiame sl Jl oa ol wiway
An 93 390 PS-/-0 Cb.m 23 W juio SIS Sizo
ISl s Sl daesls Jud=xs 9 a4y 55 Sl 8,5 IS
I p=dlo )3 ST L2 )1s 905 asss 53 sl,— 5 SPSS-16

Aub oslauwl Excel-2016

> axsl

SoSw Vsl shal )s asllas 3) 90 S0 S Hw
(P=-/VAY) 3 ol (515 iz = 9Lis ST
as sls gl Jasiwe t 99T b (all | IS 03)
D90 & b > 5w L sl Sile) Jal (Sile
aulie )3 il GBIV 09,5 V3 G )3k ala jo
S9— pieS BN ise Voo Ay J)piiS 05 5 L
(o \ IS 903) (t=¥/¥YD p=+/+ %)

Silse 58

(sl

J=


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

YEY ObKed 5 (U Sold sanl

40
tl\ 35
g 30
Y
% 25
9
91 20
D 15
\%~ 10
3 s

0

9
o)

)

5] _
3 )
2, 3
3

e
%

3

)

Olo) 33w (Z 1585 3L Al o )3 95w (i3l S i) ST sl (o JSbT Go5w U503T »3 55w (Sl e IV wle) (yaSilse (1N HlSge

35

30

25

20

Silee B

Sl 208

(=

¢

J=s

U558 09,5 b IS ize wglas p<+/=\ 1¥ a9 2 w9e)T VS BB o uld &0 2D 03ub 5y

.
o

[
L

o
%
"

e
o

o
>

Drp1/GAPDH (3 (L (oumsi &y
o
N

JrS e

U)iS 09 )5 L IS imo uglis P<-/:\ 1¥ L swSgud ol )3 Drpl o) mRNA gl gljse .Y 13903

2 g
o8esr



http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

1v44 Jub (P o o )louds (P 0993

Jud)l S 3y e sle olSiuls alzxo VEA

MNf2/GAPDH (5 sl (omuss l s
ol =l o
» ()] o4 (= N S

o©
N

(=]

IS esS

TR

oS oud il s Min2 o mRNA gy yljae Y 13903

OPA1/GAPDH (45 il oo &y
° o o P e
»H ()} o] = N = (2}

o
[N

JrSey s

39095

S 095 L)l imo glas p<=/+) 1¥ LS g w8l )3 OPAL yj mRNA gl yljse £ Hl3g0s

9w Ay 3uw) e osub B o Ylo) Sl LRl
23 o3ub b0 ple) il 33l 9 HbiseT saisy b
AH\SM),_bQ_}dT)‘LQJAQ onls &)
5" 0 pdls asllos sLoa bl Ly suwad sl
oLial a9 (s 4 S3ls yluin YhHlSen
slaboe )3 (HLad aladls 5 553k Soue g0
O3 slaslloo po [Ve]ab aale V7 JINVE
alasls 5 553 3 ) Shac Soup ullKed 5" Sl
VE 9 & Jlus au w5 g osle slaw) oo ) (Hlas
o= BV T 60,8 GBS Jaes 55 690 waess obe
anss J=B sl pac Yles 5 sl subyss Jls
slaw) Hliasd 830 3 8o 1 GJled by
G [YY] 26,8 GBS ) puwge u,_‘T e 0o fJLw

' He
> Wang

oy aiad & 8l w)u ouwols adlos Jl s
23 L) e (2higy 9 AL 3 ySlec 1 S50
A pzie S i D9 )i LB DS sud sl
9 srec Yy /63l sladshw V3 333w Hials
Salh slas ;Soe )3 Ylo jod DIMAIL (I 5359095
5 aalssl o pble a5 1) 338 U5 ol &5 3 g 50
Salg i [YA] 38 oo Jrosts asols o i Vb
L Slewa wled ol 331 &5 338 e olis sk
03 o cnallas py iske i3l Jled 5355 S S
SO plg—ie A JSlgi s b V4] Sl lagylusl
O3S IS mns LIS Sl pbi i 5 5o 8k
=0l iR S i S eib a8 Hlas s Jae Jis)
laas absly 9 (5 a5 a3l & ) Slac a5 sy ylis

