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ABSTRACT

Introduction: The effects of exercise and physical activity on the function of various human
organs, such as heart, lung, and skeletal muscle have long been known. In recent years, more attention
has been focused on the effects of exercise on the nervous system and memory. Recently, it has been
shown that the brain responds to the physical activities in the anatomical, cellular, and molecular
levels. It is surprising that many of these changes occur in some brain structures that involve in the
memory, learning, and cognitive functions. It has been shown that exercise can improve mental
performance and enhances learning and memory. Conclusion: Both structural and functional
changes of the brain in response to exercise play a crucial role in improvement of the memory and
learning. The present study was reviewed the mechanisms involved in the memory and learning

improvement followed by exercise.

Key words:

1. Exercise
2. Hippocampus
3. Memory
4. Learning

* Corresponding Author: Fariba Karimzadeh

E-mail: Fariba karimzade@yahoo.com


http://dx.doi.org/10.18869/acadpub.shefa.3.4.123
http://shefayekhatam.ir/article-1-756-fa.html

\yaf ),.JlJ ‘I")Le)«; o)Lc.,.f; PG 0)9

[ Downloaded from shefayekhatam.ir on 2026-07-10 ]

[ DOI: 10.18869/acadpub.shefa.3.4.123 ]

ool w5 Ly b Taigale 433

Al ol ¢ ol ol3T olKtils ¢ liio g psle amly ¢ JsSge 5 dybo clids Sy 05,8

Sl ey eVl B Gl Lo diss Slas! pgle Sla b 55 o7

Sl s s oS3 sl lSls  Jilpe 5 ok Slisions 55,7

i e

WYAF LTV i pdy &b WWAY o 0 Y sl 50 )b

9%
- O

s $9) 2 0¥y Sl & i azg 3 Gladle jo cal eadaS Ll slps ) Sl
zohw ;0 S55d bl 4 jre a5 canl ouls ooy ylid Sl ol ouls aldls g oeac
3 ean ;o Ol ol 5l g e a5 el gl 22 oo Fwly JoSle 5 Jsle ‘65.:@5.31.;1
oals Hlas aims o 7y Sy S leo Slas g (6T ol kbl o aS gire sla LSl
A ol |y akbls g 6 ,uFol g aisn Sgue |y ed o Sles Wl oo B3, A5 Cowl ouls
Sgnte 50 1y (ooter G 59 4 Gl 5o Fhe (50,80ee g (5 3l Dl 50 e terpRaR L
G50l g aladls g ;0 15 0 GlepnilSs 5,0 4yl Adllas aiiS o syl (5,5 0L g aladl>

ool a3l 559 JLos @

bosly uuls |

sl X

G5l F

0315 0,5 Lo ,8 1 J gmno 0w g *
Fariba_karimzade@yahoo.com : sSuig ySI| o yo1

\Y\C


http://dx.doi.org/10.18869/acadpub.shefa.3.4.123
http://shefayekhatam.ir/article-1-756-fa.html

[ Downloaded from shefayekhatam.ir on 2026-07-10 ]

[ DOI: 10.18869/acadpub.shefa.3.4.123 |

\yaf ).,_yl.‘ ‘f’)l‘Q‘? a)Lo..f; Pgw 0)gd

O ) s aladl> Coid g (608 SKS 0

el Sledb! ] by a5 Sl (ganylyd aladl> &dly ,o
() 098 s0 Slo il Ioazme 5 0l 0,053 (550l &b
Olyetd Wb gl alabl> 5l end w28 SO Sl gl
3 4 o] L 5 555 sl (6 b5 5 (63,Khee
aS s oo lis gwlid a9 5 L8, Oladllas .ail jae
iloads JoSis olime saxie slaan) 3 5l akadl> o 5 S0l
o3gr Slibl slis 5l waz leMbl S anld s nuSeb
4SS Sledbl cpl Slgm 3k g Lass o LlB 4 aladl> oS >0
SleMbl g Bale floy aw Gub p aladl> (V) 048 0
G Al Sae wily g Do oligS cslalaxd dladl> elgil 4
AOY) 0gd 0

