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Summary The continuous intra-cortical infusion of a glia toxin, fluoroci-
trate, at the concentration of 1 mM caused a decrease in the cortical extra-
cellular contents of an intrinsic coagonist for the N-methyl-D-aspartate
(NMDA) type glutamate receptor, D-serine, by peaking at 40min by
—25% but produced an increase in those of glycine and L-serine. The
attenuated glial activity by fluorocitrate was verified by a marked reduction
in the extracellular glutamine contents. The present findings suggest that a
group of glial cells such as a population of the protoplasmic astrocytes
could, at least in part, participate differently in the regulation of the extra-
cellular release of D-serine and another NMDA coagonist glycine in the
medial frontal cortex of the rat.

Keywords: D-Serine, extracellular contents, fluorocitrate, glia, in vivo
microdialysis, medial frontal cortex

Introduction

Compelling evidence has been accumulated indicating that
D-serine may be an intrinsic coagonist for the N-methyl-D-
aspartate (NMDA) type glutamate receptor in the mamma-
lian brain. Thus, D-serine facilitates various functions of the
NMDA receptor by selectively stimulating its glycine site
(Danysz and Parsons, 1998) and is present in the tissue and
extracellular fluid at high contents throughout life with an
NR2B subunit-like distribution (Hashimoto et al., 1992,
1993; Nishikawa, 2005). Importantly, the stimulation of the
glycine modulatory site is required for the glutamate-induced
neurotransmission (Danysz and Parsons, 1998). Moreover,
the selective elimination of D-serine by application of
D-amino acid oxidase and D-serine deaminase has been
reported to reduce the NMDA-mediated cGMP formation
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and long-term potentiation in the rat hippocampus (Mothet
et al., 2002; Yang et al., 2003; Kartvelishvily et al., 2006).

These findings suggest that extracellular D-serine may
play a pivotal role in the regulation of the NMDA receptor
(Nishikawa, 2005). Our previous observations (Hashimoto
et al., 1995) that depolarization stimuli including veratrin
and a high concentration of potassium ion or cessation of
impulse flow by tetrodotoxin failed to increase or decrease
the extracellular D-serine contents, respectively, are consis-
tent with the view that D-serine could be liberated into the
extracellular fluid in a manner different from classical neu-
rotransmitters (Nishikawa, 2005). Together with the detec-
tion of the D-serine-like immunoreactivity in the neurons,
astrocytes and oligodendrocytes (Schell et al., 1995; Wako
et al.,, 1995; Yasuda et al., 2001; Williams et al., 20006;
Kartvelishvily et al., 2006) and the release of preloaded
D-serine from cultured astrocytes (Schell et al., 1995), this
view allows us to postulate that some glial cells possibly
including the protoplasmatic astrocytes (Schell et al., 1995;
Kartvelishvily et al., 2006) might participate in the regula-
tion of the extracellular D-serine contents in the brain. To
test this possibility, we studied the effects of the continuous
local infusion of a selective and reversible glia toxin, fluo-
rocitrate (Clarke, 1991; Fonnum et al., 1997), into the me-
dial prefrontal cortex on the extracellular concentrations of
D-serine in the cortical area using an in vivo microdialysis
technique.

Materials and methods

The present animal experiments were performed in strict accordance with
the guidance of the Tokyo Medical and Dental University and were
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approved by the Animal Investigation Committee of the Institution. Male
Wistar rats (ST strain, Clea Japan, Inc., Japan) at ages ranging from post-
natal day 56 weighing 200-230 g were used. The animals were housed at
23.0 £ 0.5°C in a humidity-controlled room under a 12-hour light/dark
cycle and had free access to food and water.

In vivo microdialysis was performed as previously reported with some
modifications (Tanii et al., 1990; Nishijima et al., 1996; Hashimoto et al.,
1995). Rats were anesthetized with pentobarbital (40mg/kg, intraperi-
toneally) and mounted on a stereotaxic frame. A straight-shaped celiulose
dialysis tube (3.0mm in length, 0.16 mm internal diameter, molecular
weight cutoff 50,000, EICOM Co. Ltd., Japan) was then implanted
into the medial prefrontal cortex (mPFC: A +3.2mm, V +52mm,
L —0.6mm) according to the atlas of Paxinos and Watson (2005). The
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medial prefrontal cortex was chosen because we intended to compare the
effects of a gliotoxin on the extracellular D-serine contents with those of
an interruption of neural activity by tetrodotoxin which we examined in
the D-serine-rich frontal area before (Hashimoto et al., 1995). Two days
after surgery, the dialysis probe was perfused with Ringer solution (NaCl,
147 mM; KCl, 4 mM; CaCl,, 1.3 mM; pH 7.3) at the flow rate of 2 pl/min
in a freely moving rat. After stabilizing for at least 80 min, the dialysate
samples were collected every 20 min. The first three samples were used to
determine the basal release of each amino acid, and then the Ringer
solution with or without fluorocitrate at 1 mM (Largo et al., 1996) was
perfused. After termination of the experiments, the location of the dialysis
probe was macroscopically verified in each case on 150-um-thick serial
coronal slices.
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Fig. 1. Effect of fluorocitrate perfusion on the basal extracellular releases of D-serine (A), glutamine (B), L-serine (C) and glycine (D) in ‘the medial
frontal cortex (mPFC). The solid black bars indicate the length of application of Ringer solution containing fluorocitrate (1 mM) through the dialysis probe‘
Results are means with S.E.M. of data obtained from 10-12 animals and expressed as percentages of the basal levels. The area under the curve (AUC) is
calculated by adding the areas under the graph of the concentration of the respective amino acid between each pair of every 20-min consecutive
observation from 0 to 180 min of treatment. Statistical comparisons were carried out between the control and fluorocitrate-treated groups on the AUC data
wing the Student’s or Cochran-Cox r-test. *P < 0.05, **P < 0.01 as compared to control animals. Control group (0); fluorocitrate-treated group (@)
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The collected samples are stored at —80°C until derivatization following
the addition of D-homocysteic acid (D-HCA) as the internal standard. For
quantification of the amino acids by HPL.C with fluorometric detection, an
aliquot of each sample was derivatized with N-terr-butyloxycarbonyl-L~
cysteine and o-phthaldialdehyde (OPA) for 2min at room temperature,
The derivatized sample was immediately applied to the HPLC system
and was analyzed on a 4-um (particle size) Nova-Pak C18 column
(300 x 3.9mm) (Waters, Japan). The column was operated at a constant
flow-rate of 1.0ml/min at 35°C. Mobile phase A was 0.1 M acetate buffer
(pH 6.0) containing 10% acetonitrile and mobile phase B was the acetate
buffer containing 20% acetonitrile. The separation of the amino acid deri-
vatives was performed with a linear gradient from mobile phase A to B in
53 min. The fluorescent amino acid derivatives were detected using a Waters
2475 Multi X fluorescence detector spectroftuorometer (Waters Co. Ltd.,
Japan). The excitation and emission wavelengths were 344 and 443 nm,
respectively.

