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1. In vivo microdialysis

K& 250 ~ 300 g DHEME Wistar 277 b (Clea
Co., Japan) D# 5K (A=02mm, L =34 mm,
V =— 3.0 mm relative to the bregma), #5%
(A= —58mm,L =48 mm,V=— 4.0 mm rel-
ative to the bregma) |Z microdialysis probe
(0.22 mm diameter, 3.0 mm expose membrane,
Eicom, Japan) * = — 7 VERERF CHEA L 7z o,
70— A 24 BRI, BIEY) SV &aE
Friee LT 1 pl/min OFETHERLFG L2, 5
ED > ILEOMEIE Na- (145 mM) , K- (2.7
mM), Ca?* (1.2 mM), Mg?* (1.0 mM) IZ Tris
(1.0 mM) RO CE&EEHHR (1.1 mM) 2fwT
pH 74 ITHREEL7-. % 20 2EMETRXL,
high performance liquid chromatography with
electrochemical detector (ECD-HPLC) 1Zi¥ AL
K14+ DA, DOPA, serotonin (5-HT), acetyl-
choline (ACh) Bzl L 7.

2. ECD-HPLC system

W&k Hfast DA, DOPA iRE#HIE 121X, HPLC
H &> 7 EP-10 (Eicom), graphite carbon &
EC-100 (Eicom) %\, B&E/L% + 600 mV |
FRE L7z, 544 7 41d prospher RP-18 (70 mm
X 4 mm, particle size 5 x m, Cica-Merck) % i}
W, 7 AEEIZ25 TlZ, #id 1.0 ml/min {2
BEL. BEBIZIZ3 % (volvol) 2%/ —),
0.1 mM EDTA-2Na, 125 mg/l #7 % > AN 7 %
CEF MUY LEEAZOLIM MY 20 OFEEYE
B N U AW (pH 2.5) & vz e,

iEEAIEs DA, 5-HT i#EE#lE 1213, HPLC A
AR > 7 EP-300 (Eicom), graphite carbon &
EC-100 (Eicom) %A\, #EE% + 450 mV |2
MELS. 9Wh 7 L3EEALFE> S 22T
7= mightysil RP-18 (particle size 5 x m) %* #i&
L 72 (Masis Inc., Japan, Hirosaki) 7% 5 4
(100 mm X 1.5mm) &M\, #7AEEIZ25T
12, Wil 0.2 mimin 12X E L. BEIEICIZ 20
% (vol/vol) 2% /—), 0.1 mM EDTA-2Na,
900 mgN 7% ANT7+ BEF P T LAREA
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720.1 M #EET M) v AkEE (pH 5.9) 2 Hw
AU

WK, BEMRES ACh IREHIEIZIE, HPLC
4> 7 EP-10 (Eicom), H& & EC-100
(Eicom) %M\, BEE% + 450 mV IZRREL 7=,
4171 7 413 Eicompak AC-GEL (150 mm X 4.6
mm, Eicom) %M\, 47 LEEE 35 CTlZ, &
13 0.8 ml/min |(ZFRE L7-. BHEBIZ(I tetrametyl
ammonium chloride 40mg/l, 150 mg/l 77 > AV
TAVEF )T LEEAZOLIM Y Y EBER
(pH 7.8) =HW/-™,

3. Maximum electroconvulsive shock sei-

zure test

RE 25 ~ 30 g DM ICR 277 A (Clea Co.,
Japan) 2 ear-clip 5% 1\ T, 30 mA (0.1 %)
DEXH B maximum electroconvulsive shock
seizure (MES) test %47\, tonic #iE & UF clonic
HEOFRREE 2 HllE L7z,

] £

1. A SEGEVERE

L-DOPA (50, 100, 200 mg/kg, ip) %513, #
%1k - 85 @ DA, L-DOPA, ACh R Ui 5-HT
DR E  HERKEEICEmL 7 (Fig. 1~
3). Aromatic amino acid decarboxylase (AADC)
ZE#, NSD-1015 (50, 100mg/kg, ip) 3# 5
% - % ACh, #E 5-HT Hilgs g IZIIRED
Lol MEK - BE DAMRBMNEEEE
TldHoHEML, Migst DOPA B % Bl
mL7 (Fig. 1~ 3). NSD-1015 (200 mg/kg, ip)
I - #5E DA, ACh, 5 5-HT Mgyt g
¥l 7- (Fig. 2, 3). NSD-1015 (100 mg/kg,
ip) 12X % AADC #f|3REF Tid, L-DOPA i
50 mg/kg (ip) TiZMASL DA REE % 880 L 7225,
100, 200 mg/kg (ip) TILMIZHA 472 (Fig. 2).
37, WA, BE ACh, BE 5-HT Mtz
ITHERFEEICEAD L (Fig. 3).

