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ABSTRACT

Introduction: Long-term potentiation (LTP) is a generic term that applies to a form of activity-
dependent plasticity that induced by high-frequency or theta burst stimulation and results in
enhancement of synaptic transmission. LTP has a key role in learning and memory. Different
types of LTP have been observed in distinctive areas of the central nervous system. Hippocampal
CAL area is vital for the formation of long-term memory. Conclusion: Several studies have
been shown the importance of signaling pathways in the development of memory and learning.
In this review is intended to present an overview of the role of synaptic ion channels, ionotropic

and metabotropic glutamate receptors as well as TrkB receptor in LTP formation of learning and

memory.
Key words:
1. Long-Term Potentiation
2. Learning
3. Memory
4. Receptors, Glutamate
. ......................................................................................................................................................................................................................................... .

* Corresponding Author: Ali Jahanbazi Jahan-Abad

E-mail: a.jahanbazi65@yahoo.com

\\Y


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa.3.4.112 ]

R REVIEW ARTICLE

S50l g alidl> 43 TrkB g o buw S99 B JUL (bl glf a5 dsunly (Loods puS yindis

00! jude DI < glo jo oLl pomunsd sabl ok ik e

Al ol yad bVl w3l ol Lo ot Clac! pgle Sliizs 35

i e

WA oo ¥ igbmdy &b YYAF ol VY iedl yo & ,0

QM

- <

Codlad a4 iy Bpadl 5l a8 SO a4 a8 Sl (S ol S S SY ek Lo gk 100100
e (gl JWES! 201580 4y 5 04 o sl LS (g, lxiil Sy b YU GuilS 8 L aS 0y, 00 L5 @
5 Do SYeb Cogay 3l ke glail oyl galdST i aladls g 6,50l j0 Dok SYgb Cugdl sl
sl LSes 6‘)‘.’ WISM CAl &=l el 00 somlin 6}5)‘ I SWIW )'| L ‘5>|9.>
aladl> drwg ,0 1y Sl yels (slo e Con] (oanie Slalllas ieppSa ol Sl Saeaik
S Ul a5l S les G aS cewl ool (35 (6590 Andllas (] jo ailosls lis 6,500 4
Cughi Jo5i5 )3 TIKB 60 S (raizmen g SLlbiglS Soygiglie 5 Sygigion slaoni 5 omlivw

20,5 &l | aladl> g (6 ,uFol Do SYgb

bojly als
Soe SYeb Cugdi )

GrSL Y i
NS

Ll slaoss o5 F

Ll sl 3liler (e ghomen 00 g5 *

a.jahanbazi65@yahoo.com : Soig 5SI g 4ol


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

\yaf ),.JlJ ‘r’)Lﬁf o)Lc.,.f; PG 0)9

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa.3.4.112 ]

5bied 5 (cowly g (sondS Gl LB il S5 S
o Aalol jo g 098 oo aSls ) LTP olowl jo TIKB 645 ,.5
o Jbd Gl o5 lojely slojlis] gy n & Eox
09.....:‘5@ 4,.>L>).» d.u]‘sa Og>g A Lbo.)u)j u)‘

LTP 4,50 30 g 4yl 506

donid y0 g AlS oo Job celw YUY sga> LTP aJgl 58
6 3B D) 2gie sloml 2yhie (Kol S5 S
Sl YF 5l i LTP &6 518 .(VA)-(o,l0i oy ol p
slwl Jlgie S o0 ez a0 Wlgioe 5 0iS o0 Jsb
o3 5l S Ol sl s 4l 518 B 5 51l s
gy b Jlb 0ol LTP &gl 51 (1 jga) 05 o0
Oige BanS Jb glasleS (s n JPKA) A LS
CAMP& Fuly polic 4 odigd fuale (piSgp 5  (MAPK)

(1 Y+) sl o "(CREB)

—————

PRI R
ZusE g s 1l

LShE:

Ca2+/

ol
X E@ oa° ';: = Calmodulin cﬂ®
=3 ) * g Ca2+
T CamKi ] ®
LTP @ ¢ )
L)
i .c b
AMPA
-, 'J-
_M

S - A LTP A gl g adgl 5L8 o Joss slaslayg, Sl jugal =)y gl

E95—5 croms NMDA (glmoni 5 (g3lndlad Loy 0l oo o e (S 2SI Sy o

A el 9955 Oz Gl Bk 5l eas S ol (sl g S TTP Ayl LS

SES Ometis g el Al Lol (65 (TP 5 (il oy Slo sl

oS b i L sl (ol a8 355 oo (CaMKID) pacdS g dgogellS 4y aly

i s sy Liowi 8 ooyl JUil Lal5sl 5 S0 G, b 5l 5 AMPA (Lo 5

sk 5l ebeen CaMKIT (Y1) sy oo LTP &gl 5L6 sloml sLall qarus sl

Gl o Gl G b s Gl e bl Laply (65 )|

Ailgs oo LTP 4yl 5L8 -0 09 g0 (ol (sLodd jo (rae L3 55Luls,

el 3959 il L el al o og b sl (e Sy gz Aoms o

Jbsol 3ldled oo CaMKIL (o Jlsd o] ccbleo g el oy gl ay

(YY) 398 o0 MAPK § PKA o Jlsd ay ; oie Sl 50 45 093 o0 IS

Loy 6 ol sLall s CREB. (yuodly s 3 4t 4y 09,5 Ly 55 MAPK

el ot Ly anld g o boyeos s LTP dygili L6 oLl 5 4 S 093 o
AVV-YF) ol sl gl sLad o nac

! Long-term potentiation

2 Amygdala

3 Cortex

4 Striatum

5 Cerebrum

¢ Nucleus accumbens

" N-methyl-d-aspartic acid

8 Early LTP

° Late LTP

19 Neurotransmitters

dodso

S5 o (s i ;S (il (Gt & Cenla JL
Wiy Mol ol 485 )15 o) 2 990 ylailiny
4 dily polie Dl 658y Olpiear @ly 50 (ol
U1 00 YY) el 0 5y lopmgliees 508 1o odlad
ot s 35 S ol i By 53005
5o ol Aoz 5l a8 il ot ool o ki (635 5
Sl ALTP 3.5 o L1 (LTP) e gl s 4y 55 oo
ot g il s 045 42k g gl oSl §
SO, (59 (S8 Gl pmbe YLl e les
45 ol ot ot sl e 31 355 o], S

