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Therapeutic Role of 5-HT, , Receptors in Treating Extrapyramidal Motor Disorders
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Serotonergic neurons play an important role in modulating extrapyramidal motor disorders such as Parkinson’s disease
and drug-induced parkinsonism. Here we reviewed the actions of 5-HT,, agonists in animal models of extrapyramidal
symptoms (EPS) and discussed their therapeutic potential in treating EPS. 5-HT,, agonists (e.g., 8-hydroxy-2-(di-
n-propylamino)tertraline and tandospirone) significantly improved various types of EPS including antipsychotic-
induced bradykinesia and catalepsy, and dopaminergic neurotoxin-induced bradykinesia. The antiparkinsonian action
of 5-HT,, agonists was blocked by 5-HT, , antagonists (e.g., WAY-100135), but was unaffected by cerebral 5-HT
depletion with p-chlorophenylalanine (5-HT synthetase inhibitor). Immunohistochemical studies revealed that 5-HT,
agonists preferentially reduced antipsychotic (D, antagonism)-induced Fos expression in the striatum and the core
part of the accumbens, the areas presumably related to EPS induction. These findings suggest that 5-HT,, agonists
stimulate postsynaptic 5-HT, , receptors, which region-specifically counteract the D, blocking actions of antipsychotics
and alleviate EPS. The 5-HT_, receptors may serve as a favorable therapeutic target for the treatment of drug-induced
parkinsonism and Parkinson’s disease.
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#HERLTWVS (Fig 1A). —J, o b=
ROEREZ NI % 5-HT ZAKITIZH 15 D
YT AL TIMET B, B ZEEY T & A
TiE, ZTOMBENY 7 FIVEEROEVICXD
5-HT, ~ 5-HT; Z&AD 7 I KAl Eh, T 5I
5-HT, Z 7 &1& 5-HT,, ~ 5-HT,; Z Ak, 5-HT,
ZRRIE 5-HT,, ~ 5-HT, ZARKICH > EN S
(Fig. ). €D 5% 5-HT,, AWK, 7 BIEE @
RO CEAMLRAZAERTHD, G, BALHE
LCT7 FoIViEY 7 5 —Xita il s c &,
FINERFREA Y T LF v 2V EERIE LT

T G § 5 C L AHIB TS,
5-HT,, ZAMRIERLREER 5 DI ORI ) T
ELTELAEEINTE D (Fig 1B), ikl
HoT, ORI S—F > VIROF =5k
Bix—7y hE LTHHAE NS &3> TE
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Fig. 1 Serotonergic neurons and 5-HT receptor subtypes. A: A diagram of the serotonergic neuron
and synaptic transmission. B: Classification of 5-HT receptor subtypes.
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SRR TR R LTV B, AR R
SR UMRRICIE T b LT DR — BRI,
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@R T — 4 F RO 4 DOFHH B IMAAE
3 (Fig. 2A). T 05 bOMEE #1332
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PR IR & d B T A S R A
HY% (Fig 2A) . ¥, MOKMRIEOBIICH
VBN BE < OFREIREIC L > T, kR
S22 D, BEKOMEMHIC S < SAE S— % >
J AEERNIEIET B (Fig, 2A).
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Fig. 2 Brain dopaminergic neurons and regulation of the extrapyramidal motor
functions in the basal ganglia. A: Main dopaminergic pathways and
extrapyramidal disorders (i.e., drug-induced parkinsonism and Parkinson’s
disease). B: Neuronal network regulating the extrapyramidal motor functions

in the basal ganglia.
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V) HE D1 %T‘d‘ < 77 A1 haloperidol 7% AL
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C @ haloperidol IC & % 17 8y & (& Hi/3— F >~
Y VIR FED trihexyphenidyl & O FHIC K > T
HicAESI N, —J5, BEIRWE 5-HT,, FBI3E
T & % 8-hydroxy-2-(di-n-propylamino)tertraline
(8-OH-DPAT) ¥ & U tandospirone DfE Z 5t L
ek, WIhotEYE haloperidol D7 Y
FRYUTFHERZAREICUET ST EHREN
7z (Fig. 3). [FAIKED 5-HT,, fEEHKIC X % &1
haloper1d01 ICXB A AL T —HBUCBWT Lk
méht.MﬂMWﬁ%®77/$X//&%W
FiZ, trihexyphenidyl @?ﬁ% ICIES 58 DTH
D, 5-HT,, TEEIEMERIKIC B W TE HEHNME S—F

Y /r{%ﬁﬂuﬁxﬁfiﬁ% TR ENS.

