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v, BART RSB ERGHEER RO RRE 2T,
BLRT K FENY KERIGSH SR D A R EE# 1T - 72,

Microdialysis
1.5 % 0t > AR T CRIEE (A = +3.2
mm, L = +0.8 mm, V = —5.5 mm relative to

bregma)®!Z botulinum toxin (BoNT) % Af#L 7>
0.3 4L @ modified Ringer’s solution (MRS) %
MEFEAL om0z, EF7o—7
(0.22 mm diameter ; 3 mm exposed membrane ;
HED EREAL®, To— 7 A 18 B
#®IZ, W& 1 ul/min THEIEY 7 Vi (MRS)
[145 Na", 2.7 K-, 1.2 Ca?", 1.0 Mg?", 154.4 Cl-
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T pH 7.40 (2@ WA B L7, 10 4R
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@ DA, 5-HT IBE % fll5E L 222, GLU B E 2
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N-VSCC FH#E%E w-conotoxin GVIA (GVIA : X
7F NHE9ERT, KIR), P-VSCC FHE % w-agatoxin
IVA (IVA : X7 Ff%ERT), PKA BHE % H-89
(Calbiochem, San Diego, USA), PKC &%
phorbol 12-myristate 13-acetate (PMA : + 74 5
45 A2, KR), PKC [H#Z chelerythrine
(CHR: Calbiochem), adenylate cyclase fEB %
forskolin (7% 54 7 A7), SNAP-25 1 E¥ A-
type botulinum toxin (BoNT/A : Calbiochem),
synaptobrevin [ %3 BoNT/B (Calbiochem),
syntaxin %3 BoNT/C (Calbiochem) % H\»
7-.

ZHEH OS5 FEE, BoNT 1d5F& 10,000
ULTh ) BEMBEREENEL (K20, 7O
— 7 ARIIZ 0, 0.03, 0.3, 3 ng BONTs &4 L7
MRS 0.3 pL ##EF A L7z. MRS R 6 F
flf%, ¥V MRS MO DA, 5-HT, GLU BERlE %
B L, 60 70ED CVIES %UT 2 el L EH
L7z, Z@fbiEsR#%, control & LT DA, 5-HT,
GLU EBEERENE % 60 AT 72%1C, SHE
FEBH L7 MRS IS B4, BICHNEHEORE
fLHEREE, FMHOEH L EELZ50 mM K &F
MRS (HKMRS) #i# (K- fl#), ®vid 3.4 mM
Ca* &% MRS (HCMRS) #i# (Caz#l#) #
20 F3 I MAT L 72 10eozzes,

o 3

Z v MRIBHEEREE MRS M@ DA, 5-HT, GLU @
EA4EI20.91 £ 0.16 fmol/ ul, 0.35 = 0.04 fmol/
ul,0.24 = 0.06 pmol/ ul TH 7. FEPEEETIL,
Na F ¥ A VEHEH 1 u M tetrodotoxin (TTX) &
A MRS, Ca*-free MRS #ii2 X ) MRS /I DA,

not shown), K- HfIBITHEIZHEMLZ (Fig. 1.
REEBTHE L72 MRS @ DA, 5-HT &4 &34
RGBSR D DA, 5-HT 8 25/ L ¢
Wwze, —7%, GLU I TTX R U Ca? -free MRS
B LTHBEZHETH - 722% (data not
shown), K #lBCHEIIWML: (Fig. 1). &%
MR CEYHER OE 2L, Kawata et al. (2001)
DFFEHE- 72 (Fig. 1),
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Fig. 1 Criteria for the levels of basal, Ca? - and K'-evoked releases of dopamine, serotonin and glutamate in

pFC

A : At least 6 h after starting the perfusion with MRS, the levels of serotonin, dopamine and gluta-

mate in pre-frontal cortex (pFC) perfusate were measured. After confirming the stabilisation of ex-
tracellular levels of dopamine, serotonin and glutamate, the levels of them were measured for 120
min as control data (basal release). After determination of basal release, perfusion medium was
switched from MRS to HCMRS for 20 min (Ca?"-evoked stimulation). After confirming the stabilisa-
tion of extracellular levels, perfusion medium was switched from MRS to HKMRS for 20 min (K"-
evoked stimulation).

