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ABSTRACT: Serotonergic neurons are among the earliest neurons to be generated, and 5-HT is released by growing axons before
conventional synapses are established. Serotonin signaling is mediated by 14 receptor subtypes to realize different functional. In recent
years, after the cloning and characterization of 5-HT, 5-HTRs, and the resultant development of selective agonist and antagonist
compounds, our understanding of the role of serotonin systems in learning and memory has improved. Many researches suggests that
serotonin systems play a role in memory consolidation, short- (STM) and long-term memory (LTM).That 5-HT), receptor is densely
expressed in brain regions is associated with learning and memory, both in invertebrate and mammalian species, by the similar signal
transduction pathway. This review will introduce the relation between 5-HT,, receptor, 5-HT,, receptor agonists, 5-HT,, receptor

antagonists and learning and memory. Especially review the research progress of 5-HT ), receptor signal transduction pathway in learning

and memory, and discuss the potential molecular neurobiology mechanism.

Key words: 5-HT ), receptor; Learning and memory; 5-HT 1A receptor agonists; 5-HT 5 receptor antagonists
Chinese library classification(CLC): Q42, Q956 Document code: A

Article ID:1673-6273(2014)12-2390-04

hRAKEM TR BRI EITZ — G R
ZEICI AT, B P Al S0 TR S-HT O Holid 5-HT Y
FRNERL 2 AR SLBUR R R TR o AR, X 5-HT SZ2AARL5H S A5
ST RV Z W AR S-HT RGEAEICICRIILIE e
I REICIZ (STM) K K I R IE 12 (LTM) Hi ke B 244 0, 5-HT 4
ZRGFNCIAEFVIRIRF o I, TRAIBTST 5-HT . 5244
Z 52 iCL i TR AL A FRATT 5800 PR A 2Tl
LR AT B e 2 2T I RE AT FE R

H 1987 4F Kobilka 50 5-H,x Z4R 1Y cDNA J 3 K T

f, S-HT o 2RI FERLTT 1 B4, BEJS , 5-HT o\ ZAR7ER N
A M B0 A B AT E BRI T AR A2 ST e A2 ok
Ko IEHAUESE WoR O AR B B AT I 2R g, 1T 2k
J&i 5-HT s 2 AR B G5 R AR LL, 7R A3 LE X
s, ren R AR A A THU DX U DXL A A
A SR I I 5 AE R DI, LG AN B X CATL B B 5T B e

BRI i 5 A — S R A R . X IR &
S-HTx Z AR RIS FICICHITE WA % I . 5-HT  Z AR
A AR 2L RN AT kA — o HAT, S-HT 5244
TR HE LR S5 4 LR e 91 ) R DR LR A 9 B9 15 2
HRAEFT A5 14 LAY BR T 5-HTs 22 0R50, Hofh iy 35 HA
TABEEEH Y G EARRESZ R, S-HT w240 5-HT 2k
{jpe 2 DN BN AT

1 5-HT, %1k

5-HTx 2GR — B NS T 19 mRNA 4ifith 19— 25
421-422 N EEIRA ) AT -E RS IRES F B ke . Bt G 3
FUBERSZ A, R e 11 cDNA FIBER 21k —. JFH.
S5-HT x 521 HE TR Fe 317 7] P54 W [0 B S DR o ] 4 1)
PEPERR e, AR BUS A 5-HT A2 AR M BT 51 [R) 5
TE 88 %, ki T HAL 5-HT G & FBBSZ R, W1 5-HTo (19 %),

* G LT TR H (LS2010151) ; P BHIMYE RS 5256 s AT E4: 1 H (SY200907)
YEZ T PR30 (1988-) 2o, WA 5T AR, FEERHFT T 0] : RGP A W), 13998875262 , E-mail:gr_guorui@126.com
NSERAER AN(1954-), 55 A, #d , FEEAFFT 7 0] - NERGE 232 B (0 s P Al 2L, E-mail: hxnj@synu.edu.cn