EH5IT, NI VMROZENZMHS N—F
Y IR ETIVICE T B 5-HT,, fEBIHE DR R 72 1
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kg 1 H1[E, 4HBRE) WEIC KD ESkE

Fig. 3 Effects of the 5-HT,, agonist (i.e., 8-OH-DPAT) and the muscarinic acetylcholine antagonist
(i.e., trihexyphenidyl) on haloperidol-induced bradykinesia in mice. A: A dose-response of
haloperidol-induced bradykinesia. B and C: Effects of trihexyphenidyl and 8-OH-DPAT
on haloperidol-induced bradykinesia, respectively. D: A diagram of the mouse pole-test.
*P<0.05, significantly different from respective control value.
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Fig. 4 Antiparkinsonian actions of 5-HT,, agonists (i.e., 8-OH-DPAT and tandospirone) in various
animal models of extrapyramidal disorders. A: Antibradykinetic actions of 8-OH-DPAT
in the dopamine-lesioned mice by MPTP. *P<0.05, significantly different from the control
value. B: Antiparkinsonian actions of 5-HT,, agonists in various animal models.

NN T B T 5T, (EBISE O (E % 4. 5-HT,, EBIZED BN EEEREA H=
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HeGEMRZ R U (Fig 4A). 1) 5-HT,, Wik D5
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S5HT fE#E#iE, midL 727 oI9F2xI7H 7% 5-HT1?£§7)H§T¥T“EE % WAY-100135 O %h 5 %
FONALTU—RBEOM, RIS VMRED #at L7z, WAY-100135 % 5-HT,, fEBSE & pf
6-hydroxydopamine (6-OH-DA) 7% R/S3 2 fifif% BELUIRR, KT AMCBTRb 5N
BUCTEAUTZA R RS2 VST T IV, B/ 7 5-HT, PR OSEEH I A RICH T E 7z (Fig.
SUMERTHZ LBV VT KD BREND 5A). Fle, M Z LTV —aBIC BT EIFARKD
BERICH LT, AEASEHERZRLE. GRIME DN, 5HT,, (FBIEEOHAN 2 LT o —

fF i 1E WAY-100135 12 & - CTHiFi & 1 iz (Fig
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Fig. 5 Reversal of the Antiparkinsonian actions of 5-HT,, agonists by the selective 5-HT,,
antagonist WAY-100135 (WAY). A: Effects of WAY on haloperidol-induced bradykinesia in
the mouse pole-test. B: Effects of WAY on haloperidol-induced catalepsy in mice. *P<0.05,
significantly different from respective control value. “P<0.05, significantly different from the

value with 8-OH-DPAT + haloperidol.

5B). TNSDERN 5, 5-HT,, (FEIFEDHEIAS
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IS TH % T MRS N
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¥ F T A% 5-HT , REKD 2 FNFEET % (Fig.
1A). ¥ 7 AGi 5-HT,, HAZAKE, u b
= ViR E B i R 7 Rk 72 {19 % negative
feedback MO —D & LTHE, o b= it

EEZ IR L CWa. 22T, 5-HT), fFEISRD 8
N ERBEFEUGEER D, ¥ 7 AR 5-HT,, HE
ZRWERE LGV F T A% 5-HT , ZA KD E D
5ENTBRIETHENZHEMNMCT S HMNT,
5-HT Al EHK TH % PCPAIC X % 5-HT fif
RORTEAL R A BT,

PCPA 1% 300 mg/kg Z8&h¥c 3 HH 3 [mIIEHEA
#45 U7z, Fig. 6A ICHHlREZICB T 5 b=
VM D2 b2 7R 9. PCPA ILE KD
XU ATIE, HllkERZOLO h = VIdH ST
WAL THY, PCPABED 5-HT fyE i Aifa i
PR EREK 2 5 U Tt BRBE D 10 % LR CTdh -
fz. X, coO kS &ta b= EEYEHW
TR=IVT A EFTS 1D, WEHYOLE &
FRIZ, haloperidol IC &k %75 ¥ F %7 1% 8-OH-
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Fig. 6 Effects of cerebral 5-HT depletion by p-chlorophenylalanine (PCPA) on the antibradykinetic
actions of 8-OH-DPAT. A: Loss of 5-HT-containing neurons in the dorsal raphe nuclei
by the PCPA treatment. *P<0.05, significantly different from the saline-treated group. B:
Effects of 8-OH-DPAT on haloperidol-induced bradykinesia in the PCPA-treated animals.
*P<0.05, significantly different from the control value.

DPAT I X » CHEFICEE iz (Fig. 6B). T
X2, S-HT W WEHERD T S5V F 27 SEBEH
Mo b= RO ARNEIE IS K b e 2%
ol b, TNHHEANITLLTYFTX
% 5-HT,, XA Z TG % T LI & D #EAH
EEEPNETZEDEEZILNS.

