tic acid, DOPAC) BEEICIZFELZEMEH V) X
% AT L 770 Methamphetamine {2 £ % DA O ik
W% B PN BT Tl e L 7ok 2R, ATRER IS
RT, WBEEHET v M CTIERSBH, 6HE
b1z, MR T o DA R E A5 B TuE
L, 56HDIE) 2SS HICEWHT LA, hd, MM
Sv MIABODE» L XEWREIZ R S Z &
5, 56HIE, Ty FOREMHEALEINE T,

HALRREDOREE-A PV AETVE VI #E
AHHVITT, bL, WREEEET v MkE
LAEORIHEF VISR L ETIUEL, APLA
52 125GEODAGENSMELE R 3, €2
T, BTy NTFOZ LR RFALTAELR
(Uehara &, 2003), X3 2=/ — 3 v K
7 A& WT, BH DTy M foot shock stress
HZAHZECED, HROT Y MILHA b
VARG Z2BEWV) FETT,

¥9°, foot shock stress # 52 6N/BET v
MU, STERS v MIZRT, RS 5 O DA
BEAAEZIC LA LTWE Lz LEBA MLV
OWEDL, BEHROFPHM EALELLE (W
2), HRBEEATTE, WRETEI RN
APV ARECE ) DABIIE EA LAY, £
DL, "= F 4 VP LET T HEMEALNR
F L7 UL, BEETIE, 059 REME
AONFHEATL. bL, ZOX)RIEHFE
MIbEEETWAELET L, [JREEOD LM
KT, A bV AR K %3085% DAGED LA &
DWEFAE LI L, ZORFEFREPFHRL, €
NASEHIBERFEIR OB D% 235 ] O b
Fi Ao TNIZOWVWTIE, HHZED Sumiyoshi H
(1998, 1999) 237 L1 VA SERRA AT 12
DIMHE RTINS VERIRE 2 BHEH & a R
PR e L, ZORMICE TR HE
LTWE g,

I EEES v P OMEDTTD, Wk
O DAEEOHEINIEEMOFT R L b HVWET
L, methamphetamine & 7 |2 & % DA K ® JT
L, ERAEEW T TN, AR EE OB
RTHE SN2 R (Laruelle &, 1996 ; Breier
5, 1997 ; Abi-Dargham 5, 1998) & & & w £
¥, A ML ZAMIZL S DA OIGE D Ha %k

(144) 1316

—@—sham (n=7)
—O—lesion (n=6)
0.6 —@—naive (n=7)

Net increase in DA (pg/40 )

] 1 T
—40 0 40 80 120
Time (min)

M2 DEMNXMLALEZBHELSOF—/NT
(DA) W=t (T v b)
BFEME (sham) P ELEH (naive) T,
DAMEEHZ—H FR L%, "—2X54 &) bik
T4 b, LaL, WEEEEERR (esion) T,
DABEEEIITLHET TR, R—=AFA VI T
EADIICHEA A%, Uehara et al. Brain Res,
989 : 112-116, 2003 & b 51/,

FEONEEIE- A L ARFIZEI AT, L
7235 T, WIREEHEET v MIHERFEDNE
EHEmE TV ENESIT LN LD IZEDNRE
Fo 2D X % DAEEDOILE, X8 1 i
BHIEE SV CRERZIN TRV E ) TT,
PR K7 B s & bR~ O B gt 1, & LT
I IVBo -0y THLIENALNTY
9, Lo, WREEEEICXY, 7 vy
IV -0 YORBERTPEL, £RICX
D, A TO DAGEICEPEL L EZ S
OHBFYKERDbLNE T, DARB L W) H2b
1, WL EEETIE, RET DOPAC IRED
BmE bR, DAREOWMMAAELTWDS Z
LICHERELE T, DABEREELTCYFT
AT DMK D DAREZATND I IR 5D
5 TTH, DABRBEOWMMIET S - TH,
DOPAC/DA TF 2 1.5 DA Oz 128 L
TWbHZ e FEFT, AP LAFEORBIZL D
DAZEIZINEL TWTH, ZNLUANDOERETIX
DAMEEIZLEL TWAwd, BBRL WL DN
HLNF® A, Sumiyoshi & (2004) OFF .26
%, FOREELT, YT T ADDASZEED
WREZMFAETLTWAREELD D 9, LA
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12, Grace (1991) IMARIEOKIK & L T,
B T HIE O DA AE 2 @ tonicphasic /31 % $218
Lz2ZEDHY I3, MIEELLORF =2 —1
OB TICE Y, EET O DARED tonic
WIEEGE L, A2 phasic 123 T LT 5
EWVIHIERTT, NREEBEES v MBU LR
MR TR Rid, 2O Grace DR & N REE
TR T LTV A BRI 22T F
To Tibb, NREEDLRIARANIRE T 5 27
VEI VR -0V OBREKTICL Y, RkE
@ DA {23% %5 tonic {213 3B L, phasic (21370
95 &) IRE T 9, Weinberger (1987) 1,
Pycock & (1980) D REIEHIE DA = = — 11 {55
ETFIVIZEDNT, WEGERIETIE, WEHETIE
K DA WD, B T DAEMED A U Tw
LOTRBRVPEV)IRFERBE L2 L0H D
T3, AL RIE, (K DA EY: & & DA T
A%, [\ CEBAL URBkIK) C tonic—phasic (24 LT
WATREMZRIEL TV 2O B HN T & A

VI. fRISE-RTSREE 2 BB FERE(REN

TR MRIFTRZEHLTTE, 1) M
RIS O 2L, WAERMAREE (5 0%k
BRIGERDS V) D HFET S, 2) LAMgHE
(EBNEH o & YR BEZER ) DARRE A X, B
HRARE OB EEE, SR IROEFE
MBS 5, £LC, 3) MAELRETIEFNITH
A CHE & AV BTBEZE O IK 1V O 4R s A A3 HE
LMD LNED, MERRABEETITFNRS
BB CRETHL EVHI T LY 9,

CNHLOFTRIZEDWT, BERELZED LD
W 50T, MEEOBLNE SR
LT, MERFEDIERPEHTLENIEZ D
HOHET LaL, Pk e P sEEaE
DEFOWAE, BLOHEE T, e s
FEMEIGE I FARED, MEeAWEED )
PHRWIZE T Lz L72WE LT, Z0Ez 77
JCHELZHBTL0RE LWL T,

ZIT, INSDFRICKT L7230 &
LT, [HBEEOEAIZHA LTIE~ DTGz
B L, ERICHEEOZALDINb S &, {5

ERIRE I Vol 8 No.8, 2005

REMRABIZHB TR 1T EEIEID Schneider —
B FRAEK

RENFRARA (DL — #HEEEED RO
L)DIRY MR F-iE 8

BOBELNWEL (| o | DRAOF—/ v B
TSR SD) T G

/ X GW

' I Yix I

BT B ook dld
(RTBRZEAEH)

3 fAIEE-RIEE 2 FRRESRERE
Kurachi (2003) 2 Glu 285 L 720 Glu, 7 V%
IVERZ -0 OB ERT,

PR E DS RIR A IC B L L, A JCHE D ik
PRHATH] L) EZ 3 EpNE L2, ohds
HISE—HIBE 2 BB SEARE (B0, 2001 5 Kurachi
5, 2003) DBTFTY. 72720, WadyikicpEs
AHEL (MEHEE) OZLbFEENTIE R L, #HE
LTWSWaEdd 0 £9. 72, BWAIHSS,
THIBEE O —EFICiE, SPM TRIBENS L H 10
BEOZBALPGFE LT L H Y F3,

