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1. In vivo microdialysis system

R 250-300 g DHEME Wistar £7 v b DBREEIC
(A=0.2, L=3.4, V=3.0 mm frombregma), ¥
TFNT—FIVEKEET T I-type BFAT 70—~ (0.22
mm diameter, 3.0 mm expose membrane,
EICOM) ##A L7, Fo—~3EA 24-36 hr 212,
1pL/min O THEFTBET = HK L, Mt
dopamine & t* DOPA # [E X L 7z, Na* (145.0
mM), K* (2.7mM), Ca?* (1.2 mM), Mg?
(1.0mM) 2&F L, #HBEEGK 2.0mM) kU
Tris #BE® (1.1mM) kb pH7 4 wHTHEL-E
EV 7L (MRS) 2&ETEE LTHWRIOY,
FEATHE I 20 min I CEN L, ECD-HPLC sys-
tem % A CHIRES dopamine, DOPA #E » #lE
L/T:g)lﬂ.

#5 % 1% dopamine & U DOPA & Bt %l #4042 3,
Ca** (3.4 mM ! CMRS) R U'K"'" (50mM :
KMRS) &EEIEY 7 V#% 20 min IR LRS-

L7z, %7, dopamine &R 3 Ca*t RUK?
DR EREST 578, aromatic amino acid decar-
boxylase (AADC) BH % 3 NSD1015 (1 or 10
uM) EHELEY 7V # (1 NMRS, 10 NMRS),
Z LT Ca?t #ErELWNEMY: Ca?t antagonist TH 5
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Mg?** %40 mM &H L7z (FCMRS) 2fER L7,

2, ECD-HPLC system

HPLC system (2%, &7 EP-100 (EICOM)
% v/, B3 graphite carbon & EC-100
(EICOM) #®Fbv, BHEEITH600mV FE L%,
S3Ht A 7 Ld prospher RP-18 (70 mm X4 mm, ¥i
FES5um, Cica-Merck) ®# W, &7 LABER
BCIRELT, BEIHIE3I% X5 /-, 130
mg/L sodium octansulfonate, 0.1 mM EDTA-
2Na 2&A720.2M citrate/0.02M sodium ace-
tate S (pH 2.5) ZAWw/12,

3. Chemical agents

N-type Ca*' channel blocker ! w-conotoxin
GVIA (GVIA), P-type Ca*' channel blocker :
w-agatoxin IVA (IVA), Q-type Ca?' channel
blocker : @ - conotoxin MVIIC (MVIIC) %,
MRS, CMRS, KMRS iz, #i£4 10 pM-10 uM
15 A i A DA

4, Study Design

4 BOREMOFE 2 EEREETE >/ D% CV
fEE LT, CV<5% %A%, &Ff Ca* channel
antagonist FHEEY VF LVIKER, Ho0WITEE
FB R FEIT L7,

EER D) #5488 4 dopamine & fF DOPA #
EEBEIZN T 5 Ca?' channel blocker D&HE,
MRS #EH # Bt L, dopamine & U DOPA DOHIE
D CV <5 % *REREE, GVIA (10 pM-10 M),
IVA (10 pM -10 M), MVIIC (10 pM-10 M)
&8 MRS % 120 min FHEFR L 72,

FBR2) Ca* R 77 ¥ # & & dopamine f U
DOPA #5139 % Ca?t channel blocker DR,

GVIA (10 pM - 10 xM), IVA (10 pM - 10
#M), MVIIC (10 pM-10 gkM) &H MRS ¥EH %
BifA L, dopamine, DOPA ®#llE i CV <5 % ke
1%, [FME O Ca?t channel blocker &4 L 7z
CMRS % 20minfH # W L, & CH B E O Ca*
channel blocker &% MRS %2 #E#i L7z,

HER 3) K+ KFF MR % 1& dopamine & UF DOPA
Wizt 4 % Ca?* channel blocker MFHR,

GVIA (10 pM-10 M), IVA (10 pM - 10
M), MVIIC (10pM-10 uM) &F MRS#EWR *»
BH#4 L, dopamine, DOPA @ #I%E & CV <5 % H
1%, R @ Ca*t channel blocker &/ L 1



R STFE®R F29E 1998FE3H
118

W1 |FiglA} 29 [Fig.1B] 071 [FiglC)

n
L
Py

s
3

»n
L
n

Extracellutar dopamine levels (nM)

Extracellular dopamine levels (nM)
=

Extracellular dopamine levels (nif)

=
N

w-gonotoxm GVIA w-agatoxin VA w-conotoxin MVIIC
ESEISSTETTTTRIRRINNR
V3 A . 5 ) 2 = 5 = 2 i
-60 0 0 120 -60 o 60 120 -60 0 60 120
Time (min.) Time (min.) Time (min )

Fig. 1 Effects of Ca®* channel antagonists on striatal basal dopamine release.