B : The value of Ca?*-evoked release (closed column) was defined as the level of basal extracellu-
lar level (basal release: opened columns) subtracted from the maximal extracellular level during
Ca? -evoked stimulation. The level of K -evoked release (stripped column) was also defined as the
level of basal extracellular level subtracted from the maximal extracellular level during K'-evoked

stimulation.

VSCCs, PKs, SNAREs [HE RO 8 B (244

TIHR

N & VSCC FHE# GVIA & P I VSCC lEH
IVA i3 DA - 5-HT 658 % i B ke 1 2 0
L7z (P < 0.01) (Fig. 2A and 2D), # LT GVIA
DWHREIZ IVA LY BN TH -7 (P <0.01)
(Fig. 2A and 2D). PKC %3 CHR & PKA K
£ H-89 & DA - 5-HT B0 % B &EH
HEIL (P < 0.01) (Fig. 2B and 2E), I DHFEIZ)
HiX CHR A Z 12 d -7 (P < 0.05) (Fig. 2B
and 2E). SNARE FHZ#!3 synaptobrevin [l £
BoNT/B L syntaxin £33 BoNT/C |3 KT

12 DA - 5-HT ZEA5 s 4 3% L 724 (P <0.0D
(Fig. 2C and 2F)., BoNT/A IR ICHIH L
72 (P < 0.05) (data not shown). BoNTs ®$I#HI%)
H13 BoNT/C > BoNT/B > BoNT/A ®NEIZ58)I T
& - 7z (Fig. 2C and 2F). GLU EBE#EEE &
VSCCs, PKs, SNAREs FIEE#(24f L CHEZET
& 7> (data not shown).

ERERICY 5 PKs (ERIEOMR

PKC 3% PMA & PRAGEH A HHMT 2
forskolin !X DA, 5-HT, GLU 8% %: 8 % 38 B AKAF
HizEmL 2 (P <0.01) (Fig. 3A-C). T
AEIE MA I L TIZ PMA BN TH - 7228
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Fig.2 Effects of inhibitors of VSCCs, PKs and BoNTs on basal releases of serotonin and dopamine

Fig. 3

The concentration-dependent effects of inhibitors of VSCCs, PKs and SNAREs on basal releases of
dopamine and serotonin are shown in Fig. 2A-2C and 2D-2F, respectively. The ordinates indicate the
mean * SD (N = 6) of extracellular levels of dopamine or serotonin (fmol/u{), and abscissas show
the concentration of inhibitors of VSCCs, PKs (4 M) or the dose of BoNTs (ng). In order to study
the effects of SNARESs inhibitors on basal monoamine release, the microinfusion of 0.3 u! MRS con-
taining with or without (control) BoNTs before insertion of microdialysis probe. In order to study
the effects of inhibitors of VSCCs and PKs on basal monoamine release, the perfusion medium was
switched from MRS to MRS containing GVIA, IVA, H-89 or CHR for 120 min. The effects of in-
hibitors of VSCCs, PKs and SNAREs on basal monoamine release were analyzed using two-way
ANOVA and Tukey’s multiple comparison test (*: P < 0.05; ** : P < 0.01).
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Effects of PKs activators on basal releases of dopamine, serotonin and glutamate

The concentration-dependent effects of PMA and forskolin (For) on basal releases of dopamine,
serotonin and glutamate are shown in Fig. 3A, 3B and 3C, respectively. The ordinates indicate the
mean = SD (N = 6) of extracellular levels of monoamine (fmol/x1) or glutamate (pmol/xI}, and
abscissas show the concentration of PMA or For ( 4#M). In order to study the effects of PMA or For
on basal releases of monoamine and glutamate, the perfusion medium was switched from MRS to
MRS containing PMA or For for 120 min. The effects of PMA and For on basal releases were ana-
lyzed using two-way ANOVA and Tukey’s multiple comparison test (*: P < 0.05; **: P < 0.01).
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Fig. 4 Effects of inhibitors of VSCCs, PKs and SNAREs on Ca* -evoked releases of dopamine and serotonin