Siever (2002), Siever & Davis (2004) ® 5T,
HIbI & AR A RTIIE BT 5 ATBHE 028
L ERTHEZ BB TEd, fBh, HN—
— FRZ® Dickey & (2002) 1%, %12 PRI 58
EMEOLLEEML T I ¥, Dickey &1,
e 2 R 20 A B 2 00 P B B 2 2 L B L s 7
Dol b EORMIZILTWADTYTA, Fh
IR R HIETEERIRE 7o 72D b b A
Ao

RHZ EHIITFFLABRETE (M3), #
BRRERETIE, BEOLEHL»SHETET AT
& U TR S O ZIIC X - T, Ao
#A (frame) 12HR D 2ME L, FNAHHTOTE)
e -oTHNLOTHA ) LRI NET,
Z D &) 7 NI BESERE 15 D 2 LSRR A 2R T~
DL R L, BEF V20 b XiHEns
£ 9RO DA BIEEE A LR T LTw
559 TY,

BIHOVSHA DR DL, NEHELED
HHIENRTET, APMVAZELR T RBS
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ETL Y. BEMBICHRARNBIZOATT, 2
DX HA LV AOEECHMH - HIMUTEED
BALHSIMb B 2 L XY, Rk &k o
DA BRUZENE L B, 21T X Y, FHEMRE
] i% (sociality-related circuits) 23« & 72
L, ZJ§E= BFkbad e & ORA JHE OREIRDEH
AT ADOTIE VWP EWVWIERZTT, ZNEL]
= HREE % il & 9 % Schneider O —#iEIR
DFEBOFPET IV TT,

Wb B EMERICOWTIE, IhE TOMmE
Fzeh 5, E& LU CHiEFEOMRERE & BT
XA TYT (BAK, 1993), L722%o T, MIBHE
OEALDTHI D o THEE L% LT, MEEOELD
BEM LA U e, HAALE & 2T RE 12
b EBFWTE T, EBIC, Suzuki b (R
) offZe T, HAARG JGHE T, ek
FEIZ AT, BEEOLANS HITEHTL
70o F 70, MSHEDOEALAIBE CHIL, WO
TEZALLBETHLUREEDY £, Z0Z
2, WO, Crow (1980) D IRIK
MM ERTOREERERIASEL E LD
12, HEHEOBENLREE A EES L)
S5 CIE, Jackson (1884) DAY 7x BEMEAE IR &
WIHBESRTIEIIRY FT, ZORE, &
B, SHICEILEL TS BLERHY LT, N
DT & A EDFRA SR T Crow DV ) BEHEREIR
EBYEREIRDS E b ICHFAET AL ANTE
Ao

A FRHN DR & A1 itk B | B DWW Tk
Rz BT,

VI. HAKFEDBIMOEH A DIES

M OMBH A (frame) &1F, 2FIE LG
RBEHAME L, BB O AN EE RS T T
) — RO EFELTVET, MidEhotd
WELTWDLD, FNEEEET AHMEATAL
TWC, ZRICE T, BRI THEERD
NET, HROHDHEBLE VWA TS XWTL &
3 (&H, 1998) 0 BEFOMH A TIERIETE 22
WA R IE RIS L TR, LA BT
BOPREOWDIEZHEZTL & 925, WMETIC

(146) 1318

FTHENHIHEDD L E BT T, MEKRRIE
TiE, ZORMOVADIED, PR &b
WA LET L, MO2OREETR->TWwb
L9 T9,

e R TR B O BRI RS L B I B i O TR
W, EUE, EE, BILOEHESKEBoREL
EOLIENTELT, TOHRT, bobkdb—xE
L7, BEOREEETH L I RIS
NCTWwF T, Wechsler i8R E O H AR z 17F
B L CHE L22ARE S (1988) OfRTYH, We
B PHIE BOEREIL, WAIS Tl 58 & L7z iy keSS
Rl TwTd, & ICHBEMLE WiEod
B BSETLTWwE L, F S (2002) %
Matsui & (2004) OBF T, MEIRAMESE
LA & DICRETICHAT, SRR
B (GHMEARRE, HERR CHERMENAS
NF L7. RITEIERERE & BN W B TR RE
i, BEERETIRBEEEICHTHEREICHEL
TWE L7272, #EALTARIEE o T 13 iR Ay
BEC 77 SO &) ICRRARED T 7 4 VBT
RESIUAT L & ATIER I LT E L7z,

COWMAEREOREREOELRERE LT
i, g oML (RHIL, organization) @&
ERPYFISSEHEINTVET, REOMBRLE
WA, EMETLOLETFAILOREEST
T, FEDLETAENVTLTYH, BEESLIIE
WTEOEELRZOD, JIZBLZOLOPRT LR
STWRVOD, FIixbhr) FdA, TORE
DRARAL D EE D PN & I d] L7z ody, BR
B2 T3 (Nohara &, 2000), ZitidH
FAGMRFEAORBMEFREEZHELELL
(BFIE &, 2001)o HEMUEIZEDTITRLIZL D
MO MELERELZ LI T, 20RO
semiblocked list TiX, #lz L& H 7T —
(F, K, fE 2E, XV V) FEENICH) T
25, MUATFTY =3 wnd S LTRRS
nEd, FOEAETE, BFEE HT7TY-T
PIZEAEL T EmAALNE T, ZORREHR
A R o RBKLEoELr v 7T 4 b
vIL3Ivi¥a v CT (SPECT) TllEL F L7z,

EORCHIT A L &L, EROA ) F 2T A
W FUNT, BETLNETHIE L R4
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R L TWE L72DY, BalidiEsspomeas )
FaguPEAEN, B2 IEDHEHITHLER
EV)INITFLEFSTRARSND L) ICARD F
L7co HENEO D T T) —ALDHEALTZE WD &
EBDTL XD,

TNEENE LT, LI EOYET, ML T
TV —Db DR L CHA XN 5 IESCR
(stimulus category repetition) & L CEBILTX
F9, BELETHEIOSCROAATIEEL, »
OO T RIEARB O RO FAEHBELE L
72o LA L, #E JENIE B T 1% SCR @ 131K
, TOEHIBMHELALNFTATL,

BB OMBAIX, FERBHIRE LS
ZEMMTEFE T, Sumiyoshi & (2001) 54 5 I
V) — O FEIRAE I 7 B OBV B DO NETE DFRRT S
et L7k R, REETE, REBLEREED2
DORILVBRLNFE L7122, HELABRE TIZ,
COL) BRICOFEHEIRASHTIZH ) FEAT
L7z

b9 12, HRTHIES (1990, 1992) B
5 (1998) ORAFICHIZ L ERREET OFEN 72
MERHH T3, FRILINIE, FObgEER A a
7 (responsive search score, RSS) &9, fik
ROBM % L7-BO s BB OBEHMEO 540K
&, BEKRIECDOVWTORWBIETHL Z LS
ESNTHET, SHEP R YT LT
TOT, TOBFIIMOREFENZEALD B 5T
HTHHYET, £ TEOLEZMFTLTAHATL
7= (Tsunoda &, FlIRId),

KGRI, WA LMAED266BY, ARl g
1301, BEF3IBIT¥. HSTIHITH T 5 RSS &
3-D MRI TH#fg L 72 RE & oM %, SPM
THEH L CAE Lz, ZORRE, MokipEpEE
BT 5 RSS OWHRIE, Ao piEiLE, 5
THHEREY, 35 X OVF m S B OARR % 5 o 6B & A1
LTwE L7,

APERO T RIERI L, Bilcl T LL)
WZREEOMMAL, D)L w 2L, S
PSR OMARNEEER (organizational search) 12
B4 5 EARBEINTVET, FDOT LD
BHEL F9 &, 40T wiE Il SIS IR SRR
DRBRAVIRZN T AWM H ) T4, 29