The average of the concentrations of each substance during the period
preceding the drug treatment (three measurements were performed every
20 min) was used as the control value (=100). Individual data are expressed
as percentages of this baseline period. The means with SEM. of the
results obtained on 10-12 animals were calculated using the corresponding
periods.

The areas under the curves (AUC) of the concentration versus time
plots for the dialysate amino acids at 0-180min post-injection were
calculated and used as the overall measures of the treatment effects
(Hjorth and Sharp, 1991; Matthews et al., 1990). Statistical comparisons
were performed between the control and fluorocitrate-treated groups on
the AUC data of the various amino acids quantified using the two-tailed
Student’s (homogeneous variance) or Cochran-Cox (heterogeneous
variance) -test.

Results

The basal release of each amino acid was stable for at least
4 hours in the medial frontal cortex. The in vitro recoveries
for the dialysis probes were 17.7%, 20.0%, 16.0% and
16.5% for D-serine, glycine, L-serine and glutamine,
respectively.

The continuous intra-medial frontal cortex infusion
of fluorocitrate at the concentration of 1mM caused a
moderate and significant decrease in the cortical extra-
cellular contents of D-serine by peaking at 40 min by
—25% (Fig. 1A). The magnitude of the decrease in the
D-serine contents tended to diminish from 100min after
the start of the glia toxin infusion (Fig. 1A). The con-
centrations of glutamine in the frontal dialysates were
markedly decreased to trace levels by the application of
fluorocitrate (Fig. 1B). In contrast, the local injection of
fluorocitrate elevated the cortical extracellular levels
of L-serine (Fig. 1C) and another intrinsic NMDA co-
agonist, glycine (Fig. 1D), in an infusion-time depen-
dent manner.

Furthermore, the glia toxin infusion produced a variety
of abnormal behaviors including hyperlocomotion, inter-

mittent sniffing and rearing, feces eating, and “fighting”

style stereotypy. These behavioral changes were observed,
at least, from 20 min after the start of the infusion.
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Discussion

The present study demonstrates by an in vivo microdialysis
technique that an intra-medial frontal cortex infusion of a
glia toxin, fluorocitrate, reduces the cortical extracellular
contents of D-serine and glutamine along with elevating
those of L-serine and glycine and eliciting abnormal beha-
vior. The differential effects of fluorocitrate on the levels
of the four amino acids in the frontal dialysates seem to
deny the possibility that these alterations are due to a non-
specific phenomenon.

It is more likely that the fluorocitrate-induced reduction
in the extracellular D-serine contents may be attributed to a
diminished activity in the glial cells, because, as illustrated
in Fig. 1B, the local fluorocitrate infusion produced an
almost complete loss of the medial frontal contents of glu-
tamine which has been well established to be exclusively
synthesized in and liberated from the glial cells includ-
ing the astrocytes (Hertz, 2004). The decreasing effects
of fluorocitrate on the extracellular glutamine concentra-
tions in this experiment are consistent with those observed
in the earlier studies (Largo et al., 1996; Paulsen et al.,
1987), and in line with the prior data indicating that fluoro-
citrate is selectively taken up into the glial cells and inhi-
bits their glycolysis (Clarke, 1991; Fonnum et al., 1997).
Fluorocitrate dose not appear to lower the extracellular
levels of D-serine by directly inhibiting the neuronal activ-
ities because we reported that a cessation of nerve impulse
traffic in the medial prefrontal cortex by the local infusion
of tetrodotoxin increased, but not decreased, the extracel-
Iular D-serine contents in the cortical portion (Hashimoto
et al., 1995). Moreover, our preceding observations that the
elevated brain glycine or L-serine concentrations following
the systemic administration of the respective amino acid
resulted in the angmentated tissue levels of the cortical
D-serine (Takahashi et al., 1997) argues against the possi-
bility that the reducing effects of fluorocitrate on the ex-
tracellular D-serine contents could solely be due to the
fluorocitrate-induced increase in the glycine and L-serine
contents.

Unlike the extracellular contents of a glial amino acid,
glutamine, those of D-serine were only partially inhibited
by fluorocitrate (Fig. 1A and B). This could be explained
by the hypothesis that D-serine might be released from not
only the glial cells, but also the neurons. Indeed, both types
of brain cells exhibit a D-serine-like immunoreactivity
(Yasuda et al., 2001; Williams et al., 2006; Kart\elishvily
et al., 2006). Alternatively, the disturbed glia-neuron inter-
action by fluorocitrate could modify the possible neuronal
release of D-serine. The exact molecular machinery that



1720

plays a physiological role in the release of D-serine is still
unclear. Recent in vitro experiments (Mothet et al., 2005)
pointed out that the calcium ion-dependent and SNARE
complex-associated process might mediate the extracellular
release of the preloaded [3H]D-serine from the cultured
astrocyte prepared from the cerebral cortex of the rat
embryo. However, our past in vivo observations indicated
the presence of calcium-independent carrying mechanisms
for the extracellular D-serine liberation by the results
that chelation of the calcium ions in the perfusate failed
to reduce the extracellular D-serine concentrations in the
medial frontal cortex (Hashimoto et al., 1995). These
energy-dependent candidate procedures for D-serine re-
lease may be affected by the fluorocitrate-induced inhibi-
tion of aconitase, a rate-limiting step during glycolysis
(Clarke, 1991), in the frontal glial cells. Alternatively, the
gliotoxin-induction of the disturbed glial cell metabolism
could attenuate the activities of D-serine synthesizing
enzymes such as serine racemase (Kartvelishvily et al,,
2006; Wolosker et al., 1999), which might lead to a de-
crease in the amounts of the releasable glial D-serine.

