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Neural Circuits of Eye Movements during Performance of the Visual
Exploration Task, Which is Similar to the Responsive Search
Score Task, in Schizophrenia Patients and Normal Subjects

Yasundo Nemorto, Tetsuya MATsUuDA*, Masato MATSUURA* ¥,
Mai MotosHITa***, Tatsunobu OukuBo, Hiromi OHKUBO, Masahiro SUZUKI,
Noriko KaNnAKa, Eisuke MATSUSHIMA*** and Takuya KoJma

Department of Neuropsychiatry, Nihon University School of Medicine
*Brain Activity Imaging Center, Tamagawa University Research Institute
**Section of Biofunctional Informatics, Graduate School of Allied Health Sciences, Tokyo Medical and Dental University
**&Section of Liaison Psychiatry and Palliative Medicine, Graduate School of Tokyo Medical and Dental University

Abnormal exploratory eye movements have been studied as a biological marker for schizophrenia. Using fMRI, we
investigated brain activations of 12 healthy and 8 schizophrenic subjects during performance of a visual exploration task
that is similar to the responsive search score task to clarify the neural basis of the abnormal exploratory eye movement.
Performance data, such as the number of eye movements, the reaction time, and the percentage of correct answers showed
no significant differences between the two groups. Only the normal subjects showed activations at the bilateral thalamus
and the left anterior medial frontal cortex during the visual exploration tasks. In contrast, only the schizophrenic subjects
showed activations at the right anterior cingulate gyrus during the same tasks. The activation at the different locations
between the two groups, the left anterior medial frontal cortex in normal subjects and the right anterior cingulate gyrus in
schizophrenia subjects, was explained by the feature of the visual tasks. Hypoactivation at the bilateral thalamus supports
a dysfunctional filtering theory of schizophrenia.

Key words: schizophrenia, exploratory eye movement, thalamus, anterior cingulate, medial frontal
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Table 1 Background of subject

schizophrenia normal
number of subject 8 12
mean age (ys) 340x11.3 347+124
years of education (ys) 20.0+2.0 21.8+22
age of onset (ys) 28+ 11.3
equivalent doses of
7.64+£50

haloperidol (mg)

*+ 5D

Td o7 (Table 1). #EEHE ITIICE L OET, HIEDON
BeBL, EECHELHRL. EARMAIIAEARRS
EFMmHEERROKRE R/,

BIEIZ/NE SO S FE WA RHIRGER & 5
SEINCHEL, HENBRE VT L ERT
TABES L. 1 REE, TReskl, NEE] [
A, THE] oS, 15EEDVERELITo 7. BB
ZIENE ST, YA INDEEEHRT D008
FREGEBEE O S IRFEA I 7T LT 5 [
L] % 15 @l 10 B oA ITHNZ 72 (Fig. 1).

fMRI f(&HTL2, /DB O HFAS LG RS i
& (nac #H8Y) % AV T, AFEETRORIER, X
VO, EARZEA L. & BITET — 5 OMEHRAT
(21 SPSS 9.0 & vy, 2 B OB L T-test T AV
7-.
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fMRI IRMEF OREOFATE I OWTIE, EGHEED

Ry VUL IR, RUCkE 2 L.
fMRI #f% £ Echo planner Imaging (EPI) £ TiT\vy, ¥R
%5214 13 repetition time (TR) = 2000 ms, echo time (TE) =
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50 ms, flip angle (FA) = 90 deg, field of view (FOV) = 192
mm, Matrix = 64 x 64 & L, AC-PC line \=F47 2 f4E T
AT A A 6mm OFF 20MOVIVF A5 4 X &g L,
Iz A EE L.

MRI 7= & DF##7 1213 SPM2 (Welcome Department of
Cognitive Neurology, London, UK) Z {8/ L, FjLE & #%
T T o7z, BILEREEI S OWED -0, &g
Ty Y a YRUDAF v Y OEGILE S DA (realign)
L, RIZEAF Y Y OTVHWEE SPM2 OF >~ T L —
I EPI & I ZHEHEML (normalize) S ¥ 2535 X2 — ¥ %3k
O, TONG X —5 e FH L EWmEOEEL L 170,
RIS L 22W({E % 3 kT Gaussian 7 4 )V ¥ —
(FWHM 8 mm) {Z & %P1t (smoothing) %175 72. %
REAAT 11047 Bh A8 U B 24 (hemodynamic response func-
tion: HRF) % convolve L 7 box-car BI#IZ & - T, —#%
MIEE T VZED CHEITIHEE 21T - 72, #EHHED
B, RS & LY B { 729 D high-pass 7 1 b
5=, BLUHCHBBREDZDD ART 12X 5 low-pass
TANS =M, BISEEZE [24HL] b, 2b%E
[fEHT 1213 Random effect analysis % FI V7.

I & 7

1) BEEE
BEE R Table 1 I2RT.
2) RICHIRBX I 7HMEBEEDTE T — 21D\ T
(Table 2)
AREREB IOV, HAKRTER L EEERT A
b, THETEEROFIETL BV, it s

Fig. 1 Visual exploration task for fMRI similar to the responsive BEERD b o7, FIEFEIZoWT 3, A EWIE

search score task.

BRI BEERIRO L 572, FRE

Table 2 Behavioral data of numbers of eye movement, a percentage of
correct answers, reaction time

schizophrenia normal
numbers of eye movement 7.67 10.12 ns
a percentage of correct answers (%) 77.77 83.33 ns
reaction time (ms) 1429.67 1597.62 ns

ns: not significant (t-test)

Table 3 Brain activated regions during exploration eye movement in
normal subject and schizophrenia

. . coordinate
subject brain region T-value
x y b4
normal thalamus 2 -12 0 4.69
-2 -14 0 3.65
frontal lobe -6 60 16 429
schizophrenia anterior cingulate 10 46 2 4.34

X, ¥, Z, are given in the coordinates velative to the template from the MNL
MNI is Montriol Normal Image to be used as MRI template image.
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Fig.2a Brain activated regions during the visual exploration tasks
in normal subjects. Statistical parametric maps, the voxels were
superimposed on the MRI template from MNI (Montreal Neuro-
logical Institute)*. Heig ht threshold at p < 0.001, uncorrected
multiple comparison.

Normal subjects showed the activations at the bilateral thalamus
during the visual exploration task. However schizophrenia did
not show the activation at thalamus.

*the Montereal Neurologocal Institute (MNI) template created
from 152 brains in Talairach coordinates'®.
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normal schizophrenia

Fig. 2b The maximum MRI signal values at the left thalamus
during the visual exploration task.
Individual differences in the schizophrenia are bigger than that in
the normal subjects.
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Wt

T {212 BT 2 BRIGHRAL & ERHE % Table 3 (127”9, &
WE T, WERKORIES RS iz (Fig. 2-2)'7 2%
SETERETIRIEEHED bRk o 7. Fig 2 1ILK
JSRIRFE A O 7 HUEER TR ORI BT H MRI &

FGHIERTE A o 7 SRR 00 FMRT i BRI il 4 355
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Fig. 2¢ The maximum MRI signal values at the right thalamus
during the visual exploration task.
Individual differences in schizophrenia are bigger than that in
normal subjects.
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IO A EEICEMEE R LT (Fig. 3-b). ERTAMIRITESEC
BLTOLHEERAETHAAMOIILSEHFKREL -
7o, RRASRERER AR OGP/ O 7z
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THREZ LD bEEER L (Fig 4-b).
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Fig. 3a The left anterior medial frontal cortex is activated in nor-
mal subjects. We used the same method of Fig. la.
Normal subjects showed the activations at the left anterior medial
frontal cortex during the visual exploration task. However
schizophrenia did not show the activation at left anterior medial
frontal cortex.

normal schizophrenia

Fig.3b The maximum MRI signal values at the left anterior me-
dial frontal cortex during the visual exploration task.
Individual differences in the schizophrenia are bigger than that in
the normal subjects.
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Fig. da  The right anterior cingulate is activated in schizophrenia.
We used the same method of Fig. la. Schizophrenia showed the
activations at the right anterior cingulate during the visual explo-
ration tasks.