3) N Fos 3BIZIEEEE Lz F282 V D, Wi

SIS B

—fRIc, RAMHEE T TH % cfos BB WNIEF
DML TV TH B Fos BETAFH, b LA,
KR, SEMIILIE 75 U RE 4 S I U C IR
SR B, T Db, SEEKRRIC T
2 I B R0 D BESR, SEMI O R B 122
= H— L LCELFMEENT VS, —1, Kl

REEOZ 22— IicBWVW TR RS VD, 2R
(k7S Fos F6BI ¥ICHIHEIHE L TH Y, #MOH
sl 512 X % D, SEMENIIS T, K
MaEzE, Ak (RGO RDO—E0), RIRIK,
SHBIFRET: & T 0D Fos B AVEF FIAIC FEBIFRE X
NBC EMRENTVE, 2T T, @5HT,fF
TN S —F > RRIE I 2 R iR TR R
FHRIC X B D, BT BRI 2 D, & BT,
@% 0 5-HT,, — D, LEKMELERAMAD & T
DT B &M 5 HINT, Fos fiil
HeEmIRA R o7 (Fig. 7).
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FIARS D T 7 58K b > VR, At L Ot
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— 5, 5-HT,, /E#3 D 8-OH-DPAT &, 5k FB
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K OMIAER% T 7 FHIKIC 351 T D J* haloperidol 12
X % Fos BB ZBHE TR L, fIBEZD T = )V
AR 7R E ORE Tl B BERIFRZ/RE
Imino e (Fig 7). —Mkic, #E&iREs XU
377 FEIEE U S SR IS K B SRRV B B D R EH
B 59 2EIEREM E LTHIS N, %Y =«
JUTEIE S HURS iR SE DT EERN RAEBEI ThH B &
EZBNTVS,  COF®, 8-OHDPAT 2k %
5-HT,, ZARDRGHAD, USRI ORIE SN
EIRNCER L, D, WS E 28T 260D &E
ZbNiz. EBIC, 5-HT, ZAREOTEELIEEE

FIEBAL T 2 A% S = )VFEIRIC $51) % Fos 38
ISR Lo eh b, FiEHmRE L Ot
FICBRL T, 5-HT ), MFEIE USRS DIa R
IREWII L ENVEDEEZ ENS.

4) /MR

5-HT, (E B3R D HEAR IV B 5 5 SGEEFH D X A
ZALEDVWTE DS, ThETOMHMNT, @
5-HT,, VE B3 D $f (& 41 B8 5 35 SGE 2R AY,  5-HT
Miglc &5t b= O AEMELIC K Do
T2 lEhotl EnD, 5-HT B KRICK S

Fig. 7 Effects of the 5-HT,, agonist (i.e., 8-OH-DPAT) on the forebrain Fos expression induced by
haloperidol (D, receptor antagonist). Right panels show the forebrain areas selected for
guantitative analysis of Fos expression and the representative photographs of Fos-positive
neurons in the dorsolateral striatum. *P<0.05, significantly different from the value with

haloperidol alone.
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RIS RE B RE ORI X L LTy TR
% 5-HT \, ZAREZNTHHNIGTHZEEZDBN
Te. £z, @5-HTMFEBIFEIE, HURERREOH
VEFEBALC & % Miakthds K O HIALR% o 77 FEIKIC 35
W CE RIS haloperidol 1€ & % Fos 7681 7% i 58
U7z, 5-HT, ZAAROIEELA T N 5 GIFEFE
ICHBIF 2 PRI VAROBRK T Z2UET L
&0, SEANEBEEERETSZEDEEZ LN
7z (Fig. 8). &5Hic, ® 5-HT,, EHISRIE, HR5tk
D, WIS X % FEHFNME S—F >V VIREREEO A Tk
<, MPTP %> 6-OH-DA MLEIC K % B/ ol
FETIWICBOWTELHEELREEFHZR L. C
DT M5, 5-HT,, REKRDOUGENRIE, 5-HT,,
ZRROEE L RIRD, RS RO MIE Lz
9% RN ED TR, RIS UM%
TOEEEHICK S b0 L HEREI N (Fig. 8).
—77, 5-HT,, ZEARORIEDKREEAK D, BT IS