FRAIS 8 Vol.8 No. 8, 2005

72E9 T, RSS IBIESFEM B MOMBIIER %
L TWBO0 M T A M2 MY
WL, NEI WD E XL A LSS
D) HIZH HBEEMBITRE R TR EWn
BERTY . MEDLS [MSEWIEZH D A0
EHDPNTEE, AL, CIERERLRITE
&, MBI TW L, L2 L, BETIRTS
PO HTENIETNATh T, RSS D54,
Thbb, EHROGHENLRL B BDOTIE RN
PEVITETT, INLEDZ ERHIL, EHRD
FRRRIIRE, 5 Wit HCHBAL DB E A2k
FIEIC BT 2 BB REORAREEZO2d Ll T
Ao

VI = EORKAEE | S5B% & O/R

AL BE S & v 9 ik, AR o B Ik
EDHEPNTZEZTTY, ThCOWTEBT
WL LT, 7, HARWICET 2 E
EYHEIZOWTOBKEEOMBERAN L nE
WE,

XY ADN-RAF)V-D-T7 A8 X i (NMDA)
ZEROFER BT HRECTERIMA SN~y
ZNIAL XM AATE) (social interaction) 2MET
L, MAWITHL A ERMEINTWET
(Mohn &, 1999), NMDA %2k % IEH A W12
B 257 244219 (PCP) % MK-801
BEEYTHHRNHEAH OB T 5 2 L2,
Sams-Dodd (1997) 12X W& s hTwvwE 9,
PCP &5 8L LRECH TNV E LT
B INTWE 925, NMDA 5284k 0 T 13,
1 & A n W & A L CH A E TR O
TZb b THRENSY F T, FIXATET D
R EVEOE 1 BEHE LTER-TE D
W, ThMEFZY NV T Ly ¥ (arginine vaso-
pressin) T9 o PCPIZNNY T L v ¥ ViEEICE
BreRIZL, ZN0SHENTEICEEL252 50
T2V EVIRHFTT, 2T, PCPHE
MG 7 v P OMRWHETEE NV Ly v
ZEEROEAEBF L CAH T Lz, FRDHME
DFENMFHIL TS (Tanaka &, 2003),

& WM B AT B o @ % 13, File (1980) &
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Sams-Dodd (1995) O FHEIZES L H DT, i
150X 100cm, % S40cm DA — 7> - T4 =N
Fic2ltogy FERbL T T, HRBERE IR
F L0 O4TE &1, WE (eniffing), B
(following), < A\ (grooming)) E45d 1)
F9, 7 v MILERYLED PCP (2mg/ke),
B vid MK-801 (0.13meg/kg) % 2 EHIBEHEN
5 LE Lo Z0%, AWM EATE & HETE
CHBMATOW A THELE Lz NV T Ly Y
VST ARBIZOWTCE, AT TVFTTT
4 =TTy vy ZRROBEREZMEL T L
720

ZORER, WMEETH HET T, MHEIC
H_T PCP #¢ 5.8 % MK-8014% 5-#E ¢T3, #&
W EATEMMET LTWwWE L7z, HEWRITCII,
W BE (locomotion) & PCP#5-# D139
PR LTCVE L, 2272 0ok LTwdlny)
DTIERL T, WHAWSLEEE - TWE T, #
Vi BRSO b T

FUFZY NV T Ly v OEME (an-
tagonist) T 5 [125-1] ~linear AVP &3V 7
Ly Vv UERRREOMEHEL A - I VLTS
7 4 — THIE LR H, PCPIGHETIX, S
e, DRERESPHIRTHRE TNV T Ly ¥
UAEL S o TWwWE L7ze A, RAkEHO
LR AEERAE I TWERATL, &
DEBIINDSLERFRKITLTFETTD, v
WEEOBEBEL VI HAL L IO L) RifgiTE
HDHIEIEERSSH DL ERVTT,

X, &M E B (sociality-related  cir-
cuits) WV DEFMEIRLTVEPZHW L
T, CHIEFEE,ILOEMETHHT L E L
B ¥ 9, Chomsky (1975) @ [S &l 1,
TARNE, E¥nidth o, Wb » %
[, SENBREICETLETTC, FEoilb %
JPICEEREST L, FLTC, SREFEOR
HiRe #1551 5 I8 B b D ke 2 R & &
DEH L FERLT, HOOBEZEREIFZMAL
Zz2, SLWBARLHYRMEB X UHBE TS
MACELEELIENTEL] ¢HNET, &
212, HBEOFKEDSHEMNLRER L V) DI,
HHEALABELRRELDHN T T, €I THRVE

(148) 1320

*6 MHERBENERMIME

Crow (1980) Liddle (1987) Yuasa 5 (1995)
U IN KB A R B R R
B VEAEIR TRARIE (R A TRARE BB
PR FTE i E A M LBl
AR R

EbHHTLE ). THEALTEVWAVRASL £
HIZLTh, FHIWHIREOBTTHERFEZ LR A
PEELTOW L DEFEFICARREZE L VW) O
Chomsky BRI TH 0, FiEICHT 2 LB 1M
3% (innate structure) &9 dOPBEFNIL &
oD > TWAIZEWL RV EWVH DD Chom-
sky ®% 2 72 £ w9, Chomsky (1965) 1351
O [SEMFHOFME] o [SEdme SHEE]
W EIAT, FHOWVWH)KEBELSHEEMNER
(language—acquisition device) & %D Tw &
Fo AR R BB EEEL LT, 29V do
b o T, RERORATHRENL, TN
b o T bR AAMEE (schematic  struc-
ture) A FEHL, SLWETHICHMEIELT LR
DTHAH) EBRTED T,
HAEOEBIZOVWTHEEERLILPER
LOTIR W EEbIE T, Chmosky 1272 5
o> TEHRT TSN HERIEE (sociality-acqui-
sition device) NIZIZMD o> T, BB
EDOWAWS BIEERN LR CTEN LA RE SN
TEC, HEUPERIN TN EWIERLT
o

TG e A O JE B BE 3B, Crow (1980) @
2 SRS 541 Liddle (1987) @ 3 fefihf 5048
HBEFLTWE T, A bid 4 a2 5
ZLTWwWF T (Yuasa b, 1995, £6)o 3
BEAJE T, BACEE AR, MHAREREE, T LT
B EEMEER (reality distortion syndrome)
S HNE T, 4 ERBSETIE, TOBIFEEMN
REAEREDS, MBAERR: (alienation syndrome)
L EARREERE AN T T MELEREE L WD
O HREED Z LTI, FA VHOK
MEEF ISV DRI o#ERNE T, BIREE
RIS R TCw e BEnEYT, B
HEICBLEOEM T8, MR BIREE,
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BHEOEBOKBRTTOT, PEEMTIIHY
Ao

M EALRE =R L, Schneider @ —MIERD S &
ERMEEZRWID 0T, e LTIREFHE
AOLELE LA, AREEE L CdEREE
LEELNMRER, BEZEW, BETEIDY
o TOMOEBRERL, EFICRFELLRNE
To ZMUE, PSE-9 (GHEREBLER, FIMR,
1974) OFHTIE, [BHOE Z D5 UEEIC W
BWAILE TR TWA] End T d, B
Fx, RS, HEABRHRPIEDboTWwB E
BVIET, ZOFERREBEIELT LS HEICHM S
NTWwWiaWwrHiZEBbnEd, 7429 5D An-
dreasen (1983) DB PEREIREEA R (SAPS) %
RETE, BREERD LD TCEMEREIEL S
EVH L) BEEHFNEINRTE T, EHEIX
HADEZVPRKERFETCHINTWADNHE I 2
TL A, 295, BODOEZNELEbo T
ERAITRT 5L W) FHBOHT IR > T b
ERWET, N VIROBMFEHESTH I, =
NIEHHAEBICRY 3, £ TldRlT, £4
ZHEL VI DI, b EEBERNZERTYT, ohn
2EDIHIWCHBLRVE, HREEL WM
BHTI 2w E BunwI 4,