(0P el L) o (6 5ol  aliils

S o sras pew | (Golite (>l 53 LTP Lilises gl
(V) Togl il «(F) Tire b () TJSwl i ol lailia
el 0as sdaline (1) 7 uiogST slaaian 5 (A) Cpgl o
NMDA « atusly g 'NMDA & aiwsly g4 90 4 LTP
3580 e (L g8 515 4 iy (condS JUIS™ (32,0 5D)
Aol 318 Jolss a5 0,5 o plowil Jlgie Al 0 9o 0 LTP w48

(V+VY) Cel (L-LTP) LTP &4 516 o * (E-LTP) LTP

(552 9955 (0 (s 3b abadl LLSCa )0 pogen sl i oS g
OY) 5,5 oo &yg0 bl W LTP S col >y yiags |
FSid 0 a5 3w 3l slasl Glgeds iwlSgmn CAL &t
&b glo sl 1 LTP 0yl 3 () e LTP ay],3 5
sl S8 20 5 (alS (slmo 90 b cslS gnm CAL
ol ey SIS (slo J5SLo s s o 5,5 5o
g0 ST oyl (s sloailly 51 (S 2 e
WAMPA J.al...u uLoijf L 4.........1‘5 ‘L"B)"}'B’ Hél.(bod.‘)j 9
B ‘) g_i...vj).‘yL.a 6LQOJJ)5 )jjau.o.o& 9 WC)LZJ‘[S BNMDA 9

a4 e LTP W Job ;o NMDA (sleoss S o 5L
rloedse T slosply slolaal (6 Sy KT 5 mandS 5955

alidls LS5 5 LTP sbnl ol ol Jsame a5 9 oe
Sulp e &5 R Sa sleennS aber il .
S oS sleods 5 ) plgs e Wby B LTP 5 (5,500
o)Ll "GABA (claoni 5 5 *(MACHRS) 5y JsS ool o

iy oS GBS 2i 3] sladle o (VF) 5,8

Cowl 00y aswive LTP sbu! ,o "TIKB (63LuS cpj9,m

Sods 15 o Slos g (il gy 4 polo dalllas 0 1A .(VY)

11 Receptors

12 0- Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
13 Kainate

' Signaling

15 Nicotinic acetylcholine receptors

16 Gamma-aminobutyric acid

17 Tropomyosin receptor kinase B

18 Protein kinase A

' Mitogen-activated protein kinase

2 ¢cAMP response element-binding protein —

\\\C


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa.3.4.112 ]

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

Sos= dis

&S siilegoe (b 5k sl do iz I o b iy
slaosi 5 ule 5L ey S 5l 5 Yok lej e
NMDA (sloosi o5 .ail oo (4l Lo oi>) AMPA
Gyobd (5,10 AMPA slaods 15 a4 Cd (65505 S s
oo 5 cunliw slad 4 Slligls o ST 51w a8
Wil oo Jd 5auS AMPA sleoni 5 4 cos NMDA
O i Lgbb NMDA Lghbaddﬁf e cus J.W..,Lu 59
Bloe 620358 Gl

colas jo Sloj s NMDA (slaods .5 a5 conl [S3 a5 03y
5 asl oad Jate o] 4 Slligls a5 wils i b >
S0 ke areandload 05,300 1 Gl So09,9
0958 95 2 O5 JUed 4y sl NMDA (gloons ;o5 (o 5l
sloosi S cnlply dbior (omlmpm 9 (bt
G gl Aoy calizee JIS21 slx! o NMDA
slaog emlnds wulp (b W) W)ls (5902
S P g Sedes 5 e S cpl Ml 5l e jie
Bgden 03l jgue Bl mndS g ey o Slapn
xS 5o b slodsbe 5o s clale ol
sl o e Jole & NMDA  sloowi 5 ol Jled
eeedS 2l 51 Jols s sl 5 S sl oo LTP
5o MJS 99,9 aS Cewl k))‘ ¢ a0 k)"‘ Cowd w.sl) 5o 6’91-“"
900 "CaMKIL o Jlb 0 e (qmmliw g b
5 eilieiing Syge @ Gefign ol 4251 ONYY)
Lol s peata of Ole sl Ol embemim
B oS Gl e il Glsrear Yot lagyg 5 50
V) WS (oo Jos (995 Amnrtadly 5 ok

SroaisS Lo a5 250,55 )158 calisie 05,5 90 VAAR JLu o
@ cwiles CAl &L ,0 LTP unl,d obx! 51 CaMKII
Gk 5l CaMKIL g5l (YA Fo) Wysl o Jos
(VXYY ams oo &) O YA (igip Ada ) (geadly sl
a5 40) LS ol 5o auwlige a5 Cunl ool ylid Sladss
O3t aedgil auld el 5l (VT L i s (ol
LTP o) 3 olowl bal s ol 10 9 550 o0 Joe 4 Canilows ]
A oo i Jols loazdl pl ol «(FY) 04 co crinds
Jbd il oo (5y9,0 LTP Lo (sl CaMKID (g5Ldleé oS
l, hlisee Sloyely slayliol wilgs oo CaMKIL o
31 CaMKII W ycs ol (g3 yiage 51 (SO 50 w05lasly oy &
JUESI Gl B s AMPA (gloons 15 (50l yid 351
Sl S8 Bl s g SJUS o logs:
slig &4 AMPA sleoss 5 ! zols8l o CaMKIT e Jlad

(FF) o)ls 1 58 cmas slo Jsbos

@ dalwly LTP a5 wleols olas 18 (goasxie Slalas
u**-")"‘ L« “\“’L’s" u;lﬁl“’ @L‘*’)Plﬁ. n.éL‘z’)L?;?\-.'1 6;“5-.’.
e ol ol 0sd oSGy CAMP Jsl ol clale

2! Glutamate ionotropic receptor AMPA type subunit 1
22 Ca2+t/calmodulin-dependent protein kinase 1T
2 Kainate receptors