BT AL X)L TO A Z A LIERTER
HTHD. —MIC, BRSEERD, ZBERIEANKETED
RS2 ORI X - T Fos #I 7% tonic I f1
LTWBEEZBNT NS, D, ZAIKE G, E
FIC R 5 CEAMLREZAKTHD, 7T
SVl U S —E 2 d % T £IC K D protein
kinase-A (PK-A) &7 /T L C Fos ¥ = {3 5.
FURS 0 3E1d C D D, AR 119 2 Hfill il 8 72
fRBR L, Fos #Bl%Z A T2ELEZENTED,
PK-A7%Z /v 779 b LY Tl iR e 3kic
K B HRSEAK Fos T8 75 5 UM IC 8 A 74 1% b 2 oD 7
BT 3. COkdh, MUL Gy LIET 3
GPCR T % 5-HT,, ZBARDIEMALD, 757 =
WY 75— — PK-A R7Z/ U THUM D
Fos 681 (D, JEWILE) 2k d % AlEEMEDHE X
bN%. i, 5-HT,, (FEEEIEHRSERICE T 5K
MR kD 7))V 2 2 Vgl 2 Jd S % 2 &

Fig. 8 Schematic diagrams illustrating the serotonergic mechanism in modulating extrapyramidal
motor disorders (e.g., Parkinson’s disease and drug-induced parkinsonism).
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WEENT NG, ZIVE SV ER RO,
NMDA Z#HAK %t U TSR T D Fos #B7x 5 U
SRS DRI (BT 5 © L AVHIB T
B0, SHT, FFISEA AR TD 7L & 3
SRR £ U CH S—F 2 AR AT LT
ML £ 5N 5 (Fig 8). MAKNICHT 3
5-HT,, AR LTI, 5% 5k
BRADBETH .

5. #EAREEBRICETS 5-HT, XBHK
DE

PLEDTE L, 5-HT, MEBNERISHURE i SE D%
BT K> TR T 23/ S —F 2V ViR B &
U RIS RO Z I L S SRS B 72 i
dE L. TNSOERIFERRTHEHAEN TV S
Ji7 2 F )V ay ¥ (trihexyphenidyl 7 &) Pt
W BB TH Y, 5-HT, NEBEENPUI—F Y
VIR LUTHEHTH B T LRI NI —7,
5-HT,, ZAKZ AT 2 SRSV BE B T 0D 0T B A
&, TRETIHMSN TV 5-HT,, SZ AU K
WCKAUEREEZRESEDTH-T. Tk
5, 5-HT,, AR — Sk F R Uit |
ICIFEL, Z OB E MR DN 5D K33
VR LT WA (Fig 8). 5-HT,, hHiki
T D RN R OGN Z fiffR 4 5 C LI &K
D RN (R 2 RS L E X BNT VS,
TDh, RIS UMENBE - ZMT 2857
IR=F 2V EOIRRETIE, ZORENEITT S
AEEMENH S, T D, 5-HT, fE#EkE RS>
W E NS, RS TEHBENEERZ RS & E
260, BILVKEICETH 2 LAFENS.
X 51T, 5-HT, ZAMKE 5-HT,, ZAKDIEH A
HZ XL (TEREL, (ERRRED RGBT eh
5, BIZIE 5-HT, (FEHE & 5-HT,, FibiEn it i
ENFGEICE, HENNRIGESEIMFENS &
DEMFFEND. 5%, 5-HT W (FEI% & 5-HT,,
FEFSE OO RS, 5-HT,, B X U 5-HT,, ZA

IS BIEM 2R D &K 5 Hlb &Y ORGEH:
EM, BERINERIEEIEH ORI R - BT T
O—FELTHETHASS LEDNS.

6. #bbic

ZANOHZHL, @mEsfbicEm L T0 28R
ICBWT, N—=F Y s EMRFEMERE DA
BIERE LOREZHELZ> TS, 5-HT |\ F
BEKICBLTE, <SS D, NEERE W
BT BHENHBNTERED, SEANMLELS
I, BECRSMESBE ISR U C &8z A DY A
ENB. Fl, S—F UV URERETIR, HEARS
BREEE L LB, W15 D - Ris & ORSERD
GREICRENB T LAMSNTED, 5HT,, fF
A S—F Y IR OETREE L AR O
HICRHLTEHTHAEEREEZADNS. —7,
Z DD 5-HT ZANKY T 2 A T OHEAS IR E
FEAEIC BT B2RENT DOV T, RIEAHZAH
2\ Rl T TR foe Sz A B Ea i v
B —ANERZ L R->THED, TR, 9D
P50 UL RS 22 D VR SDA RFTRS Mk L b o
M UEHEE B DHaE) BILSHHEINT
WA, TS SRYIR ORI EAE S EIVE ] 2 K8/
R R S THIT 5 RICBWTE, HEARSES
BEEOFBICE T S 5-HT ZBEY T X A T D%
e RS2 —to b= RO ELER A 4
ZALIEDNT, S E SICHE L TIT B
HBHEEDbNS.

WEE AR OZRITICH D, LB IEW
Tz (BF) WL SR AR LA IS & S 5.
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