L 35390 03,5 x5 1) s )lgd g p03 &5 Sllgas


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

YEQ Uhlos 5 (B (ool sl

w3b 3 Drpl ple ol jae wuslss Lo ilgd (o pes
Olae (pized 323 UL b Hp wllgs oS sua
Mfn2 yle uliae 5 I3 gHze JSib a3 OPAT ¢l
23 Bolg wlia pe3 shral H3l s> IS Sise pae JSbay
G501l pae i ool b mdly Gl 331 aeS s
Blaeudga=o Jl a5 Lo yusio ¢yl SuiSs 2 C?k‘“”
Ilg—bss ol Dawds S 9) 5 Jlein ol aslloso
Soup VLS 5 95 dine) o VS S)lw 50
Loy 3 adad 7 Jss & b (»lad alivh 5 ySlee
Tobw (als L as aossls plids juy slaw) )
39 ol jod aS gudy )3 Mfn2 5 Drpl assly ol 531
el pass 350 )d BMAT leisl JoVs 1 S [VV]
0005 el yes Ja— e sua M2 gl
0alS ol ) ol asllbs s ol ule ol 1)
23 ulgsiss b (UlSed 9 55 asllao )s oT plw
smiuwa v o=l vlw b Vliee 5 6w sl by
A )i -D (355055 Jl oS io asllbo )3 S
39— oub oslatwl 5w Sl sl o slases A slaes)
5 w8l Yo jod K »x5 o g0 Y aial &S
03 sl 03l DS 51 )3 RIS sire b sTed
b o Lo ) Jl psls asllbe ps 4 Jls

303 )5 oslaswl
S92 pes A4S ) o ) A (SIS Hsb A
Gk Il e sl 38 siue > ) Soe A3lg5 50
03 Soug 8lh 9 (b gxed Slasilxe Jrass
L abilio sls p3go (29015 a8 o) 2 Vlgic 4 5
a8 )5 pbas ) (5 0> aladls 5 (5 8 Sh YN

.s,j.\

A EVRER T CR VY

Ao a gl wlilyn o by jo Jalpo a0
olisls (49 3y wisleo Jozmo 9 SBMAI Josl) gimws
o oloibs Ly (555 o 0l s 3als oMl SIT
b el IRIAU.TMU.REC.1399.124

O 03 lssio b s vs BNl ol J¥s I
A slas) Jl )sSie agllbe .5 )5 sxima B 539051
SUleas a8 Jlas )3 355 03,5 oslaiwl slaaa
oS5 ) ol asloe sLd 350 a_alof -
JUAT b gy a5 ilo) dusp 50 b5 45 35315 50
syl bl 031 F) s 8 sl s slabaade Jol
bl 5o pIaimn pa (P0J)5 e

' ise Jl s gide o ) Jwle ey sl
(IGF-1) "\ - i gl auivs 3oy J—ole s (BDNF)
3 ) Sloc Sgup S o aidlivh sla)ls o il ales )l
A aS A bbswo Silsd Wl yes Juss & il
I Giblio )3 bl o olidbe whuss o oage
Jobas [YEYY] 3550 bl oS gty alon Jl jse
9 = (=S ) sla il ¥ seles wo s
aboulpay alddls 5 (5 )53k Sgue VS &5 (Rl usliaw
I ol ps 650l el S Sl was)ls s GbJs
03 il 50 Suac sladslw Sl IS slue (S g
a6 8 )l 55 wlgie & (L) siue VNI (g9
J-N}-Ai:}[\”]b),,\t)b@@)ﬁé.@)é)b @I)6LQ
u,gl__g,._: )3 Al a s s 5as o gl alo)
TN B o Jolss pc 5 u.;b)_uf}m
L b e o slaGIlen 5 G n 03 (HL)AS sike
] sl Jaas s

b3S gie (Lo gn A el o0 0318 YU Tyual
) g0y Db puss S9J9der a8 S m Jsb 0o
Drpl yly 5 Lo a S gire b aszbda_sbs as
Blad slw jliwged wlls ool 5 30k o Linl 33l
iy 33lg5 50 Sl in S ilw 5o sl ) ol
V0] 3ol Jos po (5 pty JI (5L 8L 3 b
Olal o3l &8 el anbls oy 5 lasdlos (prixed
Lol v Wy Slol S e (L) gine (b 970
swb jec Job ) e wblgn Haile 035) Sl
alalase codls Do b any [V7] bl oo 09 00 353