525 g sl (ool 25 asile e 25 5| ol i
G5Ok B Syl il LSa5 el (55,5 il
al opl ;o SleMbl s g 0 T jro 28 0 oal
G 5 S ST 5 laplonsl b g ond il
L) o slosdgys Sli oz f23 09800 00ls bl
5 SleMbl yosls 5l e S g0 8L 50 Srond i 3l
6y d g ol e a5 ooy eols ()l oy o
sleosls a5 o5 3 pl a4 WS oo )8 Wisd oo alall>
Az s iz b oledblaS o) cuwlSgoe 4y oal (5l
o 0y Gl Sl eSS Djpe 4 Cel wix U

OF) Wigd co St (Ngd oo
g elall b o ol ol sgzy L
s Al 055 4 550k By 55 L3 slapanile
Grdy S5 0 L) St WS o J18 0nigd 1SS
ol O sad) Wjsliee 97y & b Sloos)s
@55 55 skt Aoy 55 50 Jleb 55 Lo Sl S i
ol 45 ool gl el S 5 T e 0elil il

Ablo 5o s S0l Cis (sl o5 amse 5 lagios
wolasl ol jo &dly jo abl oo loy CldS a4 5L S wily
S bS] (ol Al oz Jolis aliilo (5,5 JS5
S Akl cos Al e cwl SleBlE g gile 03
4 e g Sgye0 sled 4 SleMbl B3l 50 e >
ary 42 bl ot Al 5, 3l alsil> el JUad
5 el Gl (S el s () 9pdee Sl
J5i5 0 e hslnid slaanld o pesidll @ e
Sl 2Raslesl Jow szl Jb ol b all oo alasl>

(1 F) el T(LTP) oo iy o g5 caladl> dalllas

LS (o g S gl eolatll byl olason
3 Sldlae ol iyl akdls ol o 50 slapendlSe
&S aibbge s 5 Jolo slaSlo el colil cax

! Prefrontal cortex
2 Limbic system

wa

dodso

B9y Olper kisa Glewa cdld 5 )0 4 o)l
FBrt Sy9re Olpear oSl sl p DByl ()35 6l
Code el iR Gaie 9 el gl Ghpeda
oad anl alies sla eyl 10 phaie oy Codled g (3559
S99 B ln g Wl & Cwlatae (V0 T) ol
Sl 5359 4 ol 00 s 05 ol Lol sl o0y sl
L os 0l G259 (1) Canl diedgus 3o (S g (o Ao
3 3 58 09 Ol ekl g wes e aalEl G S0

() ab o al58

Oy S jlaial B ske 50 (593 Ol Rl a o0 Sl 4
) ogdion £978 (S Fro3g0> )3 &5 i (Jobw Ly
S Sadled 098 oo (s 3he 0 Shos S5ugr el g WS (o0 WS
ol jolaieds (6,U3; oyl SO lyeds 0008 5k 4
Sl ool ad pdy god o Slas a3l ceges gD
0392 oLl (S35 53 e Slaal 51 (S s (Dl 0]
ABL 5L )l5 Wl oe ()9 «Ban Gl & 8L Cews Sz oS
A Cl pmac oiws windan IS pilie 55,9 plil (F)
S 9o (9 WS o0 Jlo)l SMas 4 |) e slaply
b aals Clacl 5 olde gy Sinles 5 oce sl
s slael b jie blo ) sloars, wolael 5 o) 5
D059 é)jc;a)‘)ﬂ):.c)ul.: S o slael cudled aiiee
sob a1y oljle Clacl § pudins job 4 1, (g0l Clacl
(O F) an3 o )3 15U o puitns pd

a5l Yy gie slo sl a5 el ] 5 Sl liios
Wgd oo dgi 35 (S) ol )0 Ao sl ALBIT )3 &S
b gl 2813 (6 i Sl Ol5 o0 (259 eI L g
ALl (g lme 0 45 45 axiad Lo ygy5 oy bl ove
0z gixe sla sl adgi el (3359 plowl 0iiS oo ST
5 650k (hol Joo a5 3580 (S50 elSgn 42U o
Gops b Oy9e 1o soby Slidss 1S (V) ceul alasl>
@oste (S5l Sl g 485 ploxl jie 3 Shoe
Sl 30 0 Sae (S5 elad g 59 il 0550 50
o35 e Sl 51 K e 41S oS jsbled e 0
alllae o) (A) ol Al 3ggs bl 45 3ie 0 Shac
Jloo 4 Al oo )3 o Slapail jo0 p (o2
3500 (S5 Sdlad g ()9

