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Adverse Effects of Risperidone on Ey.
Movement Activity: A Comparison of
Ritperidone and Haloperidol in
Antiptychotic-Naive Schi zophrenic Patients
lolut A, Sruaerml,
Cretchen L. Hotts

Risperidone is n ttoucl rnttl clirtitallrl effectii,c ntrypticnl
antipsychotic medicstittn u,ith a unique lt ioclrctnicol pro.fi le.
To contrnst tlrc neuroplrysiologicnl effects o-f tltis neit,
medication ruith those of tt f rl1ticll m*i1tsyclrotic trtt,tiicttt iott,
we perfornted quantitntittc nrclstrrentents oi snccnLlic t:11t,
ntouentents in tt series oJ nttiytsrlcltof ic-rtttittt sclrizt'r1tlu't'ttii
patients trented iuith either risTteridotl( ot' ltnlopcritlol.
Patienf s utt 'rc tesf ed beforc ud nfter 7 ntortt lt o.f trcntrrrcrtt,
and a mntched group o.f lrcnlthy *lt iccts u,tts ttsted frl icr'
aaer o sinilnr t inrc inttrt,nl. Risperit lorrt,, l trrt ttot
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Inloltcr idol,  u,t ls nssttt ' inted ui| Ir  prtt lortged |ntcttct l  l t | t l

t l tcrtnst 'd l t t : tk tcl t tci t t l  utt l  otctt | ' t tLU of snccntl i t '  cye
tttorlottL' tr f  s t lutt  d)i ts Llt trctt tblt '  1i l ' r 'cks qfter f  rcnttrt t t t

i r t i t iot i t tr t .  Tlrc odi, t , t 'se t: . | ' f t ' t ts of r isperit lotr( tr t tU Irt ,  t l t tc t t t

tlrc lnck o,f dt'uclttptrrtt'ttt o-f rtctLf e f olarstrct' ttt its ltt'ttt,trfirl
s r ' r 'o f ( ) r / r r3 ic  (5-HT I  i  o l r t0q l l t is t r t ,  u th ich to t r lL i  hc

rrs1tttrrsiblc -for f l rc t l isrtr l t t iort o.f  Ltrniusf utt  pi l trysiolrrgy ir i
rr j i t l ls control l i t t{  -srTccrTri ir  L' t /{  nroriL'nrcnts. et 1997
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D,l e u r o pt q1 c I r o ph n nn a c o I o grt 1 6 :217-228, 1 997 I
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Risperidone is a novel benzisoxazole deriv.itive r,r'ith
demonstrated clinical efficacv as an antipsvc-hotic agent
in the treirtment of schizophrenia (Chouinard et al.
1993; Marder and Meibach 1994; Schooler 19c)1). Recep-
tor binding studies in rodents and hunr;rn PET studies

ve demonstratecl that risperidone is er potent 5-HA.^
antagonist at lort' dosages and a p-rotent D, antagonist at
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lr iglrer doses (Nvberg et al. 1c)93; Surnivoshi tt al. 199;l).
Its affinitt '  is approximate.lv 20 tirne:s higher for 5-Hf.;
than D' receptors, and among serotonergic reccptor
5s[rf1;pes the effects are highlv selective ior 5-HT..\ re-
ceptors (Jausse'n arrd Arvouters 7L)91; Le\,serr et al. 1994).
Risperir-lone F)ossesses an afi initv for D, receptors that is
approximatelv th,o to threc times less than halopericlol
and a lol'u.er affirritv at H, and rnuscarinic receprtors than
the atvpical arntip-rsvchotic clozapine (Lcysen et arl. 1994).

Clinical trials suggest that risp'reridone mav have
therapcutic adr.antages relative to the fl,pical antipsy-
chotics haloperidol (Borison c.t al. 1992; Chotrinarcl anrl
Arnott 19!13; Marder and Meibach 

'199,i; 
Orvens 199.1;

Sclrcroler 1991) ancl perphenazine (Hovberg et .r1. 1993),
inclt iding gre.rter eif icacv in rr.ducing nerg.rtir,e SVmp-
ton1s, less freqtrent extraprvramidal sicle effects, artcl per-
haps a iaster onset of .rction. Clinicallv significant
hetlatolc-rgical anci cardiovascular sirle effects arc un-
conlmon clur:ing treatment ll'ith rispt.ric-lone (Mcsotterr
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t t  al .  l9E9). Seclat ic.rr has Lreen reported as an aclr 'errse ef-

f t ' c t  in  s( )me s tud ies (Hovt rerg e t  a l .  1993;  Heinr ich c t  a l .

199-l), .-is lr..rs bccn r-lescriber-l ior the trtvp-ric.rl antipsv'chotic

c loza pinc. ( Lielre rmartr ;r n d Sa ffenn.r n 1 997; Cen tcl rri n cr

t t  a l .  1c)94) .  To c la tc ,  c l in ica i  s tuc l ic .s  o f  t i re  e f f icacv and

.rr lr  erse etfects of r isperirtrne lrar,c I ' 'een concl lrctecl . i l -

most erclusivelv vl ' i th chronicarl lv i l l  sctr izophrerr ic pa-

t ients arrcl har.e ut i l ized cl irr ician- c'rr obsen'er:-rarted

assessnrerrt of at lr 'erse effects. One t l tranti tat ive EEC

stutlr .  rePclrted that r ispc.r idone, in contrast to halol ' t1'1i-

cLrl, induces a u'irle:'pread clrarnge in ir-rtethernisprheric

Lr()\ \rer arsymmetrr ' .  These changes \\ 'ere sL.L.n i l l  Lroth the

br't.r .-i11rl thct.r Lrands anrl rr ere attrit-tr"rtecl to setotonerr-
g ic  tncchanisms (Czobor , rnr l  Va lavka ' l  t lc )3) .