Fig. 5

The concentration-dependent effects of inhibitors of VSCCs, PKs and SNAREs on Ca? -evoked re-
leases of dopamine and serotonin are shown in Fig. 4A-4C and 4D-4F, respectively. The ordinates in-
dicate the mean = SD (N = 6) of levels of Ca? -evoked releases of dopamine and serotonin (fmol/ 1),
and abscissas show the concentration of inhibitors of VSCCs, PKs (uM) or the dose of BoNTs (ng).
In order to study the effects of SNARESs inhibitors on Ca?* -evoked monoamine release, the microinfu-
sion of 0.3 x! MRS containing with or without (control) BoNTs before insertion of microdialysis
probe. In order to study the effects of inhibitors of VSCC and PK on Ca? -evoked monoamine release,
the perfusion medium was switched from MRS to MRS containing with or without GVIA, IVA, H-89
or CHR. After the confirmation the stabilization of basal release, the perfusion medium was switched
to HCMRS containing the same agents. The effects of inhibitors of VSCCs, PKs and SNAREs on
Ca? -evoked monoamine release were analyzed using two-way ANOVA and Tukey’s multiple compar-
ison test (*: P < 0.05;**:P < 0.01).
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Effects of PKs activators on Ca* -evoked releases of dopamine, serotonin and glutamate

The effects of PMA and forskolin (For) on Ca? -evoked releases of dopamine, serotonin and gluta-
mate are shown in Fig. 5A, 5B and 5C, respectively. The ordinates indicate the mean = SD (N = 6)
of levels of Ca*-evoked releases of monoamine (fmol/ ul) or glutamate (pmol/u!), and abscissas
show the concentration of PMA or For (zM). In order to study the effects of PMA and For on Ca* -
evoked monoamine release, the perfusion medium was switched from MRS containing with or with-
out PMA or For. After the confirmation the stabilization of basal release, the perfusion medium was
switched to HCMRS containing the same agents for 20 min. The effects of PMA and For on Ca* -

evoked releases were analyzed using two-way ANOVA and Tukey’s multiple comparison test (* :
P <0.05;*:P<0.01).
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Fig. 6 Effects of inhibitors of VSCCs, PKs, SNAREs and PKs activators on K -evoked dopamine release
The concentration-dependent effects of inhibitors of VSCCs, PKs, SNAREs and PKs activators on

the K -evoked dopamine release are shown in Fig. 6A, 6B, 6C and 6D, respectively. The ordinates in-
dicate the mean = SD (N = 6) of K -evoked dopamine release (fmol/u/), and abscissas show the
concentration of VSCC inhibitors, PK inhibitors and activators ( #M) or the dose of BoNTs (ng). In
order to study the effects of BoNTs on K -evoked dopamine release, the microinfusion of 0.3 ng
BoNT/B or BoNT/C. In order to study the effects of SNARESs inhibitors on K -evoked dopamine re-
lease, the microinfusion of 0.3 u{ MRS containing with or without (control) BoNTs before insertion
of microdialysis probe. In order to study the effects of inhibitors of VSCCs, PKs and PKs activators
on K'-evoked dopamine release, the perfusion medium was switched from MRS to MRS containing
with or without GVIA, IVA, H-89, CHR, PMA or forskolin (For). After the confirmation the stabi-
lization of basal release, the perfusion medium was switched to HKMRS containing the same agents
for 20 min. The effects of inhibitors of VSCCs, PKs, SNAREs and PKs activators on K -evoked
dopamine release were analyzed using two-way ANOVA and Tukey’s multiple comparison test (* :
P <0.05;*:P<0.01).

(P < 0.01) (Fig. 3A and 3B), #!2 GLU TiZ
forskolin DHEEHRMBEM TH o 72 (P < 0.01)
(Fig. 3C).