(5 4145 e DI 3l 5505 s okl alil
3 Gloduzy GlapanilSe (A) 05,5 o (o anb alixe
sl 4 ie Colgs o aS W ls risalbdls g g WSl a8
9 b mhe 30 Soigln it 5 wlidoon, (alendsn
9 Cashl 5 (gulioms e B0y 005 o0 (s el
325 50 Gl g 5 bl 552 canns s e iy Caras

3 Neurotransmitters
* Long-term potentiation


http://dx.doi.org/10.18869/acadpub.shefa.3.4.123
http://shefayekhatam.ir/article-1-756-fa.html

[ Downloaded from shefayekhatam.ir on 2026-07-10 ]

[ DOI: 10.18869/acadpub.shefa.3.4.123 ]

AR\ ),.JlJ ‘i")% o)Lo.,.f; PG 0)9

WL

HFS

LTP Ll Jlss any (—anlw s 4L 0 s )tisbn Ol p s 3l ;g =)y guad
ALl 5l bl ador 5 (S 2 (e Bl (o 0 (o DS S Jls 4
oS o Ly g NMDA (sloni 8 o Jlad Ly 00,5 o olj] —alicas sty
3 i a ot 5 00 SLET Jslw 050 slaply il g0 S50 o
33,5 (o0 (smlimmim Jols Lt s ;5 NMDA (slmons 5 sloes (il alosr
.\ 0)-(HFS: High frequency stimulation, PKC: Protein Kinase C, Src: Src-family protein kinases)

el 3 A il SisSr b L) sy
5 el Sledbl 5,53 gl e 5l al pl a5 a0 ks
sl ol 5l S (0ATY) Sl (5900 C)—‘ LlE &y 3l
Jsb o ol otz plgs g 0 )Slas i Sl CulSspn
Olas 1 laggyss cnl spdy Sllasil g y3 &5 W)l 1) e
Ol 5o D (Yo Cusli i of 5k ladiged 5 was o
53 B8k sl Ol ol oy oo a5 4y el e

(Vo)) cdles (g ,u5ok g akadl> glgil 5| &

4 Al Gl 50 e Sfglem Lol

i JWo
4 aad e LS (g g Gladl (59) 2 oad plonil Slallas
o Jsb Gl s anld ol b eel 35
Ol g (el 6l UG Gl Jell) jae 0 Shes
Ls‘%ugst"“’dud)t‘w G5t 4SS g (aladl> 4 (g ,S0l

256 4 gt az g sl ol )0 (V) 25800 6y

absl> » 3o (yg0)9R 3 00559
35 03 45 00,5 s 93TV (b5l (190590 555 slaellad 4o
Jus 4 ) sre glacaglgl p i g 5aile Sl 5 iy
SrYeb Sasa b asS olag ]y ollg pl sae adly 0.0l

* Central nervous system
¢ Neurogenesis

Gy S ld Gl Ly sl s gz Sl
SleMbl ()l 5 SLusSTIN 5 Wgd i )l oyl
ol 3blis dlax 5 cslSgmn (V50 1Y) 05 s |
g abdl> o Sliwa G185 oS cwl Sawed w0
Sh el b samaplas lllas (OA) 8l s xS0k
il o alS5d ;0 o9 "CNS (a5l 595 50
e 5 T 2ly 0509 & e G Sl &5 g5k
OS5l lsaslass Sl jo cwsliw dasldy oS
580les S5y wzga ol (pl a5 005 oo Lo bge caalS gn

V) 2gds g0 abidlo g (550l ofgtr (5,18, Slislojl 5o

eolS gt
B czge o Cunl (S e il sl orn Lol i
A Sl g g Do wily dladls a4y o olisS dladl>
W B g0 Dok aily Al b0 Ll Al 4 S (295
az 0 Jos 5 g 5le i oo polo 1) Oledbl 6 55 jgws g
53,100 8] CalS god ygas e wuls ol bls cois il
OB el oo glaladl> Jlesl 5 anslie 5l 55 6550k ez
O ) el po jlons 6050 olanl Wiy yo GwlSgn