Previt l trs rcsetrrch h.rs t1t 'r-nonstr.rtet l  close-rel;rtecj

ch.-trtgr 's in s.-rcc.rdic et 'c rnrl \  enrer-rts in rcsfrorlse to ; i  vrt-

r ietv of CNS-uctir t '  t lecl ic.rt iorrs arrd r lr trgs of .r truse.

S.rr-caclts .rre trr ief rapit l  e-\ 'e movements t lr .r t  shif t  thc

ft ' rCns of g.rze trorn one pqri l l l  to arrother in the vistr. t l

t ic lcl .  Sotrte r lrugs aLrfrear to ci isnrpt .r l l  asp'rt 'cts oi sac-

carl ic eve nrovL'ments, inclr-rcl ing their Iatc.r-rc\-,  accrlrac\ '

anti  p-rg.1l vclocit t . .  Drttcs t irat ret lucc ir lertrrcss or harve

serl.r t ive t f fe cts, suclt  .-rs Lrenzocl i .rzePil lg5 (Bittcrrcrlr .rrt  et

a l .  l t ) t i1 ;  J t r reens et  a l .  1c)81;  Hornnt t . r  c t  a l .  l t )E6;  Ror , -

Bvrr re  € . t . r l  l c l t )3) ,  t - r . r r l r i tu ra tcs  (Sch. r len e t  a l .  lgSE) ,

c l t l r r i c - l i r r r '  (C lue  c t  a l .  l 99 l ) ,  n i t r ous  r r r i c ' l c  (C . ro  c t  . r l .

l9t)1 ),  thr. c.r lci trnr clr.rr lrrcl  L-rkrcker i l t rnarizine (T-erleschi

t ' t  . r l .  i t )c )2) ,  nre thaelone ( l {o thenberg e t  a l .  198( l ) ,  . rnc l  . r l -

c r r l r t r l  (Ba loh e t  a l .  797c) ;  Katoh lc ls t ) ,  a l l  t i i s tor t  the l . r -

tenc\,,  pca k vclt lci  tr ' ,  al ld accrr r. ' i t - \ '  () f  s. lcca de's. 
-I  

he ir  n t i-

convuls.- int c, ' i rb. l tnlzepine lr .rs Lreen shor,r 'rr  to cl isl trpt
s.rcc. l t lc t l l  rrrrnrics.rt  lorver t loses th.rn those rerlr-r irerl  t t ' r

c i tusc c l i r r ic . r I lv  c lc tcc tab le  set la t ion (Tet le :ch i  e t  a l .  1c)Sc)) .
( l t h t ' r '  . ' l t ' t t g :  t l f f r q ' . 1 r '  t o , t i l t ' e I  r r t r l r  t l r t '  r r t i f r . t t i o l t  r r l

s.1cc.1clcS, Lrut r-rot t l r t .  rrctual dVrr.rnrics of these eYe

ntL) \  L 'n ' lents  (sr - rc l t  as  t l re i r '  l .eak v t l t tc i t r  anr - i  c lur ' . r t ion) .

Scopro l .1 l11 i t re  re t l t rces nYst . rgmus . ' r f ter  vest ibu l . r r  cha l -

I t ' t l t l t '  (Pr vkko r ' t  .r l .  1t)85), rei lect ing choi inergic tnr-rr1tr-

l . t t i t rn  o f  t l t t '  r ' cs t iLr tL lar  r ruc le  i .  T l ic  N l \1D, \  r 'eccLr t r l r  . rn-

t . - tgr -xr is t  ket . rnr i r re  t l i s r t rp ts  gazc n- r . r i r t tcn. rnce but  r - ro t

t l rc  r lvn. rmi rs  o i  s . rcc( rdes (e .8 . ,  p t . rk  i  c loc i tv  and arcc l r -

r.rc\ ')  (CotlaLr\ L.t  al.  l t )L)0) [ ' . rrkirtsonisnr .rssociatr.r l  n' i t ]r

1 -niet lrv l  -- l-phcrl '  l -  1,a,3,{r-t t  tr .rhvt lr  oPv r i  r l  i  nc ( l t  l  PTP) is

r - t ' ros t  cons is tent I r .  assoc ia te t l  u ' i th  pro lonecc l  s . rccade l . t -

tencv r . r thcr  thar r  a l ter t '11 sacc. r r le  c l r  r ranr ics ,  a i t t roueh

r l is t r , r rbances in  S. - rcC. l r -11 '  11r  l ranr i rs  JrL '  scc l l  i r r  sor l le

c . lsc)s  (13rooks c t  a1.  1c)86;  Schui tz  e i  a l .  1gSq) .  D is t t r r -

L- ' . ' lnces in s;rccatle 11\ 'r t . tr- t t ics ,rre rnost clearlr- relatet l  tcr

. i I te rer i  iunct io t r  i r r  the snpcr ior  ccr l l i cu I l rs  ant l  i ts  target

pro iect ior rs  in  th t  Lr r . t ins tern and iu  the cere l rc l l t rm
(Kr ' l le r  lc )Sc)) ,  as  these reg i r ln :  cor le  t i re  r l t .n , r r l ics  o f  s . rc-

cat l ic  eve nr r ) \ ' r r l r lL .n ts  ( l \ . r i tz r r rar - r  c t  a l .  l ( )c ) l  ) .
L)c t rkrnrotor  nre. rsurcmcnts  o f fer  s t , \  t r t l l  s ign i i icar r t