\\a

4 duwly Swgygig bowi S Caenl g
LTP olxs| ;0 wloligls

ol 2L 5l gl a5y ytms ST L
(ol glad o geae L ol by o) Cdles
Ngd oo piiin  ommbiow Glad o oo ol uae l80
wola! oo nS 4 cmliw o lid 4 Haww, b g
ol 0 @8ly Sg sz Slroni S (Y0) Wgh oo Jaie 355
aS aiee W] 4 Ay Jloas o Se sl JUKS sl
JU2 Gl i 8L 5l oad ST (as (8L @ ol 5o
1545 (gloaisS Sy aras JBU (g5 sene (YF) gl e
(TV) adboe SLbelS aS (oo Joo (S8 slagmbon
mae JU plycas GABA (5 ke slogmliom yo &5 JI>)0
g5 Slligls 4y ans sloodi S (YA) 0 o Jos (5,
o 5 alax 5 (¥)) SLslS 5 (F+) AMPA «(Y3) NMDA
(ol Aty ol )0 & wits Sy s olad
B S w2 (V pgad) Wl R (6,205 slagmliow 5
2398 el 9 pades & S &S Wen Sop sl JLI
AMPA 3 NMDA S o5 5550 (sboods n8 o Jled asiws
i 0l g reelS g mroe S 495 B 0l 4 e
lod Ao 45 398 o0 oo 15 (ol e ey @) @)

YY) Sl gl oy 5003955 gl D0 ]

Sloon ;S Coenl 5 A &5 Sl ans paix Jsb o
5 el o a3l Sy, (slo peglives YL 5 AMPA
s AMPA. (sloods o8 dlad oolats o ol o jaseioe
Lgi AMPA (sleoui 5 o, LTP Lo o glala>de LB
AMPA 555 .5 1 s o oS (GRIA4 5 VGRIAD) 15 Loz
rolg i (oS 5 Wil oo oS Sl oads S wlgn 5 e
el sl GRIA4 U GRIAL o>y Sz 5l eulogen U
Y0) anil o GRIA2 sxls 5 oSy (lyls Jdlas s APMAR
a>lgy 3 Jawss AMPA (slaoss 15 5,k 5l puandS 05,9 (Y
23 o2 MRNA ol 5 lo a5 (5 bas el oo pudas GRIA2
oS (lplo 0958 oo mualS 8955 18U o 02l
Wloads 555 GRIA2 (claasls 15 aas 5l 45 e AMPA
5 GRIA3 (GRIAL laslyy; 5l a5 Slagl b awslie o
0390 3985 annlS Loy 4 G cilond 525 GRIA4
g9 5l ok )3 a5 AMPA (glaoss 5 olai) willy
P LTP a5 closls lis lados (Wgd oo lo So5,5L5

(YY) Wb oo 33 GRIA2 Cibige (slo oo
GIuN1 o=y 5 90 5l JSKiio (5l 59 50 NMDA 545,.5

e Jlail slp 2L ol Gl jo a5 cuwl GIUN2 4
6L®O\.\J).Af 9 )L»J9 UL’)} g.’l).o.aa.i O Jal.u)‘ (\ﬂ?) é)‘\) S9>g
S ‘50..,0 slie J.».M.;Lu as c}.)LA) Sl 03l L)L'”) NMDA
Cailas K0 sloye yeee 3l 5 Wgd 0 NMDA 605 ,.5
5 oblbsls ol b, 5l o NMDA  slaoss 50008 o


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

\yaf )..JlJ ‘I")Le)«; o)Lo_i'; PG 0)9

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa.3.4.112 ]

il B W56 S ol e (il Slaggs (S0
oS g )0 &8ls GABA-A Sgs 805,.5 (plply c05s LTP

50 Sloliglf' 4 dumly Sggyiglin (o pu i
LTP olx,|

Wy SS9 lie sloons 5 Jloiol 25l G sl
CndoS | nds Baline LVAAY JLs o LTP [0 ©lelislS o
sl Sl 5 S 60 iy sl 5V a5 L “mGluR
o (0F) ol sdslin auld cpl il o T(ACPD)
Sy30 i Sa0 glbog S awgy Lilete dalllas ! 51 Lol
ools oylis aid$ alwl wlidiss .cd5 13 anl 5 1S
ol guly ;o LTP <l o ACPD &5 coul
o SISl as (BY) 05d oo S gn CAL (s
C LS s 695 O 5l 5 pedll & isly Slis &
MGIUR s a5 Cosloals (5,155 a> ST.(0A09) aib 0
Sy50 (pl ,o Lol 098 oo LTP 0] )8 plxl 5l Canilows o
65 Slindos slaog S oS (5 sbar )ls 32y (ASLS
3 LTP anld (enad o mGIUR Lo a5 wilosls Lis

(F) 35 005 CAL &b

AL Cilige sla jige jo a5 ol ouls (IS Bk
40 g cawas CAl &b 0 LTP Wl aul,d mGluR
Sladsd WS ged ool o5 CA3 Al sl bl
ail,d mGIURS W86 Cilige slajige 4o a5 wilools lis
30 Lol ogds o canay jloailass BIKL g CAL >l o LTP
(OF) WS soi s CA3 slo sl il 035 (slo 8
S olpiinn il 45 Cewl odld (pl 4 i dis ol
& s O LTP (55, mGIuRS (g3Llled ondass &l il as
Ll Sglae NMDA & aiisly ;e g NMDA « j-lme‘a
Cilige slajbge jo a5 Cuwl ooly Ll Gladsy Ldleis
o= )l NMDA - gleows 5wl Jewily mGIluRS 030
Li> AMPA sloods 15 Zwly Jowilyy a5 Jbjo 09, 0
ldlas 4 cul 1 51 S leadl cpl (F)) 0gd e
NMDA (sloows 5 s aiwsly LTP )3 age i mGIURS

(FY) o ke
LTP ol

53,5 "(VGCCs) 3y 4 aimly Jloazm 35 oS sl JUIS
‘N‘waﬁgdwgﬁdugjbwﬂ«sﬁm
G5 s VGCC (FY) Wb oo o aib T 3 R Q P
3P e g S baggye o ply JUT o (oeke
Sllllae aiS oo Lol (25 agmlis Aty Liis
e g Bly L ogg somdS sl JUS (s, s s ple!