(scfe H $:2013-05-26  $225% H1:2013-06-25)



REYES#E www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.12 APR.2014

- 2391 -

5-HTy (18 %), 5-HT1D (43 %)5Z KM, Iehh, [R5 IR R a]
5-HT SRR T 540 30 J5 BT k& 1 RN 5 S s A
AU . B, R SRR BOR[Cl-WAY 100635 fif4:
i A9 AN 5-HT ) 2R 54 vh, I i 2 R G0 X, R HUR
TR DX I v SRR X v, A R A B i Ak AR
b o 355 A 2L B B A3 AR RAIE R AR — B0, LEan B /N
S5 EER 2 ANt , B (AL mellifera)ff) 5-HT , ZAK7EH
WAHA RGN 12 Rk oA U TR LA R 5 5 5 B AL 3
AHSC NG XS, Bt S e MR A 1 s . TR MR (D.
Melanogaster )™ 1% %% ( D. Nigrofasciatus, A. allardi) %5 5 1t vp
WA MR IR S R

5-HT s 32 AR HE 53 41 5 B 1A R AT 43k 58 fih 515 2 A4
G M5 BB AZ AR B AN ST, SR MR B2 1R 20 A B 32 Ak, f F
HERHERY 5-HT R o iR ff 28 I, 77 5-HT fepps
TCR AT BIFFE A B 5-HT 2 5-HT . 32 (K35 77 T LA it
AL 5-HT , H B 2R AR P A8 2 e, 4k iR AN ah
ZTUARSTEGT X 5-HT MR, S flJa B2 R )2 4345 i
i DX R i 28 TE AN 2 1, 2 5 IR AT RO a2 R g IR K
PR T DX 0 (R 200 A 23 B U 400 2 7 AR Ko 5-HT 52
A mRNA T3 2 200 i B2 S22 16 1 T X ) T 2 46
IEEER A, o y- 25 T R AR il v v (Rl p 2 T D e IR
43, 5-HTx ZARI RIB IR S X WIE A G AT Z KR
AN, ARG LAY 5-HT ) 2R Esh7), &P N-
F 3 -D- RAE RS2 A (NMDA 244 ) iy 247451 LA S LTP fy7=
o XHULHT 5-HT,\ ZARR T REAE I D X 2 5 F WRib k22 2
eI

2 5-HT, ZEEHH 5% 321

16 5-HT 2R, 5-HT  Z W Ae2: e 12 P Y REE
FIPE TR 20 L3kt (PA) RUE 51k (FC) 3 Ff Y D4 2 17
LR PR T TR, T 5-HT . ZARBEAE S i b s
B R Z RIS, RKERR 2 T2 B shR (o
8-0H-DPAT) i) AR 55 . — SEBIF9T 32, K57 &= (1) 8-0H-DPAT
REREREAIS 5-HT o SZOR PSS, o1 P 119 1 R4 080 o
Gy A% IF HL A S P B A g (CPP ) 1 v 57 8 Y 5 SR A
o b, L ttgen M BFSE H S, R BRAEVIZRRTZA T 5-HT 4 321K
W 8hii 8-OH-DPAT, FEIIIZ5)5 24 fill 2 3 8-OH-DPAT X%
iz B E R BRI, R = PA R 53548
IR SHE PA I AYICAZHF . Haider S AT D,
[l R B3 4F 0.3 mg/kg fYy 8-OH-DPAT Ji , KB~ > 3015
AR AZ A A AR O R B B R s, MiVE ST 1.0 mg/kg 11
8-OH-DPAT J5 , K R %2% =) FRAZ A i A0 1232 31 i 5 450K,
KERICIZREMAR S . FF H A R SE 025 SRt Hh B /N B
O HETAH , 3RS R AR AT fig & B F 8-OH-DPAT 5
5-HT s H 2RI SE MM 25T 5-HT o 285 20K, &RE
8-OH-DPAT 4 £ S B T2l B I 5-HT 324k . WAHE
SRR, B B 8-OH-DPAT Bl AY A B PA (R BiG B 7E
YIGRRTL T 5-HT o Al 5-HT j Z ARSI - IR IR, X Pk
Mz IR, [FAT KBRS FIRZRGE B 2 Aty 32 2RI
It 5-HT 2R sh NS 2%F i 8-OH-DPAT 5[5 i &
FBHWHEH , tean 5-HT apc BESIFIR3H AR R, 5-HT 00