0 o g Sl ) S 2 Suselsn s o i
SleMbl y3gs o5 o8, e ool s aladl> ¢ 5,50k glgl 5

7 Endorphin
8 Rats



http://dx.doi.org/10.18869/acadpub.shefa.3.4.123
http://shefayekhatam.ir/article-1-756-fa.html

[ Downloaded from shefayekhatam.ir on 2026-07-10 ]

[ DOI: 10.18869/acadpub.shefa.3.4.123 ]

\yaf )._nb ‘I")LQ?J a)l.o..i'; Pgw 0)gd

Sos== ds

e slopg Elail oby g Cole> fely ((Ludl
06 &b )J D09 &S ol )1 pimen (Y0) 09d 0
Seydgrgieel s Jotol wille grae (8l @l 5
03 Ol 2 NI on aiis 2od S5 4 laaslgise 5 ol
3,850 530 o8y 59,95 sl gl

AL b yimS 45 sl (89 359 )93 B0lgils 51,518 (]
SV e 5l ead Grie (Qliogg H5SE dgdiee (et
Tslrons S 4y Jlail b g oog: oolgls ol slael o s
O dl-“)u%] Sl oly s poB (S e
() 0980 ¢ Slagygys pled 9 adgs Coles o 9 slasl
Ol el h3y5 ablige e 5O (hewodly 5 oeac
ngwdd),k@mp@pw%ﬁ&)o&um
bl Saigily Jelge G900 4 sl (See s 50 ol
AYYYY) gl e L;o)w.el 9 JN‘).” d)l.o.:..b O

33T )—*-'l* Loakal, o 13l a8 plailej] mlbs Gub »
12 lg3 oo BDNF 0gs olsee ialiil conds bl alidl>
G ) ol (FF) sl aiils e 50 alabls g g S0l
o lash olasi i 10 695 by Oliee (i odiig i pod
Sgate g Wlgi oo Lol 3 (pldegame (T0) by oo (238
Oeizeats (V) Qigs ),Q.ll)’ﬂ Golow ol ogni 4y g alasl>
e Jubisnsl i 95518 il el 5,0 o ol T 5
Ol zge i (s 5 09d e it slacuend o
Syl paBre job 4 Y pgal (0 (YY) 00,5 jae Sloyiss
e i 855 Les s 555 Js 0 05 sliy5iST6 il
w‘ o OA.H.MS ).79..4:.' 4

lopae¥sS 435 (YY-VF) il 35 ke 103 slacaglsl
Oebisd 9 i ol 8 (olyg ale oliends dlge 5l 29 S
g aiS oo Jos gleond baes Jlll gy a5 s
Sl a3 6,85 oo 3l aladl> g 650k (raligd g (S
ol ol e 5 eols Lialidl | LS 5 onl i line
4 (D5 Dl ped plnil (plply a8 e 0l (93 slewdly
sleosias Jlnl w=d 5 ldl 5 b 5l Wl e elaie ok
(YOYF) o9 ;.al> S ulj.....u P aladl> S gl g0 ‘@w L
o o yg,90 AT aus  olerd Slge 5l slaziws a8 jguil

(Gidupl,l 0,0 ) wyls Sgudl ans BT 5 Wgd oo s

alisl> ;0 ygo o (5 LS lw Ol ki 9 (5559

A

@l slaghoe ;o by &5 wlesls plas lides
0 elSgrn 53 wa sladsher slass Sl el Bl

S OlS e as cel ad ooly Ll SH5elen 18 lllas
QT cde oS o o ol ]yl g uSu,.S.H Codles
o (YA a8l (gras 80 5 (5,98 Cadlad et Wilgi oo
S awo e Gl sz alee Glagise 1o 3lsr e Sl
TSs o1y S gun (Jgy95 dly g olad (650l 5359
Ol 0 ydd e S g [0 slacund g ¢ boaslais
G o35S Al (s0gups el g 0 o a8l s 5]
Sl (S ()9 Dl el Waiae G Raagh 095 o0