The extracellular dopamine level was measured in striatal perfusate for 60 min during the pre-drug
period, and for 120 min during perfusion with modified Ringer’s solution containing 0 (@ :control}, 1
(O), 10 (W), 100 (1), 1000 (A) and 3000 (A) nM Ca?* channel antagonists. The effects of an N-type
Ca®* channel antagonist, w-conotoxin GVIA (A), a P-type Ca** channel antagonist, w-agatoxin IVA
(B) and a Q-type Ca®* channel antagonist, w-conotoxin MVIIC (C) on striatal basal dopamine release
were examined. The ordinate indicates the mean (n=6) of estimated extracellular dopamine level (nM)
and the abscissa indicates the time in minutes (min) . Standard deviations were excluded for the purpose
of simplicity of the figure.
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Fig.2 Effects of Ca®* channel antagonists on striatal basal DOPA release.

The extracellular DOPA level was measured in striatal perfusate for 60 min during the pre-drug period,
and for 120 min during perfusion with modified Ringer’s solution containing 0 (@ :control), 1 (O), 10
(W), 100 (), 1000 () and 3000 (A) nM Ca?* channel antagonists. The effects of an N-type Ca®*
channel antagonist, w-conotoxin GVIA (A), a P-type Ca®* channel antagonist, w-agatoxin IVA (B) and
a Q-type Ca?* channel antagonist, w-conotoxin MVIIC (C) on striatal basal DOPA release were
examined. The ordinate indicates the mean (n=6) of estimated extracellular DOPA level (nM) and the
abscissa indicates the time in minutes (min). Standard deviations were excluded for the purpose of
simplicity of the figure.
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Fig.3 Effects of Ca?* channel antagonists on striatal Ca?*- and K*-evoked dopamine release.

Extracellular dopamine level was measured in striatal perfusate for 60 min during perfusion with 0 (@ :
control), 1 (O), 10 (W), 100 ([7), 1000 (A) and 3000 (A) nM of Ca?* channel antagonists contained in
modified Ringer’s solution (control). The high Ca®* (3.4 mM : from 0 to 20 min) and high K* (50 mM :
from 180 to 200 min) containing modified Ringer’s solution was perfused for 20 min specified in figures.
The effects of an N-type Ca?* channel antagonist, w-conotoxin GVIA (A), a P-type Ca®* channel
antagonist, w-agatoxin IVA (B) and a Q-type Ca?** channel antagonist, @-conotoxin MVIIC (C) on
striatal Ca?*- and K*-evoked dopamine release were examined. The ordinate indicates the mean (n=
6) extracellular dopamine level (% control) and the abscissa indicates the time in minutes (min).
Standard deviations were excluded for the purpose of simplicity of the figure.
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2.2nM RIS 0., —F, BE&EMERES DOPA
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& ) 20 min [ ¥ 57 R B RE O AR & M R 4
dopamine 2 U DOPA BE 0N R T T h,
172.8+20.53 % K U*145.3+11.78% T - 7z,
KMRS (K*50mM &%) 20 min fE#E R R BE O
B&AMias dopamine, DOPA MEE O RIIRIL,
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B ESITRER F298 1998F38

120

700 - 71 E
[Fig4A] 00

600 - 600 -

500

- [

& 100 &£ 400 J
3 3

{ i

S 4 4 S

® 300 3 300

200 200

100 -8

[Fig.4B]

700

[Fig.4C]

600

500 -

&
=
£

% Control (%)

Time (min.)

Time (min.)

Fig.4 Effects of Ca®** channel antagonists on striatal Ca®*~ and K*-evoked DOPA release.

Extracellular DOPA level was measured in striatal perfusate for 60 min during perfusion with 0 (@:
control), 1 (O), 10 (M), 100 ([1), 1000 (A) and 3000 (A) nM of Ca?* channel antagonists contained in
modified Ringer’s solution {(control), and the high Ca** (3.4 mM : from 0 to 20 min) and high K* (50 mM:
from 180 to 200 min) containing modified Ringer’s was perfused for 20 min specified in figures. The effects
of an N-type Ca?* channel antagonist, w-conotoxin GVIA (A), a P-type Ca®" channel antagonist, w-
agatoxin IVA (B) and a Q-type Ca®" channel antagonist, w-conotoxin MVIIC (C) on striatal Ca®**- and
K*-evoked DOPA release were examined. The ordinate indicates the mean (n=6) extracellular DOPA
level (9% control) and the abscissa indicates the time in minutes (min). Standard deviations were
excluded for the purpose of simplicity of the figure.
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Fig.5 Inhibition of the basal levels of striatal dopamine and DOPA release by @-conotoxin GVIA, w-agatoxin