2 Nicotinic acetylcholine receptors
2 Metabotropic glutamate receptors

551 Ll o oles 50 9 095 o0 PRA (55Lullad &
) 45,5 plowl Slisiss 4l 09 o CREB _gis,
LTP anlp b ool o 45 el ools olas LTP il 56
o Lol a5 o lge CAMKIT (sloodisS )lgo 5l oslizal L
P33 36 5o 4 J> 0 02 ooi )| FPKA (slooaiS o 5T
S9b oo lee s PRKA (slaouisS les Sl jo wl @ ol LTP
) 352y pallie glaaisl 550 ol o aJl (VY. ¥O)
alosls las ;Ko Slados ooy S 5l (s a5 (5 5bay
a5l ailgi e i LTP 25) 56 10 PKA (glaoniiS lgo a5
8,5 A Gl oo ggerme )0 (nlply S e |, LTP
Wlgioo pmlomim 3 omliawoie 4206 0 LTP sl b o8
PRA LS (a9 n oo 5 998 PRA (ad Jld 4 i

(F0) 550 LTP Jlgs conus

e skJuls JTEKARs) SlilS Sospge sbheds S
sl 9 (ol sLid 93 58 )3 45wl (5 ey
el (Lab )0 0us ST eligl ay JLasll g aigds oo 2Ly
QS o0 SaS Joho JBIs 4y pndST 5 puaiw sloygy Jlisl 4y
53 85,55 50VE i 5 ol (215 )3 o 5 o g

(F7) 5 ls s (6 ,u50k g aladl>

LTP g 6,50 ail,8 10 a5 (6,50 Sg oo o5 alex
J WSV VOV S WEUES R P~ T Y IO S VI P A Vi o
A) 5,5 0,3l GABA (glaoss S 5 ™" (MACHRS) ylsS
oS it S ,ebisy sy o JUS DACh claosi 5 (FV.
ol A28l e s S 5 isS Jals o] slasls]
099> U g pomliy 9 i 0 o Sou9fgign slooni S
Bl 5 baowi S ol (F) i 3368 ppmalS” 4 g
S8l Gl g bt slid 93 )0 5 culSsnn
iz by (60l 5 alil o lag] e (BB 5 disds o
IoSlo (lbomilSis Lol ansl 0 o0ls oyl il o9,
a5 Sy e a4 aldl cwl ot sy RIS
Ol azdly 0 cwoliw g slié o nACh 805 .5 o led
2l Jeed 50 < poe s NMDA (sloons, S 51 Mg

(0+) wil e LTP

olSyn 8l sla i 5 GABA Sy sis 50,5
JBE S &Bly 50 g Conl oy @By (ol slogys)99)
Cool GABA o WIS o5 aitle IS & ,dy 395 g
503,530 4 45 el (5lge e U365y GABA (0))
(Y. OY) ssb 0 Jaze GABA-B 5 GABA-A s,
il o piydsis IS (glacys 4 GABA-A g sla JUIS
el Sloogyg 0955 0 )0 S (n g
S o syl i cwlSan CAI-CA3 asb o gl
Sl b oS el o 5l Sl a8 alowl Slalllas (FA)
Jlail b Wlgs oo omae J8U () GABA cac J8U Ly
clled s e ] ileie 5 GABA-A gy sla JUS o

26 1-Amino-1,3-dicarboxycyclopentane
27 Voltage-gated calcium channel

\\?


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa3.4.112 |

\yaf )._rl.i ‘I")LQ?J a)Lo..i'; Pgw 0)gd

i

(=

[

Presynaptic neuron

Depolarization

Synaptic
> vesicle
[~ ]
(=) ® o o [ ]
- - =» - -
L]
Synaptic - S~ -
cleft - ®
Glutamate
N3+Q @ °°
Kainate _ 5,59 Ca®* -
receptor 2, Na
AMPA receptor
receptor - - -
-]
@ S
@ o 00 g FI.
@
Depolarization AMPA %
e recaptor
trafficking Galcmm |r1ﬂu>r.

P k\

G.AM P }’l
cycl
I
MAPK
CHEB

\ Ca®* Caimodulin
CaMKIl /

- Postsynaptic neuron

Protein synthesis

A olalials Jloasl (00) LTP JSi5 jo olabiald a ai wily Sy igisn slwoss S o, o punilSo =Y 0 guai’
Ol g Lowosi S ol ) oo slosgm 9955 ¥l oo Lnggy98 ol gLt )3 SLilS 5 AMPA. sLsoss 5
45 395 o0 NMDA 835525 58lia 51 Mg 9,5 o cJolo (gl 0 05800 (oamlivms i Lo 0995 Ol Yoo
emeedS” G381 ol b 05t am B (ol 50 S e 5 Lo JUI ) Sl el slpiss 9555 G5l o sl
aald ol aS 0Bl o LTP sloml o Jss Glow ol 61 yms (3lalol) 5o (Lol Jsle (gl gy sloys)98 50
e ol A S e s i Lies (gl s 10 PKC 5 ¢y)305allST e dS CaMKIT PKA (53adlid 5 b 511,
Sy 95 ol an Jlasl 3ok 5l oS (ol a8 w il oo CREB (o gig) )5S oy JLad ol ;53 (slo s
= IS8 50 a8 (6,50 e )0 lg oo PKA atl 055 o0 LTP olsml jo J55 sla)j (o~ 99, <o (CRE) DNA
slad |21 an maw slas 95,5 Giml3l o NMDA 5 AMPA (sL20i ;.S ygnwdl yand Ly sl ool ools Lis

LTP sl | 5o somuliy slaJUL s

S wes Sy U o pgsine semwly sl UK
).:l> ‘sm.:l.u.u W)L ol.’>u‘ o LQ: ‘ ‘ ‘s»al> &‘5.:‘
ool sl JUIS 51 glaws ™(SKS) Small conductance
(BB FY) Wijle ras mimaw ;0 Slos HuS w595 45 wwn
39 ool ol pslirmm laggyg 5o JLS
Sl (595 gels 50 (ooe B g Wgdoe 2L
ool b samly sl JUKS ol I L(FA) 050 cos s oy
adyle s S liw YLl (a0 chie SGud S
ol &b, LU (nl (0,5 4ok &5 (5 ek
Large-conductance S lawg ool Jld  cewwls
el i sloys,9 50 a5 e ol JUIS 557 (BKS)
LDy i )5 p 5 W,10 9929 S e CAL &>L

(F) ails a6 8ol

28 Pyramidal
2 Small-conductance calcium-activated potassium channels
3% Big-conductance calcium-activated potassium channels

095 LTP ol )8 Ll ] CBlae g (sl oo

CA3 ™ oy slayg, 9 MOSSY sl b (slo ol
5o LTP ol gl b JUIS cpl 0929 a5 el ooly ol
plo alex 5l Mbu_,o S99 NMDA slaods .5 4 auly
Sz oS R 5 Q PN g5 copels gla JUS o,
i 59 1y (oo ol i, A3l 55 WU
g alidl> 0 o a9 s 18 U cod (55 e ol