. tdt . l r tagcs rclat ive. to scl i -  or c' ,Lrsr.r ivcr '-rcrt irrgs oi . l r lLg

e i iect. Fi rst,  t l t  t '  m€.r:Lr re nren t:  . ' rre olr iec t i  i 'e .rnt l  c1lr.-rr-rt i -

t . r t i r  c ,  Jn t l  , r r e  r r t r t  r l epg1 l . i . ' t r t  on  t h t .  JCcLu ' Jc \  r r l  p . t t i t t n t
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scif-report or clinician ratings. Second, althougl'r sub-

iects c.ru voltttrtarih'control the irrit iation and target for
saccatles, the c11.11;16ics of thc-se' eve mo\rements are not
under voluntarv control and are therefore minimally in-
fluenccrl bv intentional motir.ational factors. Third, sac-
cacles are knou.n to be highly sensitive to variations in
fatigr-re and alerhress (Becker 1989). Fourth, the brain
svstems that control LrvLl ltlo\/ements are relatively well
understr)r)d both anatomicall l, and biochemically,
basecl on behar.ioral ancl sirrgle-cell electrophysiological
studies in alert behar.ing monkeys (Fischer 7987;
Sar.t'aguchi et al. 1t)89; San,arguchi ancl Goldman-Rakic
f)c)\; Clolrln-rern-llakic et al. 1992) and human functional
neuroinragine str-rc l ies (For et  a l .  1c)85. Sneencv ct  a l .
lq96), nraking this an ideirl system for studying phar-
m;rcological effects on brain systerns.

Disturbance.s of prursuit evL. movements are weil estab-
lisliecl irr schizophrt.nia, irrcltrding stuclies establishing
the 1-r1r'sgnce oi rcrlt icerl pursuit gairr in never-treated

l-raticnts (Holzrn.rn et ;rl. 1971; Su'eeney et al. 7994,t;
Fr ieclman et  a l .  1995).  The pursui t  svstem does not ap-

PC.lr ttr bt' trffectetl tr1, tvpi6;i1 nettrolt'prtic mec'lications,
.rt lcast not aftcr i month of treatmerrt (Frieclman et al.
1991; S\,r'ccrle.v et .rl. 1991b). The effects of the atypical an-
tipsr,chotic clozaprine on pursuit c\/e rno\.ements remain
contro\- t - ' r 's ia l  (Fr ier- lman et . r l .  ) ,997; Li tman et  a l .  1994).

In corrtrast to the consistent f incling of ptrrsr-rit distur-
Lratrces in schizo[' 'hrenia, ref-]exir-e sarccadic eve move-
rncnis h.rve not been fotrrrd to be irnpa-rired in most stud-
ies of schizofrhrerric patir.nts (Fukushima et al. 7990;
,Abr.l ct ai. 1992; Clemerrtz et al. 199'1). Some studies
It.rve rerp'rt lrte't l strccaclc abnornralit ie.s (Cegalis et al.
1c)82; \krser et .rl. 1!190), trtrt thesr. effects \\,cr€. subtle
.rnd observed in chronical t ) '  i l l  pat ients taking tvpical
antiprsvchotic rrreclications. Be.cause oi thc mcttor svstem
tl istu rLr.tnccs sorletinrcs assctciatctl n,ith neurolel-rt ic
trcatment ;rrrcl rcports intl ic;rt ing th.rt acute doses of
Lrotlr renroxipride .rnc1 chlorpromazine impair saccades
in heal thr  subjccts (Kirre r . t  . i l .  19c)5),  stucl ies of  urr-
treated pr.rt icnts .rre needcrl to rleternrine n,heiher there
i' ire disturlrirnces in bririn rcgiorrs subsen'ing saccadic
e\-e nr()\ ements irr schizofrhrcnia. At pr:estnt, ferver
rl.rta .rre available regarrl irrg the i lrtegrity of s;rccadic
eve nrovL'merrts in trcatment-n.ti\,r. schizophrenic pa-
ticnts or .rLroLrt the t'ffectr ,',f llrprical or .ttt'1-ric.rl antipsv-
citrt ic nrec-lications on saccadic c\ c tno\ienrents in thc
r-l inical settir-rg. In the prresent sttrdv, \\re coml)arecl the
cffects of risperidone .rnd haloprericlol on several cluan-
titative irrrl iccs oi s.rt-caclic eyc r-novL.lr1L.i-rt activitv in an-
tipsvchrrtic-u.r ivt i irst-ep-risodc scl-rizophrenic patients.

METHODS

l'hc sttrcl i '  \ \ 'c-rs contlr-rctct l  <1s p-r.1yf t-r i  the Universitv t , f

I ' i t tsL- rurg i t  F i r : t  F1- , isot lc  [ ' ro jec t ,  J l t  r )ng( ) ing f r r ( )spec-



t ive stur--jv of t irc L'clrl\. ccllrse of schizophrenia. 
. i 'ht 

pa-
titnt sarnprlc \\ 'as c()mprrisetl of 20 anti l-rst'chitt ic-rrair c
pratir.nts n,ith .r DSN.{-l l l-R diagnosis t-rf schizttphreni.r
( t t  :  75) or schizoaffect ivc 1l  :  5)  c l isorcJer ' .  Diasnoses
\trLrre based on Structurccl Clinical lntcrr ien' for DSir,l-
I I I -R (SCID) c l iagnoses (Spi tzcr et  a l .  1q87) arrr l  . r i l  other
3vails$le information tlrat \\,crc. rcvierr,erl at a conserr-
sus diagnosis rnecting bv stnior ir-rr-estigators and clini-
cal st.rff. Follolr '-uf-r c'\ 'al lrations rverc ct-xlt ' luctcd to corr-
firrn diaen()ses. Matched healthv compsyi5on subjccts
\r'L're lecruited (l l : 10) from the strrrounding comnru-
nitl '  antl vcrif ied to harrc no Axis I discircler bv SCiD in-
terl iert'. The' hr..rlthv cornparisorr grollp \\'r-rs selcctcri to
match the palignt sarlple or1 11$r', sr.x, allcl pnrenti i l  so-
cioeconomic st.rtus. All subjects nret thc foliou,ing crite-
ria: (l) age betrt,een lB and 45 ve;rrs; (2) no klto\r. lt s\.s-
temic or neurological i l lness; (3) no prior tre.ttnrr.rrt n' ith
electrocorr\,trlsjr.e thcrapv (ECT); (-l) no historv oi heacl
t rauma wjth loss of  consciotrsnr.ss;  (5)  ntr  l i fc t ime his-
tclry of substance dependence or of subst.rnce al- 'use irr
the 2 nronths prececl ing hospi ta l izat ion;  (b)  t ro ant ictrrr-
vulsant or other Lrenzoc-liazepril lss for 1 mtrlrth; anci (7)
no coffee, tea, or cigarettes for 1 hor,rr beforc eve nto\.c-
ment testirrg. Patient reports of prior trcatmerrt lr istorv
were confirmecl bv f.rmih' mcnrbers and trcating prhr,si-
cians. Table 1 suntrn.rrizc's the clenrogr.rprhic' .rrrrl clir-rit-.rl
information for the three subiect groups (rrsperidonc,
haloperidol, and healthv comparison; n : 10 irr cach
group). Tlrcre \vere no signific.rr-rt group diiferr.nces irr
age (F :  0.44, df  :  2,27, NS),  scX r . r t io (Xt -  ? .39,  d i  :  )  ,