The abnormal behaviors observed in the fluorocitrate-
exposed rats in this study could, at least partly, be related
to the impaired glutamate neurotransmission in the medial
prefrontal cortex, because a reduction in the brain con-
tents of D-serine and glutamine has been shown to elicit a
hypoactivity of the NMDA receptor (Mothet et al., 2002;
Yang et al., 2003; Kartvelishvily et al., 2006) and the de-
creased synthesis of the neural glutamate pool (Hertz,
2004), respectively. Interestingly, the behavioral changes
during the fluorocitrate infusion seemed to be similar to
those following an acute or chronic injection of a dopa-
mine receptor agonist, apomorphine (Kenny and Leonard,
1980). In terms of the proposed important roles of the
prefrontal glutamatergic transmission in a wide range of
behavioral expressions (Kalia, 2005; Kalivas et al.,
2005; Moghaddam, 2002), to clarify the relationships
among the D-serine, glutamate and dopamine signaling
and the glial functions would be useful for the under-
standing the pathophysiology of a variety of neuropsy-
chiatric disorders.

In conclusion, the present findings support the view that
the glial cells may participate in the maintenance and/or
dynamic regulation of the extracellular release of D-ser-
ine in the rat medial prefrontal cortex and the changes in
the control could be involved in the behavioral abnorm-
alities following glial dysfunctions. Further investigation
is needed to clarify the types of glial cells and the mole-
cules that are associated with the extracellular D-serine
regulation.

S. Kanematsu et al.
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BIL L o THARREBRE~NOLHAVHE SNz, £0%, BRREHICERSBD
TZVENVE VI VIR TY YR FRI VR EDE) T I VIBERAVSH S Z &
oy, FREOES—FTY VHOBEOBELTI NI VARILTE T
EBH S NI ot FDD, LEVE Y OPEMRIER R #E AR RS
FNSV®ﬁ&tﬁ%bfwét%i%héiﬁmﬁoto7D»7U?§V?§
LV Y RBROTUIEMRER R HEANRIERV AL NS Z &b, JupTaw
VYOEBEHIIOWTS PRI Y EDBERINEE SN TV LALRES, &
DOBWEBETIIBHREOERS THADO FII V20 00EIFELLZWVE
HE XN T, 19634E Carlsson & Lindqvistid, KX YR/ vz ¥ix74 1)~
DX O 3-methoxytyramine & normetanephrine DRERZMAFEL, 7oL
0wy renunl) F=L&E3 725 T 5 EMAO P83 YRS OREDE
L ERTHIEFRR L. ZOFREIMBHBERO 2 WEEEUGTH L7
TAY I TiEALNT, FREBRMIOEREIHOB N NN F-VDI3) 237
ON7avy VIZERTHREPEI THol, HEHIX, TNHDFERZ M3 VD
SEEDPHIEMHREIC L o GERF S, ZFOBRAEINIC P8I Y OEELHE A
BIELZ Lo THELUBEETH S EBR L, T0%, FBHREORSIZX
DR DT T S EPRFERMLTEL o LERTHEIO LN,
T/, MBARERRF I VEEAHEEL TCWA EV)IBRER SN, AE
Mhbot LTk, iIBHBEECHEFRSNLISI I LT Y —2*DOPA
(3, 4-dihydroxyphenylalanine) T EINEZ L, TRENT 4 > REDF
283 VEBIE TR S NS BETER R E FATH & FUB MR RSN T 5 % ED1TE
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VI R EDERER

b Bttt A

WIS EEENDH S (Creese et al, 1978)

i

UEBREBICH T SRME

970 ERICERREEEBRIMTONE L SR, FBEMHEEI >V TLEL
DEEMIIH T HREERFTEONIz, ZORKE, VUBHRENDL D /83 ¥ Dy
SR DOFEEHED, ERERICBY 2MERBEICH T H2EEDRLBVIE
OEEERLTWAZ EWHL 2% 572 (Seeman et al, 1976 ; FEJIl, 2003).
BIERRREMICHERE SN B PIRBHREIEERGIC F Y VD B RN OB W HEEH
FEE b, PRI VDRBRENT D R8I VEEOEZSINS DOEY DT
SEEBRERCRIBERLTCVwEEZEZONTWS (M15),

SEFH AL REEIC L D K83 VEEMAED, D02 BEIIHT bR TR,
19884E D X3 Y Dy ZB/RO s u—= v F LMK, KA VEFEOEE N
FEIN/z, BETIE NN UEFEROERIY, 5 TFAYFNTEIKE—-3NTE
D, Dy, DeD2OoDZREMHREHICKELSHEIN TS (Gingrich & Caron, 1993 ;
Sokoloff & Schwartz., 1995). & M CTIZBEF TIID~Ds DSHEIHD M/ U 2F
ErEEN, WIhd TEOREEI % b0 CEARKEMZEAT, Di#F (D),
Ds) TREIFBHOMBAN —T2H L CRmARL, TDMIZDE (D, D,

Dy TREIFBOMBAN - THEL CRBEBOENE W) FHEH S, ]I

HADPNIVEFEOBFHEAENLABMBEOBRMMEICIOVWTI LD
(Grandy et al, 1989 ; Dearry et al, 1990 ; Van Tol et al, 1991 ; Sunahara et al,
1991 ; Sokoloff et al, 1992)

DD B D ZEFFICHBWHRNEOS WHEMREIZE, sursacdy,
TNT2F VY, FANVTIVREHY, NaN) F—), TVTF VYR
DsZB/HICHIBREOHMENDH L. —F, DATIHITE A L OHFREHHEEIL
Dz, DsMEZAEEIIE LTRWEAEZR T, —RICD,ZEMRIIHN 2B,
Dl g A& d, 2~20FREB V. DyFEFERIHLTE, AR,
FEF TV N EFHIMEIE V.