However normal subjects did not show the activation at right an-
terior cingulate.

1.5

B e

normal schizophrenia

Fig. 4b The maximum values at the right anterior cingulate cortex
during visual exploration tasks.
Schizophrenia showed higher activation than normal subjects.

WEE B E, 74 N5 —EEEDMIET L, B 2EEAN
DB K B ARE SRR T E Y — P
5&Lt.wfn’tf%’h%®mﬁ@ﬁﬁ% &£l
VABIO SUSHRER A 2 7 HUGEE OB BAL A R
DERT AN —RBEIF B LR VEEREEZ SR,
MERTEDE A DB DOWTHB &, fEEE L F%
DIER A LN DH L, BIFEBOEVFIE HFEEL T
72, IMRIRAE T, #ERFEIIEE &1~ T BOLD
BEEOBAENKE VT LiE, 3 TIC 1996 i
Weinberger? 258 L T 5, 207 HIEHIE22, %
BIRED), T—F AT —BEND L, KT KT
LRETHELEFEOMIEEDHAEEI/KE V-0, B
PHEE TEREFTRIBON W E SRS TW
b, LI o THBRIEAERFEEAFTEZL, Las
NEFEUTE IR TILEND S L5 12BbhD,
T2, B CIERIHIRE O MATEN A U 22 m
AUSHEEATRIE S Nz, S OERAE THRER 248k % B
DFEALIZHAIE L, ERICHITT 288] 255 L#i%
SNTHN®, FHEYLAEEIEICES T2 En S,

— 104 —



63 (7, 8) 2004

ML RETO3I2ORBHREO -2 &KL, ZhH
BEINL L T3y — (apathy) DIERDPHIRT 5 & bW
bNTWVAES, 72, WAWARIGEIIRRT 2 EER
BT E=% ) v ZHEEEDCHAET 5 FRE & blE % 7
Bt 5 ZEA%. SRIORECIENR L BOOK
CORFEOERMERYELHVE, [RLYIZEFOER
TV 2] v ) FERREE R T B4 2 BRAT
bhTwad, ZITHhHRBARErbHCE=S ) V7
HMEADOREOEEB I, FERNEREEIIA-T
Wh, REROFISHIERA T OBEO [HEHBERIC
BRINECEZY) V7] LD R EEOE{LN
HUFRE L CRTRATEESRE S W20 Tidh»
hrEZONL. FERMAMMEEREL, BICRENZ
BELToTWwAE RGNS T ANV, i
YRR H &, AL Vo LRITEE R ZLEDN
HOHBAIIEIDEL b EMESNTWEY, fHEH
it [RLBIZZ20E R TOVWTT A &) LR
12, BiAfT o -BEBOEZICdENLobhbs I L]
(SFXERRTTHREZIT o T AWMV H S &
Eibhb.

FERTP BRI BEIE R AR & o BT S Tn
-2 bR &K, WAIRTEEE GRRE) —HRR O RIEEAE
FEHECEE B L CEEORBKEO—EE LT oL T
VBRI EFMLNTEY, FUSHIERR o 7 HERE
BIFA ZOEBOEEMEIRB I NS, 72, FRFEIZ
BUWORE IR B ER (posterior thalamus) DRI AR
HHNTA, TOWMMIERTEENTE Ay P - &
TR L, MENMICNT2EEERICHETIAEE
ToTWARD0, F-HREBEROBIGIZL Y ETEDE
£ 5 BB 5 RICRHOENNALDLOND Z
EAHE SN TV, HRIEESMIFTERTE - BE5E
WEERIEF L DAy VT — 2 b AT 532, SEITEHL
B A ORRITEE (A LR ICERNICRE LR 2R T
ERAL) % RO 7= TESMUREATE - IESME BB O
BIERAD Oh ko8, RHEORHERE,ILT—F >
FAEY) —F@ T LEND L DTS IO DE
DEIELHHEBbNA, 2F hAMLENCE, RERE
DFEBA S b CIREREENME ) RSO <
EEILND., REBEZOFE—RAY bT—2 %
+HCER LBREERBEZRIL TV EEZLND
B, HERFEEE T I NS OBEEDTORIEL &
Wzl IhE COFERRKEHRETORBRIRT
£ WIREGEE) # i o 2 BRESTE 2O TR WA
EBEbNA,

—7, WEKTERE CIIAIEIRE A BIZRIE
SNtz RBMIERA 3 TIEENER & —HR % - 72K
BEoREICKGL, BOSOHISE Lo nED »
AT AEETH D, HIEHHIRENCIZASOTE T £
=¥—L, BY%F v LTEETE LT —IEMEE

FUGBIES A 2 73 GEE o fMRI BN RIS E{E 357

BhHbLnbhTwi®, HAKRECIIECE=Y Y
VBRI BEED D D & B3 TW B, ShEA KRR
ETIH DR ASEBTIRE SN, TOZ L, #E
RRETIREHTDOEZ Y ) v VEEIEVThELYs, £
ELTHMTHE, WREOTH2EED D & ICHEE
T2 LBV, BEE=YY ¥ 7 Oa iR
ThhTwnbeEzbhb,
TR L B REl O, BXOEREICD
WTEZ Thizv, EETIRE GIEEERNMD 2SI S
N, MAKIECIEA EITFTIRED 2GS hi, K
FRE A 2 7IMEN K & ORE 2B L&, Mk
MM E kS ) FEAD] BT S, REFIER
WIZESOITE F v 7 LIERT 5. MAKFEET
BEORERFZ L, PR WERMP» L, BRENZED
FEZLE W) BUBHAHE L TWwWA, Thii LTSEDEE
13, IMRIEE L W) Z &hn, MUBEEZHRIELT
VB, [RKEIZFOEZTVWTTR] L) FER
FEEZRTEMOIE > &) LERHZEMIZZ > Tw
L. [BE2EMNEED, HRAEO®RYEL] & [
T CRERERTAHE| OFREE V) EVHL. HIE
R S M- T, BREBHRENZECHER LY
HZebvih, —RICECFRRTREME 5 & TR
BECIIMASTE L REEOMICENSH 0N, BAY
THRVEREIZ 2 5 EHEOMICEINS b, HEKGE
B CESRON o722 &b 2 ORENBAN Tk
WRMETH -1 LR EMT TV D, HEKTEDK
SRS A a 7 ARIEIRE, ARiSAIREF, 4 TRigEE
SEHOERE L B DA 6N, HHEREBEENALNT
Wh, BEEEBEEE WO BV 2D, SEKAKTE
THATERAFRE SR TWL Z L, ThFETOEE
REDBELWHIRBREFMUAMEVZ S, LEL, &
HHTEMBEENAIRE SN, SoBEWIE, JUEH
BEAQATHEELECRON, HFMOEND/N) L—
avdgnil, LIEERIIHRTHINIZERTO
KL FNDNOES Lo 1 ZZHEBEE DO SEYH 5
TEREIEY, AMUBICHEA RRTCTHERT A0
BXH L -0REEILMEEANORIEF RO MO
Tithwhpr e Bbhs, #iC, MEERETIEIIRET
DI A DT 6 A LN L5 E R —ERIC L7cH
MELIIRTPSHENRL I EDNTELVD, KT R
RLEFERSTELCRENA S N o0 T E W
PEEDbRDG. FLAAOREIAENE VI LDLR
RUE S N-BETHL L, BAMTENY, WG
PHETHLILIZE T, WIHRAIL Y L VETHFD
AEERRT LD ERPRFES AL EILNS. X
DEKIC, BEMZECE=S) YR ETRETHN
TR E D ARTREDSRE SN 02 Lk, #%
EHERECTIIERDOBEMLPAHETH 5 L) I
b, EEE I REOREUI I UG B DR