ST, TOXHITHEBEN AR E L CHREE
WL LETE, FORVIIBEEREEDLS
WCEZTWo50VWTL &9 d, BEIINEEIC
ELTWwB e F0TFHE-T0AE—nE L
HELEYS, £HLETE, AMOBMNIZIZH -
il DR A DI 72 4 X (representation) 75 4%
FETHIEWhbERWET, ZN2MEEEDE
AT OE - WBERE o THPNT 5, W
HICBT 5 H - MBROBEIEBICEMRLEN
7200, MEFRERZEOBFEE L FIHT 5
EATEET, CONTICBITLH - bR EHE
O MRS A, AR EREE SR L
L7

T, 9V IREIEEZWCHIDOTL LD
o Papez @ Bl GEREM ) & I A T, Yak-
ovlev (1948) ol (NEHEIE) & ShbhTw
5HDWHY ET, HEBEIE, RKkE 2
fo e b OMIRT INIEE, mUEESEIRE W, Bk

PRAHE A EEE Vol.8 No.8, 2005

WEDS % 5 HEECT (Bt & /N, 2002). 1H
ENCIIEREEEDLEVbRETE, Thbit
F o L THRWMREHICAEL, EHoXERIHS
D, HEEE G ZEEbhId, v
Bz L, HEMRERIc LTI N TWwS
EBWRZBTLL D, £9 LT T L, Yakovlev
DIEBE SRR & R ) &9 DT
BWTLE) Do HENII 2= —3 3 vid,
Eo#ABE T, $9, BENII 2= —T 3
YELTHILLT, #0%, SiElcksaziaz
F—=2aVvdELTCE R EbRE Y, SiEi
FREDIIa=r—vavicky, H4emas
2 —=vare IR ERT LI &AM HEE
Tolze TOERIZE, BEAHELTOSERD
FENDH D FTH, FhE, S VEEEEE
29) POELLLTERLLOD LS T, Mk
PREATIE, 18744E1Z Wernicke 12 & 1 b i 58 7] 23
A EFRT L LTRSS, SEF0HEE,
BVIEFoEEE (LR At A
BIRRAD WCOBET A e R Eh-ooHh Y F
3 Uk, 2004 ; BRI E ZA, 2004), S
HEALDEH; & NB OS2 51l o Tv b &
WZBERVET, MARTEDORREE L L
T, BEREE, H250idH - @R el o
MEZHETIEZNDD T, MALTEOE
W% T, EMBEE (Wernicke BF) K5 g
MELALNLDIE, THOXIHEZNE, 0
EAEELDILEI IO ICEbREd, S&1F
E, MR % STEOBSBRED S Ot T
B L E L7228, WEICE, FhLl o iE
Vb LHZBbEd,
D&, A ORI A A B s &
W) DOPFLEL T, FNDSA BRSO &
o TWAEDTIELEWTL & )% WERIZBWT
bl - WBROMER DS, SR BITAH -
BR E > CTHN L, 2O XS ZEOKKE
B, A LR E ORI D BHOHMAD & 9
TYo £HIZLY, HECOARME LToOBEL,
WMOANF~NDOEE, Z L CHANOEHZALT
FHEND L) o TWEDELBWE T,

1321 (149)
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X. 2BREIRSIOREL

AR (A BELRERMETITE D
12, PIAMASEEE S O ZALASFEAE L, Wea Rl
TlE, ZHICHBEEDZEA b > TnDH L)
LW TIRENOE R Y) TT TORIZD
WTOMHEORE (B, 2001) &, Siever
(2002) ORMBAEZFLTWE T,

EEIROIIE, MAEFEORATEE L LT, R
SO (0K BE, HEVIZTOEIOHS
NAZERHY, TEEHEEZRL WL M
BanEd, 20X BIEFHEDH B NIT S
DEAHMDb - T, HEREPTIET 5 LE R
BIENTELTLI). £OLETE, AR
PR (AMG) BEE EARA R & v ) 2 RERIIC R
5N REWI Y 72 LS DG SRS, MEWTRYICTE AL
o TWAIREESDH ) 9. 2205, 2B
ARSI SE LT L7z,

2 B AR D AR R, Oty 221t %
FELTWDEIZ &, @BMERE BHEIRE DR
12, Jackson DFEZEEMLTCVWAI &LIZH D X
Fo TNREITTDOT, 4%, WiFL T E
FERDECT, OFF, ML OEFIZONWT, JE
FERT A & OMERTB 2 FB BRIV ET T, b L,
S OEBEDIE L, Wb w B RiRIA o i
STHARIC BT SE 2 bl & 2 MO TR 2L
EFLTWAZEICRD T, TNITDOWTI,
F 73, PR GERBT, 2B E T A
BiddH Y FTH (BMS, 2004), b )4 LIEH
REDTWTIE, Fo& ) LTLBERVET,
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Abstract

We have previously reported bilateral volume reductions in the anterior limb of the internal capsule (ALIC) in
patients with schizophrenia. The purpose of this study was to extend the volumetric measurements of ALIC to
subjects with schizotypal features to explore the neurobiology underlying schizophrenia-spectrum disorders in view
of the fronto-thalamic connectivity. Three-dimensional magnetic resonance images were acquired from 24 patients
with schizotypal disorder (ICD-10) and 47 healthy volunteers matched for age, gender, handedness, and parental
education. Volumetric analyses of the ALIC and anterior parts of the caudate and lentiform nuclei were conducted
using consecutive 1-mm thick coronal slices rostral to the anterior commissure. Compared with the comparison
subjects, the schizotypal patients had significantly decreased volume in the right ALIC, but there was no significant
group difference in the left ALIC volume. Volumes of the anterior part of the caudate or lentiform nucleus did not
differ between groups. Volume deficit confined to the right ALIC suggests that limited involvement of the fronto-
thalamic connectivity may have some relevance to the sparing of schizotypal patients from the development of overt
psychosis.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Schizotypal disorder; Magnetic resonance imaging; Anterior limb of internal capsule; Volumetry; Fronto-thalamic
connectivity

1. Introduction

Subjects with schizotypal features diagnosed as
schizotypal disorder in ICD-10 (World Health

*Corresponding author. Tel.: +81-764-34-7321; fax: +81-
764-34-5030.

E-mail address: suzukim@ms.toyama-mpu.ac.jp
(M. Suzuki).

Organization, 1993) or schizotypal personality dis-
order in DSM-IV (American Psychiatric Associa-
tion, 1994) share a broad range of similarities with
patients with schizophrenia in terms of genetics
(Kendler et al., 1993; Siever et al., 1990) as well
as neurobiology (Salisbury et al., 1996; Siever et
al., 1993; Volgamier et al., 2000). They arc sug-
gested to constitute a prototypic disorder for the
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schizophrenia spectrum (Siever et al., 2002). Clin-
ical symptoms of schizotypal disorder are charac-
terized by ‘eccentric behavior and anomalies of
thinking and affect which resemble those seen in
schizophrenia’ (ICD-10) but are differentiated by
the lack of overt and sustained psychosis or severe
functional deterioration. Schizotypal disorder and
schizophrenia may have a common neurobiological
basis for vulnerability factors as part of the schiz-
ophrenia spectrum. In turn, differences between
schizotypal disorder and schizophrenia may
account for the sparing of schizotypal patients
from the development of prominent psychosis.
Clarifying the similarities and differences in the
neurobiology between these two disorders has
significant implications for a better understanding
of the pathogenesis of schizophrenia.

