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syntaxin [HEZHIZ L D BERAEICHFI X hza, PRI VSCC - PKA - synapto-
brevin [ ERH (X E2 R0 -72. KRB ESE L N & VSCC - PKC - syntaxin
KO P VSCC - PKA - synaptobrevin [HEZEIZ X ) #ifl] Xz, HEEH %K
L4 9, HphEEi: N & VSCC/PKC/syntaxin & P #! VSCC/PKA/synapto-
brevin DEEREMNBAKIZL D HE IR TW245, N # VSCC/PKC/syntaxin A3
Th-o7z. Car FlEE# X N & VSCC/PKC/syntaxin 2 & ) #%E X P £ VSCC/
PKA/synaptobrevin JEEE-Z M Th - 72. K il #tt iz i3 N & VSCC/PKC/syntaxin
& P 8 VSCC/PKA/ synaptobrevin O#HEMNHEAEKIZE DBE STV 225, 20
Bz Mid P& VSCC/PKA/synaptobrevin 7" BEIZ&H - 7. LLEDOHEIX, PKC
THMITHE % 4 L 72 N & VSCC & syntaxin O E/EH &, PKA # 4L 72 P& VSCC
& synaptobrevin DM EAEMIZ L D SHT EHAHESIN TSI EEZR LT A.
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MR EEYEESEO FRIIHOTWEEZONT
E72HY, ZORLSHERE 1993 H12 Sollner ¥
12X > THIB 3 N7, N-ethylmaleimide-sensitive
factor (NSF) attachment protein (SNAP) re-
ceptor (SNARE) R#IZ X > TEMAWARERE L
TRBEINDIZE -7, 2D SNARE KH O 1%
¥, "2 7 R/NRICAIET 5 SNARE (VSNARE)
MR EEIC(ET 5 SNARE (tSNARE)
XA EERPBMLTBR- 7 A, &R

RRETLT EEI)DDTH-7 (Sollner et al?,
1993). —%, SNARE &L HiIA» &, ALK
AN T AF xRN (VSCC) %4-L7-#kasns
7 AOMBBNNORANRAOSBEREIO b
V- L CEERERELE) L XERERY
BIZEE S T/ (Takahashi and Momiyama®',
1993 ; Wheeler et al®,1994). Sudhof? (1995) &
INSOEBRFELFMIIRE L, SNARE Rii%
HREL., MmRMRoRE QF8EMN) %2+
v AR EBIZBELEL, REBOBEME(LZ K

* OLFT R - BEAAED - FHEEHT MR 2F3RME 5 T 036-5862 SARTTHALHHT 5
* Department of Neuropsychiatry, School of Medicine, Hirosaki University, Zaifu-cho 5, Hirosaki, 036-

5862, Japan.
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Table 1 Summary of chemical agents and their action sites
Chemical . . . Other target f
(abbreviation) Agents Main target site and action sites and action Reference
Voltage-sensitive (
Ca?* channels VSCCs)
. N-type VSCC inhibition ;
- 26)
w-conotoxin GVIA (GVIA) (ICo=100 M) (26
) . P-type VSCC inhibition N-type VSCC inhibition 26)
w-agatoxin IVA VAT (1Ca=10 nM) (IC50>500 nM) (26
Protein kinases (PKs)
H-89 PKA inhibition PKC inhibition (4)
(Ki=0.048 4 M) (Ki=31.7 u M)
. PKC inhibition PKA inhibition
CH (1
Chelerythrine (CHR) - 1650=0.66 M) (IC5=170 uM) ©®, 1)
Phorbol 12-myristate  (pyry) PO activation Ca*-ATPase activation  (13), (9)
13-acetate (nM orders) ’
. Adenylate cyclase activation
Forskolin (ECso= 4 4 M) (20)
SNAREs
Botulinum toxin type A (BoNT/A) SNAP-25 inhibition (12)
Botulinum toxin type B (BoNT/B) Synaptobrevin inhibition (12)
Botulinum toxin type C (BoNT/C) Syntaxin inhibition (12)

ZLBMEEEA N S L F ¥ 2 (VSCC) #F
FOL, #EHEEF~OMBAA LS 7 L DA
B H—&kh, KHEEEEOEETLHEL SNARE
BHOESHEEH L RET 5 & L7 (Sudhof ™,
1995).