I t ispcr i t l r r re  . rn t l  S. rc t :a . .1 i r  [ - t  t , ] r l t i r  c r t rer r ts  219

NS),  or  IQ as asscsscd l is i r rg  the Anrnron 's  Qr- r i r 'k  Te 's t
(Anrnron:  ant l  Anrmor ts  1962)  ( t '  :  1 .c) t ) ,  d f  -  2 ,27,  NS) .

I),r t ients \ \ 'ere arlrrr irr isteret- l  a trattc.r ' \ ,  of prsl chclp;r-

tho logr  ra t ing ins t r tur rer r t :  t t  the t tnrc  o f  cach e) 'e

r-n o\-cnr rrr-r t tcsting bv' cli n i ci.rns h.r r-in g n o kn on' l ccl *t' o f

f int l ings fronr cvc nro\rerrtcrrt  stucl ic..s. Tlre Lrattcrr irr-

c l t r t lec l  thc  Br ie f  Psr ,ch ia t r ic  Rat ing Scatc  IBPI iS;  Overa l l
.rntl Colircr)t 1c)('r2) .rntl the Scl'rerlr-rles for the Asscss-

rnerrt of Posit ive (SAI'S; Andrci iscn 198fa) ancl Ncg.r-

t ir-e (AndrL.asc-r l  lgElb) Svntptonrs. At the t irne. oi tht

f irst cve m(r\ erlrelrt  tcst inc, there \\ 'erc rrt l  signif ic,rnt

t l i f  fererrces Lretn,r.ern thc trvo schizoplrrenic fr.r t ierrt
groups t)n .- l11), r- l inic; l  DreclsLu'€ (T.rble 1).

The first L'\'e nrovcment tr.sting \\,t-rS C()ncli,rctecl n'ithin
7 da_t 's prior t t-r tre.rtnre.rrt  ini t iat ion. P.rt ients lvert rc-

tested after tht 'r 'h.rcl  taken antiFr5ychotic mctl icat iorr i trr

approrimatcltr  -1 rr,eelcs n, i th the last 7 t la\.s on .r stable

c1ose, and healtht 'courparison str lr j r .cts \ \ 'cre retcstr.r l  af-

tc r . r  s i r t r i la r  t i r lc  in terva l .  Ihe f i rs t  sur ies  o f  10 s tuc l r ' -

el igiblc consentir-rg p.rt ierrts admitterl  for inpatient care.

tt ' r  t l re Wcstt r l  Pst,clr iatr"c lnst i tutc arrt l  Cl irr ic \ \ 'erc

treatecl n, j t l r  i r .r loperidol.  Short lv after r isl-rericlone re-

cr ' ivecl FDA aprproval for the t leatnrcr-rt  of schizoprhreni..r
irr  Dccernlre.r lc)c)3, lvc Lrtgan to trr. ,r t  the rrext scries trf
1( l  s t t r t l r ' -e l ig ib le  pat ients  n , i th  r isper ' i11one.  Both mec- l r -

cations \\ 'erc aclr l inistet 'er l  aL rclat ivelr, '  lon. dcrses tt t

tnininrize i tdvcrsc sicle eifccts, arrc-l  becatrsc lort ' -d()sc

tre.rtntcrrt  is cl irr ical lr  effect ivc in t l-re treatr.nctrt  of rtranr'

scir izrtphrerr ic patients earl t .  i rr  the colrrse r)f  i l l rr t-ss
( \ / an  Pu t t e t r  e t  a l .  19c )0 ;  l v l cEvo r .e t . r l .  1991 ) .  i : i g l r t  o i  t hc

Table 1. Dcrnographic and Cliuic.r l  C.har..rcterist ics of Schizoprhrerr ic Plt ic.nts 
. l-rc.rted

n.i th Rispcriclone or Haloperidol n, i th Healthi.  Coml-r;1f i5,on Str lr jects

Haloperidol-Treated Risperidone-Treated Healthv Comparison
Patients Patients Subf ects

Age
Cerrder'( lv{/F)
Laterarl i tr .u
IQ
SAPS

Pretreatment
Pclsttreirtmerr t

SANS
Pretreatnrent
Posttrcatrnent

BPRS
Pretrt'atment
Posttre.rtmcnt

Tre.rtment dtrr.r tiorr (da vs)
Antipsl,chotic close
Benztropiner'

8.6 *  3.c)

1 .3  j  2 .7 " r

2.1.5 : c).3

6 / 1
q .3  ' r  3 .1

99 .7  r  15 .3

10.c,)  - f  1.7

l i . 8  *  2 . 1 *

4 ! ) .1  _ :  9 .1

116.8 1 9. [ )*a
a T  I  . *  -  I
- r 1 . +  -  /  . 1

2 . 9  -  1 . 3
1 . 7  .  1 . 2
( r r  -  E )

l$.1 -r 9.c;
9 / 1

8.2 + t r .5
g-l .E r I0.2

,$.6 r - i .3

1.1  -+-  1 .7***

1 1 . 7  *  3 . t r
l ( ) . t l  -  f  . i

12.7
5 .  1++*

5. t )
a a
; .  - l

r )