BRI NEVR T2, DL e Btk 5-HT P45 ER BT 2 76T o

R0, 8-OH-DPAT X} 5-HT1A Z & HAE &8 LRk,
ZoH R FHSCIOUE B 8-OH-DPAT Y5 5-HT, 32 R A5 IR 3R Y 35 Al
F1o i HIXFZ AR ALY 5-HT 20K —FF, 700 5 X A4 40
Mo ks, ARFIRE S Gs G ARMBEK , 352 A 5 3504n
LIPS cAMP &5 f i3 22 | 3R ISRIEAZ AT o {H 33— A5 AT
5% W N L5-HT, 2 1R B % M 5 #t ) NAD-299 A
WAY-100635, 1] LA 52 4B Wi i 8-OH-DPAT 5|2 iig iz b5 ,
I 5-HT, 52 # /Y 3 £ P 45 $i 7 SB-269970 K B BH Wi
8-OH-DPAT #7 2K H PA i3, thgh )il , 8-OH-DPAT 7E2%
3 EmEIVE R B2 S-HT . TR, 5-HT, 2RI 24 By Pk 4%
FAEIE T 40 T AREWEINE] . Eriksson FURIFSE Atk — 56
UE, WEA A 5-HT o Z 06 ok a A ek 5-HT Xt 5-HT, 5%
PRI, 5-HT, S2 A S A T 2 2] ARy,

B T 8-OH-DPAT 4}, 5-HT,, Z RS A7 — Lo IR B 43
SES TSN, b A0 T R ERER AN R R AR L R
3 B BT AT IR AR L dE PA L S 7
8-OH-DPAT N[, $H Ji WAl 19 751 2 S oz il 4% 220, MR X LI
BT X b AP Ry S5 A B AR . ZETIRE L, IR
B o] AR s 28 flJS S-HT a2 4K, W= A TiE 12k . i
16 5-HT,, ZAHEHIF BMY 7378 B1EF T 7T LABELWHR 445 52 .

3 5-HT,, ZAEFEHH 5% 812

5-HT,, 52 P& B 3% B M 35 BU R A £ B, WAY-100635 il
NAD-299 & R H g5k 5 i3 Bt mitse b # ARG, {EIR) 5-HT,,
ZARB T LSRRI, &R 5-HT\, ZAFEHHIERY
SRR . 7245 A g 2, S5t 1) R BRUME A ] 19
S-HT x SZARFETUH IR I A SR AR5 58 . A (e k1
FR, A BEE A, A A RO . 28/ Rt —
FE,PA J FC AT AT MR R S-HT o 2RSS A
LRGSR, ok AT R, S T L ORI ELOP IS P A5 SR B
FHERF BT A 2 AR E 7T 0 22 BRI 2 it ik 42, 5
JESZIRESYIS 5-HT x SZ RS Ak AT 2 fil)5 1955 AU AR ), 8
B 5-HT 2P 2 2 R Rt o (RAE R BRI PA
S SRR WAY-100635 Fll NAD-299 it , 4
BIFiCAZ A8 B9 tdh, WAY-100635 5 5-HT, SZ 1A e 1
HPI SB-269970 [FIHSFEAERT , 237 AR IZ I H 5K J% 5-HT\ 5
ZARY 5-HT, Z R FAMHI™, B2, 5-HT, Z ASHis
2 GNATIRERITE RIS ER A FRFE R R B R itk — Ak e

