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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 NEMoTo, Tetsuya MATsuDa*, Masatc MATSUURA®*,
Mai MotosHITA***, Tatsunobu OHkuso, Hiromi Onukuso, Masahiro SUzuki,
Noriko Kanaka, Eisuke MaTsusHiMA™*** and Takuya Konma

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
***8ection 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 perfornance 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 fronta! 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
mexHE, FERRES, SUK, srEikm, AEarase
(J. Nihon Univ. Med. Ass., 2004; 63 (7, 8): 352-359)

EE Kojima 6V X, EMRE-TEL-ZHEH
B-BEegsy, S LOBRMERDERANEE (RKiG
MIREAQ 7)Y LEEL, IhIBCEREEET Kot
L, #ELAETHERMIBVWC LT RBLA. AR
Tt OB BRI A G B {E (IMRI) A%
L, COERERTHRIIBITAKAGEHEN G R), Y

Fi (12%8) @ IMRIBEIREER L LEBLL. REET
BRRRN R E T A EMNRATEESHETRR L Y
IR SR, ATMRIATEEE-RRORBMAE LTREL T
WwWhkEz bl BEETALNGRITIRE ORIE
i, BIEREICTFETAHC e ¥ — BT RT3
A, BRORERAGNT, EREL L TOBREREN

EHXOEEE, ENNAAERAZEERES - EHRSCIEIILA, fRIEBVWIRREALLOTH S,

ZiF 20 FE9R21H, SR I20MFEI0A7H



63 (7, 8) 2004

Rt (A

$ER E B (ARIATSESY) & BMARE (RIATKE) ORARE
HEOEIFEAOHRRIHTIRIEOELEZ /-,
7z, BIEFESABECRES L 2o o 2 LY, K
TNy —ERFEEIIFFLL.

U &I

HEEPTETRRISHAZRENFALORY, BHLhk
MITRHEEMATR L R A, bR omiEiEE %
HEEARY, RIEEE D DURTRIYT L L PR S
PR E 2 EET AR EEYAIML TS, —K, #
CRFERERLTOARECH S I ST LHREAHR
WAOHBELR, Ihb EE LR mgnB RO
HMEO LE GRS, Monya ST Ik, KASHRERETDR
AICH S FRIRBEZIERL, 744 A2 AV TERS
FEHBLAEIA, EEANCETHEE SO
L BENEAE LV L FEE L. Kojima ¥ I
Dilsh, RS, SIPLRENOERSORA
A, TMciEWiS D T HAD] ) LN ®%
DFREOEE, TobbRLMNEEA I 7RG LN
ETHROIIBWI EF B U, SHIZERSHN®
RERALMEETY, ACOTEHE0%% - B2+ 28
CERERTRT LI, MEKAEEEON RN
THRRE LR (LML) L ARIGE R LTV 3
EEBLLE. BEETEORBRETOLRBOME LR
B —EARRERTAR7RLTOA I 7 OHMN D
s, HAERREORIZHRBHELRL WD EHR
SRTWEIL, T ZORITOEMIETHERE
PIREROES I AV GERRUT Ty, 22 Fikhlk
EHOGEONBECHFELENY 20D, ZOXaT7H
MORFEOFER*KMT A L2 BN Twa,

SO LS REFIRREHOMZRIRE, Yy r—F%x
WMHTLAEER, BIUEMNETSBRNEREO®
HMETH LA MTEE A KB MR &
EETZIENHLNTWLY, EEO MRI 2 Fv 7
METIE, <X b ARFERBRTE ORI AV 7 mSR
AR AR TREDBSRIAE(E T, MELAEIIB VT
ATI— AR —R E R ROWMENEH I ATy
%M‘lﬁ)_

40|, K4 GHEERPE RN RCHIERRA 2T
DAFEEEE IS HIIT D 72012, Kojima SNV 744
SFEEY MRIBIZEEL, KICHIERR I 7HIE
AR LIz, LT, MERMERN, #EEHEN IO
A %ITL T Ao MR RiBRITE (G % i LiRE
L7,

I HRESVIZHE

EBREIESETEEE S 2 (P34 %, Fitta 4,
4R, EHEI128 CEH30E, BiEs, k745

BUSAHEH 2 T THEREH O MRI RS (g 353

Table1l Background of subject

schizophrenia normat
number of subject 8 i2
mean age (ys) 350+113 3472124
years of education (ys) 200£20 21.8+22
age of onsct (ys) 28+113
equivalent doses of
764%50

haloperidol (mg)