c K@z v =T

96

A RS VR 22— Y BEOGH» S, FRMREGR, PhIEEER, B
ARRR, WMERBER, THESRRTHR, BEAR, HRERER, WERZ I
SEEND (R10), ZOHRT, BE»ORIE - #HR I ELPRBEFROETA
B, ERRET > AL, B, DRERE R EICE LR ER ORI,
SHICEE - BRAWEED SHEAE, BkE, FURERE R S0 5 5 H ik
BRER, ZEPPEMREL OBRIEVEZEZONE (B16). TAHRKRTEHS
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BEMFROBEHEDRERE M)

—

H15 HIEMEERO RK/SI 2D, Diy, DeSRMEICI T 2EEFRFE (Seeman, 1992 % (%)

R E S (nM), RBENCHEMRERER O BFMEDOBERBARERE M) ARSI TY
B HEMBEICRESE2T v FhiviEe FOZTEERNERICAVONR TS, 7 OFEVIED,ZERK
T A EREOTETO Y MR LEELOANTVEY, Kb VIDZIEMRICHTI2EERSEE L
MEART I ERERANTRENT Y B,
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VI FUEREDERES

98

FO MEMRELE FDARERY T4 7

D773 — D:773IU—
Ds Ds Da¢/Da Ds D.
TR 446 477 414/443 400 387
AR N 5q 4p 11g 3q 11p
,{ MV v - - + + +
%P mRNA 575 MHERE |BSE RS LI MR RISEZERE
LN HR T B et ) 4642 Rkt
B A MR B
Wk Tk
PSR E O BFE
(K/ ; nM)
T ANy F—=|214 (R) 19 25 35
ranpsrawyy |73 133 28 6.1 37
clozapine 1141 ~540(R) | 250 56~138~190 180 ~280 |9 (R)~ 40
VR ES b 14 05 46
NTEARY F—g |27 ~270 (R) |48 045-1 78 51 (R)
EFTIIV 143 (R) 0.84 21 3.2
AEFTYF > 5000 (R) 0.16 0.26 0.31
TNEY Y > 1,000 (R) 12 R)~24 |18~37 22 ~43 (R)
DESab I 620 (R) 5.9 14 16
2¥~Ru 220 4,500 0.05 ~ 0069 |061 0.08
AN R 36,000 77,270 92~ 31~46 |25 52 (R)
FAYFI 100 300 33 78 12 (R)
VFEy 25 (R) 8 (R) 11 5.8 ~ 26
1A 2,340 228 289 (R) ~ 474125 28 (T)

F& LT CHOMBICEBR IS FRERICLBHEREZRT,
R rat brain membrane, T ; canine brain or pig pituitary membrane

(Dearry et al, 1990 ; Sokoloff et al, 1992 ; Van Tol et al, 1991 ; Sunahara et al, 1991 ; Sidley &
Monsma, 1992 ; Schotte et al., 1995 ; Sokoloff & Schwartz, 1995 ; Roth et al, 1995 ; k#H1th, 1997 7%
ErblilFdizbn)

PELHERBOHE NS, EHRER - TERICEZERFERIEIBNHRETA
GNB®/TUT I FVMEICEET 5, /83 YRERICHET 2 EAREO M
M, in vitro DEBRTIIROBMICL 2B VEZ2WERESINTWAED, n vivo
DEBRTIZ PN Y ORERITE o THREMHEEES IO T 2 S EICESA ST
5o BRAEBFER, MEED PRI VY EEAONBCHET 2 ERTEI
LIEHIEH, in vivo TOZEFMHEEERLZEOEE,LS, NORY F—=Leru
N7ax T rR LHE L OVhY B EMFUEMREEE RS ER, TRGIEE
BROWMAWZZOERAPREZ LM ONTWS, —F Tclozapine, Y AXRY ¥
YR EDVDY DL IFEEBAREIPRREARNOEEN LW LB HL N
TWb,

ROBEET c-fos DEBAFRHEZ IR L LoMRESHOFM T, WAL




210 FHFNILZ1—-0O>0#HE5F (Bjsrklund & Lindvall, 1984 % $1%)

BER

Wi

IERER

L hERRfR

A9, —ERIZ AS (EAED BLU
A0 (BTAIEIEE)
AlQ, —#BIX A9 B LU AS

B - Rk

L7

A0 WAEET, S RERE
A9 TR, BRTH
2. FRBAR R E R A0 BRI, FREEE
Al0, A9 B, BURERE, BUHEEH
A10 (—#RiZ A8) PIRSER
A9 BIERHTIRE
A10, A9 i3
A10 FHE, AMEFRE
Al0, A9 BRI, FH%

3. BAERER

A OIKEE, RERTE (A1D

R OREE, R, RRTE

4. TEEHRERT HR

AHEW, WMEEBEETEH
(A1l, Al3, Al4)

TEERS, iR, FRTE

5. Beki%

HETHRERE B IURERABEER
(A12, Al4)

ErplgR, TEERED LR

6. WRIRHR IR (Al6) WA ER
7. BRERMR HWIRTES, AR, BRTH (A1) | FH

8. WA

F& L TRIENERE

7<) vHaRES

A0 FEMIHEN, A9 BHE, A8, FEBFOMBHEZRT.

a: flided%, ACC : BTEBEIAE, AN: Bk, CE: RIBSERE, cp: BEREZ-HAL, hl . SMBEIFIEE,
lc: BB, MCG : ¥ K/v3 L #fa4E, OB ! I83%, PFC : BI8EAIE, pi: ZUAERE, s @ sMAEE.
tu & PRAEEN

16 RBEHEREHR (A) & FRIDERRERO F/13 2= 2 — 0> OR4
(Bjsrklund & Lindvall, 1984 % 2 %)
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VI HEEREDIERERE