Z @ SNARE {RK#13% { OTFFH I L - THGE
g, in vitro RET O SNARE EHOBEE K
B — 5 #EATEE S h, VSCC & SNARE ZHE O
HEHRZERAERFHLERIZLD, vy Iy
B (Glu) RMEZEWAERC L > TIHEAS L
(Pierce and Kalivas®, 1997 ;, Yokoyama et al.*®,
1997). Lo L, BHEBEOREBIIERIMET S E
73y (MA) OHEBERHEIZBIT5 SNARE RS
DOBGEZ RS TIE RV, BHSIFEEIC, MA
PR, EEHHBM M)A —DBEWICL o THED
2RI T 5 VSCC-subtype (23§ 5 ¥ R RS M
ERTABBOEREBE TR I T L%
BHSPIZLTWwA (Okada et al.™>, 1998). ZOE
Ex® ¥, VSCC & SNARE O#iEME 4K H

ONEEEZRTIOTHY, AHETIE, Fv b
#HEXo b= (5-HT) ##ilci$ 2 VSCC,
SNARE Z L TIhHHALY ) Y Bk 5&HY ~
bR (PK) OBENESETOFED THEMER
U B O BGE% A A7z,

¥R EHFE

Y4 oO8147Y-2 X

1.5 %t R AREET ORE 250 ~ 300 g D
HtE Wistar 25 v (ZL7) OEER (A=-58
mm, L. = 4.8 mm, V = — 4.0 mm relative to breg-
ma) 12KV ) X AHF (BoNT) %ML 72 0.3
ul DEIEY ¥ v (MRS) ZBEEA LIS
(Capogna et al.*, 1997 ; Pierce and Kalivas'®
1997), #EHN 72 —7 (0.22 mm diameter ; 3
mm exposed membrane ; T4 2 4) FIWEALL
(Okada et al.®, 1999a). 70— 7EA 18 Kiii{%
12, & 1 pyl/min T MRS [145 Na-, 2.7 K-, 1.2
Ca?", 1.0 Mg?", 1544 Cl° in mM) 2 mM ") B
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Fig.1 Criteria for the levels of basal, Ca? - and K~-evoked hippocampal serotonin releases

la : At least 6 h after starting the perfusion with MRS, the serotonin level in hippocampal per-
fusate was measured. After confirming the stabilisation of extracellular serotonin level, the serotonin
level was measured for 120 min as control data (basal release). After determination of basal release,
perfusion medium was switched to 3.4 mM Ca?- including MRS for 20 min (Ca? -evoked stimulation)
or 50 mM K- including MRS for 20 min (K -evoked stimulation).

1b : The value of levels of Ca? - and K" -evoked serotonin release was defined as the level of basal
extracellular serotonin level subtracted from the maximal extracellular serotonin level during Ca?"-

and K" -evoked evoked stimulation, respectively.

FEELE 1.1 mM Tris BT pH 7.40 (ZFH %)
MRz L7 (Okada et al.™, 1998b). 10 5[
f© MRS #% [n[4X L ECD-HPLC % fiv"T MRS ;¥
O 5-HT ®EZHE L. WEMEOEE{LHERRE,
5-HT Ae6Esa+lEL, HWC, 34 mM Ca> &
HIEIEY > v (HCMRS) #ivid 50 mM K &
HHBEE) > 4L (HKMRS) % 20 7B L
Caz B tedE, K RIS % HE L7 (Okada
et al.* 1998a).