25.5 - l i . l )
7  / A
/  / - l

9.7 + 2 .7
lO t r . t )  -  I  J .c )

Jt).- l  *

30.2 -r

30 .5  0
1 1 +

1 . -  _

i . 0
( t r  '=

' rScLrrc otr the N{ocl i f iecl Lrj inl ' r trrch Hatrdednt'ss Invent{)r\ '  ( l {aczkon'ski arrr- l  K. i l ; i t  197-l).
. \ i ' e r . t g t ' c l a i l r  t i r ' ' t '  l i r r '  p 3 1 i 6 ' 1 1 t :  r e r r ' i r  i n g  t l t t '  n t t ' t l  i t , t t i r r r r .

+ rr ' ' ,  .  .(15; ** p ' .  . l ) \ ;  *** 
l t  . .  .001 fronr pa ire . l  l  -  test5 c( )nr fr .r  r ing Prg- ancl posttreir tm en t scores. [)ata p1p5g1111i]

arc 1re.r11 ! standarrl  t leviat ion.
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paticuts recr' iving hakrpericlol ancl one risprslid6n.-
treated patient also l l 'ere treatecl n,ith the antichcll in-
ergic rnec1 i c.r ti orr benztropi ne.

Saccadic Eye Movement Task

Tasks \\ 'er:e elesignccl to elicit "reflexive" saccades to
temporallv and spatiallr, unpredictable. targets. These
tasks are simple and straightforw.ard; subjects were in-
structed to look cluickly to visual targets rvherer-cr they
.rpp'rqi11gct. EOC recorrlings \,\rere ttbtained (Cir;rss Nettro-
data 12 Accltrisit ion System, Astro-Mcd, lnc., West War-
rvick, RI) to c' lSS€SS visuomotor futrctiolls acrc)ss a larrge
(c1ilg€ of the horizont.rl vistr.rl f jelcl. Trials begar-r rvith a
centr'r f iration target that remained il l t iminate'd for 1.5
to 2.5 s (c1v€'rc1g€ 2.0 s) beforc periphcrarl targets \vere pre-
sentcrl to the lcft or right in the horizontal plane. Periprh-
eral t.rrgets (target steps) r\rcrc presented for 1.5 s at + 10,
20, or 30 clegrees from centcr f iration. A totarl of 5-l tr ials
\\ 'ere prcsentecl. T-argets \\ 'ere prcserrted orr a circul.rr
arc I rn from strbiects trsing inrl ivicluii l lv a.lclressaLrle
licht-erritt ing dioclcs th;rt subtendecl trpprorimateIv 0.2
tlegree-'s r-rf visual angle. Blinks rvere nronitorerl trsing
clcctrodes placecl above antl beltiu, the left cve. Dirta
rvere tl igit ized rrn-l irre at 500 Hz (lvlodel DI-210 1.l-Lrit
A/D conr.erter', DATAQ lnstrtrments, Akron, OH).

Sulrjects \\'L're testc'cl .rlone irr ,r cclnrpletelt' clarrk roonr
to prevent c1istractiort frt,m cxtratreotts irrfortrration that
can jnfluelrce e\rLr nrr)\.crnerrts. A chin rcst, lvith fore-
lrearl and occipit.rl restraints .rncl a l-reac1 strap, \\,.1s useLl
to nraintirin heacl stabil itr ' . h'rstrtrctiorls \\ 'crr- givetr t- ' t '  a
teclrniciarr via interctrrn lrottr an aclj;rct 'nt room. The
tcchnici.rn nrouitort 'r l e\.e rnoven'lelrts cittr itrg Lask Pt-'1-
irrrnr.rr-rcc to prrovitle irrstrrrctions ;lrt l re.rlcri ing collr-
n-r.rnr1s u'herr ncccssar\,. Whcn tht' ceutrarl i ir.rt ion trclitrt
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was presented at the beginning of each trial, a brief tone
sounded behirrd the central fixation light to help sub-
jects cluickly re.fixate the central fixation cue (Konrad et
al .  198! l ) ,

Eye Movement Analysis

Eve movenrent recordings were analyzed off-line using
custom software written in this laboratory. Before any
processing of the eve movement data took place, the
data u'ere smoothed rvith a finite-impuise response fil-
ter, a low-pass filtc.r with a passband of 0 to 16 H4 a
srrrooth transition band of 16 to 70 Hz, and. a stop band
for frequencies 70 Hz and up. The filter was chosen em-
piricerllv to reduce noise ;rrtifacts with a minimum of
signal clistortion.

Eyc rnovement recordirrgs from each trial were pre-
setrte'd grarphicatll). to u techliciarn for analysis. Eye posi-
tion recorclings \\rere calibratecl (i.e., converted from
ran' l'oltage cl.ata tr) e1'e. movement in degrees of visual
anglc) for each triarl independerrtlv using data from the
time subjects fixated tlre central cue and the peripheral
target. This "rt'ithin-triarl" calitrration was performed to
rninirnize ;rrtifacts resr-rlting from clrift in DC-EOG sig-
narls that can occur over the collrse of a sttrdy. Saccades
\\rere identificd as begirrning when eye velocity rose
alro\,e 3[) c-legrees/s ant] contirruing until eye velocity
retlrrned bekrw. that level. The latency, peak velocity,
and accuracy of the primary sacc;rde on each trial were
recorded.