— 1056 —



358 biTVN

L THAERRE TR ZF DL
RABEDNELETHA .
BUSHEER A 2 7 13 ALREDH 70% TIERAE % 71
LY, MEKRIE L IR ERTREDOHGIRE L L ik
LbEET, MAKTEORAMEEZEL, »OHDE
PEER R T EEZONTWAD, Z OBEED & B
REFOTTHH TS Z L8 VS, L 2880
B MRI 2052 E28), RISHWIEEREA I TDE
HEZER RS & U CHRR—ATIHEE A (FIHRE) o B4
PHRLPII R E3EETHAL. SETITHENH
(RIARIRED —RR L0 &AL & DRIR, AAEoRE
BRI OMEZERITILESHA ).

BIG L TR0 RE 2

S
(=1 aa

MERMEEE L, BEE RZYHRIILT, K
JORIRER A 2 7 BRI AT O IMRI IR IE 12 % 1
B 7, REANCAT o 72 U SRE AR OME CIREGE
B, BUCRRE, EEEICOWTIE, HakiER, -
HERHCERELBO L h o7,

RREOIIEHE T, EEEHTRMEHRRORIE L
ZERTHRIRTEE ORI # 380, Bk BEELTOI M4
%%%@EE%&%%k%ELtWW%W%%ﬁﬁ%ﬁ
) —F AR O ERABOEIEAHR S h, BEHTE
ARIFARE ORI % 0O 220 R OIRIED 7 {, e
D& RBIBHEOTBRICZ Lo /2, EEZEDOERINA
RIS 3E & A RIEDOERIHRE & v RIES 0=
REDHFBIZ L o THB SN2, BEEREDBEEDE
RIS SRR 7 A VY —HEERH T 2HETH-
7z.

HE $ﬁ%%ﬁb%tb$%%“ﬁ&(ﬁ*ﬁ%m
EWFSERN O THHZE N2 L EHT 5. F AR
geid [EEWHE - MEEAREE (14-4-1)), Eay
BFRFEMER (13-2 2 5-016) DI EBO—L% Fn T
Thht:. 5

X ®

1) Kojima T, Matsusima E, Iwama H, et al. Visual perception pro-
cess in amphetamine psychotics and schizophrenics. Psycho-
pharmacol Bull 1986; 22: 768-771.

2) Kurachi M. Pathogenesis of schizophrenia: Part I, Symptoma-
tology. cognitive characteristics and brain morphology. Psy-
chiatry Clin Neurosci 2003; 57: 3-8.

3) Kurachi M. Pathogenesis of schizophrenia: Part II. Temporal-
frontal two-step hypothesis. Psychiatry Clin Nemoscz 2003:
57:9-16.

4) Fukushima J, Fukushima K, Chiba Tanaka S, et al. Disturbance
of voluntary control of saccadic eye movements of schizo-
phrenic patients. Biol Psychiatry 1988a; 23: 670-677.

5) Holzman PS, Procior LR, Levy DL, et al. Eye-tracking dys-
functions in schizophrenic patients and their relatives. Arch
Gen Psychiatry 1974; 31: 143-151.

2 AN-f19%

EPNES

6) Mcdowell JE, Brown GG, Paulus M, et al. Neural correlates of
refixation saccades and antisaccades in normal and schizophre-
nia subjects. Biol Psychiatry 2002; 51: 216-223.

7) Moriya H, Ando K, Kojima T, et al. Eye movements during
perception of pictures in chronic schizophrenia. Folia Psychiat
Neurol Jpn 1972; 26: 189-199.

8) Kojima T, Matsushima E, Ohta K, et al. Stability of exploratory
eye movements as a marker of schizophrenia—a WHO multi-
center study. Schizophr Res 2001; 52: 203-213.

NABEM, MBREA. HHSEFEITBT DA kE
E—RRIEGE) I L 24T, REHAREE. 2000; 102: 445-
458.

10) DREMW, MBI BHSEFONA ) X5 BEL Wa5T
H—RFEIRBGER - X 25— & HHOESE, 1999
10: 153-156.

11} Kojima T, Matsushima E, Ando K. Eyes and the mind—Psy-
chophysiological approach to psychiatric disorders through vi-
sual and ocular functions, Japan Scientific Societies Press and
Karger, Tokyo 2000.

12) Takahashi S, Cui Y-H, Kojima T, et al. Family-based associa-
tion study of markers on chromosome 22 in schizophrenia us-
ing African-American, European-American and Chinese fami-
lies. Am J Med Genet 2003; 120B: 11-17.

13) Matsuda T, Matsuura M, Ohkubo T, et al. Functional MRI
mapping of brain activation during visually guided saccades
and antisaccades: cortical and subcortical networks. Psychiarry
Res 2004, 131: 147-155.

14) RAREIE, /hEE, WEEH, . RERGES RS
IR QBB ILHT—MRI % T & SR OESE, 2001;
12: 119-125.

15) RAGUERIE, KALHESE, WA, fb. Functional MRI
L MO RRIC BT S IRFGER O/, BoRF
2001; 23: 767-774.

16) BN, MEEHH, KAREE, fi. BH5EmROR
OB FE & BRAEHY MRI. FERERANIE, 2001;43: 767-773.

17) Talairach J, Tournoux P. Co-Planar Stereotaxic Atlas of the
Human Brain. Thieme, New York, NY. 1988.

18) Remaekers M, Jansma JM, Cahn W, et al. Neuronal substrate
of the saccadic inhibition deficit in schizophrenia investigated
with 3-dimensional event-related functional magnetic reso-
nance imaging. Arch Gen Psychiatry 2002; 59: 313-320.

19) Menon V, Anagnoson RT, Glover GH, et al. Functional mag-
netic resonance imaging evidence for disruputed basal ganglia
function in schizophrenia. Am J Psychiatry 2001; 158: 649~
649,

20) Carlsson M, Carlsson A. Schizophrenia: a subcortical neu-
rotransmitter imbalance syndrome? Schizophr Bull 1990; 16:
425-432.

21) Weinberger DR,Matty V, Callicott J, et al. fMRI applications
in schizophrenia research. Neuroimage 1996; 4: 118-126.

22) Barch DM, Mathews IR, Buckner RL, et al. Hemodynamic re-
sponses in visual, motor, an somatosensory cortices in schizo-
phrenia. Neiroimage 2003; 20: 1884-1893.

