E
]

21

[ﬁklﬁk% 586 & KNI 5
H E21~E29 PR 284E 1 H

Rk B8 3 VBIRRICH B AR OEH
THEPEROERREZZ 2 %

FR R T ER R R AF AR R A R

91‘9‘7'% _EF'Z’:'ED :/']'7/ vjk:r
EEIM /A ﬂﬁ 1F
VAR ¥ %1 e n

% sl - HRRT -

AT FATE ATAA kUIF
e B - MR B2
155 Ty AvIuds Vav
PR R - AR R

(Z® FHk274€£12H1H)

Effects of Psychotropics on Amygdala Dopamine Dynamics Implicating Therapeutic Mechanisms of

Emotional Dysfunction in Patients with Psychiatric Disease

Hidehiro OSHIBUCHI, Masahiko KAWANO, Takaaki KAWANO, Hiroyuki MURAOKA,
Takahiro TSUTSUMI, Makiko YAMADA, Ken INADA and Jun ISHIGOOKA
Department of Psychiatry, School of Medicine, Tokyo Women’'s Medical University

Emotional dysfunction in patients with schizophrenia is considered to be associated with poorer outcomes in

terms of overall quality of well being, but only a few basic studies have examined the biochemical effect of an-

tipsychotics on emotional function. Excessive dopamine is released in the amygdala in response to a conditioned

stimulus in methamphetamine-sensitized rats, and the hyper dopaminergic condition during emotional cognitive

processing is suggested to be a biochemical marker of emotional dysfunction in patients with schizophrenia

(Ishigooka, 2002). We previously constructed an experimental system to examine the effects of antipsychotics on

the hyper dopaminergic condition. Extracellular dopamine levels in the amygdala of methamphetamine-

sensitized and fear-conditioned rats were measured using in vivo microdialysis techniques. Our findings indicated

that antipsychotic drugs are likely to attenuate the phasic increase in amygdala dopamine release associated

with the fear response. In addition, the contrasting effects of antipsychotics on tonic dopamine levels in the

amygdala are likely due to differences in the profile of each drug. In this report, we review our data and previous

findings regarding the effects of antispychotics on dopamine levels in the brain.

Key Words: dopamine, amygdala, fear conditioning, methamphetamine, antipsychotic agents
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TEEVRALEE E OBEICOWTRELT 5. REIC,

Z OIEEERAMEIZ BT B K83 VEIREICHTT B )
BHEOZIRIZONWT, INE TOLEEICBIT
LR E T LD 5.

1. EEERMNIEOETIV : BMEED T

v OB, 4 DD D 5. D 5 RIBAHE
HIZE TR - AR, FH - AROFE (EERE
D), QFDRIBICHERBE SN L EOERY
GRAB A ) REEOmEE, @B/HRMRENGE &
BB SUL (FBRLE MR L R, OFHE &%
DOHEMEH—7 4 — F 28y 7 (BEEEOHEEL
HLLRHEE) D4BETHS. BT EF
ViE, WHRARSSTO 70O BRI, £
ROEEA b LA T 5 RS2 REET 5 EF IV &
L CHEML SN 720, BMistrouid, PR ZRE T
HDHTHF—F GEISTHE EAPBHETHLE
Kyav s FEEMO0HE) L2 REICEETS
L TERINIBHERFETH L. FHOTE
Bk, FHEOSTREANORBOHRTT  HITE, L
HERMED LR 2 EORERISAHEIN S, H
P DB A DU ARBZREDERICHEL, #
BTCELILBIDEFTNVOEMTHS.

2. 1EENERANALIE DR - FRbkik

BB OMZEIX, 1939 4£® Kluver * Bucy FEMBREEED
BERAPSIFRICERTE L) ICho7. Z0H,
BT EFT VR b ENRE LEERIC
EoT, RABRED, BEREBEOEMARHEZE B
EEfl, 2512, EHOFRERIE (BURTER & R
B) LEBINIRE WRERE, BEERE #l
HRIBRE % EOHBEE) OFfke HhokElz R
2L TWBZ Ebho 2. RkikiZ 10 ML EO#
PORDIEHETHY, oW REEREITRERERE
JESVI#E A4 (basolateral complex) & W9 BE D
WANENEY. ZOBHRITERARF LIRS
h, ZZ2o8URTIB, #HR, KBEEE~HIEh
5. BEHNIMFEETH Y, RO AT &5
POEDT 4 — Ny 7 IEREZRTHBREIE-T
W5y,