(Y 058 Ll jo CwulS g Ll Cogdl C>ge

abidl> jo g0 Sudg 39,95 oS g () )9

oS Sgdise N ndeigys etisn gl Gl zge ()9
39 59,99 b cwlS g e ial38l LY 5l (6 wilgs e
|) —as ‘_;LQ:J}L» ‘_g)L»)b 9 Q.\.'»Lo 045 a5 Cewl looks
900 bagyg )i a9 S5 g Casll el g WS oo Cugl
Sl g (VA cosl (5950 aladl> g (3,0 b @ 6l
25 58 oras 0, S TBDNF wiile) S8 g )58

L& &

S 5 (B0 0o (ot (215 r9y55 G213 2 O 56 9 (2509 JLos 4 0 sl ysiSB aldl 5l oles g — Y guad

° Dentate gyrus
10 Apoptosis
1" Neurotrophin

12 Brain-derived neurotrophic factor
13 Gaba amino butyric acid (GABA)
14 Receptors


http://dx.doi.org/10.18869/acadpub.shefa.3.4.123
http://shefayekhatam.ir/article-1-756-fa.html

\yaf )..JlJ ‘I")Le)«; o)Lo_i'; PG 0)9

[ Downloaded from shefayekhatam.ir on 2026-07-10 ]

[ DOI: 10.18869/acadpub.shefa.3.4.123 |

9> (sloons 15 4 09 oo e cealS gnd S5 LI (sla b
el yomalol ais 5o (WSl s sl yhed 255 o0
Sogimy yf SIS (ni9s sildlad g (gDl jind
e kdled ) (FYFF) 00,5 o T'SRC bolgils gl
2ANR) slaamls 5 50 (njored Semslyinal (ygeadlyyind 4,
4&..:‘ » os)l.c 9 .\30)5‘5;0 WNMDA ‘5Lbo\.\.:).5 (NRZB 9
g o0 NMDA (slaoss 5 codlad iolidl o G o0 4y oo
o Skes cbxl 4 e g 03,5 6 uSel> lag)] jgiawgas!
3 oot i oas 1Sl (FO) wis S5 co Woni S oyl
| Al 5 5ol JISBI (5 5 ALEIS i Juged
©looni ;I ul Jled sl oals S8 izmas S e ol
(F7) el S ails cugdy sl gl guldS paie ANMD
3 oai S ol lo lidl wlesls lias wlagsy S

(FY) el onds olas dlasl> olidl o &b slo e

Sl o9dle Wlgi oo oz led 2 By, S Olsied (3559
o 3l oo S8l 5 Gl 0,8k pdL LS
Bl B s )1 9 B9y ol S o
35 Fsn 5 ober Sy b il ol 55 (555l
U yo¥sS S iy ol a3l sl olpen e [l
aloz 5l Reelin g wluST S5 «Si8g59,95 sl g
Died (559 JLoo 4y aladls Cogls 1o o g She Jelse
oo Jelo loyaly slo s a5 il S5 4y o3Y 4zl
boluws a5 sl 5o Olpss cpl paile sl jo wilgs oo

..b)L))M:;UJUa.Aﬁ‘Su))Jd;)Lu

1. Vina J, Sanchis-Gomar F, Martinez-Bello V, Gomez-
Cabrera MC. Exercise acts as a drug; the pharmacological
benefits of exercise. Br J Pharmacol. 2012; 167(1): 1-12.

2. Bherer L, Erickson KI, Liu-Ambrose T. A review of
the effects of physical activity and exercise on cognitive
and brain functions in older adults. J Aging Res. 2013.
doi: 10.1155/2013/657508.

3. Erickson KI, Voss MW, Prakash RS, Basak C, Szabo
A, Chaddock L, et al. Exercise training increases size
of hippocampus and improves memory. Proc Natl Acad
Sci U S A. 2011. doi: 108(7): 3017-22.

4. Erickson KI, Gildengers AG, Butters MA. Physical
activity and brain plasticity in late adulthood. Dialogues
Clin Neurosci. 2013; 15(1): 99-108.