In contrast to the large number of morphological
brain-imaging studies in schizophrenia (Pearlson
and Marsh, 1999; Shenton et al., 2001), there is a
relatively small but growing body of literature that
examined brain morphology in patients with schi-
zotypal personality disorder or schizotypal disor-
der. Schizotypal subjects have been reported to
show structural abnormalities in the brain similar
to, but generally less severe than, those observed
in schizophrenia patients, and sparing some brain
regions (Dickey et al., 2002a; Siever et al., 2002).
The abnormalities reported include larger cerebro-
spinal fluid volume (Dickey et al., 2000), enlarged
ventricles (Siever et al., 1995; Buchsbaum et al.,
1997b; Kurokawa et al., 2000), volume decrease
in the superior temporal gyrus (Dickey et al.,
1999, 2002b) and other temporal regions (Down-
hill et al., 2001), volume decrease in the thalamus
(Hazlett et al., 1999; Byne et al., 2001) and basal
ganglia (Shihabuddin et al., 2001; Levitt et al.,
2002), shape and size differences in the corpus
callosum (Downbhill et al., 2000), greater incidence
of large cavum septi pellucidi (Kwon et al., 1998),
and asymmetry anomaly in the parahippocampal
gyrus (Dickey et al., 1999) and anterior cingulate
gyrus (Takahashi et al., 2002b). However, further
studies are necessary to elucidate which brain
regions are affected or spared in schizotypal
subjects.

All the afferent and efferent fibers linking the
cerebral cortex to the subcortical structures pass

thorough the internal capsule (Parent, 1996). The
anterior limb of the internal capsule (ALIC) con-
tains the anterior thalamic peduncle, which con-
nects the dorsomedial and anterior thalamic nuclei
with the prefrontal cortex and the cingulate gyrus
(Parent, 1996; Nieuwenhuys et al, 1988).
Although less attention has been directed to the
cerebral white matter in schizophrenia research,
the ALIC may be significantly implicated in the
pathophysiology of schizophrenia. Abnormal con-
nectivity between different brain regions, such as
the fronto-temporal, prefronto-thalamo-cerebellar
or prefronto-striato-thalamic connectivity, has been
hypothesized to explain some of the cardinal fea-
tures of schizophrenia (Friston and Frith, 1995;
Andreasen et al., 1998; Carlsson, 1988). Volume
reduction in the white matter of the ALIC may be
an anatomical substrate for the hypothesized dis-
ruption in fronto-thalamic connectivity in schizo-
phrenia.

A few recent studies applying voxel-based anal-
yses of structural MRI have demonstrated abnor-
malities in the internal capsule, especially its
anterior limb, or their relation to the psychopa-
thology in patients with schizophrenia (Andreasen
et al.,, 1994; Paillere-Martinot et al.,, 2001; Sig-
mundsson et al., 2001; Suzuki et al., 2002; Velak-
oulis et al, 2002). A diffusion-weighted MRI
study has shown decreased diffusion anisotropy in
the internal capsule in schizophrenia (Buchsbaum
et al., 1998). Inour previous study (Zhou et al.,
2003), we have demonstrated direct evidence of
volume deficits in the ALIC in schizophrenia
employing both volumetric region of interest
(ROI) analysis and voxel-based morphometry. The
schizophrenia patients had significantly decreased
volumes in the bilateral ALIC compared with the
healthy comparison subjects. It is of interest to
know the volume changes of the ALIC in schizo-
typal disorder since the differential involvement of
the frontal lobe or frontal lobe-related structures
has been suggested to underlic the differences in
phenomenology between schizophrenia and schi-
zotypal disorder or schizotypal personality disorder
(Siever et al., 2002; Kurachi, 2003a,b). To our
knowledge, however, no volumetric study of the
ALIC in schizotypal subjects has ever been
reported.
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Table 1

Demographic and clinical characteristics of patients with schizotypal disorder and healthy comparison subjects

Schizotypal disorder Healthy comparison Analysis
patients (N=24) subjects (N=47)
N N X2 P
Male/Female 13/11 25/22 0.01 0.94
Mean+S.D. Mean+ S.D. t P
Age (years) 249453 25.1459 0.10 0.92
(range, 18-37) (range, 18-38)
Height (cm) 163.549.8 166.6+7.7 1.45 0.15
Weight (kg) 58.7+10.3 58.1+£9.2 0.25 0.81
Education (years) 133419 15.8+24 4.49 <0.01
Parental education (years) 12.2+2.1 12.3+2.3 0.20 0.84
Drug dose (mg/day, haloperidol equivalent) 38444 -
Duration of medication (years) 1.6+2.1 -
Total SAPS score 14.94+10.3 -
Total SANS score 4374255 -
Total BPRS score® 39.1+11.3 -

SAPS, Scale for the Assessment of Positive Symptoms; SANS, Scale for the Assessment of Negative Symptoms; BPRS, Brief

Psychiatric Rating Scale.
* Data were missing for three patients.

In the present study, we extended the volumetric
measurements of the ALIC and surrounding struc-
tures using three-dimensional magnetic resonance
imaging (MRI) to patients with schizotypal disor-
der of ICD-10. The aims of the present study were
to determine if volume changes of the ALIC are
present in schizotypal patients as was seen in the
patients with schizophrenia, and to add some
neurobiological evidence for the vulnerability to
and/or protective factors against overt psychosis.
We hypothesized that schizotypal patients would
show no significant structural deficits or, if present,
less severe abnormality in the ALIC compared
with schizophrenia patients.

2. Methods
2.1. Subjects

Demographic and clinical data of the subjects
are presented in Table 1. Twenty-four right-handed
patients with schizotypal disorder who met ICD-
10 Diagnostic Criteria for Research (World Health
Organization, 1993) were included in this study.
The patients were recruited from among the sub-
jects who visited the clinics of the Department of

Neuropsychiatry, Toyama Medical and Pharmaceu-
tical University Hospital manifesting schizotypal
features with distress or associated problems in
their lives and needed to receive consistent clinical
follow-up to prevent serious psychotic problems
or development of schizophrenia. Candidates who
had fulfilled the ICD-10 criteria for schizophrenia
during the follow-up period were excluded. None
of the 24 patients has developed overt schizophre-
nia to date (mean follow-up period after MRI
scanning=2.6 years, S5.D.= 1.3). All available
clinical information and data were obtained from
a detailed review of the clinical records and struc-
tured interviews performed by psychiatrists using
the Comprehensive Assessment of Symptoms and
History (CASH) including the chapter of premor-
bid or intermorbid personality (Andreasen et al.,
1992). Subjects were diagnosed by a consensus of
at least two experienced psychiatrists based on
these data. Nineteen patients were outpatients, and
the other five patients underwent closer clinical
and medical examinations including MRI during
short-term admission. At the time of MRI scan-
ning, 22 of the 24 patients were treated with low
doses of antipsychotics; nine patients were treated
with typical neuroleptics and 13 patients were
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receiving atypical neuroleptics. The remaining two
patients were neuroleptic-naive. All patients were
physically healthy, and none had a history of head
trauma, neurological illness, serious medical or
surgical illness, or substance abuse disorder. Clin-
ical symptoms were rated within 1 month of
scanning using the Scale for the Assessment of
Negative Symptoms (SANS; Andreasen, 1983),
the Scale for the Assessment of Positive Symptoms
(SAPS; Andreasen, 1984), and the Brief Psychi-
atric Rating Scale (BPRS; Overall and Gorham,
1962).