23) Schroder I, Essing M, Baudendistl K, et al. Motor dysfunction
and sesorimotor cortex activation changes in schlzophrema A
study with functional magnetic resonance imaging. Neuroim-
age 1999, 9: 81-87.

24) Manoach DS, Gollub RL, Benson ES, et al. Schizophrenic sub-
Jects show aberrant fMRI activation of dorsolateral prefrontal
cortex and basal ganglia during working memory performance.
Boil Psychiatry 2000; 48: 99-109.

25) Manoach DS, Halpern EF, Kramer TS, et al. Test-retest reli-

— 106 —



63 (7, 8) 2004

ability of a functional MRI working memory paradigm in nor-
mal and schizophrenic subjects. Am J Psychiatry 2001; 158:
955-958.

26) Cummings JL. Anatomic and Behavioral Aspects of Frontal-
Subortical Circuits. Ann N Y Acad of Sci 1995; 15; 769: 1-13.

27) Koechlin E, Corrado G, Pietrini P, et al. Dissociating the role of
the medial and lateral anterior prefrontal cortex in human plan-
ning. Proc Natl Aca Sciu U.S.A 2000; 97 (13): 7651-7656.

28) Weidner R, Pollmann S, Muller HJ, et al. Top-down Controlled
Visual Dimension Weghting: An Event-related fMRI Study.
Cerebral Cortex 2002; 12 (3): 318-328.

29) Petersen SE, RobinsonDL, Keys W. Pulvinar nuclei of the be-
having rthesus monkey: visual responses and their modulation.
J Neurophysiol 1985, 54: 867-886.

30) Corbetta M, Miezin FM, Dobmeyer S, Shulman GL, Petersen
SE. Selective and divided attention during visual discrimina-
tion of shape, color and speed: functional anatomy by posiiron
emission tomography. J Neurosci 1991; 11: 2383-2402.

31) Rafal RD, Posner MI. Deficit in human visual spatial attention
following thalamus lesions. Proc Natl Acad Sci USA 1987, 84:

FUGHIHRER A 2 7SRO IMRI B 1% 359

7349-7353.

32) Schlosser R, Gesierich T, Kaufmann B, Vucurevic G, Hunsche
S, Gawehn J and Stoeter P. Altered effective connectivity dur-
ing working memory performance in schizophrenia: a study
with fMRI and structural equation modeling. Neurolmage
2003; 19: 751-763.

33) Niki H, Watanabe M. Prefrontal and cingulated unit activity
during timing behavior in the monkey. Brain Res 1979; 171:
213-214.

34) Frith CR, Done DJ. Towards a neuropsychology of schizophre-
nia. BrJ Psychiatry 1988; 153: 437-443.

35) AR, HAKRIAE O LRI T 2B,
MEENE RAEKREOTBEMBIIEOMY L 5FE
{REMEARCBE T ARFE. TR 13~15 FEMESE, 2004;
p. 3.

36) KHERSIE. 2R BE OREBR MBI B 5 FIRHE
R B zA—HRERGEEIC L A2HEMERE~DT 70—
F(BEEHEEE, THRRE, TEWE, B EUE).
Bl AR, BRI, 1991;343-354.

— 107 —



ARk 5%
CEEGITAE128 1 H5$47

=]

%12 %

HIR)

REE DHT L U \E2 =B (DR FE

Development of new clinical instrument for discriminating schizophrenia
from non-schizophrenia

Vi

N FA

KOJIMA Takuya

RAPRIESR

OKUBO Hiromi
WmE I

MATSUSHIMA Eisuke

— 108 —

T

e K
TAKAHASHI Sakae
L N
SUZUKI Masahiro
il HEA

MATSUURA Masato .

RAPRFELHE

OKUBO Tatsunobu
7+ S
THE WEZ
AKI Tatsuhiko
mH T

MATSUDA Tetsuya



3034 & & Bk 2005.12/Vol.54/No.12

ey 7 X

REIRERREDFT U L5
1 from non-schizophrenia

ZHEBE DT

Development of new clinical instrument for discriminating schizophrenia

INE BT EE KT RAERIE
: KOJIMA Takuya TAKAHASHI Sakae OKUBQ Tatsunobu
s ROAGEZE Sk ER TE ®BEZ
hEee OKUBO Hiromi SUZUKI Masahiro AKI Tatsuhiko
¢ N S /N I /NS v S S A
MATSUSHIMA Eisuke MATSUURA Masato MATSUDA Tetsuya
FEtHEEREDH U ULVEER — ARIEZEDC8D(C

Key words  #i&AMRE  RRERMES RICHHERZA AT BUEE

MERBEOEZMEERIC

[Ck-> TIBL o8 - =185

SEDIERDMEAEDOE

H—EOELEAE BT &, EYOFEPRABBEURLERITED L,

[CkHTITD. _NHABNISIHES

FIENROND VOB —DERIET )OO

T,f%@%ﬁébﬁ?wﬁbfbé.@@b%,%ﬁﬁ@%m%,ﬁ%%%

MEFEOBMED LD ICERARFH DTS L OB SHREVIER
ZWICIRENICS F SR RBUDFET S EHFRS

ncHzh. <

ZHICALS

NTWS. Lich'> T, BRZHABOTERTRNEZT > TEHEE LI 210G

RPN, ®ET

éE%—?BTJ - )bD

Lg%)b ]
PREXRRIE L TAVSIENBBH TEL
BEORBEEBE TS5 BIZEAVTEHMEBZRAEL TS

BEORKEZEL, ZERERMTSERE
¥ T—HEDT, 8K,

fo. AR CIEMBE 2 5HBRL 12,

. BERFAEDEREK & BICER)

ASRE IR BT, ERCER
AF 9 TOERFELPIHITTAUBDOZ L Sk E
B3, I APIEOREE & LT, FIEARTHES L
X(SLray s AR L LTRBIsNTNE. 20D
B RECHM, ROB X I 5 Z L 03b
Do TWh, Z I CEEEILZ OIROE) & 2 AT
ffged % 2 & TRERTHEDOARRIZES Z L7 T

HAKFEZIEMEREHE " Pd% B HOER
WA KRR ST AL - AR B
HEAERR  REREAFITSRE R R Buk E

MNRZZMBIFHBER A A~ 7 vy —

0371-1900/05/¥50/ E /ICLS

Xpnp e TEl HEMITEYZI3o &
b EREk LIRS 2 7201213, HEIE /NS s
BN B DR LT D UED B Y, FDiz0H
WCIROB XS U A, L7t CHRERES) % 4347
T5ZEICE ) BEVHENERY E0 L)%
B ERER L &9 & L QWAL 07 5.
SV U R RRAREORRRE 2 H1 B Z &2
b, FERIHEDIRERES ONIZEITIT/EAT 1 CH)
ot a2 BN A B IREREED, ARATIC AT 5
FEO Ol ONEZFRS S8 & (T F