ECD-HPLC

5-HT #ERIEIZE, K> 7 (EP-300, =1 2 4),
graphite carbon @Tﬁ%%% L7-ERILF %
(ECD-300, =1 2 A4) #HW7=. 5HH 5 413,
BAH b2 6 324t X 1172 mightysil RP-18 (parti-
cle size 5 um) LML, ~ 3 R - BARIT 600
kg/em? LEOEERE L2454 (100 mm X 1.5
mm internal diameter) ##&E#% L7-. BE#HBOH
Wik, 20% A%/ —, 900 mg/l &2 ¥ AN T +
YBEF PV A, 50mg/l EDTA%#&A L7201 M

V) UBEERRENE (pH5.9) &L, 25T, i 200 ul/
min, #AEIE 450 mV IZ3E L 7= (Okada et al.™”
1999b) .

Eoxs

ARFFE TRV 72, VSCC, PK, SNARE 0 &fEH
EH 4 Table 112F &7 N B VSCC HEE, w-
conotoxin GVIA (GVIA : X7F FBIZERT, KK,
P & VSCC [H¥E#, w-agatoxin IVA (IVA : X7
F FEF%ET), PKA H#E#, H-89 (Calbiochem,
San Diego, USA), PKC fE&j*, phorbol 12-myris-
tate 18-acetate (PMA : F+#54F2%2, KK,
PKC 3, chelerythrine (CHR : Calbiochem),
adenylate cyclase {fEE)¥, forskolin (#5417
A7), SNAP-25 [HE#, A % BoNT (BoNT/A :
Calbiochem), synaptobrevin fHE#, BoNT/B
(Calbiochem) and syntaxin [ #, BoNT/C
(Calbiochem) #% F\:7-.

HREH OG5 HikE, BoNT i35-F# 10,000
UETHhERBERBENEL (K7D, 7o
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Fig. 2 Effects of VSCC inhibitors, PK inhibitors, PK activators and BoNTs on hippocampal basal serotonin

release

The effects of inhibitors of VSCC, PK, activators of PK and BoNTs on the hippocampal basal
(opened columns) and Ca?"-evoked (closed columns) 5-HT releases are shown in Fig. 2a. The ef-
fects of inhibitors of VSCC, PK, activators of PK and BoNTs on the hippocampal basal (opened
columns) and K- -evoked (closed columns) 5-HT releases are shown in Fig. 2b. The ordinates indi-
cate the mean + SD (N = 6) of levels of 5-HT release (fmol). The mean values obtained treatment
with inhibitors of VSCC, PK, activators of PK and BoNTs and without (control) were compared by
one-way ANOVA and Tukey’s multiple comparison test (*:P < 0.05; **: P < 0.01).

— 7HEARIIZ 0 B\ 13 0.3 ng BoNTs &4 0.3 ul
MRS % &Eix A L7, 5-HT &g E R ek
A%, VSCC st PK fIE# % % L7- MRS %
RS L, MEEoge bl 20 50 Car
M BB T KR8 % #1T L7 (Okada et al .9,
1998a, 1998b).

=

£7957ar05-HT &H&8133.6 04
fmol/10 ul THh o7z, EBEEETIE, Na Fv %
WEES 1 uM tetrodotoxin (TTX) &4& MRS,
Ca* -free MRS i3 #ifla5l 5-HT #8FE% 0.7 fmol/10
ul DTFIZHA S, 20 7 K W#Ii 13.7 = 1.6
fmol/10 ul ¥ L 7z (Fig. 3A). Hl%H, Westerink
FHHHRME L 7 microdialysis (& & 0 B X 7z
EWHEREL L COREE (Westerink et al®, 1989)
iz L, ABZEECTHE LA-Ms 5-HT BE I
MREEI RO HEBELZZ o0/ F/-200
] Caz-#l#1x 5-HT %8k 3.0 = 0.5 fmol/10 ul ¥
L7z, B, Car-RIBMEBERE, K-l