Control subjects consisted of 47 right-handed
healthy volunteers recruited from among the com-
munity, hospital staff, and medical and pharmaceu-
tical students. They were interviewed by
psychiatrists using a questionnaire concerning their
family and past histories, and present illness. Sub-
jects were excluded if they had a history of
psychiatric illness, head trauma, neurological ill-
ness, serious, medical or surgical illness, or sub-
stance abuse disorder. They were also screened for
history of psychiatric disorders in their first-degree
relatives. All control subjects were given the Min-
nesota Multiphasic Personality Inventory, and sub-
jects were excluded if they had abnormal profiles
with any T-score exceeding 70. There were no
significant between-group differences in age, sex,
or height. Although the comparison subjects had a
significantly higher level of educational achieve-
ment than the patients, parental education did not
differ between the groups.

After a complete description of the study to the
subjects, written informed consent was obtained.
This study was approved by the Committee on
Medical Ethics of Toyama Medical and Pharma-
ceutical University.

2.2. Magnetic resonance image acquisition

Magnetic resonance images were acquired on a
Magnetom Vision (Siemens Medical system, Inc.,
Erlangen, Germany) operating at 1.5 T with a
three-dimensional gradient-echo sequence FLASH
(Fast Low-Angle Shots) yielding 160—180 contig-
uous 1-mm T;-weighted slices in the sagittal plane.
Imaging parameters were as follows: repetition
time (TR)=24 ms, echo time (TE)=35 ms, flip

angle =40°, field of view=256 mm, and matrix
size=256 X256 pixels. The voxel size was
1 X1X1 mm. Magnetic field inhomogeneity in our
scanner was monitored with weekly phantom scan-
ning and daily basic quality control, and remained
stable over the MR acquisition time for this study.

2.3. Magnetic resonance image processing

The images were transferred to a Unix worksta-
tion (Silicon Graphics, Inc., Mountain View, CA,
USA). The data were coded randomly and proc-
essed with the software package Dr. View 5.0
(Asahi Kasei Joho System Co., Ltd., Tokyo,
Japan). Details of the image processing have been
described elsewhere (Takahashi et al., 2002a; Zhou
et al., 2003). Briefly, brain images were realigned
in three dimensions to standardize the differences
in head tilt during image acquisition. Standardized
scans were then reconstructed into entire contigu-
ous coronal images, with a 1-mm thickness, per-
pendicular to the anterior commissure—posterior
commissure (AC—PC) line. Prior to volumetric
analysis, masks were semi-automatically created
to demarcate the outer extent of the intracranial
contents, with the scalp and neck tissue removed.
Minimal manual editing of the masks was required.
The whole cerebrum was separated from the brain-
stem and cerebellum by manual editing on each
coronal slice. The brainstem was removed by the
plane parallel to the AC-PC plane and passing
through the sulcus pontinus superior. Then, accord-
ing to the Alpert algorithm (Alpert et al., 1996),
the signal-intensity histogram distributions from
the T,-weighted images across the whole cerebrum
were used to segment the voxels semi-automati-
cally into gray matter, white matter, and cerebro-
spinal fluid (CSF). The histogram of gray levels
was computed and used to select the minimal
intensity point between the gray matter and CSF
peaks (lower intensity threshold) and between the
gray and white matter peaks (upper intensity
threshold). First, CSF was separated from cerebral
tissue by the lower intensity threshold, and the
resulting tissue compartment was then segmented
into gray and white matter compartments by the
upper intensity threshold. This segmentation was
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used as a basis for operator outlining of the regions
of interest, as described below.

2.4. Volumetric analyses

2.4.1. Regions of interest

The regions of interest (ROI) were the ALIC,
the anterior part of the caudate nucleus, and the
anterior part of the lentiform nucleus (putamen
plus globus pallidus). Protocols for demarcation
and volumetry of the ROIs were identical to those
described in the previous study (Zhou et al., 2003).
The delineations of the ALIC, caudate, and lenti-
form nuclei in a representative subject are present-
ed in Fig. 1. Volumetric measurements were made
in consecutive 1-mm coronal slices (voxel=
1 X 1X1 mm), from anterior to posterior, ending
posteriorly with the plane through the center of
the anterior commissure, since this slice corre-
sponds to the genu of the internal capsule. The
right and left sides of each region were measured
separately. For the caudate nucleus, the most ante-
rior coronal slice was defined by the appearance
of the caudate head identified with cross-reference
in three-dimensional orientation. Outlining of the
caudate was performed by surrounding the seg-
mented gray matter. The nucleus accumbens was
included in the caudate ROIL. For both the ALIC
and lentiform nucleus, the measurements were
started from the slice in which the internal capsule
began to appear and the caudate and the putamen
could be reliably delineated separately. The demar-
cation of the lentiform nucleus was performed
primarily on the basis of segmented gray matter,
but it was necessary to delineate the dorsomedial
and ventral boundaries manually to separate it
from the internal capsule and from the substantia
innominata and/or the anterior commissure. The
subcommissural part of the globus pallidus was
excluded from the ROI. The ALIC was demarcated
primarily on the basis of segmented white matter.
The dorsal and ventral boundaries of the ALIC
were arbitrarily determined in each slice. The
dorsal boundary of the ALIC was determined by
the straight line linking the most dorsal point of
the lateral edge of the caudate to the most dorsal
point of the medial edge of the lentiform nucleus.
Conversely, the ventral boundary was determined

by the line drawn between the most ventral point
of the lateral edge of the caudate and the most
ventral point of the medial edge of the lentiform
nucleus.

All ROI measurements were performed by one
rater (SY.Z.) without knowledge of subjects’ iden-
tity, age, gender, and diagnosis. Intrarater reliability
was established by rating all ROIs of five subjects
randomly sampled from the whole subjects. The
intrarater ICCs for volumes obtained by the same
rater on two occasions were above 0.98 for all
ROIs. Interrater reliability was also established by
rating five subjects independently by two raters
(SY.Z. and M.S.). The interrater ICCs were higher
than 0.94 for all ROIs.

2.4.2. Intracranial volume measurements

Intracranial volume (ICV) was measured to
correct for differences in head size. Before meas-
urement of ICV, the 1-mm-thick coronal slices,
which had been corrected for head tilt, were
reformatted into consecutive S-mm thick sagittal
slices with each voxel as 1 X1X5 mm. The intra-
cranial cavity was manually traced in each sagittal
slice, using anatomical landmarks according to a
study by Eritaia et al. (2000). The ICV was
calculated by summing the measured volumes of
all slices.

2.5. Statistical analysis

Statistical differences in the regional volume
measures were analyzed with repeated measures
multivariate analysis of covariance with ICV and
age as covariates (MANCOVA) for each region,
with diagnostic group (patients, control subjects)
and gender (male, female) as between-subject
factors, and hemisphere (right, left) as a within-
subject factor. For the comparison of the ICV, only
age was treated as a covariate. Post hoc Tukey’s
honestly significant difference tests modified for
unequal sample sizes (Spjotvoll and Stoline, 1973)
were employed to follow up the significant main
effects or interactions yielded by these analyses.
For demographic dichotomous variables, chi-
square analysis was used. For demographic contin-
uous variables, an independent sample f-test was
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Fig. 1. Regions of interest measured. Sample of coronal slices (panels a—f) shows the delineations of the left anterior limb of the
internal capsule (red), caudate nucleus (blue) and lentiform nucleus (green). The three-dimensional reconstructed image of these

three ROIs is presented in panel G.

used. Partial correlation coefficients controlling for
age and ICV were calculated for the correlational
analyses among the ROI volumes. Nonparametric
Spearman’s rank order tests were used to detect
correlations between the ROI volumes and clinical
data, because of the non-normal distributions of
clinical data.