4 5-HT, %165 5% 35381895 FHLH

4.1 5-HT, FEESEEN S SBRZENEREER

N- 3 -D- RAERZ AR (NMDA 324 Fl o- &35 -3 ¥
-5 HI 3 -4 SEIEMRSZ AR (AMPA 3244 ) 349 4 445138 R A &
FRR) 2. BIFFEIN R, SR I8 K T o 32 (A2 KR 2 ) 5
L3R, 7E LTP f9TE B b, 7 962 NMDA SZ IR #0E K
H Ca> (UL, FfJS AMPA SZURFE B B NGE, BT NM-
DA ZZ{R AT 19 2 filJ5 L I 2 L HEAR B X 1Y , AMPA 37 {73 1
A ER SR A B NMDA SZ 1R R Z 306 RO TR, e
SRR MR 5042, 5-HT\\ Z R[5 5% ] % NMDA {4
Il AMPA SZ{REAT I T, SEMiE G2 51842, 5-HT 5



- 2392 -

REYESHE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.12 APR.2014

5-HT\\ ZRGEE G, 52 M E G/G, 5 A #s , $:3( N- 1
Y S S TP AT A A S AR Ak T ST L DA RS S A
M IR PGS MG . cAMP & U PR A I PEREAIL
BeJE s — 2 R A M P S RN FEDEL FR R, PKA AL
BRI NMDA 52{& AMPA 314 | i e11% A BBk , 9%
T s o A] DARIRE RS 0 R F -1 (Inh-1) & AR RR 1L, BN &
FIBEEREE 1 (PP1) AR, Al PP1 fifk NMDA 744
AMPA Z IR FWEIR , BN 6 T NMDA 3Z145H AMPA 2142 &
ZARIEE

BN A 8 AR R O 1 (CaMK T ) — B HA N2
IEAZIE B R B, 78 5S-HTw Z ARG T ikt [\
FERT LLSE 3 X CaMK L iy 38 2 0f [\) B2 52 i % ) 524233 7 o
PKA W] LA FR AL ] Kl (Inh-1) D) J% £ ELRE RN cAMP 875 (14
WEE (DARPP-32), 4 Inh-1 #l DARPP-32 Wik HA I :
J& , # KRR PP SRAT I A4, #H PP1 X%} CaMKIL fy 2%
WML, SR PP1 J& PP2A #4s §:3 CaMKII {1 K wkii b . (H
TESAE BUF 1) CaMK L ZmiiR b vl g FUZ th PP1 A% 1Y
A, Inh-1 7675 T Ay bR 17 X I8 25 13 %35 , Tl DARPP-32 238
FERELCRR, B X A DR AR, X —FEEISTE
Moyano S. % Cai X.[W#AF5¢ P45 2 78 7iE B, 095 7 5-HT1A
2R IE PE 2 51 R T X R A i B2 CaMK T 3 4 1
IR0 3 Hd R B F Inh-1 A @ERRFLIE /L, #ENT =2 T
PP1 %} CaMKIl fyJH R o 57 —SiF 5t /R, S-HT 1A 2K
FI4E B WAY-100635 Fll NAN-190 75 K B 2 R 35 & 77 A
PKA i b s 4958 . CaMK 1T [ B R Ak 14 B 484 i L K
Ca A CaMK IT Ak 7 1 g P B 5ik , ) B4 5 % AMPA
AR AR BEIRAL, o HIERTE A, GluR1831 {7 4 F 2%
FRIIBSIR AL . BRI 4, S-HT1A ZiR(E 244 PKA 244k
GluR1 B 55 845 {v 22 841 K A WER AL R ik AMPA 52 {&
BIFIE IIEE, da ik Inh-1 5 DARPP-32 @R bk AT 5%
B30 PP1 X} Ser845-GluR1 W) LB ILIEM . 5-HT, ZIRME
g GluR 1 75 PR S A B Y, 76 Lee HK. 5§
N BIFSE e S/ LAY AR GluR 1 8RR AL A7 5 3061 7 58 A8 b 3
J5i 2% B AN 5 06 5% fink o] S M DL K 22 (R AZARFEAE AN ] 200
HIFER
42 5-HT,, REES R EMEREFHRZEIER