S mae 58 gilule; 0Q g P ggi candS sla JUIS
€9 SLJLE & su) o i &y az ST eaisS oo Jos 5550
i sLad 4 (6395 penedS” U 5l poes S L2 <ol R
olie plaS W)ls onge oo feily (b jo 1) (ol
009y (gl Al ldly 2wl )0 s (A pndS
LTP LSt sl o R g5 oS o JUIS colled 140 5,15
55 VGOCs sla JUlS 7S ol ol e Caranl > L
ol ISl i o e clapenilSs alaz 5l Wl oo

(FF) ol gl &itadly )


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

\yaf ),.JlJ ‘I")Le)«; o)Lmi'; PG 0)9

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa.3.4.112 ]

84555 (gludlad o Jlail sl sladanly Glgieds utgn (5]
Iy &9 JUBS ol ouds 5L Jlas! g aiS oo Joe NMDA
BDNF-TrKB  glw,ply yuo cwogdleds (YA) a2d oo yil38l
3 peelS g o SlogeslS Gl W Gk Sl wle e
Bk 3 pedS 395 Jetes cuws T'TRPC sla JUS (3,1
O g 998 oo NMDA 5Ll 4y aiisly jloasy 1o sla JUIS

(YA A) WS o sla] LTP slxy! o |y 095 iss o )3

bLi,l 9 TrKB (Glw)ply oy (JoSdbo s S0
LTP slkxs| ;0 NMDA glvous s b ]

51 ees o il sapulsial (gloady ) (ygeadly j5hnd
Jos Ao (55150 ol s Wilg o TIKB 60,5 cousdly g
s 335 PLC-Ca® 5 PIBK-Akt MAPK _jlu,ely
3ol Ras 559,555 (g 5lallad L MAPK ool
SlajleS (g LB L 5 (o gig) 551 (nl09d o
an oo oll 1, 595 i PRSK 4 "ERK J'MEK "Raf
Rled g el il JS o (cmgiy; sl eea b
Slosply e 3l oly 50 Wlg oo Ras 098 oo a9
PI3K-AKt sl ol oo il azils ik jo PI3K-Akt
ool Aoty Slml g lagygye8 el 9 o) o 3
2,551 5ludlad 35k 5l 5 (Slayply jne Gl 095 o

S o sliy] |, 095 s WAKT 5 "PDPKI iy

o Slgs o TIKB 805,54 Wl Jlasl [0 jes o
S5 co 520 PLC, ) 05l PLGy Y (yadly s g Slo )8
CREB 3 CaMKIT PKC (gjLllss b cilisee slopns b
ol 55 BB 553 TTP 5 coslipms &ty ol
Gibdld @b 5l Wl oo 5 (6,508 jeee 3 PLG Y &S

Slopl il 5o 3l ol, jo GABL (sigyy 95l
AV VACA) sl asls s 55 PIBK-Akt ¢ MAPK

jep Lol ol Cdig a4 o) LTP aild S0 g o8 ax 51
a8 3 aloul Sladllas 0,0 0925 disy () 10 (65w Y50

Sloypln G s Coenl g 15 51 S 3l sl L o
WSyl 4y 4z b bl 550k 5 abibl> ol o JoSLe
55 Lol wlous olubis sloyely slo e ol 51 (6 kons

s Sledbl cpl 5,538 5 cud jo o lapmnilS
Sloduory A rac i puld 0 a5 jeblan ailoanis
Lo sk ol 45wt oo UL 5 (oo slaJshs 31 S22
e Ay Olbla | o, 1 albLS ) o KusG L
2,18 (5 500 S g iy Slalllas 4 s 50 sl (ol (o

31 Neurotrophic tyrosine kinase, receptor, type 2
32 Brain-derived neurotrophic factor

33 Neurotrophin- 4

3* Domain

35 Growth factor receptor-bound protein 2

36 Son of sevenless

37 Fibroblast growth factor receptor substrate 2
3% Phosphatidylinositol 4,5-bisphosphate

¥ Inositol 1,4,5-trisphosphate

LTP slxsl 43 TrkB 65 pu' i

leoni 1.5 solgils 5l (ggae TIKB (o5liS i, 835 .5
TNTRK2 glie cod oS ol (@55 (23553 Oedo 5,98
005 o8 el Coranl g ki 3] (gla Lo 55 395 o 2mels o
T(BDNF) jie jl gnie Sidg g5 5551 ol b o] WS
A TrkB 505 .85 (V- e YY) Canl o0 aseios LTP ol jo
| ok 515 gl T i fslS) 4 JLl |
029599 Jold 0 pS nl WS (V) sileee b
lowlSa ol Jlasl ool sl sarisl o BDNF 5 "(NT4) ¥
us...u)b)}w 9 u}.a.u}‘).']od‘n) <l o TrKB 5&)5 O
OF lae 5 00355 ol Jshoo S5 (53T 259,05 e

Rgon ok U Slujpley sl jlinl g5l

S g o poge ko 515 slogly il o
PI3K- oo MAPK oo 1j] 05l wigd o Jlu TEKB
500,08 4 WIEKJ Jlas! 5w (YY) PLC-Ca®* ,we g Akt
She bl lacrtisy osemdhyind 5 SJls>l,8 TrkB
5 7SOS L 5 PGRB2 _iaigy csla,siSl sl o
5l ilg3 o 55 Ras (YY) 05d o Ras g5ludlad ] Cdlate
oo b 5l o e sloo i 5 5 w5,
Il oSl oz sl a5 VFRS2 gy el
o JLa ko 31 5 e 55 3l s GRB2 1,8 1
Sloseln slaal 90 oal g3Ludled s She gnloT (55

VEYF) 55

3l oo TrkB 805,54 W& Jlasl (Ko s o
oo TIKB 885 .5 MV7 (59505 &) ol yiand 3250
0uds Jld PLC, ) 053 PLC, ) oypmdly yind o Jla18
Sland e 05 ¥ Jsjenl haslinsd s ae )b
SF 0¥ ) sujsnl Jpame 99 955 s T(PIP2)
sodgail A slie (6, 055 slaoni S @ Jlasl L
ol & 05de Joho U2l pendS 5125 lula;
[oadogallS &y atinly lojleS (g (siladlad o ol
5 CaMKII (slajliS (yatig  (g3ladlad ()] Claio 5 oS