CBZ (25 mg/kg, ip) i3 L-DOPA Biji# 5|2 &
%4, DA, 5-HT, ACh HEKAFSBmMEIH L,
NSD-1015 > DA ;2R mfEH % sl L 7= (Fig. 4,
5). AADC #iffl3$E F Tid, CBZ iz L-DOPA (50
mg/kg, ip) DKL DA EEEHEIER % MH L,
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Fig. 1 Dose-dependent effects of L-DOPA and NSD-1015 on striatal and hippocampal extracellular DOPA
levels.

Maximal changes in striatal (A) and hippocampal (B) extracellular DOPA levels after administra-
tion of L-DOPA (closed circles : 50, 100 and 200 mg/kg, ip), NSD-1015 (opened circles : 50, 100 and
200 mg/kg, ip) or co-administration (closed squares) of NSD-1015 (100 mg/kg, ip) plus L-DOPA
(50, 100 or 200 mg/kg,ip) from O to 120 min were compared with the corresponding control values.
The ordinate indicates extracellular DOPA level. The data are expressed as percentage (mean +
S.E.M : N = 6) of control which are the mean values of the extracellular DOPA levels for 60 min
(pre-drug period). The mean values obtained before and after administration of L-DOPA or NSD-
1015 were compared using one-way ANOVA with Tukey’s multiple comparison test (*:P < 0.05, **:
P <0.01).
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Fig.2 Dose-dependent effects of L-DOPA and NSD-1015 on striatal and hippocampal extracellular DA levels.
Maximal changes in striatal (A) and hippocampal (B) extracellular DA levels after administra-
tion of L-DOPA (closed circles: 50, 100 and 200 mg/kg, ip), NSD-1015 (opened circles: 50, 100 and
200 mg/kg, ip) or co-administration (closed squares) of NSD-1015 (100 mg/kg, ip) plus L-DOPA
(50, 100 or 200 mg/kg,ip) from 0 to 120 min were compared with the corresponding control values.
The ordinate indicates the extracellular DA level. The data are expressed as percentage (mean *+
S.E.M : N = 6) of control which are the mean values of the extracellular DA levels for 60 min (pre-
drug period). The mean values obtained before and after administration of L-DOPA or NSD-1015
were compared using one-way ANOVA with Tukey’s multiple comparison test (* : P < 0.05, ** : P <
0.01).
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Dose-dependent effects of L-DOPA and NSD-1015 on striatal and hippocampal extracellular 5-HT and
ACh levels.

Maximal changes in extracellular levels of striatal (A), hippocampal (B) ACh and hippocampal 5-
HT (C) after administration of L-DOPA (closed circles : 50, 100 and 200 mg/kg, ip), NSD-1015
(opened circles : 50, 100 and 200 mg/kg, ip) or co-administration (closed squares) of NSD-1015
(100 mg/kg, ip) plus L-DOPA (50, 100 or 200 mg/kg, ip) from 0 to 120 min were compared with the
corresponding control values. The ordinate indicates the extracellular levels of ACh and 5-HT. The
data are expressed as percentage (mean = S.E.M : N = 6) of control which are the mean values of
the extracellular ACh or 5-HT levels for 60 min (pre-drug period). The mean values obtained before
and after administration of L-DOPA or NSD-1015 were compared using one-way ANOVA with
Tukey’s multiple comparison test (* : P < 0.05, ** : P < 0.01).
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Fig. 4 Interaction CBZ with L-DOPA and NSD-1015 on striatal and hippocampal extracellular DA levels.

Maximal changes in extracellular levels of striatal (A) and hippocampal (B) DA after adminis-
tration of L-DOPA (closed circles : 200 mg/kg, ip), NSD-1015 (closed triangles : 200 mg/kg, ip) or
co-administration (closed squares) of NSD-1015 (100 mg/kg, ip) plus L-DOPA (200 mg/kg, ip)
from 0 to 120 min were compared with the corresponding control values. The ordinate indicates the
extracellular DA levels. The data are expressed as percentage (mean + S.E.M : N = 6) of control
which is the mean values of the extracellular DA level for 60 min (pre-drug period). The mean val-
ues obtained administration with and without CBZ (25 mg/kg, ip) were compared using student T-
test (*:P < 0.05,**:P < 0.01).
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Fig. 5 Interaction CBZ with L-DOPA and NSD-1015 on striatal and hippocampal extracellular ACh and 5-
HT levels.
Maximal changes in extracellular levels of striatal (A) and hippocampal (B) ACh and hippocam-
pal 5-HT (C) after administration of L-DOPA (closed circles : 200 mg/kg, ip), NSD-1015 (closed tri-
angles : 200 mg/kg, ip) or co-administration (closed squares) of NSD-1015 (100 mg/kg, ip) plus L-
DOPA (200 mg/kg, ip) from 0 to 120 min were compared with the corresponding control values. The
ordinate indicates the extracellular levels of ACh and 5-HT. The data are expressed as percentage
(mean = S.EM : N = 6) of control which are the mean values of the extracellular levels of ACh and
5-HT for 60 min (pre-drug period). The mean values obtained administration with and without CBZ
(25mg/kg, ip) were compared using student T-test (*: P < 0.05, **: P < 0.01).
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Fig. 6 Dose-dependent effects of L-DOPA and NSD-1015 on maximum electroshock convulsions.