5. Kluding PM, Pasnoor M, Singh R, Jernigan S, Farmer

'3 Nitric-oxide

16 Pyramidal

17 Nitric-oxide synthase
18 Synaptogenesis

1 Retzius kajal

Wl T SS s 5958 9 (5359

G5Ol llsy Lial3dl el 55,5 ond alnil clallas 5.0
5 PINO) wlaST G Gl @b 5l Akl s
Sy deeST 45 Wlos S Ll Sl 958 o slS gt
9 35 (0 55 b g pdyllanl plie o (pull i
Sasini (TA) 55in S50l i el 5 Gialsél ol
el sn 2ol o po oas slails S (S L]
SRS slasy) )3 (S5 n by o S jg0 @ a5 Cul
(F) ablge Jozo alabl 5 (6 S0k doel o 5 (qumlins
o Wbt s s asly ) Sl asdS ol
P NO Gis Jis 4 ol (olSgmn Viooyp slags)s
realy Olyeds a5 b ke e 4 sleiin Cnl (s 3he 2L
5 428 e )13 b o 1) gl JUEDl 5 85 (205
LSLQ"&); oud s ol o S.MJL....,..: Crd Ss o
INOS) bz wluST SO s o Jlad 4 e SlaliglS
Ban slacntyy ad Jud cel g WluST SH s adg
S sl con 1) abibls g o S0l W, 45 35,5 o Sasie

(F4) a2 o

Reelin 956 9 43,9

ol sk liz! Esbs 5 Dyzrlon (0S5 pikins e JalS
Eob jo caamlil Jolse oy e 31 SO Reelin .ol o
S eadlig g &yl g ol ™M pl5 el 5 Lagyg )90
8aiuS oS 5 (FV) o)ls 8 Cow gy 5l e B iz 90
3,03 518 StV pgi509,5 5 (Sg0 O poi9es,S (53, » Reelin
R JO) Hu,u%}b') JB sle Jokw 5l a5 Reelin .(FY. ¥Y)
5 455 Jol,5 sladshe (523 S5l Y ;0 09250 slagys)s

&l

K, Rucker J, et al. The effect of exercise on neuropathic
symptoms, nerve function, and cutaneous innervation in
people with diabetic peripheral neuropathy. J Diabetes
Complications. 2012; 26(5): 424-9.

6. Oya M, Itoh H, Kato K, Tanabe K, Murayama M.
Effects of exercise training on the recovery of the
autonomic nervous system and exercise capacity after
acute myocardial infarction. Jpn Circ J. 1999; 63(11):
843-8.

7. Farioli-Vecchioli S, Tirone F. Control of the cell cycle
in adult neurogenesis and its telation with physical
exercise. Brain Plasticity. 2015; 1(1): 41-54.

8. Snigdha S, de Rivera C, Milgram NW, Cotman CW.
Exercise enhances memory consolidation in the aging
brain. Front Aging Neurosci. 2014; 6. doi: 10.3389/
fnagi.2014.00003.

2 The disabled-1 (Dabl) gene encodes a key regulator of
reelin signaling
2! Tyrosine-protein kinase SRC

22 N-methyl-d-aspartic acid
I


http://dx.doi.org/10.18869/acadpub.shefa.3.4.123
http://shefayekhatam.ir/article-1-756-fa.html

[ Downloaded from shefayekhatam.ir on 2026-07-10 ]

[ DOI: 10.18869/acadpub.shefa.3.4.123 |

\yaf ).,_yl.‘ ‘f’)l‘Q‘? a)Lo..i'; Pgw 0)gd

Sos= dis

9. Brady TF, Konkle T, Alvarez GA. A review of visual
memory capacity: Beyond individual items and toward
structured representations. J Vis. 2011; 11(4). doi:
10.1167/11.5.4.

10. Volk LJ, Bachman JL, Johnson R, Yu Y, Huganir
RL. PKM-[zgr] is not required for hippocampal synaptic
plasticity, learning and memory. Nature. 2013; 493: 420-3.

11. Alkon DL, Amaral DG, Bear MF, Black J, Carew TJ,
Cohen NJ, et al. Learning and memory. Brain Res Rev.
1991; 16(2): 193-220.