Yo AR, —EDORRIES CTIRFTORE 7,
BISOMEFEIRECER: B85 0, WITICBWT

DESLFECEEINTVA T Lo TH

— 109 —



D, BREGEHOEINEZWE-> T Db, ZORT
b BRGNS OIRBGER)C & 4 H2RIR
BER) = T, EASSIEOBRNII LTS 2
& Z AT,

II. FREIRILER)IC L B4EE
ﬁ#%ﬁmﬂ Hjl)3)4)8)13)

SRTED

PRI EB) ORLGTFIEZ 7. WS FHlo
B Z R THEHCTH LW FEFTOTLCRTL
7EEV EYRES 2T, RT A, 15O
WIEOBIEZ T AN AT CREERT B, ZIULiss
ERERF OIS OB, FEEEE S | TR
ND. MEERFE CILER 7% {, BB
DIE. AT A TR 2 RERE - B2 ATZ L
W EERT. RITEIR & —ERE 2 - % 2
AL, BZE R SRR 2 WIERI & o2
BT 5. BAPHRL Lz A TeNEric
EWDPH) AP LML OBEME TS, Th
DEHAEBEZTERD S B OE SO X
R T A, e OMRE R A 72012, WSS
OV  ODFEBUZ R ATV B R RRZ a2 74k
ThH BEEI D) IFEA LV S2HBL BSO
ATEZIEIR - FERRT 2 X9 1R AU S0 L - B
WA, FERETIZF OB E S E b TZ L
CMETH o L ORELENEON. 20K
[ZOWTDRAAT 2G5 L 72O ISR A o
TTHAH, ZORaTIZACOITE 7 R
B EV) IR THUBESISE L SBd 2 &2 5
NaY, Zoft, THEICH TS w kv ig
IROZIZ, TETHWTH 5 IDTEILRE T
SV eV D) ITEHEEZ A L EEETIEA
FAEENE <, BEEEESHO LS, WAk
FEEE CIIER LB A SN ol 7
DB LMD B IR UL 575, #
GRIME CTIIAEEREERA SN F72,
T 2RI O % BT HHlE R 205 &
INEFTRS Z EBL R, AT EEE TIE
BIDO—EIZ 272 ) &k E R Tuin L 2%

MEEREOHT L BB oz 3035

$, HDFHUZIE | ETHNE 2 b orz,
AT GAT U TR & 9 &9 5 Rwn 2 f8
(BRHR) DEFIS £ T 2 b D L&z bt
b DEZTLon L, OFNUIT 5 FaRAEE
FOSZ L, @FMOZASKIR L T2 22t
L7Zvy, OBCERERESZ Ly, @2k,
TIFTETINZZZb D N, 4 DO¥HED
i & Nn72Y, S OERINEREB) O R H
THRRSTH T I 5 N A A I RS D1 TEI
L—HL, IRERER IR L Gt ca B L 2
HIZRE LD 5.

M. ¥RERERIREENDIBIR D4

EREOD 4 DR R N R EE O S b &
AR D AR ) Z L0 B, Nl
DEGZBHMHRD 7 (A, 75, €2 MY
F—, FOva, Iar~Ay, LR HEO
WHO iR CHEERTHE, 5 9K, EEE o
BRARIREREE) 2 7Y, SR TH A LA
FETIE ) DB, fRE I L Ry
DEEDST BN D o 7278, HEklz L 5185
DEND o7z 7, HEHRE - A3 L IEER
POCHITRER A 0 TIIAHTHIE C ) DIREE, i
WEEHEENDY, ) OWMER L EHECHEE
H oz, FNIIT TR SRk T Lok
ROHER SN, FRROBEEPEL N, HikI L2
WG Iro Ttz ZOZEEEERA T, §
b O & ISHRIER - 5 B CERIRED
FEED AL NMEDED 2L 5 L, RERTE
VA CRE LT CH H 2 L Z IR LTV A,

V. RRRIFES) & RES L OBET

B CEARSRE & SOd- 2 BURINIRER 2 2 7 3%k
EIFHEIEITH 5 2 L 05b oo 7228, Kbk
59 ORFFE CIMERDE LT Eb ST, #%
BWTESZ L WZ bl #2TERNY
PHRLTWA Z EDSFREINA Y A DBET

— 110 —



3036 i 4 W K 2005.12/Vol 54/No 12

Bt L7, WEATEDEE 2T Aa T
Y, S ORREETHFRITHEETFEI D
FAATHED o720 (BES). MAKRIED—

PIPERUE R TIE, —3l, A—Eb e b =T [
DATTHMBLL Tnrz?, TS ORRD2 5,

S S I RRIREREED & R L CRE S GIE
OESARAT A AT, 223 GeA RO~ — 7 — 12
BWTROD A2 74. 0L EOMEMRO AR
AT T\ A, BAEZ OFFEIEE L UL OKE
B OBIZFATDOWTEEL (PIRT W A,

V. BRRIRHGEERHOEEFNER

HRERES O FPAREEIE I, MURRIRG, 128
T GETERREY, AUSHIRER, WCARET, HYMAIEH
AIEF, WRAEEL, BE, HUK LR EVESTS
RIS ND 2 E Db Tnh, O
ORBIXFEOEEHEE DEL > TWWah. KAR
B WD IHEREIY 22 T A S, BUCHIERRA 2 71213
Y0 X5 2RI G U RIRE TlE ST
VB oW THERERR LB Bi1% (IMRD) &
WTHAz, R b RIS A VTR
s A a7 EAEUNL 7R A S LTz
A, WASFECIEEMOBIRIC B TRES
L) HERIEDSRN S Eh o, BRILYIETE
RESARITE 2 SRR L, ACARIRIE, el
&= RO MR] 20, BUDREREA a7 &
DA 2 A, AMTETEIRE, A HIRIEE
AR, AATREERONREE 20237 2HE L
Tz, ZO& ) IHREIREGER) & I SUSHITR
FA DT DEIRAEBEN Do TE TV A,

X [y

V. RIGEE)E RV MEEDRRE

PLED &9 |12 S FE O IREREBIEE (PR
HEEREED) 13, —77 CRERRIEBIEE & TR CRE L,
My Tl EFEE S S e o T E T2 B
HRIE (B, 1B R LD DR, iR,
EEHEERRR, 7V 2 VIRIEE, FITEEEEG R
Fip & WG T ERIREGER) & VTR A
fiE, IERESSREDO AT Lz 2 A, TR
HBG - A0 L AERR O BUDRIBER A 0 7 L RC#tak
SEIF TR OEB A VT, SEARIE DR
75% % AR URTIE & IR L, FERESIRIE DK
80% % IR A RIE & HIFI L7279, SUCHITRER
2a73FEREMR L, Ao R E
FERE 72 S OIRFER & BIROW % - 5, 0
HBIAH IO HER A T 7 ORI L ) RE
W EDhh o Twh, ERSSITEREL & TlE
SEAE & RS SN Th, S F TR Z
FAEDSAET B LA OND, REBITER %
AL L2z BRB SR I L\ ) S LT &
X9, FIEMEAIE, HammiE—IMERUE
WB—fl, FEVEER % R oIS A A RE 72
E TSR A T 7 MK, BRI A JSEE (40
R LUBIZZEAE) 0, B A RE, Je AUk
TR SIEA T THE. BRRICAS &, FiED
AR A ATE, BBV A ITRE & M ED
FBZEDTEL, Lizdt> T, AREEIZIUL
BRIRSSIT I X BARETHED 9 HRI75 % 25 hisdE
(A SNE S B0, #9925 % h3llfght GE G
FREE DI I AOTIZ Wb EZ L 2O
59 ERICHEDWT, BETERIZENR W
HAEMESHEEBZBRE L C b B, &
EHGE, RoTRE, fEE % SF91,000% Ox
S % BRCERIRRER 1T o T 4.

1) Kojima T, Matsushima E, Nakajima K, et al ! Eye movement in acute, chronic and remitted schi-

zophrenics. Biol Psychiat 27 . 975-989, 1990.