(YY) 058 oo CaMKIV

) TIKB 535,65 & BDNF by 55,5 56 Jlasl |

U9 sean Ol o Jb8 g cmlomm slooge
S e s dgdee Jled 0ni S (nl ay Jlail L Fyn LS
“ Diacylglycerol

4l Canonical transient receotor potential

2 Rapidly accelerated fibrosarcoma

* Mitogen-activated protein kinase kinase

“ Extracellular signal-regulated kinases

4 Ribosomal protein S6 kinase

46 3-Phosphoinositide-dependent protein kinase 1

47 Protein kinase B (PKB, also known as Akt

I


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa.3.4.112 ]

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

Sos= dis

s jekaieds lgi s Jl pl b el oals aisls y LTP
b e (nl DL )| 5 A8 S (o S St S &
S5 s JUS g leows 1.5 o Slae g s dalllas 4y ¢ gl by

Sy 55 LTP asglyd ol jo Lo Sl el

1. Konorski J. Conditioned reflexes and neuron
organization. Cambridge University Press. 1948.

2. El-Gaby M, Shipton OA, Paulsen O. Synaptic
plasticity and memory new insights from hippocampal
left-right asymmetries. Neuroscientist. 2015; 21(5):
490-502.

3. Fink CC, Meyer T. Molecular mechanisms of CaMKII
activation in neuronal plasticity. Curr Opin Neurobiol.
2002; 12(3): 293-9.

4. Malenka RC, Nicoll RA. Long-term potentiation-a
decade of progress? Science. 1999; 285(5435): 1870-4.

5. Sigurdsson T, Doyere V, Cain CK, LeDoux JE. Long-
term potentiation in the amygdala: a cellular mechanism
of fear learning and memory. Neuropharmacology.
2007; 52(1): 215-27.

6. Fox K. Anatomical pathways and molecular
mechanisms for plasticity in the barrel cortex.
Neuroscience. 2002; 111(4): 799-814.

7. Lovinger DM. Neurotransmitter roles in synaptic
modulation, plasticity and learning in the dorsal
striatum. Neuropharmacology. 2010; 58(7): 951-61.

8. Lev-Ram V, Wong ST, Storm DR, Tsien RY. A new
form of cerebellar long-term potentiation is postsynaptic
and depends on nitric oxide but not cAMP. PNAS. 2002;
99(12): 8389-93.

9. Schotanus SM, Chergui K. Long-term potentiation
in the nucleus accumbens requires both NR2A-and
NR2B-containing N-methyl-d-aspartate receptors. Eur J
Neurosci. 2008; 27(8): 1957-64.

10. Santini E, Muller RU, Quirk GJ. Consolidation of
extinction learning involves transfer from NMDA-
independent to NMDA-dependent memory. J Neurosci.
2001; 21(22): 9009-9017.

11. Sweatt JD. Toward a molecular explanation for long-
term potentiation. Learn Mem. 1999; 6(5): 399-416.

12. Neves G, Cooke SF, Bliss TV. Synaptic plasticity,
memory and the hippocampus: a neural network approach

\\‘\

Gy Cuenl 5 B 4 i a8)F el Sldlas o
Cowl 00l wlo).. 6)..fol.: 9 aladls> bl:u‘ o SMLH-MJW

w..u6@05)34)&0&“;06&]“%‘5&@456"9)0
a0l Al o el Job 16 s o] b)) 5 i

sl jo 3o sl JUS g Wods 5 (oo oy 9 59

&b
to causality. Nat Rev Neurosci. 2008; 9(1): 65-75.

13. Ranieri F, Podda MV, Riccardi E, Frisullo G, Dileone
M, Profice P, et al. Modulation of LTP at rat hippocampal
CA3-CA1 synapses by direct current stimulation. J
Neurophysiol. 2012; 107(7): 1868-80.

14. Lisman J, Yasuda R, Raghavachari S. Mechanisms
of CaMKII action in long-term potentiation. Nat Rev
Neurosci. 2012; 13(3): 169-82.

15. Kapur A, Yeckel MF, Gray R, Johnston D.
L-type calcium channels are required for one form of
hippocampal mossy fiber LTP. J Neurophysiol. 1998;
79(4): 2181-90.

16. Hammond RS, Bond CT, Strassmaier T, Ngo-Anh
TJ, Adelman JP, Maylie J, et al. Small-conductance
Ca2+-activated K+ channel type 2 (SK2) modulates
hippocampal learning, memory, and synaptic plasticity.
J Neurosci. 2006; 26(6): 1844-53.

17. Minichiello L. TrkB signalling pathways in LTP and
learning. Nat Rev Neurosci. 2009;10(12): 850-60.

18. Nguyen PV, Abel T, Kandel ER. Requirement of
a critical period of transcription for induction of a late
phase of LTP. Science. 1994; 265(5175): 1104-7.

19. Frey U, Huang Y, Kandel E. Effects of cAMP
simulate a late stage of LTP in hippocampal CA1l
neurons. Science. 1993; 260(5114): 1661-4.

20. Engert F, Bonhoeffer T. Dendritic spine changes
associated with hippocampal long-term synaptic
plasticity. Nature. 1999; 399(6731): 66-70.

21. Kandel ER. The molecular biology of memory
storage: a dialogue between genes and synapses.
Science. 2001; 294(5544): 1030-8.

22. Roberson ED, Sweatt JD. Transient activation
of cyclic AMP-dependent protein kinase during
hippocampal long-term potentiation. J Biol Chem. 1996;
271(48): 30436-41.

23. Bourtchuladze R, Frenguelli B, Blendy J, Cioffi
D, Schutz G, Silva AJ. Deficient long-term memory in


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

\yaf )..JlJ ‘I")Le)«; o)Lo_i'; PG 0)9

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa.3.4.112 ]

mice with a targeted mutation of the cAMP-responsive
element-binding protein. Cell. 1994; 79(1): 59-68.

24. Hallows KR, Alzamora R, Li H, Gong F, Smolak
C, Neumann D, et al. AMP-activated protein kinase
inhibits alkaline pH-and PKA-induced apical vacuolar
H+-ATPase accumulation in epididymal clear cells. Am
J Physiol Cell Physiol. 2009; 296(4): C672-C81.