*+ 8D

Tdh -7 (Table 1), HEF IR LOHET, HEON
HBEHWL, TETEE R/, TAMRIIAAKRE
EFNHEEREORD LG/,
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FENIEL, RENRTRERAVW T8N ELERE
TRB LI L/ 1 REE, [Esl [EE), (B
&L [EE] 2ofEah, 1ISEHOELIT-/2. HER
FIRNES LY, PR I~OETLHIETLDIE
FEREHETAORICHIRFERAIT7IIMY T2 [
Ll %150 10 MO ANz 7 (Fig. 1),

fMRI H(2H2, ARLAHIR L AMEGEKBES LT
Tt (nac #3) ZAlVT, RRFERTEHOERENN, K
ISRER], EBETEEHLA. 2BITE87 — 7 ORI
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fMRI #i{% {3 Echo planner Imaging (EPI) £ T1Tv, #%
1% Z=1% {4 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 =64x 64 £ L, AC-PCline {Z {7 ET
AFAAZ 6mm DE20DINFAT AL AEMEL,
(BlizelE R L.

MRI 7 — # DT IZ 13 SPM2 (Welcome Department of
Cognitive Neurology, London, UK) #{E/A L, #TNOIE & &
atBT AT -7 BB ZOMIEN LD, KERE
tya YEMOAEX v OB RS DY (realign)
FL, RIZEAX v Y OFYEE SPM2 DT 7L —
F EPI {8 1- (L (hormalize) B ¥ B35 A~ & %3k
O, TONT A5 LER LEEROEELEE TV,
B AR b UA-B{% % 3 2RIC Gaussian 7 1 L ¥ —
(FWHM 8 mm) 12 & 5% F#§1k (smoothing) 1T o /2. ¥
SFERHTII AT B R IR $2 (hemodynamic response func-
tion: HRF) % convolve L 7= box-car %Iz L » T, —#%
M FNAED (HETINEE 21T o 7. #atHiEE o
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¥ —, BLUHCHRREDHO AR IZX 5 low-pass
TANy—ERW BRISEGE (20 b, bk
[AR4T 121X Random effect analysis % F]v 7z
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Fig. 1 Visual exploratior task for fMRI similar to the responsive TERDO Lo, RIERRIZOWTL, HEAFE

search score task. BEEEOHIIHEIMLEEERZO e d o /o, ERE

Table2 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 (%) 7.7 83.33 ns
reaction time (ms) 1429.67 1597.62 ns

ns: not significant (t-test)

Table3 Brain activated regions during exploration eye movement in
normal subject and schizophrenia

i . . coordinate
subject brain region T-value
x y F4
normal thatamus 2 ~12 (] 4.69
-2 -14 (] 3.65
frontal lobe -6 60 16 4.29
schizophrenia anterior cingulate 10 46 2 434

x, ¥, 2, are given in the coordinates velative to the template from the MNI.
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.
*lhe Montereal Neurologocal Institute (MNI) template created
from 152 brains in Talairach coordinates'.
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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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Fig. 2c  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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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.
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Fig.3b The maximum MRI signa! 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.
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Fig.4b The maximum values at the right anterior cingulate cortex
during visual exploration tasks.
Schizophrenia showed higher activation than normal subjects.
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Abstract

Antisaccade tasks require a subject to inhibit a saccade toward a briefly appearing peripheral target and instead to
immediately generate a saccade to an equivalent point in the opposite hemifield. Using funclional magnetic resonance imaging
(IMRI), we investigated the neural networks required to inhibit reflexive saccades and to voluntarily gencrate saccades. The
results demonstrated that saccade and antisaccade tasks often bilaterally activate frontal, parietal and supplementary eye fields,
lenticular nuclei and occipital cortex. Additional activation of bilateral dorsolateral prefrontal cortices, supramarginal gyri,
anterior cingulate cortices and thalamus was observed during antisaccade tasks. These results indicate that fronto-parietal and
fronto-striato-thalamo-cortical circuits are involved in antisaccade tasks. The fronto-parietal circuit is thought to be related to the
planning of saccadic eye movements that involve attentional control, while the fronto-striato-thalamo-cortical circuits connect to
cortical region as a feedback network, We speculate that the abnommalities in spatial attention and eye movement controt
observed in schizophrenia stem from dysfunctions in the fronto-parietal and fronto-striato-thalamo-cortical circuits.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Saccade; Antisaccade; Functional MRI; Eye movements; Fronto-parietal network; Fronte-striato-thalame-cortical network

1. Introduction

Saccadic eye movements represent the primary
mechanism used by primates to visually explore their
environment. Saccades serve to focus points of visual
interest on the fovea or parafoveal region of the retina,
Several processing steps are usually performed before
the neural command signals are sent to the oculomnotor

* Corresponding author. Tel: +81-3-3972-8111x2434; fax:
+81-3-3974-2920
E-mail address: matsuda.psyc@tmd.ac.jp (T. Matsuda).

nuclei in the brainstem for saccade execution. These
processes include disengagement of attention from a
fixated target, saccade target selection, reallocation of
spatial attention to the saccade target, calculation of
spatial information for the saccade target, and the
decision of when to give the signal to execute saccade.