12. Brem A-K, Ran K, Pascual-leone A. Learning and
memory. Handbook of clinical neurology. 2013; 116:
693-737.

13. Euston DR, Gruber AJ, McNaughton BL. The role
of medial prefrontal cortex in memory and decision
making. Neuron. 2012; 76(6): 1057-70.

14. Turrigiano G. Homeostatic synaptic plasticity:
local and global mechanisms for stabilizing neuronal
function. Cold Spring Harbor perspectives in biology.
2012; 4(1): doi: 10.1101/cshperspect.a005736.

15. Lau CG, Zukin RS. NMDA receptor trafficking in
synaptic plasticity and neuropsychiatric disorders. Nat
Rev Neurosci. 2007; 8(6): 413-26.

16. Hunt DL, Castillo PE. Synaptic plasticity of NMDA
receptors: mechanisms and functional implications.
Curr Opin Neurobio. 2012; 22(3): 496-508.

17. Stuchlik A. Dynamic learning and memory, synaptic
plasticity and neurogenesis: an update. Front Behav
Neurosci. 2014. doi: 10.3389/fnbeh.2014.00106.

18. Preston AR, Eichenbaum H. Interplay of
hippocampus and prefrontal cortex in memory. Curr
Biol. 2013; 23(17): R764-R73.

19. Kempermann G, Song H, Gage FH. Neurogenesis in
the adult hippocampus. Cold Spring Harb Perspect Biol.
2016. a018812. doi: 10.1101/cshperspect.a018812.

20. Isokawa M. Cellular signal mechanisms of reward-
related plasticity in the hippocampus. Neural Plast.
2012; doi: 10.1155/2012/945373.

21. Ghadiri T, Modarres Mousavi M, Alipour F,
Mohammad Sadeghi S. Cellular and molecular pathways
of learning and memory. Shefaye Khatam. 2014; 2(2):
81-8.

22. Veening JG, Barendregt HP. The effects of Beta-

\Y"l

Endorphin: state change modification. Fluids Barriers
CNS. 2015; 12(3). doi: 10.1186/2045-8118-12-3.

23. van Ree JM. Neuropeptides and psychopathology. J
Control Release. 1994; 29(3): 307-15.

24. Klintsova AY, Hamilton GF, Boschen KE. Long-
term consequences of developmental alcohol exposure
on brain structure and function: therapeutic benefits of
physical activity. Brain Sci. 2012; 3(1): 1-38.

25. Chowdhury R, Guitart-Masip M, Bunzeck N, Dolan
RJ, Duzel E. Dopamine modulates episodic memory
persistence in old age. J Neurosci. 2012; 32(41). doi:
10.1523/JNEUROSCI.1278-12.2012.

26. Wimber M, Schott BH, Wendler F, Seidenbecher CI,
Behnisch G, Macharadze T, et al. Prefrontal dopamine
and the dynamic control of human long-term memory.
Transl Psychiatry. 2011; 1. doi: 10.1038/tp.2011.15.

27. Biedermann SV, Fuss J, Steinle J, Auer MK,
Dormann C, Falfan-Melgoza C, et al. The hippocampus
and exercise: histological correlates of MR-detected
volume changes. Brain Struct Funct. 2014; 1-11.

28. Voss MW, Vivar C, Kramer AF, van Praag H.
Bridging animal and human models of exercise-induced
brain plasticity. Trends Cogn Sci. 2013; 17(10): 525-44.

29. Mireku N, Power B, Thompson A. The effects of
exercise on improved learning for the young. 2013; 1-6.

30. Maass A, Duzel 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. Neurolmage. 2015. doi: 10.1016/].
neuroimage.2015.10.084.

31. Rashidy-Pour A, Miladi-Gorji H, Safari M,
Fathollahi Y. Enhancing hippocampal neuronal numbers
in morphine-dependent rats by voluntary exercise
through a brain-derived neurotrophic factor-mediated
mechanism. Middle. East J Rehabil Health. 2015; 2(1).
doi: 10.17795/mejrh-25589.