BERAIE TIEEE, B0 WTNOEYOSMIR S TH FosBHADRERI A 51,
TR AN FreRE B A LOFBMBRECTIHEPRIZL FosBEAMHFES N
720 ZOFERIE, INHOEYWOERIMASEAZPCHREENMUBTH S L EK
F7a2b0THY), MATHHFRBOEETHL I LERL TV S, MEFEIME
EHEHAE TOFsEBHANDER AL &, FREPBMRE CIIBLETILET

DFEBFVALZE TOREFUILTHEC, #IC I BT T H 4% T Fos
B OFERPREERE I THE D - 720 EREHREI LTI E
TFosEBHZBAFETHI LI, TNOOEYTHEMN X L A SN A HAINKSR
DEMERELBRTLEEZONS, —F, clozapine#Z L E T84 DI EER
PURBHREIZ L o T, FIREPHEENAEICNZ THENE TO Fos&H D HE
BHLN, TNODEYDOMAERNEM E L TEEIS 7215 (Robertson et al.,
1994 ;, Ohashi et él 2000)o SPECT (single-photon emission computed tomogra-
phy) WX ZERMETS, EHMBHFRE CIIMELE, AEEOTMEML T
12 -epidepride (D EIZD;RBRICHEETS) OB VEMBLIHE IS S,
Z1UIxt L clozapine TIEAREARD EIERIZ50 %58 E LK AFEETIIE VW E WD
WANOEMEZRLIzE VI FEDDH S (Pillowsky et al, 1997) o HEEIEEFEIR 72
EDEIWER A% clozapine % E OHFEMHE CHBE LI WHEEAD 12121, 20k
I BEYOVERT HHOEBCDTERL T B TEEYH 5,

Robertson & (EHMEMHIEIR G L D FE SN2 Fos BEAB MBI ORI =
(HAEZ-FIMURESM) % atypical index & &), ZOERKEVLDIFEIEE
EMEPENZEZRBLTVS, BRNOLDOZV—71F, 2003FE 0B ETHATH
WHENRTWAITE A EDOPFEMIFEIZ DOV Catypical index % 3K clozapine & Hi%
L7z (E17) (Oka et al, 2004 ; ¥#f & BH, 2003)). TOREMERETH L/
ROy EEECHEREE T TH I ENHELNI 2 o7,

EE depolarization inactivation

100

NTARY R =7 EOPREMHREOBMHR ST L 5T, F83 AEERAE I
BOBLTWAREL 2, ZOMEEEORSEEORHBIZIEFIE LR zoT
LE) ZEMVEREBFENLERTHMSNTWS, Zhiddepolarization block
%\ & depolarization inactivation & BRI TE Y, PIEMBEREE Y 7 AHI
BB PN Y EFARERTICRET S F 7 2@ depolarization block 12 & 5 K/t3 ¥
R - Y OEHOWHIMbo TL VBRI LWREEZRET L LEEZ LN,
PET (positron emission tomography) % f\W7-EE7% KO ECIIHENFRED
D ZBEBEANDOFESTERL PR 2%, BERICEESHEBE? > 50 EsE
Be b TICRE 2052 L2 SN Tw5b, depolarization block 1 Dt
HREOEARBE COBMEZRNT 5 T bBEA L v, BIREV D L1



atypical index?" IE DR E

§:1 atypical index» B OIS RE

ZWEY K 100
Jorreyr 04
S b g
ZNRTUR BB
FAUET L 58
HIERT I %g =
JOAhT53L 1o
(mg/kg)

atypical index atypical index

; 0 %0 4[0 6|O -—!1 2 -78 —14 ¢]
- clozapine = 82 no~yR—-u
A5 §2 92 7z FUL!
eeams B 88 JoLnyE-
TIFTELY BE 825 FI >
JRANY RO 8l 2EE~DO j
TEINNFL  BE 2 JoNyyTYL
FEFTULR O 1 MW7 FYY
EEYR 04 o 8 sonTavyy
EHTS3 B = vErTavYy |
JFEY 28 (mg/Kg)

~ozEoy Y{EEmEs

17 FBEHABEESRED atypical index [Oka et al, 2004 % ££%)

Al atypical index VIEDEZ R L7z P HHET, BEXARKEWIEEEERENEWITiER2RT, £
PMBEEI TN TIIICETFNIMERETHLE RO VIIBEER L7z, Bidatypical index 2¥E O {E
Koo BTREBNZZHNIBENRERIC BT 5,

atypical index : Fos BiEfat (B - B4 EE/HE)

depolarization block 23&58E & N2 B I MUBMBREDHEEICL > TER - T
Bo NENRY F—)lip EOEMIEHHRE TIIMEADB L ONIBERICRET 5 K

X3 VFH = 2 —1 viZ depolarization block 5| &#2 2425, clozapine Tl %
AT 21— W V2O & depolarization block A2 5, L7724 T, FIEMRH

gt
BAsdbE LT depolarlzatlon block & # Z B EIRITIEET 2 F83 VR 2 —
O U, PUMEERORBICESTAEEZLIENTE S,

%ﬁﬁ

o IVACRIEAD i

PR E OERIR S CHARIEER 2 & IWERENE U 5205, —7F CHEMNR
RIS E LR W AR EN TV, COREPOHE 2 5L, FilEmE
E%@%Lﬁﬁ??ttx,hbﬂsyﬁmumﬁéibﬁw%ﬁﬁ%%Wﬁﬁm
EEBRLTVD LT A EATRETH D, EBRICTT v FRT VT, HUlsHmE
TEI L BPALIMTO F93 VY REOBEIBE &N, FLWEBEEI RN
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VI B RREOERER

ah7z (Roth, 1983)s T&b b, MEKPILERTRABAREORMEEIZX
ST R8I YREAITEL, BERES TREOTEIER LV LIZIEELT 525,
MEELHITRE 2 EOXRBEE T, BEHRSHED P33 VAHOTTED R
TWh I EAWRENTAROBREMERAELREDOREMTOHESINTHY,
BEIC 7o THREMBREZRA L CO/ER T BIESE, FIRES X UMEER
EETAEBI KN YRBIDTLE L Twzds, BBl Cldnt BB IChRTE
{bh37% 5o 72 (Bacopoulos et al, 1979)c INHDFER» B, MEOEK E LIS
CVETEERHTIRE ST MRIERORE L BRNEWEHEE STV 5,