To examine the effects of antipsychotic drug
classes on morphology of the subcortical struc-
tures, the volume of each ROI was compared
between patients treated with typical and atypical
neuroleptics. MANCOVA with ICV and age as
covariates was employed for each region, with
antipsychotic class (typical, atypical) and gender
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Table 2

Volumes of the regions of interest in patients with schizotypal disorder and healthy comparison subjects

Region of interest

Volume (ml, Mean+S.D.)

MANCOVA

Schizotypal patients (N=24)

Comparison subjects (N=47) Diagnosis effect®

Male (N=13) Female (N=11) Male (N=25) Female (N=22) F d.f. P
Intracranial volume (ICV) 1538+ 110 1451+ 146 15894100 1407 +92 0.01 1,66 0.889°
Anterior limb of internal capsule 418 1,65 0.044°
Right 1.564+0.22 1.434+0.13 1.7740.33 1.544+0.27
Left 1.404+0.24 1.404+0.25 1.584+0.29 1.3840.24
Caudate nucleus 0.19 1,65 0.660°
Right 3.25+0.54 3.17+0.67 3.374+041 3.0940.40
Left 3.48+0.59 3.374+0.58 3.7240.36 3.294+0.43
Lentiform nucleus 0.07 1,65 0.784°
Right 2.84+0.39 2.66+0.45 2.9440.54 2.644+0.29
Left 2.74+0.38 2.71+0.35 2.914+0.52 2.544+0.35

a For other main effects and interactions, and the results of post hoc tests, see the text.

> Age was used as a covariate.
© Age and intracranial volume were used as covariates.

as between-subject factors, and hemisphere as a
within-subject factor.

In all analyses, statistical significance was
defined as P<0.05 (two-tailed).

3. Results
3.1. Volumes of ROI

Volumes of the intracranial cavity, the ALIC,
the caudate and lentiform nuclei in each group are
presented in Table 2.

There was no significant difference in the ICV
between the patients and the control subjects (main
effect of diagnosis in ANCOVA: F=0.02, d.f.=1,
66, P=0.889). MANCOVA for the ALIC with
ICV and age as covariates showed significant main
effects of diagnosis (F=4.18, d.f.=1, 65, P=
0.044) and hemisphere (F=17.87, d.f.=1, 67,
P <0.001), but there was no significant main effect
of gender or an interaction among the factors. The
patients with schizotypal disorder had a signifi-
cantly smaller ALIC than the control subjects in
the right hemisphere (post hoc test, P=0.014) but
not in the left hemisphere (post hoc test, P=
0.471) (Fig. 2). The ALIC volume was larger on
the right hemisphere than on the left hemisphere
in the control group (post hoc test, P<0.001) but
not in the patient group (post hoc test, P=0.296).

In MANCOVA for the caudate nucleus (caudate
ROI included the nucleus accumbens), there was
no significant main effect of diagnosis or gender,
although the main effect of hemisphere was sig-
nificant (F=41.40, d.f.=1, 67, P<0.001). There
was no significant interaction. The caudate volume
was larger on the left hemisphere than on the right
hemisphere (post hoc test, P<0.001). MANCOVA
for the lentiform nucleus revealed no significant
main effect or interaction.

There was no significant between-group differ-
ence in the number of slices used to measure the
volumes of the ALIC or lentiform nucleus. How-
ever, the number of measured slices for the caudate
nucleus in the patients was significantly less than
that of the comparison subjects (ANCOVA
revealed a significant main effect of diagnosis:
F=10.65, d.f.=1, 65, P=0.002).

3.2. Correlation among volumes of ROI

In the control subjects, the volume of the ALIC
was positively and significantly correlated with
that of the caudate nucleus (partial correlation
coefficient r=0.42, P=0.004 on the left and r=
0.36, P=0.014 on the right, respectively) and that
of the lentiform nucleus (»=0.58, P<0.001 on
the left and r=0.74, P<0.001 on the right, respec-
tively). Also, in the patients, significant positive
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Fig. 2. Absolute volumes of the anterior imb of the internal capsule in patients with schizotypal disorder and healthy comparison
subjects. Age and intracranial volume were treated as covariates in statistical analysis (see the text). Black circles and diamonds
denote values for male subjects. Open circles and diamonds indicate those for female subjects. The mean for each group is also

shown.

correlations were found between ALIC volume
and lentiform nucleus volume (r=0.43, P=0.043
on the left and »=0.65, P=0.001 on the right,
respectively). The correlation between ALIC vol-
ume and the caudate volume was positive but not
significant in the patients (r=0.20, P=0.34 on
the left and r=0.30, P=0.16 on the right, respec-
tively). None of the volumes of the ROIs were
significantly correlated with age at onset, duration
of illness, daily medication dosage or duration of
medication in the patients.

3.3. Effects of antipsychotic classes on volumes of
ROIs

MANCOVA did not reveal a significant main
cffect of antipsychotic class on any of the ROI
volumes. In MANCOVA for the caudate nucleus,
the main effect of hemisphere was significant (F=
1443, df.=1, 18, P=0.001): the left caudate
volume was larger than the right (post hoc test,
P=0.001), consistent with the results in the whole
group of subjects. In MANCOVA for the lentiform
nucleus, the interaction between antipsychotic

class and hemisphere was significant (F=5.50,
d.f.=1, 18, P=0.030); however, post hoc com-
parison did not show statistically significant
differences.

4. Discussion

This study is the first to examine the volume of
the ALIC using MRI in patients with schizotypal
disorder. The volume of the right ALIC in schi-
zotypal patients was significantly smaller than that
in control subjects, but there was no significant
group difference in the ALIC volume of the left
hemisphere. The volume of the anterior caudate
nucleus or anterior lentiform nucleus did not differ
between the schizotypal patients and the controls.

First it should be addressed that the present
study may not be completely framed for direct
comparisons with several previous studies dem-
onstrated morphological deviations in subjects with
schizotypal personality disorder because of subtle
but distinct differences in the diagnostic categories
between ICD-10 and DSM-IV. Schizotypal person-
ality disorder as defined in DSM-IV is an enduring
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pattern of inner experience and behavior, which
begins by early adulthood, and is included in the
cluster A personality disorders (American Psychi-
atric Association, 1994). In ICD-10, however,
schizotypal disorder is not classified as a person-
ality disorder, but is placed with schizophrenia
with in view of the fact that this condition may
begin in adult life, after the time when personality
has developed fully (Gelder et al., 2001). In
addition to the items for schizotypal personality
disorder, the criteria for schizotypal disorder
include occasional transient quasi-psychotic epi-
sodes usually occurring without external provoca-
tion (World Health Organization, 1993). These
differences may lead to inclusion of broader-ranged
and possibly more severely ill subjects into the
ICD-10 category. They may also increase the
likelihood that schizotypal disorder includes pro-
dromal or prepsychotic schizophrenia. However,
prior to the onset of overt and sustained psychosis,
it is not possible at present to reliably predict
whether or not the patient will later develop
schizophrenia. We adopted the ICD-10 criteria
since they were more suitable for the purpose of
collecting and examining subjects among the clin-
ical population who manifested schizotypal fea-
tures with distress and needed consistent clinical
follow-up irrespective of when their symptoms
began.