VSCCs, PKs, SNAREs FAZEZE® Ca §l#iii

BICxT SR

Car 8% 1.2 55 3.4 mM ~HhN L 7234
% 20 HEAAE (Car I3 12X -T, DA, 5-
HT g iEEmL 724 (P <o0.01) (Fig. 1), GLU
WEOBIMIBRTE Lh -7z (Fig. 1). GVIA
13 Caz-# Btk DA, 5-HT i 8 % i85 K720 130
L7 (P < 0.01) (Fig. 4A and 4D), L#*L, IVA
IR A Ao 72 (Fig. 4A and 4D). CHR it

Ca? B s A R B ARAE R ICHIH L 72 (P <
0.01) (Fig. 4B and 4E), H-89 38R % h o7
(Fig. 4B and 4E). BoNT/C it Ca?"-#¥M¥: DA, 5-
HT 8 % 2 BRI 123 L 7248 (P < 0.01)
(Fig. 4C and 4F), BoNT/A KU BoNT/B (1% %
Aotz (Fig. 4C and 4F),

PKs {FHIED Cax RIBMRERICXHT 520R

PMA 1 Ca RI#M: DA, 5-HT 8 & iR E KT
P2 L 722% (P < 0.01) (Fig. 5A and 5B),
forskolin X #1 A% 2> - 7= (Fig. 5A and 5B).
Ca>-Rl# Tz GLU ##DEITED - 228
(Fig. 1 and 5C), L #*L forskolin & PMA ORI
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Fig.7 Effects of inhibitors of VSCCs, PKs, SNAREs and PKs activators on K -evoked serotonin release

The concentration-dependent effects of inhibitors of VSCCs, PKs, SNAREs and PKs activators on
the K- -evoked serotonin release are shown in Fig. 7A, 7B, 7C and 7D, respectively. The ordinates in-
dicate the mean = SD (N = 6) of K -evoked serotonin release (fmol/ul), and abscissas show the
concentration of VSCC inhibitors, PK inhibitors and activators ( uM) or the dose of BoNTs (ng) .
In order to study the effects of BoNTs on K -evoked serotonin release, the microinfusion of 0.3 ng
BoNT/B or BoNT/C. In order to study the effects of SNAREs inhibitors on K -evoked serotonin re-
lease, the microinfusion of 0.3 xI MRS containing with or without (control) BoNTs before insertion
of microdialysis probe. In order to study the effects of inhibitors of VSCCs, PKs and PKs activators
on K'-evoked serotonin release, the perfusion medium was switched from MRS to MRS containing
with or without GVIA, IVA, H-89, CHR, PMA or forskolin (For). After the confirmation the stabi-
lization of basal release, the perfusion medium was switched to HKMRS containing the same agents
for 20 min. The effects of inhibitors of VSCCs, PKs, SNAREs and PKs activators on K" -evoked sero-
tonin release were analyzed using two-way ANOVA and Tukey’s multiple comparison test (* : P <
0.05;*: P < 0.01).

B IR R AT LS Caz RIBME GLU g% AR L
72 (P < 0.05) (Fig. 5C). T OMBHME
forskolin 8/ TdH - 7= (P < 0.05) (Fig. 5C).

VSCCs, PKs, SNAREs [HEZ0 K+Hil#t4 st

(37 3%

GVIA - IVA X K #l#f% DA, 5-HT, GLU ##
FRERTHCHHEIL (P <0.05) (Fig. 6A, 7A
and 8A), ZOHHMRILIIVAEBNTH - =
(P < 0.05) (Fig. 6A, 7A and 8A). CHR - H-89
X K- fil 8 DA, 5-HT, GLU i % @Rk
#WHEL (P < 0.05) (Fig. 6B, 7B and 8B}, Nl
HihRIE H-89 B TH -7 (P<0.05) (Fig.

6B, 7B and 8B). BoNT/B - BoNT/C i3 K" #l#
% DA, 5-HT, GLU #8 % B E KT ICHH L
(P < 0.05) (Fig. 6C, 7C and 8C), BoNT/A % #f
Bl LA BERKRTETH - 72, HHlzRE
BoNT/B #* BoNT/A - BoNT/C £ ) 4B Th -
7= (P < 0.01) (Fig. 6C, 7C and 8C).