25. Castillo PE. Presynaptic LTP and LTD of excitatory
and inhibitory synapses. Cold Spring Harb Perspect
Biol. 2012; 4(2): doi: 10.1101/cshperspect.a005728.

26. MacDermott AB, Role LW, Siegelbaum SA.
Presynaptic ionotropic receptors and the control of
transmitter release. Annu Rev Neurosci. 1999; 22(1):
443-85.

27. Meldrum BS. Glutamate as a neurotransmitter in the
brain: review of physiology and pathology. J Nutr. 2000;
130(4): 1007S-15S.

28. McCormick DA. GABA as an inhibitory
neurotransmitter in  human cerebral cortex. J
Neurophysiol. 1989; 62(5): 1018-27.

29. Huganir RL, Nicoll RA. AMPARs and synaptic
plasticity: the last 25 years. Neuron. 2013; 80(3): 704-17.

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

31. Pinheiro PS, Lanore F, Veran J, Artinian J, Blanchet
C, Crepel V, et al. Selective block of postsynaptic kainate
receptors reveals their function at hippocampal mossy
fiber synapses. Cereb Cortex. 2013; 23(2): 323-31.

32. Erreger K, Chen PE, Wyllie DJ, Traynelis SF.
Glutamate receptor gating. Crit Rev Neurobiol. 2004;
16(3): 187-224.

33. Luscher C, Malenka RC. NMDA receptor-dependent
long-term potentiation and long-term depression (LTP/
LTD). Cold Spring Harb Perspect Biol. 2012; 4(6): doi:
10.1101/cshperspect.a005710.

34. Jensen V, Kaiser KM, Borchardt T, Adelmann
G, Rozov A, Burnashev N, et al. A juvenile form of
postsynaptic hippocampal long-term potentiation in
mice deficient for the AMPA receptor subunit GluR-A. J
Physiol. 2003; 553(3): 843-56.

35. Ozawa S. Ca2+-permeable AMPA receptors in
central neurons. J Physiol. 2009; 587(9): 1861-2.

36. Wyllie D, Livesey M, Hardingham G. Influence of
GIluN2 subunit identity on NMDA receptor function.

Neuropharmacology. 2013; 74: 4-17.

37. Chao LH, Stratton MM, Lee I-H, Rosenberg OS,
Levitz J, Mandell DJ, et al. A mechanism for tunable
autoinhibition in the structure of a human Ca 2+/
calmodulin-dependent kinase II holoenzyme. Cell.
2011; 146(5): 732-45.

38. Lisman J, Schulman H, Cline H. The molecular
basis of CaMKII function in synaptic and behavioural
memory. Nat Rev Neurosci. 2002; 3(3): 175-90.

39. Malenka RC, Kauer JA, Perkel DJ, Mauk MD, Kelly
PT, Nicoll RA, et al. An essential role for postsynaptic
calmodulin and protein kinase activity in long-term
potentiation. Nature. 1989; 340(6234): 554-7.

40. Malinow R, Schulman H, Tsien RW. Inhibition of
postsynaptic PKC or CaMKII blocks induction but not
expression of LTP. Science. 1989; 245(4920): 862-6.

41. Fukunaga K, Stoppini L, Miyamoto E, Muller D.
Long-term potentiation is associated with an increased
activity of Ca2+/calmodulin-dependent protein kinase
I1. J Biol Chem. 1993; 268(11): 7863-7.

42. Ouyang Y, Kantor D, Harris KM, Schuman EM,
Kennedy MB. Visualization of the distribution of
autophosphorylated calcium/calmodulin-dependent
protein kinase II after tetanic stimulation in the CA1 area
of the hippocampus. J Neurosci. 1997; 17(14): 5416-27.

43. Giese KP, Fedorov NB, Filipkowski RK, Silva
AlJ. Autophosphorylation at Thr286 of the a calcium-
calmodulin kinase II in LTP and learning. Science.
1998; 279(5352): 870-3.

44. Luscher C, Xia H, Beattie EC, Carroll RC, von
Zastrow M, Malenka RC, et al. Role of AMPA receptor
cycling in synaptic transmission and plasticity. Neuron.
1999; 24(3): 649-58.

45. Huang Y-Y, Kandel ER. Recruitment of long-lasting
and protein kinase A-dependent long-term potentiation
in the CA1 region of hippocampus requires repeated
tetanization. Learn Mem. 1994; 1(1): 74-82.

46. Lauri SE, Bortolotto ZA, Nistico R, Bleakman D,
Ornstein PL, Lodge D, et al. A role for Ca 2+ stores in
kainate receptor-dependent synaptic facilitation and LTP
at mossy fiber synapses in the hippocampus. Neuron.
2003; 39(2): 327-41.

47. Ji D, Lape R, Dani JA. Timing and location of
nicotinic activity enhances or depresses hippocampal

synaptic plasticity. Neuron. 2001; 31(1): 131-41.

48. Collinson N, Kuenzi FM, Jarolimek W, Maubach

I


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa.3.4.112 ]

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

Sos= dis

KA, Cothliff R, Sur C, et al. Enhanced learning and
memory and altered GABAergic synaptic transmission
in mice lacking the a5 subunit of the GABAA receptor.
J Neurosci. 2002; 22(13): 5572-80.

49. Hogg R, Raggenbass M, Bertrand D. Nicotinic
acetylcholine receptors: from structure to brain function.
Rev Physiol Biochem Pharmacol. 2003; 147: 1-46.

50.Seeger T, Fedoroval, Zheng F, Miyakawa T, Koustova
E, Gomeza J, et al. M2 muscarinic acetylcholine
receptor knock-out mice show deficits in behavioral
flexibility, working memory, and hippocampal plasticity.
J Neurosci. 2004; 24(45): 10117-27.

51. Lamsa K, Heeroma JH, Kullmann DM. Hebbian
LTP in feed-forward inhibitory interneurons and the
temporal fidelity of input discrimination. Nat Neurosci.
2005; 8(7): 916-24.

52. Baumann SW, Baur R, Sigel E. Subunit arrangement
of y-aminobutyric acid type A receptors. J Biol Chem.
2001; 276(39): 36275-80.

53. Bowery N, Hudson A, Price G. GABA A and GABA
B receptor site distribution in the rat central nervous
system. Neuroscience. 1987; 20(2): 365-83.