5-HT, AR5 S AR IR AT DA T8 12 %o 5 53 (R 7 i s, ok
% 523010 R . FERHE LS K EZ i S s 2= T A T
R cAMP N e 25 5 F(CREB), K454 DNA I+
B CRE JTi:, 300 B0 Z) L 93 X, R s g i 28 il 1, ™
HEREMENE AR WTE 5-HT 2R 5k &, PKA T DL E
HEAH % 56 FF CREB MR AL, (2 iE BE R 3Rk , U mT D ) 2 Ay 3
it MEK/ERK #2317 CREB [t A 8F58iEss, 7
A AR B OR A Pk M o) S 2 PRI T 08 T X AR A ME T R A
AR ERK) 2 S B TG IR A o 1 ELA R B2, 76K BT 1K
5-HT,, 52 3 2540 i) ERK/MAPK 438070 i 7 ) — 26 3R
AEAFEH, 5-HT o SZ RIS ERK/MAPK {55 #0891,
1 Kushwaha [HF58H 5-HT,, Z247E ERK 4% P iE#/E
25K 5-HT, ZR4EHH]  (WAY-100635 NAN-190 . pMPPF) ffii
ZRHWT A2 I sh ] (T R ERER | bR BV VT R M ik B
e BT, HRTIACH 5-HT 2R (5 5@ % h PKA 75 dE il

2B T Ras-Raf -MEK {5 5-1&4% 380 ERK (75 P , 2
PSR F CREB (3634, ORI A8 I, 28 ik 1k
J&i MAPK/ERK 1) 2566 S AT T fi S ik Az 35 DR 7 S 1) S e [
F. Kushwaha BBFGEHIAK 5-HT,, 21X CREB B2t
BT 7 2 MAPK il 925 . A , MAPK/ERK A4 AH & 52
BiER], —H MAPK/ERK HA 6P, (554 H M 5 4% ) 4 i A%
P, TEATVE 2 B0 B R 0 5 ST, Ll fos B c-fos I
Zif26821, I 4 ) 2] LI IR 5k T SR BB mRNA 26 10K
WAL S S AT S TR Bl

4, PKA/MEK/ERK [FlFE S 51755 ) — 45 5 F ELK-
1 B RRALIRAES . B2, S-HT 2R 7E Z EANM {5 5 e i
A b= SRt AU

NMDA%Z &

AMPAZ K

@ _

I 5-HT,, ZEEIESSBRIZEMEREFHESREKER
Fig. 1 Signaling cascades regulating the phosphorylation states of

glutamate receptors and transcription factors by 5-HT, receptor activation
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5-HT 4 receptors are coupled to Go and/or Gi/o proteins. Ac-
tivation of 5-HT}4 receptors leads to inhibition of N-type calcium
channels, activation of hyperpolarizing potassium channels, and
reduced activity of calcium-dependent adenylyl cyclase/reduced
formation of cAMP/less activity of protein kinase A (PKA). PKA
directly phosphorylates NMDA and AMPA receptors as well as
inhibitor-1 (Inh-1). Upon phosphorylation by PKA, Inh-1 becomes
a potent inhibitor of protein phosphatase-1 (PP1), which dephos-
phorylates NMDA and AMPA receptors. Because of its ability to
phosphorylate PP1, PKA indirectly regulates the PP1-dependent
dephosphorylation of CaMKII. CaMKII, in turn, regulates the



REYES#E www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.12 APR.2014

- 2393 -

phosphorylation states of NMDA as well as AMPA receptors and
their abilities to regulate Ca* and Na* influxes. PKA also directly
phosphorylates the transcription factor CREB and promotes gene
expression. In addition, PKA indirectly via MEK/ERK pathway
regulates CREB phosphorylation. The PKA/MEK/ERK pathway
also regulates the phosphorylation state of the transcription factor
ELK- 1. Red arrows indicate inhibition. Black arrows indicate

stimulation.(modified from Sven Ove Ogren'™)
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