PKs fEEIFED K-l R ICHT 2008

PMA - forskolin i3 K- #l# 1t DA, 5-HT, GLU
WA R BRI L 7298 (P < 0.05) (Fig.
6D, 7D and 8D)., I ®HILEXFE T forskolin 1Y
ToH-72 (P <0.05) (Fig. 6D, 7D and 8D).
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Fig. 8 Effects of inhibitors of VSCCs, PKs, SNAREs and PKs activators on K'-evoked glutamate release
The concentration-dependent effects of inhibitors of VSCCs, PKs, SNAREs and PKs activators on

the K'-evoked glutamate release are shown in Fig. 8A, 8B, 8C and 8D, respectively. The ordinates in-
dicate the mean = SD (N = 6) of K -evoked glutamate release (pmol/u!)}, and abscissas show the
concentration of VSCC inhibitors, PK inhibitors and activators ( #4M) or the dose of BoNTs (ng). In
order to study the effects of BoNTs on K -evoked glutamate release, the microinfusion of 0.3 ng
BoNT/B or BoNT/C. In order to study the effects of SNARESs inhibitors on K*-evoked glutamate re-
lease, the microinfusion of 0.3 4! MRS containing with or without (control} BeNTs before insertion
of microdialysis probe. In order to study the effects of inhibitors of VSCCs, PKs and PKs activators
on K -evoked glutamate release, the perfusion medium was switched from MRS to MRS containing
with or without GVIA, IVA, H-89, CHR, PMA or forskolin (For). After the confirmation the stabi-
lization of basal release, the perfusion medium was switched to HKMRS containing the same agents.
The effects of inhibitors of VSCCs, PKs, SNAREs and PKs activators on K- -evoked glutamate release
were analyzed using two-way ANOVA and Tukey’s multiple comparison test (*:P < 0.05; ** : P <

0.01).

VSCCs + SNAREs FHEZED PKs {FEIEFEH

MEEEERSEREINR (I T DR

10 M PMA 5% DA, 5-HT S48 s 5L 1
uM GVIA & 0.3 ng BoNT/C 12 & » THIf X h 7>
25 (P<0.01), 1 uM IVA & 0.3 ng BoNT/B i
RV d o7 (Fig. 9A and 9B). — K4, 10 M
forskolin %% DA, 5-HT A FEMERIZ, 1 M
IVA ¥ 0.3 ng BoNT/BiZX » TH#l & (P <
0.01), 1 #M GVIA - 0.3 ng BoNT/C 3% 4%
o7z (Fig. 9D and 9E)}. 1 yM IVA K T* 0.3 ng
BoNT/B i1 10 uM PMA - forskolin #% GLU
HEREZBIHIL /- (P < 0.01) (Fig. 9C and 9F). 1

uM GVIA % 7¥ 0.3 ng BoNT/C i% 10 uM PMA %
B GLU ## % 5%l L 724 (P < 0.05), 10 uM
forskolin #F#E M GLU E#IZI MRz Lo 72
(Fig. 9C and 9F).

VSCCs + SNAREs FAEED PKs fERIEFER

# Cax*RIBMEERIER I T 2R

10 uM PMA 7R Ca> #l#IE DA, 5-HT #E#
121 4M GVIA - 0.3 ng BoNT/C {2 & » THIH *
=A% (P <0.01), 1 uMIVA & 0.3 ng BoNT/B
W3R EA e A - 72 (Fig. 10A and 10B). 10 yM
PMA #5#M% Ca2- R B GLU ##iX 1 uM
IVA - GVIA F.7¥ 0.3 ng BoNT/B * BoNT/C %)



HRERMATER $34% 200243 A
12
0'6TC
3 2 E
E g g 04
& & E-
3 < =
3 3 5021
@ = @
£ £ 2
g g £
g e £ 004
B gagfes ® gzeom s QSige
$eFEE $EREE g2~ EE
= g 2 g 2R 4 2 &
207 D 101 E 0.6 F
= =081 =
=z 3 2.0 '
< 1014 S 1]
£ 21 = £ 0.2
2 9| 3 z"
Il i
= = &
=
g‘ < <0 % §O'055<o=
=3 Q \EO — > =
8 EF3EEE @ S FzFif
-] =2 &