FEEEHIFHREDER

Bl iR ipamEs FEEER] HifsmE

B L7z X918, BIEE TR CEBRMIEDhT&2haNY) F= v run
v Yy EOPAEHRET - RICEMBEARE LRSS, 2L, (D)
=% vy VRS EOSEABEROHBRL SR, 2) BEEROAL LT
BRI LTOBRESAbND, (3) METTT 7 F YO LRFL R, @)
FERFHEAREICRE L2 WEMICOIRESALNS, & EOREE L OEWITHE
EEBEMREEEBEHRENE, &5, LROTFHRTO 33 VEMNTER PN
BEARIIR L TRV AR, PP HERICHTH YT b= Y ERAPEV R 2
ELEFRPREMREORE L SN2, ViDAER LH-HTAEBZHHE T2
P MmE I b =¥ - P83 UEHUEE (serotonin-dopamine antagonist, SDA)
LEHEN, BEOEWRHBOER L 2o TWw b, clozapine 233E 2 B HURE Ff 5 32
DOEEEEINEH, RESHIBIEHRVTE L OEMFHEINTETV S, KE
Tl3, clozapine SR (2006454 ) TERREA I TVWZRVDAEIIBNT,
DAY K Y ST S N BRI 5 i EHR R, 2L D DO

W, EEEINTIH F S MR L 5-HT o SEMEWERE b 5, JFRLNE
WREE LTOSDADKRERT 5. 22T, FECTREREFY S A [EE]
BLU (R OFRLAVEIL LT b,

B JFE R HRE & D FE 4 -PET study DR

Farde S X EEPREABRELRA L, BHERIREL TV IFEEREESD
WD, ZHMEEMEL PETCHEL T, BHEROIEITIZT0% D SWEN;LE
T, INA80% %25 L HENEERSER T2 L 52®E L Farde et al,
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| S 80 SERSL BB IR
# |
| 2 o , S

%

@

B

)

-
| B RRERSE

18 K/YI LD, SR EIE & HEMREOBRFRBE (Nyberg et al, 1999 % (%)
BER LA AL GUEMRIER 2 R T OSEANBEREER V) EMRECRSZIED,XERF
OB ~80% I A HBETHEE NS,

1992) s = OfEHE I Nordstrom 5 12 & U raclopride # W/ —EEMAE CHER S
7> (Nordstrom et al, 1993)o LA LME—DFIFMIIEEIIZED clozapine T, HiFE
MBVEE 2 RT RSB THPET THIE L7z D, ZAM G #1325 ~ 50 %2 IR
F o Tz, SO clozapine [ZIEHA 2 F/33 Y DR BAER 5-HTw THMKTE
FER OB MRIERIEE 2459, BIRW5-HT W SAREREL D ENED
Por A O BRIBBRASE BN T b A, BB X512 nb0EYOHFE
MEVEREEEBE X e 25 720 Seeman & Tollerico & PET study THW5 D, %%
REEER) Y FIZ X o Cclozapine D GREOFREPEL LI LITEREL TV S,
Bl 2.1Z clozapine @ & 9 iZ Dy ZEMKICHAME OB WEY OB TOZER MR Z
BETAEE, BBt 7Y FOBMEE—#&IZ clozapine £ 9 i35 7
k&, T, EEIRETIEEE L Twizclozapine 2BEHE) 7> FIZX
S TEBERZONLD, REOKE LY R, EDZHEO HIRHEC BR
HHNTWAIREM %381 72 (Seeman & Tollerico., 1998)c & b IZDZEMHED
S PET BI4E CT— ARV 515 raclopride Z MM % & D ZHFFICHE LT
% clozapine ZEH TEAEEY SBEET 200 L, ERNPBMREIES L
FFCHLIERRL (Seeman & Tollerico., 1999) 2 F V) clozapine (F#ED
R, HWRENEY 7Y FICX 2EMNRT S — T, ERICEBRINCER 2
R Cld clozapine b Do BH D 60% U EEMENTWE I EER LIz, TTIXE
DIEMREEROLESLG L LTD2ARETERANS OO TELZRTADL
N5 LIk o720 Kapur & Seeman (3 Dy B ERD HMEIH65% % B 5 LI
WBHRERANEL, T2%%B2 5B 7us s F U HERL, 78~80% %@ 2
2 LAV A L RE LT3 (M18) (Kapur & Seeman, 2001) o
XCZ® XS %PET Study DR FERTH2BICEEL AT REVWT2vwREZ
WO LTBE7V, E1ER I OHRIIHTIEMREINER Th o 72EFI

7
&
%
5
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£
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VI FiEREOERER

DWTDHHTEIILHEHTH Y, EHLEHICOVTIIHBATELRNI L, 2
Hixd HPBMRESEN R SELES, SSOMBEMRENENTH LI LI
EOTNT) XL BONTH LA, DIEFIERETNTOREMAE I
BTLRODXEMHEEDATIOEEZHATELVWI &, HIAEFHREED
Dy GED A THAIHERILD ) T CBHRERAZ LHEBLTCVWLZ Lo
BRTHD, MEEDD, HMWEIB0% % B2 5 & HARNBERIE S Z L i3#4%
EOHEANBEROBEEEMLTH 5 O TTHEBETETH 2205, FEHHEROE .
ATV EZEFT I 2 CHEERLFERTH D2 WHEEDOIE ) 7F V. HEEECT
BRICBVWTHYANRY Fred 7 PV IEREREIZIERME K33 D%
BROERELZRLUI-HEILD 52 (Farde et al, 1997 ; Yasuno et al, 2001), #
GARD X9 WHRRBR & SR “EE R CHET L2052 { SR OBE 25 72
oo