With regard to symptom severity, the clinic-
based schizotypal subjects are considered to have
more serious symptoms than individuals recruited
from the community (Dickey et al., 2002a). The
mean total BPRS score of the present subjects
with schizotypal disorder was 39.1 (S.D.=11.3),
which is comparable to those (mean=137.4, S.D.=
5.7; mean=237.5, S.D.=6.2) in two previous MRI
studies in mostly neuroleptic-free clinic-based sub-
jects with schizotypal personality disorder (Buchs-
baum et al., 1997a; Hazlett et al., 1999). However,
since most of the schizotypal subjects in the
present study were examined under neuroleptic
medication, they should be considered as more
severely ill than the subjects in the previous
studies.

The results of the present study indicated that
the volume deficit of the ALIC in the schizotypal
disorder patients was confined to the right hemi-

sphere. This finding is congruent with our predic-
tion that the morphological abnormality of the
ALIC in schizotypal disorder would be less severe
than those in schizophrenia, when compared to the
bilateral volume reductions that we previously
found in patients with schizophrenia (Zhou et al.,
2003). The prefrontal cortex is considered to play
a key role in cognitive processes by virtue of its
connectivity (Fuster, 1997). It has afferent and
efferent connections to all other cortical regions
and to many subcortical regions including the
thalamus. Dysfunction of the prefrontal cortex, as
well as failure of fronto-thalamic connectivity, has
been posited for deficits in working memory and
executive functions in schizophrenia (Goldman-
Rakic and Selemon, 1997; Katz et al., 1996).
Complex deficits in sensory and perceptual proc-
essing in schizophrenia also suggest disturbances
in frontal and temporal lobe linkages with the
thalamus (Jones, 1997). Furthermore, the funda-
mental cognitive deficit in schizophrenia, which
can account for its broad diversity of symptoms,
has been proposed to be a disruption in the
circuitry linking nodes located in the prefrontal
regions, thalamic nuclei, and cerebellum (Andreas-
en et al., 1996, 1998). The present results sug-
gesting a limited disruption in fronto-thalamic
connectivity in schizotypal disorder may, at least
in part, explain its attenuated symptomatology and
cognitive deficits relative to schizophrenia.
Another aspect of the present findings is that
asymmetric volume loss of the ALIC lateralized
to the right hemisphere may have significant impli-
cations. There has been evidence suggesting that
structural abnormalities in the left hemisphere are
more severe in schizophrenia, and hypotheses of a
predominantly left-sided pathophysiology of schiz-
ophrenia have been proposed (Crow et al., 1989;
Flaum et al., 1995; Petty, 1999). In accordance
with these hypotheses, we previously found vol-
ume reductions in the ALIC to be bilateral but
more severe in the left hemisphere than in the
right in schizophrenia patients (Zhou et al., 2003).
Sparing of the fronto-thalamic connectivity in the
dominant hemisphere may be relevant to the fact
that patients with schizotypal disorder do not
manifest the full-blown schizophrenic syndrome in
language and thought. The fiber tracts of the
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internal capsule are reported to show an age-related
increase in density during late childhood and
adolescence (Paus et al., 1999). It is suggested
that the disturbance of structural maturation of
neural pathways which causes the abnormal asym-
metry in the white matter of the ALIC may occur
in subjects with schizotypal disorder during the
period when personality develops fully. ‘

In previous MRI studies, other frontal lobe-
related structures have also been reported to be
less affected in subjects with schizotypal person-
ality disorder than in schizophrenia patients. Byne
et al. (2001) reported that the size of the pulvinar,
which projects to temporal association and sensory
cortices, was reduced in schizotypal subjects as
well as in schizophrenia patients, while the size of
the dorsomedial nucleus of the thalamus was
decrcased only in the schizophrenia patients.
Downhill et al. (2000) found that the splenium of
the corpus callosum, interconnecting the temporal
regions, was-smaller in both schizotypal personal-
ity disorder patients and schizophrenia patients
than in normal subjects, whereas the genu of the
corpus callosum, principally linking the prefrontal
regions, was larger in the schizotypal subjects than
in the controls, but smaller in the schizophrenia
patients than in the controls. Although volumetric
measurements of the prefrontal regions remain to
be extensively performed in schizotypal subjects,
voxel-based morphometric studies by our group
have revealed that the frontal gray matter decreases
are less severe in schizotypal disorder patients than
in schizophrenia patients, while the temporal gray
matter deficits are similar in both groups (Suzuki
et al.,, 2002; Yoneyama et al., 2003; Kawasaki et
al., submitted). The findings cited and the present
study support the notion of greater prefrontal
reserves in schizotypal subjects than in schizophre-
nia patients as suggested by functional imaging
studies (Buchsbaum et al., 2002, 1997b). Presum-
ably limited involvement of the frontal lobe and
frontal lobe-related structures including the ALIC
may contribute to the sparing of schizotypal
patients from the development of prominent psy-
chosis. This hypothesis seems worthy of further
testing in future research (Kurachi, 2003a,b; Siever
et al., 2002).

In this study, no significant differences were
found in the volumes of the rostral part of the
caudate and lentiform nuclei between the schizo-
typal patients and the control subjects. These
findings do not support previous volumetric studies
which reported that the caudate nucleus or putamen
was significantly reduced in neuroleptic-naive or
medication-free patients with schizotypal person-
ality disorder (Levitt et al., 2002; Shihabuddin et
al., 2001). Our results may be confounded by the
possible effects of antipsychotic drugs on the
volumes of the basal ganglia. Several studies have
suggested that exposure to typical antipsychotics
increases basal ganglia volumes, whereas atypical
antipsychotic treatment leads to decreases in these
volumes (Chakos et al., 1995; Corson et al., 1999:
Gur et al, 1998). However, the comparisons
between the patients receiving typical and atypical
antipsychotics did not reveal significant volume
differences in our sample. This discrepancy may
be explained by the lower doses of antipsychotics
that the patients in this study received since anti-
psychotic dose has been suggested to be important
in determining the medication effect on basal
ganglia volumes (Gur et al., 1998; Tauscher-Wis-
niewski et al., 2002). However, a conclusion could
not be drawn since the whole volumes of the
caudate or lentiform nuclei were not measured in
this study.

Several limitations of the present study need to
be taken into account. The first limitation is the
relatively small sample size of schizotypal sub-
jects. The morphological characteristics of this
disorder should be extensively examined with a
larger sample in future studies to confirm and
extend the present findings. A second limitation is
that most of the patients were receiving neuroleptic
medication. The trophic effects of typical antipsy-
chotic drugs, as mentioned above, might have led
to volume expansion of the caudate and lentiform
nuclei in some patients as well as to volume
reduction of the ALIC, resulting from compression
by a possibly enlarged basal ganglia. However,
these possibilities are not plausible since the vol-
umes of the rostral part of the caudate and lenti-
form nuclei did not differ between the patients and
the controls, and further, the volume of the ALIC
in the patients was not correlated negatively with
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the caudate or lentiform volume, daily medication
dosage, or duration of medication. A third limita-
tion is that we were unable to eliminate the
possibility of including schizotypal subjects who
would develop overt schizophrenia later on
because of the young subjects included and the
relatively short follow-up period. It is also possible
that antipsychotic medication might have prevent-
ed the conversion to schizophrenia in some
patients. Further studies with a longitudinal design
should be helpful to differentiate brain morphology
between schizotypal patients who do or do not
later develop schizophrenia.

In conclusion, the volume deficit in the ALIC
being confined to the right hemisphere suggests
that the disruption in fronto-thalamic connectivity
may be limited in schizotypal disorder when com-
pared to that in schizophrenia. Less severe or
asymmetric involvement of the ALIC is suggested
to contribute, at least in part, to the sparing of
schizotypal patients from the development of overt
psychosis. '
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