R

BEOWEEHE R Fig. 1 1277,

5-HT #8# -39 % VSCC, PK, SNARE D%hR

VSCC HEZE (1 uM GVIA, IVA), PKFESE
(1 M H-89, CHR), PK k&% (10 uM forskolin,
PMA), SNARE FE# (0.3 ng BoNT/A, B, C)
O 5-HT 4508, Caz RIBMEREEE, K-flEE
BT AR A Fig 2 1R, MEEEE Y PK 1E
Bj¥E (forskolin, PMA) [IFZF 2¥imL, i
VSCC, PK, SNARE [H#E3 4 TH AR 4 [
EL7. —F. Ca> flEMiEE X GVIA, BoNT/C
WAEEIZHHI S h, PMA B AEIZIEL A5, fi
DEFNIHED 2o 72, K RIEEEREE, VSCC,
PK, SNARE [EZEIZ L W FRICHH s, PKIE
BEICIDARIIHEmML.

PK {EB)ZEEEFtt 5-HT BN X T 3 VSCC,

SNARE fHEZOHR

PKA 1E#3# forskolin (10 ¢ M) #FHEM 5-HT
AR, KRBt sEmixy4 5 VSCC,
SNARE FHHEE O E % Fig. 312, PKC E#E
PMA (10 uM) #H%M 5-HT EE5EsE, Caz %%
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Fig.3 Effects of VSCC inhibitors and BoNTs on forskolin induced 5-HT release.

The effects of VSCC inhibitors and BoNTs on the 10 u M forskolin induced elevation of basal and
K’ -evoked 5-HT release are shown in Figs. 3a and 3b, respectively. The ordinates indicate the
mean = SD (N = 6) of levels of 5-HT release (fmol). In order to study the effects of VSCC inhibitors
on 10 uM forskolin induced elevation of 5-HT release, after the microinfusion of 0.3 x4/ MRS, the
perfusion medium was switched from MRS containing without (control) or with VSCC inhibitors
(opened columns) to the same MRS containing forskolin (closed columns) for 120 min. In order to
study the effects of BoNTs on forskolin induced elevation of serotonin level, after the microinfusion
without or with BoNTs, the perfusion medium was switched from MRS (opened columns) to the
same MRS containing 10 4 M forskolin (closed columns) for 120 min. The mean values obtained
control (no treatment with VSCC inhibitor or BoNTs) and treatment with each agent were com-
pared using one-way ANOVA and Tukey’s multiple comparison test (*: P < 0.05; **: P < 0.01).

PR, KRB &R NI A9 % VSCC, SNARE
FHEEDOR R % Fig. 4 IIRL 7.

Forskolin %M 5-HT Ak #E % IVA, BoNT/
B XA EISHH L 7245, GVIA, BoNT/C 13X R4S
%/ o 72, Forskolin FHF &M K- FIBtk: 5-HT &
b Rk, IVA, BoNT/B iZ A EIZHMHI L,
GVIA, BoNT/C 3% &A% A > 7-. PMA #F%M%
5-HT Z#EE#NNIE GVIA, BONT/C L X WA E
ZHIEl &, IVA, BoNT/B I3 EEX Z T %20
72. PMA FHEM Caz RIEHE L O K- fl#E 5-HT
RN G FBkIZ GVIA, BoNT/C I & D AEIZH
#lah, IVA, BoNT/B IZIZEBE2 2T b o 7.