2) NBEAL AR RIED BB MNE QML & SR E NI T 2. T 22 ORRHER

— 111 —



3)

4)

5)

8)
9)

10)

11)
12)
13)

14)

15)

16)

A RFREDH L VB WiEE o B %

PR T 13- 15 AR A }dw*mﬂﬁwja,zm4

NEEAL, BN ARG B B AR —IRFRIREGER) - & AR, SRR
102 7 445-458, 2000.

Kojima T, Matsushima E, Ando K :@Eyes and the mind - Psychophysiological approach to
psychiatric disorders through visual and ocular functions, Japan Scientific Societies Press and
Karger, Tokyo, 2000.

Kojima T, Matsushima E, Toru M, et al . Stability of exploratory eye movements as a marker of
schizophrenia -A WHO multi-center study. Schizophr Res 52 ! 203-213, 2001.
EIEHEE D | FGHIERA 9 7 OREES2. 2. L 0EIE

Matsushima E, Kojima T, Ohbayashi S, et al : Exploratory eye movements dysfunction in patients
with.schizophrenia ; Posssibility as a discriminator for schizophrenia. Journal of Psychiatry Re-
search 32 : 289-295, 1998.

Moriya H, Ando K, Kojima T, et al © Eye movements during perception of pictures in chronic schi-
zophrenics. Folia Psychiat Neurol Jpn 26 : 189-199, 1972.

Obayashi S, Matsusima E, Okubo Y, et al . Relationship between exploratory eye movements and
clinical course in schizophrenic patients ! Eur Arch Psychiatry Clin Neurosci 251 @ 211-216, 2001,
Obayashi S, Matsushima E, Ando H, et al : Exploratory eye movement during the Benton Visual
Retention Test : characteristics of visual behavior in schizophrenia. Psychiatry and Clinical
Neurosciences 57 ¢ 409-415, 2003.

RAGEIE, EHEN, WEEWIES | RHRECE O MR- IMRI 2 W HE & ke
%pﬂﬁ’%é@%(ﬁ*ﬁﬂﬂfﬁﬁ Ennﬁkﬂu(g’l 45 (4) . 227-233, 2003.

RAGREEIE, RARIESE, TN | ERIRECEB) O M — IMRI % I\ 72 A4 3R
DI & TRERBGHE - FBEIK & OBLE. FMES  45(12) @ 1285-1290, 2003.

BHEZHEEY, THRE, ZEFE, MEEWEE  IRE 22 s —REEHIC & 2 BMEE~AD
T —F -G, BE, 1991

Takahashi S, Otsuki T, Tanabe E, et al . Significant linkage to chromosome 22q for exploratory
eye movement dysfunction in schizophrenia. Am ] Med Genet Part B (Neuropsychiatric Genetics)
123B © 27-32, 2003,

Halde—, &i& %, ﬁ*i“? I L ER O BFEE BT A A58 — R RIREGER) & F v 7,
SR & BAEFE B O E R KEESEMRE 56, 580-590, 1997.

BR—FK, @i & HEUEID  KOWERE B A B SRR OB -—ERIEEGE
B e M T— HREFMEE 58:499-508, 1999.

— 112 —

3037



@ EEE 8 vol47 no.9-2005/9 Bkl

e REORMES & IRBEERE

Cognitive dysfunction and abnormal eye movements in schizophrenia

ME T hE AT

MATSUSHIMA Fisuke — KOJIMA Takuya

I
i

7K s

—113—



B Bl 8 vold7 no.9-2005/9

Bk - MBI ODBEER

MERREDRMESE & IRIGEZRE

Cagnitive dysfunction and abnormal eye movements in schizophrenia

/NI AN N1

MATSUSHIMA Eisuke  KOJIMA Takuya

MERMEDOREICESZBIRT, BNEEI/EBLUBEZ DS
L&bﬁumrf&é ﬂf%f: &ﬁ‘?%%ﬁﬁﬁﬂ'ﬁ&ﬁl_éb /}-’j-/
F— K, BEFRIGESR), RREREH L EORKER) X, HEKA
ECHFENLEEENPROHI N, £22<EREEERE ML T
WBZEPRIRENT LS. ?ﬁ, Z O LIRBRER) & PREFRIFR
EVLTHRTRZEILE ST, MEKRAEDEBREETORERICD
GO BAEEMEN IS N B,

PR, BAMEE, RIES, RBHMRE, FRFKEL

[ ek
B

T57-008E, {5

Iz :1&.) H Z:) e ?ﬂl‘ﬁE@

RO T XA D RBEAMERTER, 2610132 OFMERERK T LI IC55 209,
O L7 ORI oMl s £ 4 S EUMAGE  LOh» TRET R, BRIRMIZE

7=, B171E, Andreasen” IEX 1 IZRT L5 5 s sltitEHbhs.

A RFRED FEAELS
5. bbb,

Bl AWREET T L ARBL T»
WA RFRE D RIS BE A, 3

FUREBHRBIR RO - BHERESE BBUR HAKREE PR R 8 S

Address/MATSUSHIMA E, Section of Liaison Psychiatry and Palliative Medicine, Graduate School of Tokyo Medical and Dental

University, Tokyo 113-8519

0485-1447/05/¥50/ H /JCLS

— 114 —

SRR, CHAL 2N EE L E S REANE L LN S
2, TG BEER S 5 BN T OMRR
IS5 A, TORBRE Lf*ﬁﬁffxmﬂﬂ@?&]@{*
AAAIERE & 13, BUSHMRORIEE TS5 2 & /:.\ BB OWRRER, IR E AR L5
ZITEEL, TOMEeERE UCEHE - File kD, %7?‘#%@3—%2?9’9&@&\%111@&0)@:. VE
N7HROGTE, BWHREME Ua. 26010, BRMZILR-XDbLB LS %
HIZHBLAY N, $-2Zho0BRIZH-T a‘u\%m@.&@f‘ﬁ%’\kﬁiﬁb, R T A S FAE

BHNB &
REEART. MAKIIERS IS Z 0 LS e 5 ARMEROME CRBER TR A <, 20k
DORENSRS NS Z LIZh< » IR TR IS X0 R L U E CGRRIREE A b 5 - & %
2, BT AKBIEO RIS E 2 WAT, B FTTCOBMT, 29 LEMEARR TS LD
B A AN A 0 B Z L SRS NTE 2 A ARIIED HAR RS A R 5 E e



e RAEODMEE & RBEHEBORK - H%%OD%%EE

AN
izl 3 &ﬁ%%ﬁﬂ%@ﬂ;ﬁ?r%ﬂﬁﬁﬁwfﬁ@>
)% 1
RAOEE (b B, 2ok, R, B
T
| srsmmsizols |
AR { 7
[ Cmmmons - EEOwE, RUz0EE |
T

S D BEME T OIS
(IR, TEED, o) 7 ATERL, MY R,
FHER— AL E)

?