54. Lu Y-M, lJia Z, Janus C, Henderson JT, Gerlai
R, Wojtowicz JM, et al. Mice lacking metabotropic
glutamate receptor 5 show impaired learning and
reduced CA1 long-term potentiation (LTP) but normal
CA3 LTP. J Neurosci. 1997; 17(13): 5196.

55. Voglis G, Tavernarakis N. The role of synaptic ion
channels in synaptic plasticity. EMBO Reports. 2006;
7(11): 1104-10.

56. Mcguinwess N, Anwyl R, Rowan M. Trans-ACPD
enhances long-term potentiation in the hippocampus.
Eur J Pharmacol. 1991; 197(2-3): 231-2.

57. O’Connor JJ, Rowan MJ, Anwyl R. Tetanically
induced LTP involves a similar increase in the AMPA
and NMDA receptor components of the excitatory
postsynaptic current: investigations of the involvement
of mGlu receptors. J Neurosci. 1995; 15(3): 2013-20.

58. Manahan-Vaughan D. Group 1 and 2 metabotropic
glutamate receptors play differential roles in
hippocampal long-term depression and long-term
potentiation in freely moving rats. J Neurosci. 1997,
17(9): 3303-11.

59. Bortolotto Z, Collingridge G. Involvement of
calcium/calmodulin-dependent protein kinases in the
setting of a molecular switch involved in hippocampal

\Y\

LTP. Neuropharmacology. 1998; 37(4): 535-44.

60. Anwyl R. Metabotropic glutamate receptors:
electrophysiological properties and role in plasticity.
Brain Res Rev. 1999; 29(1): 83-120.

61. Jia Z, Lu Y, Henderson J, Taverna F, Romano C,
Abramow-Newerly W, et al. Selective abolition of the
NMDA component of long-term potentiation in mice
lacking mGluRS. Learn Mem. 1998; 5(4): 331-43.

62. Bliss T, Errington M, Fransen E, Godfraind J-M,
Kauer JA, Kooy RF, et al. Long-term potentiation in
mice lacking the neural cell adhesion molecule L1. Curr
Biol. 2000; 10(24): 1607-10.

63. Reuter H. Diversity and function of presynaptic
calcium channels in the brain. Curr Opin Neurobiol.
1996; 6(3): 331-7.

64. Wu L-G, Westenbroek RE, Borst JGG, Catterall
WA, Sakmann B. Calcium channel types with distinct
presynaptic localization couple differentially to

transmitter release in single calyx-type synapses. J
Neurosci. 1999; 19(2): 726-36.

65. Dietrich D, Kirschstein T, Kukley M, Pereverzev
A, Von Der Brelie C, Schneider T, et al. Functional
specialization of presynaptic Ca v 2.3 Ca 2+ channels.
Neuron. 2003; 39(3): 483-96.

66. Engel JE, Wu C-F. Genetic dissection of functional
contributions of specific potassium channel subunits
in habituation of an escape circuit in drosophila. J
Neurosci. 1998; 18(6): 2254-67.

67. Bond CT, Maylie J, Adelman JP. SK channels in
excitability, pacemaking and synaptic integration. Curr
Opin Neurobiol. 2005; 15(3): 305-11.

68. Ngo-Anh TJ, Bloodgood BL, Lin M, Sabatini
BL, Maylie J, Adelman JP. SK channels and NMDA
receptors form a Ca2+-mediated feedback loop in
dendritic spines. Nat Neurosci. 2005; 8(5): 642-9.

69. Hu H, Shao L-R, Chavoshy S, Gu N, Trieb M,
Behrens R, et al. Presynaptic Ca2+-activated K+
channels in glutamatergic hippocampal terminals and
their role in spike repolarization and regulation of
transmitter release. J Neurosci. 2001; 21(24): 9585-97.

70. Schinder AF, Poo M-m. The neurotrophin hypothesis
for synaptic plasticity. Trends Neurosci. 2000; 23(12):
639-45.

71. Lu Y, Christian K, Lu B. BDNF: a key regulator
for protein synthesis-dependent LTP and long-term


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html

ARz )‘ib cfs)lg‘% o)l.a.,i: g 0y90

[ Downloaded from shefayekhatam.ir on 2025-11-05 ]

[ DOI: 10.18869/acadpub.shefa.3.4.112 ]

memory? Neurobiol Learn Mem. 2008; 89(3): 312-23.

72. Kaplan DR, Miller FD. Neurotrophin signal
transduction in the nervous system. Curr Opin
Neurobiol. 2000; 10(3): 381-91.

73. Huang EJ, Reichardt LF. Trk receptors: roles in
neuronal signal transduction. Annu Rev Biochem. 2003;
72(1): 609-42.

74. Kouhara H, Hadari Y, Spivak-Kroizman T, Schilling
J, Bar-Sagi D, Lax I, et al. A lipid-anchored Grb2-binding
protein that links FGF-receptor activation to the Ras/
MAPK signaling pathway. Cell. 1997; 89(5): 693-702.

75. Wright J, Drueckes P, Bartoe J, Zhao Z, Shen S,
Krebs E. A role for the SHP-2 tyrosine phosphatase in
nerve growth-induced PC12 cell differentiation. Mol
Biol Cell. 1997; 8(8): 1575-85.

76. Hadari Y, Kouhara H, Lax I, Schlessinger J.
Binding of Shp2 tyrosine phosphatase to FRS2 is

essential for fibroblast growth factor-induced PC12 cell
differentiation. Mol Cell Biol. 1998; 18(7): 3966-73.

77. Reichardt LF. Neurotrophin-regulated signalling
pathways. Philos Trans R Soc Lond B Biol Sci. 2006;
361(1473): 1545-64.

78. Levine ES, Crozier RA, Black IB, Plummer
MR. Brain-derived neurotrophic factor modulates
hippocampal synaptic transmission by increasing
N-methyl-D-aspartic acid receptor activity. PNAS.
1998; 95(17): 10235-9.

79.Li H-S, Xu X-ZS, Montell C. Activation of a TRPC3-
dependent cation current through the neurotrophin
BDNF. Neuron. 1999; 24(1): 261-73.

80. Amaral MD, Pozzo-Miller L. TRPC3 channels
are necessary for brain-derived neurotrophic factor to
activate a nonselective cationic current and to induce
dendritic spine formation. J Neurosci. 2007; 27(19):
5179-89.

\\’Y


http://dx.doi.org/10.18869/acadpub.shefa.3.4.112
https://shefayekhatam.ir/article-1-875-fa.html
http://www.tcpdf.org