! Brain-derived Neurotrophic Factor
? Insulin-like Growth Factor-1


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

Va9 b (P o o )louds (Pl ©) 9

Judl S g e sle olfiuls alzme YO+

23 oS0 bl pl pl ) siwly sl (s sdsS Lo pld
D35 50 (Sl pa8 9 )Sis asllos (gl slyal

SIS B 9 S
aJlis .ol ook flzaldmc\.»).%bu»ﬁsg)» ol
l__‘usljubélémlgslSTth»))ldJé)f)g).g)aélA

iy )5 Bl oS gt =8l VS (LY siue
IO}_lcguj..\_?qg)Sog)f‘«)AgUJTks)Lo.H«g)u}n

2335 SIS o Olyois Saly oMl ST olSisls (b9

23Uo o)Lss
plel 28lie )> o)l 4_.;@&, allio Yl S 93

References
1- Baker LD, Bayer-Carter JL, Skinner J, Montine TJ, Cholerton BA, Callaghan M, et al. High-
intensity physical activity modulates diet effects on cerebrospinal amyloid-p levels in normal aging
and mild cognitive impairment. J. Alzheimer's Dis. 2012 Aug;28(1):137-46.

2- Rolland Y, van Kan GA, Vellas B. Healthy brain aging: role of exercise and physical activity. Clin
Geriatr Med. 2010 Nov;26(1):75-87.

3- Harman D. The free radical theory of aging: effect of age on serum copper levels. J. Gerontol.
1965; 20(2):151-3.

4- Suen DF, Norris KL, Youle RJ. Mitochondrial dynamics and apoptosis. Genes Dev. 2008
Mar;22(12):1577-90.

5- Liu YJ, McIntyre RL, Janssens GE, Houtkooper RH. Mitochondrial fission and fusion: A dynamic
role in aging and potential target for age-related disease. Mech Ageing Dev. 2020 Aug;186:1-13.

6- Youle RJ, Van Der Blick AM. Mitochondrial fission, fusion, and stress. Science.
2012;337(6098):1062-5.

7- Burt¢ F, Carelli V, Chinnery PF, Yu-Wai-Man P. Disturbed mitochondrial dynamics and
neurodegenerative disorders. Nat Rev Neurol. 2015;11(1):11-24.

8- Reddy PH. Mitochondrial dysfunction in aging and Alzheimer's disease: strategies to protect
neurons. Antioxid Redox Signa. 2007 Mar;9(10):1647-58.

9- Intlekofer KA, Cotman CW. Exercise counteracts declining hippocampal function in aging and
Alzheimer's disease. Neurobiol. Dis. 2013 Nov;57:47-55.

10- Joseph AM, Adhihetty PJ, Leeuwenburgh C. Beneficial effects of exercise on age-related
mitochondrial dysfunction and oxidative stress in skeletal muscle. J Physiol. 2016 Aug;594(18):5105-
23.

11- Schonfeld P, Reiser G. Why does brain metabolism not favor burning of fatty acids to provide
energy?-Reflections on disadvantages of the use of free fatty acids as fuel for brain. J Cereb Blood
Flow Metab. 2013 Jun;33(10):1493-9.

12- Gusdon AM, Callio J, Distefano G, O'Doherty RM, Goodpaster BH, Coen PM, et al. Exercise
increases mitochondrial complex I activity and DRP1 expression in the brains of aged mice. Exp
Gerontol. 2017 Dec;90:1-13.