(DNA, BIZFRE, V1L, $E, %,
HAEEHEE OTRIRER)

BemhmA

1

Andreasen IZ & B A RBENRETT IV

FARRIZER & AAAARE Y DX % 5|

_]I E R EAARE D IRIKEED

ARAMERE O BEE 2 FBINIZE 3 2 220 D FB
L UT, IRECEENL & < ISHARREEREEIC OV
TEATHIEINTE 2, ZOFEEBDINE, O
FlGERAREREE), @7 v F ¥ v r— 1, OBEIHR
BHED), OWRFIRHGER), O 40055,

. FARGREEIRIREE) (Closed-eye Eye Move-

ment . CEM)
WA U w3 & X, MRS OEM A 6
WU 728 A atic k- Cadér 3 5 (Electroo-

culography : EOG IREMX) &, —MRICEET
ﬂﬁﬁ%ﬁ%bt@iﬁﬁ@*%ﬁ&%h,ﬁﬁ
:uk%<EwR547®mﬁﬁ@ﬁﬁ%bfw
B0, e & IihRAIlNS EE N X4 TD
ﬁﬁh@~§b@,é%ﬂ<ﬁéwf<ét¢é
RV s 44 TOREKEIZE > TEDLNSD.
— 5P IR E ORI A 4 BRSO R ERKUE S
A, 26 L EARERIREGES) & OBEfRE TN T,
Z DIRERCER) A REE AR 2 BRI KM T 5 2 L &
RS N7,

Shimazono & 18V #& < JlAE B O Lt
BRI OO BNG P ARECEE) £ fogk L, A KIDER

R FIZIAN r 24 TOIREGES) S HHZ I
WL, s 44 T7OIRBGEEZHH LIS L
AWE L= 20K, S DOWEETHREHRICIZ
r 44 TORFEE L HET L2 e b, /I
B9 IS ARFESE, O OREE, @
T W 2 F R AR LT A 2 & 2 ORI
IRECES) & F0ek L, O DWEE L EEE TIdRE
LERITr A4 TORBEE R, s 44 TD
ARECEBI A 2 2 DIZH LT, MAKRIEEE T
W £ A4 TOIRBGEFORDLALNT, s &4
TORBGER 1F L AEHH LTI RN LW
BELTCWS, ZhE ORI LHERHIZR
JAREAREDEGHDZ L EERNKETLHEDTH
D, Bicxtd 3N (habituation) 23 CIZ< W
TEERLTVWAREEZLNSD,

2. 7>FY v —NK (Antisaccade)

IRHG D & 5 fE I s U 2= & 3 oo 1 %
BEBr I nWTRA LRz e &, MRSt

BOBEMA 5B U /- A BT & - TRlex
4% (Electrooculography : EOG) 7, & 5\
WARER 2 B D AR EHE & L8k T 5 (Infrared
Reflection Oculography) &, —MIZfEH &1
ARSI EEZMNAT, WHRAONELZR LD &
B EE EAREGES) 24 C B

— 115 —



B W 8 vold7 no.9-2005/9

Fukushima & *’ % McDowell & Clemenz * i3,

A KRS CREBICOEF o TRTLE
DEVITUFY - FLT7-2L<, £/-1F
LSl e R7=5A6 T8, RIGEENER L, Ik
EAE T LT, E—2@ENPLTnBEZ &%

W L7z, OB, RIGHEEEOHER SIFRRR &
FIRTH BN, TVFF oo — L7 —daHk

FERE ICRREMICE L, 2OF-EHETLA
DOENBEI N2 ZOFVFHy
F—FXI—-RBENEITCE, EREEENEY . -
N gap &tk (FEIRAAEAVE T L2 VR
DRk O TIREE A2 AT ¥ %) ¢, B
THWIROENT Y 2TV 2 v 7 — F33% < B
LTHD, ZHAUTIZHTHEEBIER U 22 Y
T FOMHIEENRS 2 ZEPEEINTNHEY,

3. BENEIEHMRIEE) (Smooth Pursuit Eye
Movement : SPEM)

RO TDEIIZW- < Y EEAICHRER %40
ESHEAZE 2@ XAV TERE - x, 7
YFH = FERUTEIC K TREFROIR
BHEE 2 f0eR T 5 &, —AISHEE S TR 7 OIRER
B PRARIZ 0 U TS S 2 7 IE TG A 4 <

Diefendorf & Dodge ¥ 1%, R MHF (HE
JFANE) B OB IR EGES) A LR LT, BEH O
W, BREMERIR CEITHE) BE, TAMA
B, EEBOZThEARS & MAKRESRE
TR T OIRBGEE B IS Th 5 Z & 2910 Tl

ZAUSHRA R FRE R 3 RO A w812

ﬂﬁ?%@m:&hié%@?@%k%%ﬁﬁﬁ

Z O %% Holzman 5 {3, #-AJFE B 53
Wﬁﬁ%uﬁfi§5ﬁf$%%A%@?% ik
WEAZ AT, BRI MRy AR A
% K9 EE G BYIREGER D/ & — v AR
IZELSALNDZ &R L7=. —J5, Shagass
W RIRD TSNS BT A DT, BT
ZOEFEmOLIBRLZEZ A, BITIRBGE
BOBRENNET ST & ROH L, i iRk
HE S H - R OBRER U2, Zh
12X U, PO Holzman 52 (3B BRRRERE B o i

TR 220084 70350, KEWIRIEOEHS) M
A WPBRATE 84 7 TIZEFBEORMNE EHEK
T DM, /NSRRI BBy AR - &
HY 5 24 T INIBERANITHIE U A 72O B
MEFROBFEIZEZEDTHIZ L ABEL.

& 612 Holzman 5% &, #A2FE O U5
D53~65% , TEVEMARTIIEEE D86% 12 B HHR
HHEBOBENRAL N IE0 ) Tr L, HAKH
REDE—ERIRD44~50% 12 BT EREL &5 %
EENZOONDZ L AREL, Ihb OiRBE
P OEFE A LFIRE R $ 5 Wamath KA & Rt
THEEE U TR DD TIZ O e 8L 7=,
7z, —HEDOMARPREOB LRI |2 ks
W, Holzman &6 (3MAREIZ I T 5 A—
BlD—BRE Fs & O IR I 00 3B IR ERE B 4
ML A, —IECIRIREGEB) O fEED—
FARNELS, TIMETIRZ DO —FEMENT &2
D20, EYREES)IZBIR L B 50 B R 2
FEARFRE ST 2 MasPEic S BAR L T 0 g
LW ERERmITTn5,

4. RRIBEEE) (Exploratory Eye Move-

ment : EEM)

HRATICHE S FARE A 42R U, MIEAR 2 & i
HRTWS & & (RUSAERE) OWHME, Rk
& FCHESLH OIS0 3 2 A RS B O i 7 72
(BEfL / FBERHE) 574 ~v—2v-La—&—
TELERT 5 &, #EE TIIRKEOM 4 % ClE 7%
SHB &9 HERBREEG AL 515,

Moriya 5™ 13, @ % & A 2 F05E B
DL OF R OBEE S D 5 <, 20
WS L e ME L, E6ICZDBEOM
METERL &S MEASLEREZ L0 b, ©
D U7 BRRAREREE) H R A JFRE O K IR & B L
T3 Z e % EWHLZY, Kojima 59 I3ilesaR
REIZIAC, B &R % - 7= 2R L,
ERX L b &8/ (BAZSE) be, 1T
IITENE S D EEAL EELOEME L
& EDRISH L FRROB) % % KGHIER 2 2 7
& UTCRMIT 2 &, AR FE RS TR & [

— 116 —



HARREDCRMES L RIFEHERBOME - HHEH DR @

RiB
B b R l o KB
v FEEE REaF
reaEr D) 2l D) rerekEs [ mnme s
Y EEEIRE NialEE i
AL T
REREVZEL 4 L
3 hOEFHER