'fhe 
techniciarn reviervec-l the results of algorithm-

barsed .-rncrlyscs on a trial-bv-trial basis and made modi-
fications or deletccl tri.r ls rvhen arr artifact occurred that
r't'as uot cletected b), softu'are. If a blink began between
l(X) ms beforc presentatiorr of a peripheral target ancl

Table 2. Pe.rk \ /ekrcitr .of S.rccarles ( in c-leerccs/ 's * SD) to Tirrget-Steps of + /- I0,20,
anrl 30 f)egrec: frr-rm Ccntr.r l  Fixation in ' \ni i frsl ,chotic-N.r ive Schizophrenic P.rt ients
L'rcforr 'anLl .r i tcr I  N{orrth of Treatment n' i th I  IaloL',erir- lol  or Risprericlorre antl  in Healthv
Conr p-r.1 I i 5s11 $glr jects

Base l ine Second Test ing Change f rom Basel ine

i  i ) -Degrcc t . t r* r ' t  s tcps

I Ia l t rF re r i t l o l

l { isprgl - i i  1111g

Cot-itrol

I t  ) -Det l 'ee targct  steprs

I{ a loprer icl oJ

Risl-rgr j.16n.

Con t ro l

3(1- [ ) t 'Sree t . r  rgct  : tcp:

H.r loper i t loI

I l i : pgP i i1 ,11*
(  orr  t roL

-12 lc)8 l

Itr l,S0 -

r; t*s -

391-, -+-

.-]8rl :

J  L 1  r

. ) l /  :

a l  l
. l : :  I  l

) U r -  |

l ) 1  -

t l l +
J + *  I

+ l E - ,

{(r2 : 7(l
5n -+ s;
-l-10 * -ltr

-26 ' r

5 4 :
a L- /  :

3 8 :
- 9 h  1

i +

/ -
t l . 1

+6
37

E1
D.1

50

t9
97
: r . i

18 r- 42
-1 1 + r0,r+*

- 8 + 2 2

58
J-)

a a-) --)

+23
- l l t r

+15

(lL-)

l _ n * + {

[ , ) .11J 11 1 'gsr '111r ' r l , t  r f  l t l r ' .1n
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thc cnd ()f thc prim.lrv saccad€., rlr if a s;tccacle occurrcd
u,ithin 100 ms before anri 70 ms after periprheral target
presentation, thr. trial n'as exclutlcd frol-n analvses. IJata
from the right eve were scorecl trnlcss this n,.rs pre-
ciudecl bv recortl ing rrrt i iact (i.c., signal cliprping, or
considerably' greater bioe.kt-tric noisc thirn in tlre lcft
eye recorcling).

Statistical Analysis

The primary c1.rta analt'ses int.olr,ecl rr.pe;rtcc1-mr-cr-
sures analvses of variance (ANOVAs) perfornrecl to as-
sess subject groupr and tinre of testirrg effccts. BecitLrsr.
there \\Ierc no significant lateralitv t.f iects on i lnv e_vc
nlovement pararnctcr, data fronr leftn'.-rrd ;rnd riglrt-
lvarcl saccacles r\rere pooled for all analvse-s. Paircd f-tests
contrasting saccerdes at the first and second testings
were used to clarif l, treatmr.nt cffects. Explorator\r cor-
relational analyses \\-ere Frcrfornrccj to ussess the associ-
ation betvrreen perform;rnce on eve mo\ren1r.l-rt tasks arrd
clinical svmptom ratings, rnedic.rtion dose, and clcrno-
graphic variables.

RESULTS

Comparisons of Patients and Healthy Cornparison
Subjects at Initial Testing

The integrity of visually guicled sacc.rdic eve nlovc-
ments in the schizophrenic patients prior to treatment
was assessed by comparing the baseline perforrnarrce of
all patients with that ctf the healthv conrparison sub-
jects. There were no significant differences bctn'een the
healthy comparison strbjects and the schizophrerric pa-
tients in the peak velocity (F : L83, df : 1,28, NS), la-
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tenc\' (F : 1 .71, clf : 1,28, NS), or crcclrracv (L -- 371, clf =.

1,28, NS) of saccacles at thc init ial testirrg .scssiorr u'hen
prlt it 'nts \,\ 'crc untreatetl. Sirlr lar analvses col-rrparing
tlre pretreatment pcrformance of the h.rlopericlol- ancl
ri spsl id olre-treatcd schizoph rr.rric pr;1 f ients a1 scl f .r il t'c1 to
idc'ntifv arrv significant t l i i ft 'rcnces irr prerformance Lrrior
to thr' init i.rt ion of treirtrltnt.

Clinical Treatmerrt Effects

P.rtients tlcmonstrated a significant clirricarl inrprove-
ment after .4 r,r 'eeks of treatmtnt rt ' i th l-r.rlopericlol and
r isper idonL\,  as indicatec' l  in Tablc 1.  This is ref  lected rn
the significantlv recluced svnrptom ratings at t lre tinrc
oi thc seconc-l testing denronstratcd usirrg repeateri mca-
srlres antrl l 'ses of r ',rriance: BI'RS (F : 3-1.65, df : 1,18,
p  <  .001) ,  SAI 'S  (F  :  "11 .83 ,  d f  :  1 ,18 ,  l ,  ' 1  .001) ,  anc l
SANS (F  =-  9 .77 ,  d f  = -  1 ,18 , ; ,  . - .  .01) . ' fhc re  \ ' \ re rL1  no  s ig -
nificant diiferences in the nragnitur-le of clinic.rl chanse
follor,r ' ing treatnrent lvith risperir-lorrc or lralopericlol orr
cr l rv of  these lnecrsr l res (al l  ; r 's  > . l f ) ) .