13- Kou X, LiJ, Liu X, Chang J, Zhao Q, Jia S, et al. Swimming attenuates d-galactose-induced brain
aging via suppressing miR-34a-mediated autophagy impairment and abnormal mitochondrial
dynamics. J Appl Physiol. 2017 Mar;122(6):1462-9.

14- Zagaar M, Alhaider I, Dao A, Levine A, Alkarawi A, Alzubaidy M, et al. The beneficial effects
of regular exercise on cognition in REM sleep deprivation: behavioral, electrophysiological and
molecular evidence. Neurobiol Dis. 2012 Dec;45(3):1153-62.

15- Khodadadi D, Gharakhanlou R, Naghdi N, Salimi M, Azimi SM, Shahed A. The effect of 4
weeks of exercise preconditioning on soluble amyloid beta level and memory impairment in rats with
Alzheimer's disease induced by AB1-42 injection. Razi J Med Sci. 2018 Jun;24(165):74-84.


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.52547/jarums.20.3.340 |

YO\ UbhlKed 5 (U Sold sanl Sl 9B (3o po5 Qi & ).uL

16- Khodadadi D, Gharakhanlou R, Naghdi N, Salimi M, Azimi M, Shahed A, et al. Treadmill
exercise ameliorates spatial learning and memory deficits through improving the clearance of
peripheral and central amyloid-beta levels. Neurochem Res. 2018 Jun;43(8):1561-74.

17- Pfaffl MW. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic
Acids Res. 2001 Aug;29(9):e45-¢.

18- Lautenschlager NT, Cox KL, Flicker L, Foster JK, van Bockxmeer FM, Xiao J, et al. Effect of
physical activity on cognitive function in older adults at risk for Alzheimer disease: a randomized trial.
Jama. 2008 Feb;300(9):1027-37.

19- Scarmeas N, Luchsinger JA, Schupf N, Brickman AM, Cosentino S, Tang MX, et al. Physical
activity, diet, and risk of Alzheimer disease. Jama. 2009 Feb;302(6):627-37.

20- He XF, Liu DX, Zhang Q, Liang FY, Dai GY, Zeng JS, et al. Voluntary exercise promotes
glymphatic clearance of amyloid beta and reduces the activation of astrocytes and microglia in aged
mice. Front Mol Neurosci. 2017 May 19;10:144.

21- Wang S, Chen L, Zhang L, Huang C, Xiu Y, Wang F, et al. Effects of long-term exercise on
spatial learning, memory ability, and cortical capillaries in aged rats. Med Sci Mon Int Med J Exp Clin
Res. 2015 Aug; 21:945.

22- Khorshidahmad T, Tabrizian K, Vakilzadeh G, Nikbin P, Moradi S, Hosseini-Sharifabad A, et al.
Interactive effects of a protein kinase All inhibitor and testosterone on spatial learning in the Morris
water maze. Behav Brain Res. 2012 Jun;228(2):432-9.

23- Enette L, Vogel T, Fanon JL, Lang PO. Effect of interval and continuous aerobic training on
basal serum and plasma brain-derived neurotrophic factor values in seniors: a systematic review of
intervention studies. Rejuvenation Res. 2017 Nov;20(6):473-83.

24- Maass A, Diizel S, Brigadski T, Goerke M, Becke A, Sobieray U, et al. Relationships of
peripheral IGF-1, VEGF and BDNF levels to exercise-related changes in memory, hippocampal
perfusion and volumes in older adults. Neuroimage. 2016 Aug;131:142-54.

25- Amartuvshin O, Lin CH, Hsu SC, Kao SH, Chen A, Tang WC, et al. Aging shifts mitochondrial
dynamics toward fission to promote germline stem cell loss. Aging Cell. 2020 Oct:e13191.

26- Chaudhari SN, Kipreos ET. Increased mitochondrial fusion allows the survival of older animals
in diverse C. elegans longevity pathways. Nat Commun. 2017 Jun;8(1):1-16.


http://dx.doi.org/10.52547/jarums.20.3.340
https://ejournals.arums.ac.ir/jarums/article-1-1913-en.html
http://www.tcpdf.org