Fig. 9 Effects of inhibitors of VSCCs and SNAREs on PKs activators-induced elevation of basal releases of

dopamine, serotonin and glutamate

The effects of inhibitors of VSCCs and SNAREs on the 10 4M PMA or 10 uM forskolin (For) in-

duced elevation of basal releases of dopamine, serotonin and glutamate are shown in Fig. 9A-9C and
Fig. 9D-9F, respectively. The ordinates indicate the mean = SD (N = 6) of extracellular levels of
monoamine (fmol/ul) or glutamate (pmol/ul). In order to study the effects of inhibitors of VSCCs
and SNAREs on PKs activators-induced elevation of monoamine and glutamate releases, after the
microinfusion of 0.3 ! MRS dissolved with or without (C) 0.3 ng BoNTs, the perfusion medium
was switched from MRS containing without (C) or with 1 uM GVIA or 1 uM IVA (opened columns)
to the same MRS containing PMA (closed columns) or For (stripped columns) for 120 min. The ef-
fects of inhibitors of VSCCs and SNAREs on PK activators-induced elevation of basal releases of
monoamine and glutamate were compared using one-way ANOVA and Tukey’s multiple comparison

test (*:P < 0.05;* :P<0.01).

W L7245 (P<0.05), ZOMFHEITL M IVA
B U BoNT/B {7 TdHh - 7z (P < 0.05) (Fig. 10C).
10 uM forskolin 2 Ca?" FIBE DA, 5-HT # i
FhEAED 72 (Fig. 5A, 5B). 10 uM forskolin
FHRME Car FIBE GLU H#EIL 1 oM VA X1V 0.3
ng BoNT/B 12 & 0 #1280l s h (P < 0.01),
0.3 ng BoNT/C I X W B Tidd 5 29F E W
ah7zdt (P<0.05), 1 uM GVIA 3% R HEHD
~7: (Fig. 10D).

VSCCs - SNAREs fREX D PKs {FEIEF R

# KRS RN I T 2R

10 M PMA #F 7% K -# 3 DA, 5-HT ik
WX 1 xM GVIA & 0.3 ng BoNT/C 12 X 1) ¥l X

n7zHt (P<0.01), 1 yuMIVA & 0.3 ng BoNT/B
WXFRAEA - 72 (Fig. 11A and 11B). 10 uM
forskolin #EM K Mt DA, 5-HT ##mMIE 1
uM IVA & 0.3 ng BoNT/B {2 & - THIF| X L7248
(P < 0.01), 1 uM GVIA & 0.3 ng BoNT/C i35
BAMED - 72 (Fig. 11D and 11E). The 10 uM
PMA F7%M% K- #l ¥4 GLU E8H®iE 1 M
GVIA - IVA K77 0.3 ng BoNT/B - BoNT/C {2 &
HEEl S 7228 (P < 0.05) (Fig. 11C), 10 uM
forskolin 7MW K--BI#E GLU HEEHE®HIT 1 «M
IVA %07 0.3 ng BoNT/B i & W HEIZHIH S h
(P <0.01), 1 uM GVIA - 0.3 ng BoNT/C 1%}
BAED -7 (Fig. 11F).
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Fig. 10 Effects of inhibitors of VSCCs and SNAREs on PKs activators-induced elevation of Ca? -evoked re-

leases of dopamine, serotonin and glutamate

The effects of inhibitors of VSCCs and SNAREs on the 10 #M PMA induced elevation of Ca? -