The changes in duration of tonic (A) and clonic (B) convulsion induced by maximum electroshock
120 min after administration of L-DOPA (closed circles : 50, 100 and 200 mg/kg, ip), NSD-1015
(opened circles : 50, 100 and 200 mg/kg, ip) or co-administration (closed squares) of NSD-1015 (100
mg/kg, ip) plus L-DOPA (50, 100 or 200 mg/kg, ip) were compared with corresponding control val-
ues. The ordinate indicates the duration of convulsions (sec.). The mean values obtained before and
after administration of L-DOPA or NSD-1015 were compared using one-way ANOVA with Tukey’s
multiple comparison test (*: P < 0.05, ** : P < 0.01).
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L-DOPA (100, 200 mg/kg, ip) D#lifast DA &R
WAMEH % 80l L 72, NSD-1015 |2 & 5 AADC i
HHIFIBEE T T, L-DOPA il - %1k ACh,
55 5-HT fifas g 123t ¥ 5 AR KR A ER
% CBZ (25 mg/kg, ip) 1330l L7 (Fig. 4,5).

2. Maximum electroconvulsive shock sei-

zure test

L-DOPA (50,100, 200 mg/kg, ip) I tonic ¥ %
HeKE%124%, —%, clonic#d L-DOPA A
EKGFYICMEM L7 (Fig. 6). NSD-1015 (50,
100, 200 mg/kg, ip) |3 tonic, clonic FIAHIZZIR I
Ao 7 (Fig. 6). NSD-1015 (100 mg/kg, ip)
124 % AADC EMHIHIERET TIF, L-DOPA (50,
100, 200 mg/kg, ip) 13 2RI tonie, clonic
WAL A RESICER L7 (Fig. 6).

z =

1. B EEYEERICHT 5 L-DOPA OER

L-DOPA EFEN#E 512 & %, 4125 DOPA, DA
BEORERAEEMIICkOmA L —HTEbD
Thb. L2L, DA-RIEBE, 512D, THMEKD
{EBYZE ISMIRASE ACh, 5-HT BEORD 2 b 725 T
25T, L-DOPA I3 HSEKEMEIZ ACh,
5-HT #ifasl g % 8inlL 722 & 5, L-DOPA i
A7 &b DA GEEMMIC L % DA RiEiE U
72 Tid% {, L-DOPA BHROEEER*H T 2
HEEMAs R & NS, —J%, NSD-1015 i3 L-
DOPA # & DA ~Oft# % &l 5 AADC (&% fHE
L, #ifaA DOPA B+ HEMKFHIZBINL, ¥
(ZHIRLN DA B AEKESICELT 5. L
L, fifasLEREICx L TiE, DOPA DA 7% 53 DA
BEE S ARRAMEICHEML7. $£7: AADC i 5-
HTP » 5 5-HT ~of# % bR Y, #HFEN 5-HTP
EEABIL, MM 5-HT B2 M T 55,
200 mg/kg (ip) NSD-1015 i3#ifast 5-HT 2% D
L, FEIZAChEREDEML T/, BIb
NSD-1015 it DA, 5-HT &HeREERE % #3512
bEH 5T, DA, 5-HT s # U T 2 W REMATR
25, L-DOPA (ip) & NSD-1015 (ip) i
DA S RHERIH LTI 0B ETLICHH
b5, DA, 5-HT, ACh #8123+ LTI 412708
TERZR L7, KEBRFHRIL, Mgst L-DOPA 2
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FE OB RS - #E D DA, 5-HT, ACh i #%
BRI NEL T2 REEATRETZ25DTH
5.

DOPA ##t I3 m W H &M 28N L <
B D, tetrodotoxin BZM+, Ca? KFMH™, K-
BT XTI S, L2 b L-DOPA
SEEOHEL L BE SN (Misu et al., 1997), L-
DOPA BV R L EWHE, &5\ ITHMEEMHY
EThoTisrmy. AMELERIE, ZhbooT
M AL, P L b BEKLBEEOMERT
YEENHRAET LUREME ORET 5,

NSD-1015 (100 mg/kg, ip) iZ & % AADC #]#]
REET T, L-DOPA {2 DA, 5-HT, ACh # g%
#lL 7. HM#rS5 Tid L-DOPA, NSD-1015 3£1C
DA, 5-HT, ACh #8%* LT 2120 »hb b ¢,
L-DOPA, NSD-1015 O [E]F% 45T 1358 (B8 % 417
#l§ 5 EBEER > S, #fast DOPA % 100 nM
LUETIE, #iZ DA, 5-HT, ACh O HIH] & h
Lulfetiasd 5. Blb L-DOPA LiBEKEH O =
DR (100 nM LUF TIEEKREMIZ DA, 5-
HT, ACh #8ETTE(EH, #12 100 nM Ll ETidig
BRI RER) 28T 5.