32. leraci A, Mallei A, Musazzi L, Popoli M. Physical
exercise and acute restraint stress differentially
modulate hippocampal brain-derived neurotrophic
factor transcripts and epigenetic mechanisms in mice.
Hippocampus. 2015; 25(11): 1380-92.

33. Samadi A. Exercise preconditioning and
neuroprotection: a review of mechanisms. Shefaye
Khatam. 2015; 3(1): 115-130.


http://dx.doi.org/10.18869/acadpub.shefa.3.4.123
http://shefayekhatam.ir/article-1-756-fa.html

ARz )‘ib cfs)lg‘% o)l.a.,i: g 0y90

[ Downloaded from shefayekhatam.ir on 2026-07-10 ]

[ DOI: 10.18869/acadpub.shefa.3.4.123 |

34, Uysal N, Kiray M, Sisman AR, Camsari UM,
Gencoglu C, Baykara B, et al. Effects of voluntary and
involuntary exercise on cognitive functions, and VEGF
and BDNF levels in adolescent rats. Biotech Histochem.
2015; 90(1): 55-68.

35. Huang T, Larsen KT, Ried-Larsen M, Moller NC,
Andersen LB. The effects of physical activity and exercise
on brain-derived neurotrophic factor in healthy humans:
A review. Scand J Med Sci Sports. 2014; 24(1): 1-10.

36. Coelho FG, Vital TM, Stein AM, Arantes FJ, Rueda
AV, Camarini R, et al. Acute aerobic exercise increases
brain-derived neurotrophic factor levels in elderly with
Alzheimer’s disease. J Alzheimers Dis. 2014; 39(2):
401-8.

37. 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 Monit. 2015; 21: 945-54.

38. Galdino GS, Duarte ID, Perez AC. Central release of
nitric oxide mediates antinociception induced by aerobic
exercise. Braz ] Med Biol Res. 2015; 48(9): 790-7.

39. Hunt S, Navalta JW. Nitric oxide and the biological
cascades underlying increased neurogenesis, enhanced
learning ability, and academic ability as an effect of
increased bouts of physical activity. J Sports Sci. 2012;
5(3): 245-75.

40. Nishijima T, Okamoto M, Matsui T, Kita I, Soya H.
Hippocampal functional hyperemia mediated by NMDA
receptor/NO signaling in rats during mild exercise. J

Appl Physiol. 2012; 112(1): 197-203.

41. Hesari F, Sales EK. Reelin and regular exercise in
the brain cortex of healthy adult rats. Journal of Animal
Science Advances. 2013; 3(11): 569-74.

42. Yang XB, Kang C, Liu H, Yang J. Association
study of the reelin (RELN) gene with Chinese
vaschizophrenia. Psychiatr genet. 2013; 23(3). doi:
10.1097/YPG.0b013e32835d705¢.

43. Beckers MC, Bar I, Huynh-Thu T, Dernoncourt C,
Brunialti AL, Montagutelli X, et al. A high-resolution
genetic map of mouse chromosome 5 encompassing the
reeler (rl) locus. Genomics. 1994; 23(3): 685-90.

44, Seo T-B, Cho H-S, Shin M-S, Kim C-J, Ji E-S, Baek
S-S. Treadmill exercise improves behavioral outcomes
and spatial learning memory through up-regulation of
reelin signaling pathway in autistic rats. ] Exerc Rehabil.
2013; 9(2): 220-9.

45. Hesari FS, Sales EK. Influence of short-term exercise
on Reelin synthesis in the postnatal cerebral cortex of
rats. INASCI. 2013; 2(3): 1110-2.

46. Collingridge GL, Volianskis A, Bannister N, France
G, Hanna L, Mercier M, et al. The NMDA receptor as a
target for cognitive enhancement. Neuropharmacology.
2013; 64: 13-26.

47. Cao X, Cui Z, Feng R, Tang YP, Qin Z, Mei B, et al.
Maintenance of superior learning and memory function
in NR2B transgenic mice during ageing. Eur J Neurosci.
2007; 25(6): 1815-22.


http://dx.doi.org/10.18869/acadpub.shefa.3.4.123
http://shefayekhatam.ir/article-1-756-fa.html
http://www.tcpdf.org