IVA and w-conotoxin MVIIC,

The ordinate indicates the basal levels of striatal dopamine (O :n=48) and DOPA (@ :n=48) release
(nM), which were determined between 100 and 120 min after addition of a Ca®** channel antagonist to
the perfusion medium, and the abscissa shows the logarithmic concentration of the antagonist. The
concentration-effect relationships of the Ca?* channel blockers on striatal basal dopamine and DOPA
release were analyzed by logistic concentration-response curves. w-Conotoxin GVIA (A) decreased the
basal levels of striatal dopamine as well as DOPA release, in a concentration-dependent manner (P<J0.
01) . The IC,, values for w-conotoxin GVIA inhibition of the basal levels of striatal dopamine and DOPA
release were 0.48 nM and 9.55 nM, respectively. Neither w-agatoxin IVA (B) nor w-conotoxin MVIIC
(C) affected the basal levels of striatal dopamine or DOPA release.
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Fig. 6 Inhibition of Ca?*-evoked striatal dopamine and DOPA release by w-conotoxin GVIA, w-agatoxin IVA

and w-conotoxin MVIIC.

The ordinate indicates the percentage of the control value (pre-Ca®" stimulation) of Ca**-evoked
striatal dopamine (O :n=48) and DOPA (@ :n=48) release, which were determined between 20 and 40
min after Ca**-evoked stimulation, and the abscissa shows the logarithmic concentration of the antago-
nist. The concentration-effect relationships of the Ca** channel blockers on striatal Ca**-evoked levels
of striatal dopamine and DOPA release were analyzed by logistic concentration-response curves. -
Conotoxin GVIA inhibited Ca**-evoked striatal dopamine and DOPA release, in a concentration-depen-
dent manner (P<0.01). The IC;, values for @-conotoxin GVIA (A) inhibition of Ca?*-evoked striatal
dopamine and DOPA release were 0.40 nM and 10.51 nM, respectively. Neither w-agatoxin IVA (B) nor
w-conotoxin MVIIC (C) affected Ca**-evoked striatal dopamine or DOPA release.
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Fig.7 Inhibition of K*-evoked striatal dopamine and DOPA release by w-conotoxin GVIA, w-agatoxin IVA

and w-conotoxin MVIIC.

The ordinate indicates the percentage of the control value (pre-K* stimulation) of K*-evoked striatal
dopamine (O:n=48) and DOPA (@ :n=48) release, which were determined between 20 and 40 min
after K*-evoked stimulation, and the abscissa shows the logarithmic concentration of the antagonist.
The concentration-effect relationships of the Ca?* channel blockers on striatal K*-evoked level of
striatal dopamine and DOPA release were analyzed by logistic concentration-response curves. @~
Conotoxin GVIA (A) did not affect K*-evoked striatal dopamine or DOPA release. w-Agatoxin IVA
(B) inhibited K*-evoked striatal dopamine as well as DOPA release, in a concentration-dependent
manner (P<0.01). The IC,, values for w-agatoxin IVA inhibition of K*-evoked striatal dopamine and
DOPA release were 2.65 nM and 0.15 nM, respectively. w-Conotoxin MVIIC (C) inhibited K*-evoked
striatal dopamine as well as DOPA release, in a concentration-dependent manner (P<0.01). The ICy
values for w-conotoxin MVIIC inhibition of K*-evoked striatal dopamine and DOPA release were 12.

54 nM and 3.05 nM, respectively.

L7z, #f4 DOPA #BE 13 1| NMRS EHEHIC L D
379.6+76.4nM 12, 10 NMRS ¥ §i BF 1 1.41+0,
14 uM it/ (Fig. 8A). L#L, NSDI015 #
MBI T, FCMRS e & b filast DOPA #
EORAIRE LT (Fig. 8B), [k CMRS ¥EFH
BT YIRS DOPA BE IR TE -7
(Fig. 8C). KMRS #EFiA X, NSD1015 0HE
b & TR DOPA M 3L 7225, Z 0
In& i, NSDI015 B E/KF M B L /2 (Fig
8D).
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Ca?*, K* B THEHIZEETLI L HIONTY
L037, SEORETE, Ca BE 1.2mM »5 3.
4mM~, FLTK"EBE2.7mM »5 50 mM ~D
HifAt B R C I TH S gy Lr ok,
PEOEBRER» S, 2l L bl Ca®, K*
P& ORI & 2405041 DOPA #E ORS L
RADOBEMCE5bDEEZ OGNS,

B %1k dopamine, DOPA D Z:RE, Ca?*, K*
T X, N-, P-, Q-type Ca®* channel
I & DHIFE S LT3, dopamine & DOPA Tk
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Fig.8 Effects of an increase in extracellular levels of Ca®* and K* on tyrosine hydroxylase activity i vivo.