5-HT ¥8#(C3x4d % VSCC, SNARE HEE D

HEH

5-HT &M, Ca> R, K RlsiE
BEIZX9 A, VSCC HEHR L SNARE [HEEDH
HAEf % Fig. 5 1R L7,

BoNT/B iZ & % synaptobrevin #REHIHIBREE T

Tid, GVIA IZIEREERE, Car- RIBEERE, K%
BVE B A S0 L 72A%, TVAZ IR S 3 Mg
BN % H o7z, BoNT/C 2 & 5 syntaxin $EEEHD
HIBRZE T TIE, IVAITEBEERE, Ca2 RIEihdEgE,
KRBtk e s 2 30 L 72245, GVIAIZZh s 378
R SIRA Ao 7.

z &=

Z v S 5-HT HRMBICH T S BENEEE

7 v MilEk% 5-HT E#EIZ, ThEhERERINE
i LCRHENIIRRTHO07WEBEE AL
ToRREERE, Car RIS ERE, KISt <
BINTWDE I L 2R HERKRIEIRL TS, Ca
FIBPE#ESEIE N % VSCC, PKC. syntaxin =& -
THESNIFREN L BEHERATH -7, KRB
PEdEHEL P & VSCC, PKA, synaptobrevin {2 &
STHEMIZHESN, L ERBELTBETI
& HH5, NHE VSCC, PKC, syntaxin iZXoTH
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Fig. 4 Effects of VSCC inhibitors and BoNTs on PMA induced activation of 5-HT release

The effects of VSCC inhibitors and BoNTs on the 10 u M forskolin induced elevation of basal,
Ca? - and K -evoked 5-HT release in Figs. 4a, 4b and 4c, respectively. The ordinates indicate the
mean * SD (N = 6) of levels of 5-HT release (fmol). In order to study the effects of VSCC in-
hibitors on 10 4 M PMA induced elevation of 5-HT release, the perfusion medium was switched from
MRS containing without (control) or with VSCC inhibitors (opened columns) to the same MRS
containing PMA (closed columns) for 120 min. In order to study the effects of BoNTs on PMA in-
duced elevation of 5-HT release, after the microinfusion without or with BoNTs, the perfusion medi-
um was switched from MRS (opened columns) to the same MRS containing 10 4 M PMA (closed
columns) for 120 min. The mean values obtained control (no treatment with VSCC inhibitor or
BoNTs) and treatment with each agent were compared using one-way ANOVA and Tukey’s multiple
comparison test (*: P < 0.05;**: P <0.01).
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Fig.5 Interaction between VSCC inhibitors and BoNTs on basal, Ca? - and K'-evoked serotonin release
The interaction between VSCC inhibitors and BoNTs on the basal, Ca* - and K- -evoked serotonin

release is shown in Figs. 5a, 5b and 5¢, respectively. The ordinates indicate the mean + SD (N = 6)
of level of 5-HT release (fmol). After the microinfusion with or without 0.3 ng BoNT/B and BoNT/C,
the perfusion medium was switched from MRS containing without (control) or with 1 uM GVIA or
1 uM IVA. After the confirmation of stabilization of basal release, the perfusion medium was
switched from the same MRS to HCMRS or HKMRS containing the same agents for 20 min. The
mean values obtained control (no treatment with VSCC inhibitor or BoNTs) and treatment with
each agent were compared using one-way ANOVA and Tukey’s multiple comparison test.
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HES N Tz, EREERIHIZ N B VSCC,
PKC, syntaxin & - CTEMICBEIN, Zhb
LS L TEETIEIH A, PM VSCC, PKA,
synaptobrevin |2 & » TLHE I Tz, DLED
RIS, PRED 5-HT HE#IZIE N B VSCC -

PKC - syntaxin & P #! VSCC - PKA - synapto-
brevin @ 2 HE O ERENEEGEIELEL TV LT
REtE2URE E N 5. PKC 1EEHEE PMA (X 2B B,
Ca* FBAVEEERE, K HMMEETeBINTEXS
D2 L T, adenylate cyclase ifith # 7T L PKA
% JUET 5 forskolin (I SEREERE, K- 7l Bt
BER BINTE /2%, Car BB BRI R0 %
otz 2O PKCIEMWTTHEIZ & 2 AR, Ca-
TS vE e g, K-RIBMEERER NIE, GVIA &
BoNT/C THEIZHHITEX2DIZx LT, IVA &
BoNT/B i3 % R4 2o 72, W12 PRA itk LS
& pKuEEEE, K- RStEE#Eng GVIA &
BoNT/C R RN e o723 LT, IVA,
BoNT/B i3 A &Z\ZHHI L 72, & 512, syntaxin #
R T3 GVIA O#IHI{EM, synaptobrevin £
FEMIBIC X 2 IVA OMIER P RBL L B %o 72,
PLED# RIE, N & VSCC/PKC/syntaxin & P &
VSCC/PKA/synaptobrevin 2588 128 L7z,
REMBEERPFLET DI LERT.