2 FEAKRBEOBHRETTIV
Cornblatt BA & Malhotra AK® DX % ®%&E

HTEEHECLERZOZ I T7HMENI & EREL
7=,

Z D%, ZOMARTEERE TAL NI HRER
HOEBIOREIL, O DREE &1 U DR EANR
PR, 7L - UREREEE, AREHE
%, WEEEC AP ARE, EERGEELES
ORI R ERE TRIZEA LR ONT,
VRN B B & b BT, Zh b OBERIREOE
B & A TIRAISHRNE % JE A FIIE A 6 3975%
DML B0 DRRMETHRITES I &b
o7z, iz, BERIBEGER O H TS RISRER
BAATIE, HRARFREOREE RIS —IMEN A
B, ZREREEOMEL L, MAKFEDNEE
PHRE 2 FTHREMELITRE S, §%1E, Z
D IFFRARERE B A RIS 12 B W TG RFEED
MO RM 2 T AFE0MB e LTINS Z
ERHIREE TS,

h

IREGES) L, W3R S IRARIIIERE TR
EREEBDHETTELS, TOE L BHAKHA

MAEKRBEEICH T SRES) &
BIG T

X iy

1) Andreasen NC : A unitary model of schizophrenia :
Bleuler's “fragmented phrene” as schizencephaly. Arch
Gen Psychiatry 56 : 781—787, 1999 (MARIEEI, A
FD RS ZRONETEE & 7 ORKRERE. BES
43 : 236—249, 2001k D 5[H).

2) —WEFRBA, NE B, WEERSIEIZ A B EREEOEE)
IZPE S B RREREGEB) O ME, R RS 20 1537

YEDMEFMEER & KB LT 5 Z EAVRIEB X h s,
B, X2 D& 5 ITHAKRFEDORKZE, 374
b5 Phenotype (FHA) X0 & & HITHAICE
<, BIEMITHE SN AREOROKREME LT
Endophenotype (FBIZFEBAY) & &AW
bhbEHICnl, ZTOREMOVEDE L TIRER
BHEHNEH SN TWB?, FLT, Z5 LR
A/ ST A -4 L LT, MAKFAIEICE T 53
PR N B Z b T 5,

7o & 203, B WRIR EKGE B »36p21.1 |k © DNA
v —J—  D6S271% LT DBS282& HEH LTy 5
EWVHIRET R, FREEER PO T Y F
77— FEMAaAEDHE EEN22q11.22 LD DNA
7 — 71— 1 D22S315 & EEH L TV 5 &0 ) g™
A B, X 5|ZTakahashi 5% &, BHRIBERE
D3 BOMIGHIER 2 2 7 B O EH R & 22q11.21
O DNA v — # — : D225429 & D22S3100 fE
TSI B O THSEARD L EWE LT3,

ZO &S, REEH) 4 hEREA S UTHH
THI L& T, MAKRFEREOREEETOR
RS D 73 B AT REME DRI & dz,

544, 1978.

3) Shimazono Y, Ando K, Sakamoto S et al : Eye move-
ments of waking subjects with closed eyes. A com-
parison between normals and chronic schizophren-
ics. Arch Gen Psychiatry 13 | 537—543, 1965.

4) MR AR S DR OB RERECEE) B 5
MR- ZREE, MRELE, LEELOX

— 117 —



@ B B 8 vol4d7 1no.9-2005/9

9)

10)

11)

12)

13)

14)

15)

Ho—. FEEEE 74 1 511535, 1972.

Fukushima J, Morita N, Fukushima K et al : Volun-
tary control of saccadic eye movements in patients
with schizophrenic and affective disorder. ] Psychi-
atr Res 24 . 9—24, 1990.

McDowell JE, Clemenz BA : The effects of fixation
condition manipulations on antisaccade performance
in schizophrenia : studies of diagnostic specificity.
Exp Brain Res 115 333—344, 1997.

Thaker GK, Cassady S, Adami H et al : Eye move-
ments in spectrum personality disorders:comparison
of community subjects and relatives of schizophrenic
patients. Am J Psychiatry 153 | 362—368, 1996.
Fisher B, Biscaldi M, Gezeck S:0On the development
of voluntary and reflexive components in human sac-
cade generation. Brain Res 754 : 285—297, 1997.
Diefendorf AR, Dodge R . An experimental study of
the ocular reactions of the insane from photographic
records. Brain 31 : 451—489, 1908.

Holzman PS, Proctor LR, Hughes DW : Eye-tracking
patterns in schizophrenia. Science 181 :179—181,
1973.

Shagass C, Roemer RA, Amadeo M : Eye-tracking
performance and engagement of attention. Arch Gen
Psychiatry 33 : 121—125, 1976.

Holzman PS, Levy DL, Proctor LR : Smooth pursuit
eye movements, attention, and schizophrenia. Arch
Gen Psychiatry 33 © 1415—1420, 1976.

Holzman PS, Proctor LR, Levy DL et al ! Eye-track-
ing dysfunctions in schizophrenic patients and their
relatives. Arch Gen Psychiatry 31 : 143—151, 1974,
Holzman PS, Kringlen E, Levy DL et al : Abnormal
pursuit eye movement in schizophrenia : evidence
for a genetic indicator. Arch Gen Psychiatry 34 : 802
—805, 1977.

Holzman PS, Kringlen E, Levy DL et al : Smooth pur-
suit eye movements in twin discordant for schizo-
phrenia. J Psychiat Res 14 : 111120, 1978.

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

— 118 —

Holzman PS, Kringlen E, Levy DL et al : Deviant eye
tracking in twins discordant for psychosis. A replica-
tion. Arch Gen Psychiatry 37 . 627—631, 1980.
Moriya H, Ando K, Kojima T et al . Eye movements
during perception of pictures in chronic schizophre-
nia. Folia Psychiat Neurol Jpn 26 : 189—199, 1972.
SFEWX  FHALSEES LRSS EE T
FIEORBRRICEG O, B 21 21—
734, 1979.

Kojima T, Matsushima E, Nakajima K et al: Eye mo-
vement in acute, chronic and remitted schizophren-
ics. Boil Psychiatry 27 : 975989, 1990.

Matsushima E, Kojima T, Ohta K et al | Exploratory
eye movement dysfunction in patients with schizo-
phrenia. Possibility as a discriminator for schizophre-
nia. J Psychiatr Res 32 : 289295, 1998.

NEEAL, MBI RSB0 ) 2B
P ERREREIIC L AR — MEeBhoEE
10 © 153—156, 1999.

Cornblatt BA, Malhotra AK : Impaired attention as
an endophenotype for molecular genetic studies of
schizophrenia. Am J Med Genet (Neuropsychiatr
Genet) 105 11—15, 2001.

Arolt V, Lencer R, Nolte A et al : Eye tracking dys-
function is a putative phenotypic susceptibility ma-
rker of schizophrenia and maps to a locus on chro-
mosome 6p in families with multiple occurrence of
the disease. Am J] Med Genet (Neuropsychiatr Genet)
67 . 564—579, 1996.

Myles-Worsley M, Coon H, McDowell | et al : Link-
age of a composite inhibitory phenotype to a chromo-
some 22q locus in eight Utah families. Am ] Med
Genet (Neuropsychiatr Genet) 88 : 544—550, 1999.
Takahashi S, Ohtsuki T, Yu SY et al . Significant link-
age to chromosome 22q for exploratory eye move-
ment dysfunction in schizophrenia. Am J Med Genet
(Neuropsychiatr Genet) 123B : 27—32, 2003.