evoked releases of dopamine and serotonin are shown in Fig. 10A and 10B, respectively. The effects
of inhibitors of VSCCs and SNARESs on the 10 uM PMA or 10 uM forskolin (For) induced elevation
of Ca? -evoked glutamate releases are shown in Fig. 10C and 10D, respectively. The ordinates indi-
cate the mean * SD (N = 6) of levels of Ca?-evoked releases of monoamine {(fmol/u!l) or gluta-
mate (pmol/ul). After the microinfusion of 0.3 u! MRS dissolved with or without (C) 0.3 ng
BoNTs, the perfusion medium was switched from MRS to MRS containing without (C} or with 1 u
M GVIA or IVA. After the confirming the stabilization, the perfusion medium was added 10 uM
PMA or For (opened columns). After the confirming the stabilization of levels of monoamine and
glutamate, the perfusion medium was switched to HCMRS containing 10 uM PMA (closed columns)
or For (stripped column) for 20 min. The effects of inhibitors of VSCCs and SNAREs on PKs activa-
tors-induced elevation of Ca* -evoked releases of monoamine and glutamate were compared using

one-way ANOVA and Tukey’s multiple comparison test (* : P < 0.05; **: P < 0.01).

VSCCs BHEZ & BoNTs OEBER - Cax'fl

B - KrREEeEsE C 9 2 8EEA

0.3 ng BoNT/C RiILEHIE T CiX, 1 uM GVIA
X6 - Car Bt - K-HI#UHE DA, 5-HT #egic
o LCRIES D - (Fig. 124, B, O, L#L,
FBRETC, 1 uM IVA Z&68 - K HIEME DA, 5-
HT 38 % #Hl L 72 (P < 0.05) (data not shown).
0.3 ng BoNT/B fLBRET Tit. 1 uM IVA L
8 - Car JlllME - K #I¥E DA, 5-HT #8124
L T&hRHIEN - 7257 (Fig. 12A, B, C), 1 uM
GVIA (358 - Ca2 JlBE - K- #EM DA, 5-HT

B & HIH L 7z (P < 0.05) (data not shown).

0.3 ng BoNT/C R EERET TiX, 1 uM GVIA
i KRSt GLU ##E % #sl L 722% (P < 0.05).
0.3 ng BoNT/B RILEBHRE T TIE, 1 M IVA I
K- I#HE GLU B8 L CRiRAED 722 (Fig.
12C), F7:- BoNT/B & GVIA. # L T BoNT/C &
IVA @ K #IEPE GLU #8123 2 S 25 5% 1348
I Ta -7 (data not shown).
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Fig. 11 Effects of inhibitors of VSCCs and SNAREs on PKs activators-induced elevation of K -evoked releas-

es of dopamine, serotonin and glutamate

The effects of inhibitors of VSCCs and SNAREs on the 10 uM PMA or 10 uM forskolin (For) in-
duced elevation of K'-evoked releases of dopamine, serotonin and glutamate are shown in Fig. 11A-
11C and 11D-11F, respectively. The ordinates indicate the mean £ SD (N = 6) of levels of K-
evoked releases of monoamine (fmol/u/) or glutamate (pmol/y!). After the microinfusion of 0.3 u/
MRS dissolved with or without (C) 0.3 ng BoNTs, the perfusion medium was switched from MRS to
MRS containing without (C) or with 1 M GVIA or IVA. After the confirming the stabilization, the
perfusion medium was added 10 M PMA or For (opened columns). After the confirming the stabi-
lization of levels of monoamine and glutamate, the perfusion medium was switched to HKMRS con-
taining 10 uM PMA (closed columns) or For (stripped column) for 20 min. The effects of inhibitors
of VSCCs and SNARESs on PK activators-induced elevation of K--evoked releases of monoamine and
glutamate were compared using one-way ANOVA and Tukey’s multiple comparison test (* : P <
0.05;**: P < 0.01).