3. EEIERAARIEICE T IRMBEE/ 7TI D%
/i
YO PRI VEELE) T I VMBS
A, JRHEFRAER L L TRBMERNEZE LT,
B I INEATIC & BRFZE T, SEEDTRIBIC X o
TRtk 2 v 7 FLFYy ¥, P83y, ko b=
AL, GABA 2584 5779, I bk nE

WEOEEBEETEIIT T AFE L LT, DT
ZEVGho TS, GABA, tult=r, %t
A4 F, BEETI VB, BT P, &#ESR
T AERET AP, o b= R GABA X, FH
FEORHZRIGEELY,. I VEI VT FL
FUYREDHTF AT I VIFEHRBEOEERLEH
5L 51070 BRI, PRI IRE T 5 FsX Vo
BUHE, RSB RIBHET R E & L TRtkik T F
BICREVE W) REERH E". & 512, Bk
BHNCLREEFD Y, BIAEED D BRIIATE
#MPEE (intercalated cell masses), ZEEAMEIEZ LT
DS 22T Tw AP, P23 ¥ D %K
JEWTHE T B B PUrE MR IE O haloperidol % clozapine
OERDMEES N TS, TS OFEH % FaNIH
5L 756, BELEOEE; IR S 2™, L
L, BEEEO IS S NBHEKRETIE, 3¢
AATENC B 5 2 o727, EDXH1Z, F
NI VRITEEREESORELRET S, S
DEWRFHEICE b o TWE I L& NS,
4, XF2T7 2 IVEMLEETIL

T DB AT YT 25 I VORI X 58K
S E R & OBEAIME SN TERLD. 25V
7Y IVERERETHE, PEOKRES TERAT
BB ESROTLET S & v ) MRS 25D
L, BEZUIERINSE. ZOBRIE, BERS
bEMMIERTS. i, BeVwHIELAZEORE
FERR, BERFEDSHEREME - X L AMREFHEIZ
FML, RmMZ UM (face validity) 23 % (Fig. 1).
51, BRZEOEEITEMRECHIEEINS
ZEMNSFRR YUY (predictive validity) & D,
% 72, BIETIE, PPI (pre-pulse inhibition) OBi#E
RLHTEIER E OMBIE e EAHE S 0, B Y
M (constructive validity) dH5EFNELTEZ
LT3,

5, X227 18 IVEBHREETINVICETSR
Bhik K/V3 EhRE

BRI N ERTIZ & Y i o a2 T v D
R B8 VEREERFHIIT 5 &, SHRIET o3
SVIVRUBERT S, ELIT, AT HI YV
BEZMET v FTIE, SERBUCES P8I LR
Vo ERAEEE %25 (Fig 2A)Y. FX3 v %&&T
HFaT I VIZRMREEOMILERET 5720, &
BRI 2 B33 VIRIMASEREITH B 2 L 13,
BHLEOBR L EREERTLLEEZONS.
FTIE, A PLAIZXTT S B8 Y OEFRIEAHE
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Behavioral sensitization to methamphetamine (MAP)

Abnormal behaviors

L

Challenge Stressors

Repeated administration with MAP of MAP

Chronic schizophrenia

Psychotic
symptoms

1

onset

Relapse

1

Stressors
Stimulant use
Discontinuation of medication

Fig. 1 Methamphetamine-sensitized (reverse-tolerance) model
Methamphetamine-induced sensitization (reverse tolerance phenomenon) is an animal
model of stimulant-induced psychosis and schizophrenia in terms of the paranoid psychotic
state and its vulnerability to relapse. The model is acquired by repeatedly administration

of methamphetamine.