Medication Effects on Eye Movements

Pcak vc]ocit\ ' , l i l t tt lc\i, .rnd accttrirc\r clf srrcc(tcles frotn
the trt'r-r testing sessions c1r'c prr.sprrtcd in Tatrles ?, 3, and
-1. Figtrres 1 ancl 2 shon' dat.r from individual subjects
fclr pr'ak r.elocitl, arnd latenc\, of sacc"ld€s, resprective.lv,
in respronse to target displacemcrrts of 30 clegrr.es of vi-
su;rl angle frcln'r center fixation. Differential changcs tre-
trvecn the first and seconcl tcstirrg session r.r,ere otr-
served in the peak r.elocit\ '  (F : 5.87, df : 2,27 , pt .: .01),
larterrcv (F : 1.21, df : 2,27, p '.: .03), and sFratial error
(F : 1.75, df : 2,27, p ': . l l2) t l i  saccades in tht' three
subject grorlps. This tl i fferential cffect was greater for

Table 3. Mean Latencv (rns i  SD) to lnit i ;r te Saccacles to Target-Steps of + l  -  70, f0, antl
30 Degrees from Ccntral Fixaticln in Antipsvchotic-Naive Schizophrenic Patients before
and after 1 Month of Treafment rvith Hal:p'rericlol or Rispericlone anci in FJealtliv
Comparison Strbiects

Basel ine Second Test ing Change f rom Basel ine

1O-Degrec target steps
Haloperidol 179 t

Rispreridone 205 +

Ccrntrol 275'+
2t)-Degree ta rget step:

HaloLreridol
Risperidone
Control

30-Degrec ttrrget steps
I{aloperidcrl 227 -+ 17 21"1 l-
Risperidone 258 -r- 4-l 28!) t
Ctrntrol 246 ! 21 211!

I) . t t .r  prcsetrt , . ' t i  arr 'ntealr I  st,rnr '1arcl elei i" t t iorr.  +x1; . , :  .{ ,)1 frcrnr }raired f-tcsts tomp.l l ' i r lg Lrr l-  a1d prist-
treatnrent sc()rrrs.

183 r- 26
221 + 55
219 |  .11

199 + 2 l
251 "- 39
227 * 35
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a r
J _ _

1 6  1
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, )  _
3 0 t
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-7  -+
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1 6
3 l
' r 4
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Table ;1. i\,{e.rt-t Trrnrr cri Sacc.rt{cs (in Degrecs of Visu.-rl Arrgle : SD) to Target-Ste1-r5 et 1 7 .-

I0, 20, arrcl 3(J Degrees frorn Ccr-rtral fr ix.-rt iotr i rr  Antip'rsr,,chotic-Nair e Schizo1-rhrerr ic patierrts
bciorc .rnrl  . t f tcr 1 lr ' [onth r l f  

' f rcatnrerrt 
n' i th Halopcrir- lol  or Risprericlorre anrl  in He;r l thv

Conrparison Subjects

Base l ine Second Test ing Change f rom Basel ine

I  t i -Desree targct  stcps
H.rlt-rpericlol

Risper ic lorre

Contr t t l

20- Degree t . t rgct  s tefr5
H.r ioper i t lo l

Ri :prer i11or-re

Crr t r t ro l

3()-  Dt '  grec ta rget  stc l rs
Haloi rcr i t lo l

R isper i t i onc

Con t ro l

-  0 .53 r  (1 .55
-0 .3+  :  ( ) . 32
-0 .3e  *  ( ) . 61

-  2 . r ) 7  -  I . 05
1.15 I t) .E3
.i)5 _- i) .75

a  . 1  -  a  a -
1 . . )  t  - . - )

1 . 5 9  +  1 . 0 5
- 1 . \ 7 :  t 1 . 3 5

( ) . 83  '  1 .1 ( )
().70 I 0.5-+

- t , . t ' + l l . , t

1.7!)  1 0.117

2.01 |  t  . t )uo
0.eE r  0.70

l . -1t )  r  1.53
- ) . 7 1  f  l . E 5
- t . t ) ! )  *  ( ) . i3

- ( ) .28 r  1 .0-1
.7tt n.75"

0 . ( )  +  . 53

0 . 8 2  *  2 , 1 1
1  . 1 4  |  1 . 8 3

- .0 t  +  . { r l

. 3 1  *  . 7 6

.36 J  .32*n

.13 - f  .33

,,,,:|ii:.i,::':;i::1;i: 
'l 'e'': '. J st."'lr' ':r'c1 'lr'l 'r j 'rti ' l ':^ *i,

the pe. rk  r  e loc i t r ' ( ) f  l . - t rge l 'sacr -aL les (F :  3 . t )0 ,  c l f  :  -1 ,5 .1 ,

| ' : .  .01) ,  Lr t r t  the nr . ts t r i t t rc le  o i  group r l i f fc rences in  sac-
c.. i t le i ,r terlcv and ctCCLrrctcV cl ir l  r-rot di i fer sigrr i f icantlv in
relat iorr to the .tnlpl i tLlLle of thc t.rrget cl ispl.rcenrcnt.