2. RAERITVLIAICNET % L-DOPA OER

Pk, TVRABMEICK TS DA ZHBEOTHR
EIRETT A BIC L-DOPA 25 5 S h T & 729,
FL7-RMIE -7, NSD-1015 (& MES iZ#)%
Mo rlZb b5 Y, L-DOPA I MES *
FHERERICHIEI L 72, ZoWAlo MES 1253 5%
B OEEITMAI DOPA £ L DA, 5-HT Mz
NBEDONT VAL VETLEEZLND,
NSD-1015 (100 mg/kg, ip) =& % AADC ##I3R
% T T L-DOPA I I EKTF M IC MES £ TLE L
mIllE, CORBMEERETLILDLEEILNS,

3. L-DOPA O EMMEnEME SR TTEEA

100 nM Ll E o #if4t DOPA &3 DA, 5-HT,
ACh &8 % #1%13 2123 A b 5§, 100-300 1 M
@ L-DOPA LB KM glutamate i 8 % JTiE
FTA5Z M50, 100 nM L E D DOPA EE I,
DA, 5-HT % Ol E RBEEDOHIH, glu-
tamate 5O REMMELERBEOTEL 725
L, EHITVRARBELZETIE2bDEER
Lha, 72, TOHEEE DOPAIZL S DA, 5-



RN ER £ 324

234

HT, ACh g e X, DOPA O#ifEHM %R
BT HLbDEEZLNE 2o,
4. L-DOPA O#{EGEME s TEERICH T
% carbamazepine DR

F 43T TIZ, CBZ #° L-DOPA 0EEMRI R
H 5 TEER % R L T\ % (Okada, 1997).
AEERFER D, WMALS DOPA BEEINIZIE) DA,
5-HT, ACh ##HE T 2 G IBE @ CBZ 25l L
7z, #2100 nM L EO#ifSt DOPA i @ DA,
5-HT, ACh #B#I %1 £ % & CBZ I2¥I#I L Tw
7-.

DOPA iZ# %1% glutamate B8 % BB KA IC
TLET B Y, HEEE O CBZ XY gluta-
mate B M#§ % » . [FHRIZ CBZ 13 L-DOPA
@ DA, 5-HT, ACh ##TTEERZ DEHI L T 5
ZEhb, Zh50 CBZ OMEIZIEIE, FREHHN
DOBIEEMHNERIC L A2 TREESE V. AL,
CBZ i3 DA, 5-HT SOl HEAREERERIERE T T
# L, #iZ glutamate, DOPA % O BE M R{5E
REEZHHTZZET, MTAPAERZRH
TAWREEYH L. Tz, BEHEE, TREEIC
ECHMETALEZSNTWS DA, 5-HT ## %
L-DOPA 7S KA IC UM EEHE LTV D
Z &H b, L-DOPA RS, MEBEOHFEIZM
59451850 Th <, CBZ DIFEEELIEH,
TR ERBF ST AN H 2.
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ABSTRACT
Effects of dopamine precursor, L-DOPA, on mechanisms of neurotransmitter release

Motohiro Okada *, Takuya Murakami *, Gang Zhu *, Akihisa Kamata *, Yuko Kawata, Tsuyoshi Kondo
and Sunao Kaneko *

* Department of Neuropsychiatry, School of Medicine, University of Hirosaki, Zaifucho-5, Hirosaki 036-
8562, Japan.

To clarify the mechanisms of action of metabolic precursor of dopamine (DA), L-3, 4-dihydrox-
yphenylalanine (L-DOPA) in the central nervous system (CNS), the present study determined the
effects of L-DOPA on the extracellular levels of DA, serotonin (5-HT), acetylcholine (ACh) and the
seizure activities using in vivo microdialysis and maximum electroshock seizures test, respectively. Up
to 100 nM of extracellular DOPA level, DOPA increased the extracellular levels of DA, 5-HT and ACh,
as well as reduced the seizure activities, in a concentration dependent manner. However, more than
100 nM of the extracellular DOPA level, DOPA decreased extracellular levels of DA, 5-HT and ACh, as
well as stimulated seizure activities, in a concentration dependent manner. The present results sug-
gest that L-DOPA may possess neuromodulator-like function in CNS.

(Ann. Rep. Welfide Medicinal Res. Found. 2000, 32 : 228 ~ 235)