HRTRE DS I & BALICAHBE T % /20", A5 v
72X VRIEEET v MIBIT B ZORHME o8
Y OBRIGINEL, ERHEFOA L ANEEHE
DHALFH~—h =L EZ 55,

6. RHERN/NI CEIRBICH T 2 IEHREDME
A

1) BHkE Fss3
FEDOIEH

BRI BT, PR E T & FK5 L7256,
RS VEBEL ARV ERT 52 LA ESN Ty
B SHARICBWTIE, BN FoS3 VD,

ZRARERTE T 5 haloperidol 2% K283 > o) 278
L~V B &4, partial agonist T 5 aripipra-
zole VSRAEE PSS VY ORBEL NV ART S5
EERmEbIUhbIUI R L7z (Fig. 3)*. RMEITH
LT, MEM#EZEE A0, BE A, HURTE ALl D K
;fsymWWWﬁTLTwéw.:ﬂ%aﬂﬁai H 5
DOHMIFAE LT 5 P33 U D, HEESAERIC X
D BRI ST W AP X 5T, haloperidol
& aripiprazole D @R B8 23§ 2 EAIE
FN3 U D, BEZEFIZH LT, %ﬂl%ﬂﬂfl&ﬁﬂ?ﬂﬁ
WX BRI D R o9 v AR & BRI X
BRI VREHRITH L EEZ NS, S5,
aripiprazole \&, %, BUBEASZE, HIAEO 3 fHIEO

¥ EEBEL AUV B PURS 1R

)b, KHAECTHESESLREATEEIIBWTOMA NI
IV ERAL, SHBT TRAALIZBNT
DIH KISV LNIVIPBAT B L) E - BRI
FHIERT 2. CORE - SRS EE, 71>
TTAD KNIV D, BOCRBFRDO KSR
5T ENRBENTED (reserve level K5), Zh
I aripiprazole D O—D0 L EZ LI LY.

¥ 72, clozapine {3, HEATEIEIR R & OBIEAH
B7p {, MBNIERIED & 2 A L RE IS E—F %)
ThdbEV)ENEEDFEEZ AT . Clozapine
&, RSV Dy 2B ROERERHRO THH<, &
O b= Y 5HT0 DI DR A RZHIRE OFAE
wH DLW BHENEHSSH L. BEDOT v M(X
Y72y I VIEMHE) 2B W T, clozapine X
haloperidol & [EI#RIZH SR PV VL
ARV RIS 528, clozapine ORI RS LY KX
W =BT BETREZEIAY VT VB
HALIEZ v MZBWTIE, haloperidol 3 BE DT v
b ERBRIZ KIS VEBL RV % FREE7275 clo-
zapine X RN VEBL NV a T o7 FR &
ol GUEBE, £%H). A9 Al0 /93

i, AT GABA = o — 12 2 & 2 By 7 Hl
WX o Tl TN TS, 2o GABA = 2. —
OVEHENHEBRT 52420 b= U 5 HTZHRIC
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Fig. 2 Time course of extracellular dopamine levels in the amygdala and the effects of

antipsychotics

The ordinate represents the proportionate increase of the extracellular dopamine level
above the mean level before CS in each of the groups=S.D. Bar graphs on the upper
right illustrate the mean proportionate increase at 20, 40, 60 and 80 min after CS applica-
tion. The abscissa represents time in minutes, and conditioned stimulus was applied at 0
min. The extracellular dopamine levels in the amygdala of methamphetamine-sensitized
rats were significantly increased after a conditioned stimulus application and it was sig-
nificantly greater than non-sensitized control rats (+ + =p<0.001 vs. Sal/Sham/D- and
MP/FC/D-, **=p<0.001 vs. Sal/FC/D-} (A). Haloperidol significantly suppressed the
excessive dopamine increase in the methamphetamine-sensitized group (***=p<0.001
vs. MP/FC/D-) (B). Haloperidol also significantly suppressed the increase of dopamine re-
lease in the control rats (*** =p<<0.001 vs. Sal/FC/D-) (C). Aripiprazole significantly sup-
pressed the excessive dopamine increase in the methamphetamine-sensitized rats (***
=p<0.001 vs. Sal/FC/D-} (D). But, aripiprazole did not significantly affect an increase in
the extracellular dopamine level in the control rats (n.s. =p=1.000 vs. Sal/FC/D-, + + =
p<0.001 vs. Sal/Sham/D-) (E).

MP: methamphetamine-sensitized group, Sal: un-sensitized group, FC: fear conditioned,
Sham: sham conditioned, D- Saline injection as a control, HAL: haloperidol injection (1
mg/kg), APZ: aripiprazole injection (10 mg/kg).
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Fig. 3 Time course effects of aripiprazole and haloperidol on the amygdala dopamine

level in the non-sensitized control rats

The figure represents the time course of the extracellular dopamine level affected by

drug treatment in each of the groups+S.D. The abscissa represents time in minutes.
Drugs were applied at 0 min. One-way ANOVA with repeated measures across time (us-
ing three groups as the main factor) was used. The haloperidol treatment group showed

a significant increase in the extracellular dopamine level in the amygdala after applica-
tion (p<0.001, Bonferroni method). Ar ipiprazole significantly suppressed the extracellu-
lar dopamine level after application of conditioned stimulus (p<0.001, Bonferroni method).
SAL: Saline injection as a control, HAL: haloperidol injection (1 mg/kg), APZ: aripiprazole

injection (10 mg/kg).