HEZHH SNz, Car HlEE DA, 5-HT #k i

= = GVIA : CHR - BoNT/C iZ & » THIf| X2 17295,
MA O3 IVA - H-89 - BoNT/B 3% A E D 572, iR

RUSHRE DA, 5-HT £ #x TTX - Ca - K-
BEMrRL, ARGESLERML-EETHY,
L72rdh 2468 - Ca2 WIBME - K #I3E DA, 5-HT i#
IR LEB I TS T RN
AURME XN B, 4 DA, 5-HT ##EE N & VSCC
FAE# GVIA - PKC Fi%% CHR - syntaxin [
EE BoNT/CIZX > THEIZHAB X, PR
VSCC [HE# IVA - PKA [HE3 H-89 - synap-
tobrevin A E3E BoNT/B 2 & » THIETIEZH 528

Bz, K-#l#E DA, 5-HT #% %k, IVA - H-
89 - BoNT/B Il k- THEIZHIHM = h, GVIA -
CHR - BoNT/C {2 & » TS5 Tidd 2%k S h
2. TRHOERNS, HITHE DA, 5-HT #aL
W 5-HT LHBL L7z, EBERU Caz #l#M DA,
5-HT ## % FI12#l#3 % N # VSCC/PKC/syn-
taxin &k L, BLoEYE DA, 5-HT 8% ¥ 3
% P #1 VSCC/PKA/synaptobrevin & g =2
& o TR AHIE S T % T gEEARIE &
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Fig. 12 Interaction between inhibitors of VSCCs and SNARESs on basal, Ca?> - and K -evoked releases of
dopamine, serotonin and glutamate
The interaction between inhibitors of VSCCs and SNAREs on the basal, Ca?"- and K -evoked re-
leases of dopamine (opened columns), serotonin (stripped columns) and glutamate (dotted
columns) are shown in Fig. 12A, 12B and 12C, respectively. The left side ordinates indicate the
mean * SD (N = 6) of levels of monoamine releases (fmol/u!l), and right side ordinate indicates
the levels of glutamate release (pmol/ul). After the microinfusion with or without (control) 0.3 ng
BoNTs, the perfusion medium was switched from MRS containing without (control) or with 1 uM
GVIA or IVA. After the confirmation of stabilization of basal release, the perfusion medium was
switched 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 agents were com-
pared using one-way ANOVA and Tukey’s multiple comparison test (* : P < 0.05; **: P < 0.01).
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ABSTRACT

Pharmacological differences in exocytosis mechanisms between dopamine, serotonin and
glutamate in rat prefrontal cortex

Motohiro Okada*, Gang Zhu*, Takuya Murakami*, Akihisa Kamata*, Yuko Kawata, Sunao Kaneko*
* Department of Neuropsychiatry, Hirosaki University, Hirosaki 036-8562, Japan.

In order to explore the mechanisms of exocytosis of glutamate and monoamine, this study deter-
mined the functional interactions among voltage-sensitive Ca?~ channels (VSCCs), protein kinases
(PKs) and synaptic proteins (SNAREs) on releases of glutamate, dopamine and serotonin in pre-
frontal cortex (pFC), using in vivo microdialysis in freely moving rats. Basal monoamine release was
regulated by two functional complexes, the N-type VSCC (N-VSCC)/PKC/syntaxin (major pathway)
and the P-type VSCC (P-VSCC) /PKA/synaptobrevin (minor pathway). Ca? -evoked monoamine re-
lease was regulated by N-VSCC/PKC/syntaxin but was unaffected by P-VSCC/PKA/synaptobrevin.
Basal glutamate release was unaffected by both either functional complexes, and Ca? -evoked stimula-
tion unaffected glutamate release. Activators of PKA and PKC increased basal and produced Ca? -
evoked glutamate releases, but surprisingly these stimulatory actions were reduced by inhibitors of P-
VSCC and synaptobrevin predominantly, and inhibitors of N-VSCC and syntaxin weakly. K*-evoked
neurotransmitter release was regulated by P-VSCC/PKA/synaptobrevin (major pathway) and N-
VSCC/PKC/syntaxin (minor pathway). These results indicate two possibilities regarding exocytosis of
glutamate and monoamine in pFC, ie. the first is that the neurotransmitter release is composed of mul-
tiple formations each induced by a specific trigger. The other is that two functional complexes, N-
VSCC/PKC/syntaxin and P-VSCC/PKA/synaptobrevin, regulate both the releases of glutamate and
monoamine mainly, but the sensitivity of each neurotransmitter to these complexes is different.
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