N & VSCC BEMR A2 s

ERAHZEHBREF» S, P B VSCC HHfE(ZE
W L TEERRERZ AL, N & VSCC IIHiBim 7
BEREEZHoTWRIIBELWEZEZHNTE
(Takahashi and Momiyama®', 1993 ; Luebke et
al, 1993 ; Wheeler et al.®,1994). LH» L, &K
MR RTIE, 22 Ld 5-HT EBEHEHETIIP
B VSCC &9 & NR VSCC A HERMEEL LT
BEL T,

1997 E1Z Sheng %13 SNARE Rt % 8 HI1T%
BX4E, NEIVSCCit Carii AZ#HH bty H—&
LT/ Tid %<, SNARE &O#EESHIBE — 58
WML, MOSWwoERNERTH 5N
R L, ZOF#M % synaptic protein interac-
tion (synprint) R & LTF & & FiF7: (Sheng
et al?,1997). N & VSCC i3, syntaxin/SNAP-25
D 2 BR&EMA D 5 VT syntaxin/SNAP-25/synap-
tobrevin @ 8 wmfk & MR EW WM L) M- &

F%7 10 ~30 u M THRKRKEL A 2 MM Caz i
ARG T % (Sheng et al®, 1996 5 Kim and
Catterall”, 1997). —7, % SNARE £ & N &
VSCC D #5& 13, syntaxin & SNAP-25 LiZ2 &
REFML - Caz IKEMITHEEEX /R L, synapto-
tagmin & i3 Ca? FFEAFEWIIHE (Kim et al.,
1997 ; Sheng et al.?*, 1996), synaptobrevin & 1
& L%\ (Sheng et al?,1996). FFIZZHO N E
VSCC & syntaxin O#&1E PRKCIEHIZ L > TH
EINBHPKRKAIZME LB% W (Yokoyama et
al®, 1997 ; Turner et al?,1999). = 51{Z, syn-
taxin & synaptotagmin b Ca2 iBEIRHIZHE
575 ZHIE100 u M to 1 mM DEBEE TS
BENIEE B (Chapman et al.¥, 1995 ; Li et
al®,1995). BlH, KBIEEERTR L7z, ApE
D—EhE Car A MEEEEIE, NEVSCC %ML C
WA L7z Car i BB N2, N & VSCC & itk
FWIZHEHAET D syntaxin/SNAP-25/synapto-
berevin &4k & N R VSCC & +2#FREL, BY
/RO EZXD, ZHiZL D synaptotag-
min & N 8 VSCC #* Ca?* i IR KA AE G )
RELREE LS. SHITHERTFAD Car R
4% &, syntaxin/SNAP-25/synaptoberevin #
HHhE N &M VSCC O#EEHHIT, N A VSCC »»
L fF#E L 72 syntaxin A% (2 synaptotagmin & £
AL, NaELIREREOEEN AL, HVTh
- HOTWNERETS. D Lo—E0Bgick
DO EhEb 0L SRS,
P & VSCC BEMH O e