B Je s B i i 3t & SR SRR IR

104

SWEARNEEIROS CIEMER NS VEREOERIZX S FI VRETE
FNa) YRORGEIZ LV EL B, AT HARE TSR REER 254
W, TORFE—HTE 2 B 0EYOERBEIZL > T, TOIEEE
HEOERIDOLLTORNNI ¥ D,REFR~ORIE (BRI, @5-HT, %5
RETIER, O YERO3EZFBITONE (FR11, H19). &M 2HEE
NBERFREEICERTAE7IFTEY 2 75 VvHFEY > ooy s
JARY FYDNRICEEEEIE 2L, N—=FVVVER, SBVA =TT A
VUTORBEELBLIZIOIETOLV, BEREEVAF AV T REZEAIUEM
MECTRBEEESI LI EFREINTVED, BEEV A M=TIZ0oWTIE
clozapine AN TRV H 5o TR LAz X D ICHERE (E—HRHE) okh
THAIMEREWER D% {, PO TR EEREICHTEES N TV DI /S U
uy, FFYFTI, VFEy, ANVEY R EXEH 5,

O FXI Y ZEGENOBAE | FUBMREIL K93 VD ZAEMRICHEES LERAYIC
YER§ 545, ZOBFEICIZRIENDH 5, Seeman & Tallerico EHEED K83 &~

CHBL, ZRIDBEVEAEL S OFBMREL “tight”, HVHEAEL2 0D
D% “loose” & HHEL7: (Seeman & Tallerico, 1998) o Dy ki HAINE AT
PED FNI LD /hE W “loose” ZIUREMMAEIL, MERTHENE F/v3 ¥
PEIMT 2L, DLEFRIHEEGL TV AHBEMREER, TALPICHERE P93
VICBIREILD SO0 K33 VREE R NEEARIVIEIR 7 B LT v,
D, BB OR DB CIUEHREBIZ 7 2F 7 ¥ Tclozapine X W H & 5 12#
FEDE V. '



R PEHRECHETERIEERTE T 5 HEHE

- 75 44
loose D, > ;;i;% oY 1EH

clozapine + + + + + +
yIFTYEY + + +
T 7HFE +
[SPADES = I + + + -
120 Ky - ++ -
~NpAaor - + -
VI Y - + *
FEIVTV> - - ++
ANEYF + - -

(EA & BH, 2003 28%)

@5-HT 3 © 5-HT.#H¥E TH 5 ritanserin iZHUREMFHIREIC X 5 #HF511E .
FEAR Z$EA T 5 (Bersani et al, 1990) o T IUEHEMRE 2 S BEMEICHEFTH LD b
S AR AR IR SR RS VIR IH L T 523, 5-HTHEHICI ) oD
PHIAE TR U EASEENT 5 2 £ 12X % (Muramatu et al, 1988) (119),
@fta) YER  BEKONEMNRTH 2 3 VEBEMEE, FRIVDEE
EAPRBHREIC L VE S NS EBEB L 25, BREICEEINTEF VT
VIFREA TS GABA fREVEMEE LA S Y Y MyEE BT - L TEMALL,
SOMBREREF SRR E k5. HT Y VERIEZOMEEEERNT 3
TR N=Fry VERERET S (@19, 3 YRR EOHARIE
EROBEFIZIENTH 2018 LTEREIVAFAVTICEBERFLEEZLN
T&7:%%, clozapine® 4 ¥ @dfia) “EAZE T2 00 bo B
WY AFATY TSRV D:ZREBEDE Y “loose” ZIUFEMMBETIIHMN T
VUEREAET A LIEALHANEEREERL, BREVAFAIITIZONT
BERER S RVITREYND S,

FhaE I S RS Tk

Bl clozapine

1958 4EICBIFE &, FL LTI -0y N THHBMRIERA S L Z ERHESN
7275, 1970412 clozapine {2 & % & # 2 SN 5 BRI BE TR THASE THh HE
BAENELhoT Wi, 1980ERICHR - T, TSR LPBHREICL 2HEICK
PEOECH T A2RERMFRE SN, KETIRI90FRIIZ > THTHERS NS
9otz DOPETIHBEEO L ZAEHEN TRV, BEIEFIEOER .
BEEVAFAVT R EOBREECER & LT VEAPRVERTHL L E
Ao, BEMISED LNTW5, KRET, ANRFOMERFESLEISHT DR
B o~y F= VD ZEEROF[RIHE SN, FNICE 5 LRk
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VI HUEEREOERERF

may

GABA
{EBplE
, #ERE

loose D2

a4 1EENE
e
N

2

5-HT: &%
i

19 EBEIFREED D, 5-HT, MiBBREICL 241 IRt 43T T 3 3EH
(4 & BH, 20034 9)

106

DA FFE D BE TR L Tclozapine B0 Y F— L IZB 2 SER DK E & AR
MHoOEREEZRLZE V) . TP, FEREGRIG 17636 THREL, v
THOMEZHILT LI &ETEENAR SN (Rosenheck et al, 1997),

clozapine D b DEIEAEHIZ OV THLEERB DIICHIEIHED SN TV B, &
B LHBMREFRIBUTON S LTV —DFERR, TREVI4 Y, TV
5 I VTR DZEEFTEHIHTAEIMEREE Y. 2o 088, clozapine
DD ZEMII L CERB 2 U MBI LM RS E RS v (Ki=50~
150nM) ZEEBRLTWAREEZZ BN TWAS, F7-clozapineid+ o b= 2A
(5-HTz), CAFIVHL, 2AAY YT EFNIY) VERE, a1, a7 FL
T YEEERLZ EICOHMENE VS clozapine XBIRD K83 VEHEKOY 7 ¥
AT D) HTEDREERITRD BHEIE W L HHE SNz, Zhb 0 clozapine
DIFEBEWNHZTT T 4 —h b, D72 Tid e { 5-HToa 23 T 2505 b kst
TERELTERTHAHEEZOND LI ol $72—HT, SR EICHT
LHREZERLEZBHMBICETE, B0 DBRIRMENEOEREIED SNz,