### =p<0.001 vs. SAL, *** =p<<0.001 vs. SAL.

X0 EEmc BEEGIEE S CTw B (Fig 4A)™.
§ 5T, clozpaine @t b = ¥ 5-HTy o 2 77 1R
WIE L, BEEDHIPEIC RS U 2R ET 5 & &
256N, TN clozapine DIEERI M DOARML & £ 2
LTV Lo L, BETEYIiE, MEREE KL
ARG e EERARTEEICIE T b = 5 HTwm e B
& Fo83 b O E A B P A s L
MO, XY T2 I BB X B
FRi2id, SO BEAREIRRP MOt b= 5
HTon e =B AR ORERER 72 up-regulation 234 U % &
YRS hoTwS (FigdB)“S. 2O Xid, A%
v7 I VB E T VIZE VT clozapine %%
PRI VEBLNLVE PR SE o Tobitbhl®
PIERREGHT H. PN VHREORREIZS U T
clozapine % K /¢ 3 /fﬁﬁﬁ%ﬁ?’]ﬁﬂ‘f BT EDIRE S
i, TN clozapine DO —D2EE 2 515
(Fig. 4C).

BT L L R RS VEBE L AOLVICET S
NS DOER DR EDZEIL, haloperidol DEIRAY F
NI VD HUZERERIEH, clozapine ® 5-
HTon e TBHRERT 7 & T 2 ZBMRMER, aripiprazole
D K83 ¥ D, B Z A partial agonist 1E 712 &

BHEHERSING.

2) BEHREAMMLIIZ BT B RkE s >
g B PUAR R HE DO R R

ST RIERF O RIPAR B8 Y EIREIZHT§ 581
FHREOREIL, NFTHE VM I TnE
Mofz, BIBLAAY Y7243V BEZHES Y b
T TR/ ENT & HPLCIZ X ) f##f L7z &
Z %, haloperidol i&, WP T v b Xy T2
IVBRZMET v FOW K TEHEAEDTREICET S
RRkfE I /83 v o 2 il L7z (Fig 2B, 2C).
IR LT, aripiprazol 1X, X% v 7 ¥ 3 ViR
STy FTIEDHLBEOREEIRLDODBE AL L
& B L (Fig. 2D), FEFRT v FTid s34
RO E L xh o 72 (Fig 2E)®. —7, clozap-
ineld, BIBD LI AT NI VY EFELVD ER/%
{, POFRBEDSTRIBIIST A FSI v oREe
haloperidol & O A HEH) L7z GUEIZ, £%
F). 2D X HIZ, clozapine A F/8 3 A O IRAELK
FEPEIZ oS3 U 2 HIE5 5 &w ) FRE Y 70 SR8
YERIZ, clozapine DIEEFERIZ R A BN 72 R %D
RICEHE T 5 2 EAVRIBE NS,

BB MREEIRAE PN VEBEL XSH L

/

BhAEEIC
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A Mesocorticolimbic dopamine pathway
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B Mesocorticolimbic dopamine pathway

: Hypothetic psychosis condition with 5SHT2Rs upregulation
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Subthalamic Nucleus
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Dopaminergic Pathways
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C Mesocorticolimbic dopamine pathway
: Hypothetic action of clozapine in 5HT2Rs upregulation

Hyperdirect Pathway

Rirect
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&  sHmacreceptor
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Fig. 4 Hypothetic action of clozapine on mesolimbic dopamine pathway

glutamate, GABA and dopamine
5-HT2c receptors is to inhibit ac-
cumbal dopamine output through activating inhibitory GABA neurons in the ventral teg-
uces up-regulation of the function
the nucleus accumbense and the
ventral pallidum (B). Thus, serotonin 5-HTsc receptor blockade inhibits accumbal dopamine
the nucleus accumbense and the

Serotonin 5-HT:asc receptors are widely expressed on
neurons in the brain. The overall action of the serotonin

mental area (A). A dopaminergic-sensitized condition ind
and the expression of the serotonin 5-HTac receptors in

output through specifically inhibiting GABA neurons in

ventral pallidum in dopaminergic-sensitized condition in contrast to physiological condi-
tion, and CLZ may control the mesolimbic dopamine pathway specifically in dopaminergic-

sensitized conditions (C).