P & VSCC @ synprint site ix rbA & BI @ 2 fEiH
DHEDNRALPE L > T b (Starret al, 1991 5
Mori et al.'*,1991). Zh 5 rbA & Bl @ SNARE
EREDHEBSIINEVSCC LIZRL S Car i
%Y (Kim and Catterall”, 1997). BI i
syntaxin, SNAP-25, synaptotagmin & Ca?" FEf&
FRIZ#ET A, rbA (X synaptotagmin & Ca? i
BEARAFIIIZ, SNAP-25 & (ZREEFKAFIICHET 5
7%, syntaxin &i3#EE L&V (Kim and Catterall”,
1997). %7, synaptobrevin i synaptotagmin
LiXEAEL L WA (Schiavo et al.®, 1997), PRI
VSCC & D#EEIEH S M TlEL v, K4 D micro-
dialysis x HW 7 EB2H L, 79 MEEBKDO K-
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gt tE#E X N B VSCC Tid% < PEIVSCC
Lo THEINTV: /2 (Okada et al¥,1998a). &
F7 b= 4% HW/2EETlE, synaptobrevin B
FEMIHIE K- #)3Y dopamine i 8 % ¥ 9 5 43,
Ca?" ionophore ionomycin #F%M dopamine &
IS EN L h - 72 (Fassio et al.®,1999). L5
DEREEDNL, BomEiEs s-HT #jEd %
(&b VSCC LizRLEHE ) M —HHLET S
WREEEARIE SN, TR BIZEE Yy T
AFED) Y BIbx ED7-7 VAN EBEE LT
Wi Hhh Lty (Sheng et al., 1998 ; Turner
et al?, 1999).
=] R

T v MNEES5-HT 8BRS ) 7 —I2 X
DA & bRBERERE, Caz flBtEbest, K%
Mo SIS ENG, Lid, ZoOERE
(X N B VSCC/PKC/syntaxin & P & VSCC/
PKA/synaptobrevin ¢ 2 # 8RR E & K 2S
FEBEHEE L TGS LTz, Caz FIS b,
N % VSCC/PKC/syntaxin ##H L, P #
VSCC/PKA/synaptobrevin (385 L% %o 7=,
K-Hl Bt s N & VSCC/PKC/syntaxin & P &
VSCC/PKA/synaptobrevin 258 5- L T\ 7225, P
%! VSCC/PKA/synaptobrevin " EE#E TH -
7o, HEESEED FBEIC, N & VSCC/PKC/syntaxin
& P # VSCC/PKA/synaptobrevin 258 5- L T\ 7z
7%, N % VSCC/PKC/syntaxin " EEHEHE TH -
7-.
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ABSTRACT
Two functional complexes for exocytosis of hippocampal serotonin
Motohiro Okada*, Sunao Kaneko*, Takuya Murakami*, Gang Zhu*, Akihisa Kamata*, Yuko Kawata*

*Department of Neuropsychiatry, School of Medicine, Hirosaki University, 5 Zaifu-cho, Hirosaki 036-
5862, Japan.

In order to clarify the mechanisms of neurotransmitter exocytosis, this study investigated the func-
tional interactions among voltage-sensitive Ca?" channels (VSCCs), protein kinases (PKs) and
synaptic proteins (SNAREs) on hippocampal serotonin (5-HT) release using in vivo microdialysis in
freely moving rat. Basal 5-HT release was regulated by two functional complexes, N-type VSCC (N-
VSCC)/PKC/syntaxin (major pathway) and P-type VSCC (P-VSCC)/PKA/synaptobrevin (minor
pathway). The K'-evoked 5-HT release was regulated by N-VSCC/PKC/syntaxin (minor pathway)
and P-VSCC/PKA/synaptobrevin (major pathway). However, the Ca? -evoked 5-HT release was regu-
lated by N-VSCC/PKC/syntaxin, but was not affected by P-VSCC/PKA/synaptobrevin. These results
suggest that the hippocampal 5-HT release is composed of multiple formations which are regulated by
both functional complexes, N-VSCC/PKC/syntaxin and P-VSCC/PKA/synaptobrevin.

(Ann. Rep. Welfide Medicinal Res. Found. 2001, 33 : 28 ~ 37)