RE XY Ry, ROXEAQY, JIFTFEY

1) 2 K Vidclozapine & & b ICFEBEPEMREOARTH 57, fitu b
Z VMR (BRICH5-HTwEH) WEAZBOTRESNZEY TH 5, K,
ORY K=V tRLT7Furc /) YREPLLTERYRT VPR EINT
A, TNDH5-HTem % b b, ERANCHEIIERIER, BREFREEM, EREA,
BWIBREIER 2 E2A SN, SERNBEROER DD LV EPHLN LR -
72 FO%, L0 HHS5-HTwlER % D setoperone X, HL5-HTaEH L
WASIZE A EHDAEA % b 72 ritanserin A FFE S, S SR BHLDAEH
LHIS-HTulEA % b bEWENAREZROBVWER L LTY ARY) FYPFRES N
7z (JRH, 1983)s VAN FY Db OZRAEGBEERICET LT T 4 —Vid
clozapine [ZHEBL LT WA DS, AN KD D% 5-HTon THRITH§ 5 BAME
13 clozapine Il LTEV. YUARY FUZ7 oy EMAMAKIZa, a7 FLT Y

VERERPL A IV -1 (H) FERCHENEDE C, clozapine lll~5 L A %
ZHY ET e F VT v EEER5-HT: SAEMICR T 2 BAEEEY, T/ g
clozapine R4 Dy AT LT b BAIMEA D 5 I TIT bRz IB A RAE @
BEAOEETIE, VAR FYIZ1H4~8mg D TEPANSS (Positive and %
Negative Syndrome Scale for Schizophrenia) A 37 EOWEN R LEN Tz, F

FAEERICELCIRIAE  Zmg T TRNAENRY F—=VD1H 10mgix 58 & b
RTHEANBEROBBREZEE Loz mEINTWS (Peuskens &
Resperidone Study Group, 1995)c T b b, U ANRY N CHAEINBEREIER D
HE LI wWEwWI AR, BRERGETEALNEL 25,

HAETH FEREICSDA OREIERITLNLTWwE, ROAET ¥i35-HTn
ZRERCBCEATERZRL, 2V TDEEME, 5-HTaZH5MH% EiCE Wk
RS (KB, 1995 5 KEF, 2000), NEXY F— VEREEL Lz ZEERELE
REOERE T, BREBEEE IO VWTIENTRY RV EFZEIZETH > 72,
EHZEIEMEIE b D, EEEGR, EIEHIMR COBEEIRICE YT 5 BPRSIE
BorpatorignoN) F—WIZHRTHIFFNICERIIEEEN T, #BR
BIfEH» 5 1, 6BEMBOEENBERA ITIERCD L o7z (IR, 1997b)
TR TIIVENBE LA ZEERLEBEHBRTIE, BREREEEIIB VT
DAY O YVREYTIIVERBOFENELZRLZ. H5RE»52%2wL3EH
BOHENBEROBBIFELD LI —F Y VEOHA DRSPS 2
WA TEREICA o b MEIN TS (LM, 1997).

7 TF 7 ¥ vidclozapine & W RED L /- BFESEE~OEFSREEL T, A
AAY) HTEFNAY EFEERICKT ABMEREY, IRETOWBRBETZ oV
Tuv Yy EAEOEREMREELRL, ABELZZEEROERT L RBARER
FEER 27z (Hirsch et al, 1993 ; Small et al, 1997 ; Sharma, 2001) .
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VI FUEEREOFERER

TS UTEY

clozapine 37K D EEFIBE MR ITIRIEOEFNCH L TR IDH Y, T /28
BNBIERPCBRER DV AF A VT 2 EORWERAB 2w ik, L LEMmELE
W3 B EIERDSBRR OB TIEMEIC R Y, D729 clozapine & RO R % #
LhBPOBMEROD R ERPPEEINTEZ, 75 V¥ Yidclozapine # &
WK THY, Di~Dy, 5-HTs 56 LAAAY YT EFLIY VZRE (7
FA471~5), a7 FLF ) YEEGRES DZEERCEAEZRT. 20X
3 MM X MARTA (multi-acting - receptor - targeted -antipsychotics) &
LTHESTENTWD, BRTRBEMEZESN THERY M=) & OHRERBROR
BHE I, FNCLZ L, 6EMICE RS TS VY Vg TRy F—
MZHANTHEECBEERZSE L, #ENBERO D%, 2800 ER S 4
rofzbwvd, F52BICHALRAETIE, BHETHUNRY F—VIThNE
MR, MEEZ EOHBEOYEETEN TV 2L W) HFRTH o7z (Tollefson
et al, 1997a ; Tollefson & Sanger, 1997b). 772 L, WM& CTEHARRICK & LED
BOONT, REEMPERIA FOHEZERTRETHLLETHIREOHED H
% (Rosenheck. et al, 2003)o %8, FEMPUBHHREORBIERL LTo, WHEE
BY, BIRILE - AEMMNE D metabolic syndromelZ oW Tidd 5720 THET

FkT 5o

EE 775U —)L (RINI DSR4 fEEhER)

TUETTV = (OPC-14597) &b 2SEIT B TR & N7z iyt 3L
T, NI VD RERETVESEEL O FUBMRESL LTEWNO TCoERBF%
ETHEWTHS @, 2004 7YETT VWD, K53 Y EREKICHEET 5
DEGVEBZE L L TOEBEZHE T 2720, TXRTOBEEDZERITEELTD
BEEERYICR DRI ER DR T 20 Z O OBKHE TIE80 % LOMEMARD, %
BHIZHEETHH (Yokol et al, 2002), #EAVHUREROHIREE B %
TH A (Marder et al, 2003) o EAIEBFE S L@/ —+ >~ boREE (EFIEHE)
EETAEDPRDZEEROBERL IV FAv YV —REDT y TV W E
HGENBOTE FTOEIIALL TRV, MARREREZICHBMRELHS LI
FEHIRIERIES 5 P HEFRIEERITH 2 WIRE TR LA D, TR F N I%IZH
B R8I UAEE LT eI S LT3 (Frankle et al, 2004) T, 71
ET 7V = VH 5% ED, ZEMRIHE L CTh#ENBERSE 2w L h i
BT 5 L MEEICBCTRAYHMIZ10%P 2RI NS LA VERELENTE
Do BELLTOFTH~NOERZFMT2HWE TNV TIX, FEKLE
6-OHDAMET F/S3 V3B EE/5y MCHLTT VKT 5V — VIZEEE

108