(A) shows the effects of 1 (O) and 10(C}) xM NSDI1015 on striatal extracellular DOPA levels (DOPA
accumulation). The extracellular DOPA level was measured in striatal perfusate for 60 min before the
addition of NSD1015 (control) and for 180 min during perfusion with NSD1015. The ordinate indicates
the meanzts.e. (n=6) estimated extracellular DOPA level (zM) and the abscissa indicates the time in
minutes (min). The mean values obtained before and during perfusion with NSD1015 were compared by
repeated measurements one-way analysis of variance with a randomized blocked design and Dunnett’s
multiple comparison test (*:P<0.05;**:P<0.01). (B) shows the effects of Ca**~free modified Ringer’
s solution containing 40 mM Mg?* on striatal DOPA accumulation, in the presence of 0 (@), 1 (O) or
10(C)) M NSD1015. The ordinate indicates the meanzs.e. (n=6) of extracellular DOPA level (%
control) and the abscissa indicates the time in minutes (min). The mean values obtained before and
during perfusion with Ca**-free modified Ringer’s solution containing 40 mM Mg?* were compared by
repeated measurements one-way analysis of variance with randomized blocked design and Dunnett’s
multiple comparison test (*:P<0.05; **: P<0.01). The effects of Ca**~ (C) and K*-evoked (D) stimula-
tion on striatal DOPA accumulation, in the presence of 0 (@), 1 (O) or 10 ({}) M NSDI1015 were
examined (n=6). The mean values obtained before and after Ca** and K* stimulation were compared
by repeated measurements one-way analysis of variance with a randomized blocked design and Dunnett’
s multiple comparison test (*: P<0.05;**: P<0.01).
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ABSTRACT

Effects of Ca?* channel antagonists on striatal dopamine and DOPA releases, studied by in vivo
microdialysis.

Sunao Kaneko*, Motohiro Okada*, Yuko Kawata*, Takeshi Chiba*, Ichiro Ogiya®*,
Kazuhisa Mizuno*, Kazumaru Wada*, Kazuhiro Kiryu*, and Hiroichi Tasaki*

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

To elucidate the mechanisms regulating the release of striatal dopamine and its precursor, 3,4~
dihydroxyphenylalanine (DOPA), we determined the effects of various Ca?* channel antagonists, an
N-type Ca?* channel antagonist, w-conotoxin GVIA, a P-type Ca?* channel antagonist, w-agatoxin
IVA, and a Q-type Ca** channel antagonist, w-conotoxin MVIIC, on the basal and Ca**- and K*~
evoked release of striatal dopamine and DOPA, using i vivo microdialysis. @-Conotoxin GVIA
strongly inhibited striatal basal dopamine release (ICs,=0.48 nM), whereas this toxin only weakly
modulated basal striatal DOPA release (IC;,=9.55 nM) . Neither @-agatoxin IVA nor w-conotoxin
MVIIC affected the basal striatal release of dopamine and DOPA. w-Conotoxin GVIA strongly

DOPA release only was weakly modulated (IC5,=10.51 nM). Neither w-agatoxin IVA nor w-
conotoxin MVIIC affected the Ca?*-evoked release of striatal dopamine and DOPA. Both w-
agatoxin IVA and w-conotoxin MVIIC inhibited the K*-evoked release of striatal dopamine (IC;,
of w-agatoxin IVA=2.65 nM ;IC;, of @-conotoxin MVIIC=12.54 nM) and DOPA (IC;, of w-
agatoxin IVA=0.15 nM ; IC;, of @-conotoxin MVIIC=3.05 nM), whereas w-conotoxin GVIA had
no effect on the K*-evoked release of striatal dopamine and DOPA. An increase in the extracellular
Ca?* and K* concentrations (Ca**- and K*-evoked stimulation) did not affect tyrosine hydroxylase
activity in vivo. These findings suggest that striatal DOPA release is neurotransmitter-like and
that, unlike the mechanisms of striatal dopaminergic transmission, this striatal DOPA transmission
is at least partly regulated by voltage-sensitive Ca?* channels.

(Ann. Rep. Pharmacopsychiat. Res. Found. 1998, 29 :116~126)