DA: dopamine, NAC: nucleus accumbense, PFC: prefrontal cortex, VP: ventral pallidum,

VTA ventral tegmental area.
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Table 1 Effects of psychotropics on basal dopamine release and phasic dopamine release in re-
sponse to a stress in the amygdala of methamphetamine-sensitized rats and un-sensitized rats

Un-sensitized rats

Methamphetamine-sensitized rat

Basal DA release

Phasic DA release in
response to a stress

Phasic DA release in

Basal DA release response to a stress

Antipsyhcotics: t
Haloperidol

Antipsychotics: t
Clozapine

Antipsyhcotics: 1
Aripiprazol

Mood Stabilizer: —
Valproate

Benzodiazepine: t e - 7?

Diazepam

SSRI: t e S

Escitalopram

t !
- L
! !
- !
=7 !
-7 !

Different types of psychotropics modulate differently basal dopamine release. The manners of modulation are
depended on dopaminergic conditions: methamphetamine-sensitization and un-sensitization. All psychotropics

commonly inhibit the phasic dopamine release.

DA: dopamine, SSRI: selective serotonin reuptake inhibitor, 1 : activating, — : not affect, | : inhibiting, ?: un-

known.

TENZENOERFZNRFBIL LR 51EHEA
LoD, S0 FIEIIxT§ 2 Bk K233 2 ol
EeWHl T2 LEOEHEZAEL TV, INHDE
LR R BB RO R I ) RIS TH 5
FTLATENIEHEL 5 2 2wz, BN
T AIEHIZE LZwWEEZONS. — /AT, R
MARIZBIT 5 P83 VI BB RO BREE/LICH M
BLTWwWa7D, G400 Hl##EOBMERED FHE
FALZHET L LSRG,

3) THEIERALEIC BT 5 Z MO EEHEDR)
S

EAEHEIE, LX) ICHRERDOR L RIBEIC
ER LBEREZERSE L2590, ERME D
b= UERD AKBHEER (SSRI) MK S1E, |l
HEMBFICBIT 50 b= ViBE T HEERFEICHEM
B, BMATENE RES S5, —F T, SSRI D18
HHG L, BREI VT FLFY Y OIRBEL NV E
KT &8, 20A ML AR 2 0% % Jfl 3
B9 PIARETHHN VI T XY VREANL, B
WS THBIC L 2Rk E VT FLF) Yok
AE2WE S, FRICERHTEZRESEEY. 20
91T, &I, SSRI RV YV TEE VRE
#iZ, E¥HZ% 5-HT LXvo FH2 GABA %%
DFAE X HBMATE 2 R AR R AT, M
BT VT R LY RIS S & ) L AAT
Bya W5 2R E NS,

bhbhi, 2% v 7% 3 VEHELEEF VO
HEIRMLEICIB T 2 RE NS VHRIZOW
T, BEF TIT, KR EA valproate™, SSRI escita-
lopram (K EZ, KFEK), XV ITEXEVRH
A&HE diazepam (GUEHEREH, KFER) ORR %L MREE
LTw5 (Table1). Table 1 IZ/R$ & 912, FkEH
X, Rk RS VEBEL VIS AEH I
NZENREZDHDOD, FHIFRBIINT 5@ 2
I v oOREEIHTAIHREILBELTAELTY
HIERHLPIILE. IRHOREEPSIE, 1B
B D R8I V2 RZE S5 I EDMEERERIT
THEBBED—DOTHLILPRBRENDS.
BBhYIC

B DT85 54 22 HWIEHRZEDOETF
VEI DO EERAREEIC & o T, EERMLEICBT
€T I Vi EOLEEREROBERIHL M
o TH bhubhid, HEMREE, K3V
D, ZRARERT & v ) BRI OERBRF IS T, A b
LA 5 R yoREERzHETLsI L%
R L7z Bk Fo83 v o BRI & 2oy
LI MREOREMEADS, WA RTEDOFEEIER
DR L IBEEBIEDO IR TH L LN SN D,
EBMMRE2Z0I T MICKBT A L3 L
, FLMEEREOTREE F/3I Y OATHAT
HILEMRANDB. LhL, TDL) hRE,
AL ICBSE T R RS AERFNE TV E V5
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