Single unit recording studies in animals have
revealed contributions from several cortical and sob-
cortical regions to the generation of saccades. Knowl-
edge of the human cortical control of saccades has been
accumulated from observations of cerebral lesions
{Guitton et al,, 1985; Evdokimidis ¢t al., 1996; Crevits

0925-4927/% - see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
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et al., 2000), transcranial magnetic stimulation (TMS)
(Kapoula et al., 2001; Leff et al., 2001), positron
emission tomography (PET) (Anderson et al, 1994;
O’Dniscall et al., 2000), and functional magnetic reso-
nance imaging (fMRI) (Gaymard et al., 1999; Connolly
et al,, 2000; Nobre et al., 2000; Matsuo et al., 2003).
These previous studies have indicated that saccadic eye
movements are controlled by a cortical netwark that
includes the parietal eye field (PEF) located in the
intraparietal sulcus and superior parietal lobule {SPL),
the frontal eye field (FEF) located in the precentra!
gyrus, and the supplementary eye field (SEF) located in
the upper medial wall of the frontal lobe. The PEF is
thought to be involved in visuospatial integration, the
FEF may be involved in the preparation and triggering
of intentional saccades, and the SEF is probably in-
volved in the temporal control of sequences of visually
guided saccades and eye-hand coordination (Gaymard
et al., 1998; Heide and Kompf, 1998). Saccades and
voluntary blinks are associated with similar loci of
activation patterns (Bodis-Wollner et al., 1999).
Recent research has revealed an association be-
tween some psychiatric and neurclogical disorders
and inability to inhibit unwanted reflexive saccades.
One task used to investigate the inhibition of saccades
is the antisaccade task (Everling and Fischer, 1998),
which requires subjects to inhibit a saccade toward 2
briefly appearing peripheral target, and instead to
generate a saccade to an equivalent point in the
opposite hemifield. Inhibitory ability can be examined
using the same oculomotor task with visually guided
saccades by presenting a visual stimulus at one side
and asking the subject to look at the opposite side.
In an experiment comparing reflexive saccade and
antisaccade generation, a higher BOLD activation was
found in the antisaccade than in the reflexive saccade
task (Kimmig et al., 2001). The FEF and IPS were
reported to be activated during voluntary eye move-
ments, and FEF activity was related to the suppression
of reflexive saccades (Mort et al., 2003). Within fron-
toparietal networks, the human FEF, but not the IPS,
was reported to be critically involved in preparatory set,
coding both the readiness and intention to perform a
particular movement (Connolly et al,, 2002, DeSouza
ctal., 2003), Curtis and D*Esposito (2003) investigated
interactions between voluntary top-down and reflexive
bottom-up processes using event-related fMRI, and
reported that activity in the pre-SMA and SMA was

higher than in the FEF and IPS during the preparatory
period, and that FEF and TPS activity was higher than
pre-SMA and SMA activity in the stimulus response
period. The rostral portions of the SEF and FEF, as well
as the rostral and lateral parts of the PEF, were reported
to contribute to the suppression of prepotent responses
(Merriam et al., 2001; Comelissen et al., 2002),

In an animal study, saccade-related neurons in the
FEF and superior colliculus (SC) were reported to
decrease their rate of firing and those in the SEF were
reported to increase their rate of firing before antisac-
cade (Schlag-Rey et al., 1997). Neural activity in the
SC is known to be involved not only in the generation
of fast saccades but also in antisaccade generation, and
this neural activity is concerned with top-down signals
from the frontal cortex (Everling et al., 1999).

A deficit in the inhibition of reflexive responses
may result in a high number of saccades towards the
visual stimulus. Previous studies have shown that
patients with frontal brain lesions (Vilis and Hore,
1986), schizophrenia (Fukushima et al., 1988, 1990),
and Alzheimer’s disease (Currie ct al., 1991) display
difficulty generating antisaccades. Some authors have
argued that the dorsolateral prefrontal cortex (BLPFC)
is responsible for the correct performance of antisac-

- cade tasks (Pierrot-Deseilligny et al., 1991).

McDowell et al. (1999) reported that poor anti-
saccade performance is related to genetic risk for
schizophrenia, Furthermore prefrontal activity was
not found during antisaccade tasks in schizophrenic
paticnts (McDowell et al, 2002}). However, Rae-
maekers et al. (2002) reported that schizophrenic
patients did not show a selective dysfunction of the
prefrontal region, but that they showed abnormalities
of a frontostriatal network that is engaged in the
suppression of automatic ¢ye movements.

The aim of this study is to use fMRI to investigate
the physiological neural bases of antisaccade perfor-
mance, suppression of reflexive saccades, and gener-
ation of voluntary saccades,

2. Methods
2.1. Subjecis

Twenty-one healthy volunteers (mean age 39.2 &
10.2) participated in this stady. All subjects were free