Irr . t  series Lrf pi-r irct l  f- tests contLraring pcrfornri lncc
frorrr the frrst anrl  sccorrd tr.st irrgs olt  saccac-le ;-tari . tntc-
tcrs u'hcr^e signi i ic.rnt t . f fects hirr l  beerr t lenronstr ' ;r tet- l  in
rept : i ted-ntc ; isLr res ANO\r r \s ,  there \ \ -ere  no s icr r i i i cant
ch.rnges in .r11\ '  t l inrerrsron of sclcc.tdic evc l l to\,erneltf
.rct ivi tv ior the hcalthv c()n't l -)( ' tr isorr suLriects rrr tht i-r . t lo-
per ic ' l t r l - t r r .a te t l  pra t ier r ts .  In  cont r . rs t ,  the r isp- rcr idor re-
tre.t tct l  p.rt icnts slron'ct ' l  a t lcterjor".1| j1rr1 in thc t ' l I ' rr .rr l ics
t ) l  . . t t - i . t r l  i a  . ' t t ' ,  l . l t ( ) \  ( , 1 ' n r ' l t t :  . t f t r ' r '  f t ' t ' . t t n r t . r t t .  S ig r r i f  i c . r r r t
incre. tscs i r r  s . - rcc . tc lc  la tencr ' \ \ ,ere  ev i rJcnt  rn  resLror rsc  t t r
both the 2(l- antl  30-citgrce target steps, antl  incrt- ' . is,:s ir l
sAcc. tc le  cr r ( ) r  \ \ ' c rc  cv i t lent  in  r t 'sponSc t t r  t ro t l r  1( ] -  . r r r r1
20-desree targct  s teps.  S igr r i f icant  r lecrcascs in  Lrc . rk
s.rcc.rr le r clocitr.  \ \ 'L.re cvit lcr-rt  i tr  sacc.tr lcs to , t l l  t l rree
. tu tp l i tu t l t ' s  t l i  th t  t . r rgc t  s tcprs .  Tc l  ve, r i i r  t l ra t  t i re  rc-
r l trcccJ F)eak s.tcc.tt lc r elocrty i tr  thc nsl- lr , i1.1,)ne-trc:. t ted
p.rt i t 'nts \ \ 'ctS l t()t  ctCCOul-l ted for b\,  a'r  rr-. lLtct i() l ' l  i rr  s.rt--
cAcJe . tnrp l i t t rL le  (smal l t r  s . rcc i r r . les  havc Lo i r ,er  vc loc i t i - ) ,
\ \ 'c cr) l 'nLrrrted t ire r at io of sctctccit j t t  r  elcrcitr ,  ovr.r s, iccarl t)
. rn tpr [1111je  for  t 'ach s . ]cc . rdc.  , \ r . r , r Ivsr .s  o f  these " . r rnpI i -

tu t1e-correcfcd "  r 'e loc i tv  in t l ic t 's  rcve. r led s icn i f icant  re-
c luct ions rn  s . rcc . t t ie  vc loc i tv  to  Lroth  20, t1cgrce ( f  -  3 .0( ) ,
elf  :  L), 

1r 
' '  . [12) .rncl 3(l-r lcsrcc (f  = '1.0J, t ' l f  :  9, |  

. : . .  .0()])
t . r r te i  s teps,  L- ru t  r t  r l r rc t ior rs  i r r  sacc, t t l r t  ve loc i t l  f t l r  s . - ic -
. ' . t t l t ' :  t r r  i l1 . ' '  l t t - .1 t ' * , ' * , - '  > t t 'P  \ \  L , l - r ,  l t ( )  l r ) l tg ( . t '  - ig , , i i i c . r r r t
( f  ' '  L l l ,  t - 1 f  ' -  ( ) ,  

P ' - : .  . 07 ) .  T [ c : t ' c1 l . ] l y s t s  i pd i ca te  tSa t
thc t ' t ' tJ t tcc t i  ; - r r ' .1k  s . lccdr lL .  r 'e l9r -  i t t '  i r r  t ] rc  l ispcr i r l . .c -
t t 'eatccl P,rt ients rc1-rpL'5r, ' -r ts .r  trLre rt  r l l rct ior-r i rr  pelk sac-
c . r t le  ve loc i t r '  I i .e . ,  not  a  vc loc i t l '  r 'e t l t r r - t io i r  rcsr r l t i r rg
nrcreI t  i ro t -n  snt . t I Ie  r . rnrg- ,1 i tLr t1c  ( l r r  p- r1 l1111,1f  ic )  s . tccac i t ,s I .
l -1rc  n t . - rgn i tL t r le  o f  tJ  r t rg  e f  fec ts  t l ' . rs  not  s ign i f ic . rn t l t  cor -

related lr , i th t l -re oral rfursarge Llf  antipsvchotic mc-dica-
t ic 'rn or rvi t l r  changes olr cl inical rat ings of svrnptonl se-
ve r i t r ' .

D ISCUSSION

Tre.rtment of ,tr-rtipsvchotic-rr.rive sclrizophrenic patients
n i th r isperic- lorrc lecl to signi l icant cl inical benefi t ,  but
.r lso to .rr- lr  ersc effects on saL-cadic e\ '€. rro\/ements that
\\ 'erL) er. ir lent aft tr  - l  lvetks of trcatrnent. Thc.se adr.erse
cffr.cts l \ '€rrL- er- ir- lent irr  the latcnc\.,  peak r.elocitv, and
spatiaJ crr()r of visLral lr . .  gtr ir ie. l  "ret le, ive" s.-rccacles
antl  suggcst .r  trc.rtmcnt-rel.r tct l  perturbtrt ion of brain-
s tcm phvs iokr* r ,  i r r  reg io l ts  that  sL lbserve saccar l ic  cve
t l l r t \  t ' l l l C l l t : ,

In Lrlsf i l ; rrs strrr l i r .s of the ph.rmracologici l l  effe.cts of
ot lrcr CN-S-active mec-l icat ions on sacc.rdic evc nlove-
tt tcr-rts, p-rart ir tr lar lv ber-rzric- l i .rzcprincs, ACutr. toiel 'atrce tr-r
t l r t tg- int luc.er1 effccts on s.-rcc.tr les r levelops quicklr.  (on

thc t-rrr ler oi i rours; Krobotlr et al.  19q5). Thc eifects t t f
risperirlonc appecl' io be cltrite cliifcrent. After .4 l,r,.e.eks
of  Lre i r tnr r .n t ,  s igr r i f ic i rn t  res i r lua l  adversc drug t f tec ts
\\ 'erc evir lent. rvhich indicatcs, at thr. least, i1 \ .r ' r \ .  sl t- lvr '
d t'i 'e I t-rp nr clr t o i tol e r'.r rlcr'.

Saccades  i n  Sch i zoph ren ia

Ihcre have bcen nrc-tn\.  r lernonstr.rt ions clf  abnormal
pursr - r i t  c ) 'e  r t rovenrents  jn  sch izoprhrcn i . r  (C lenrer r tz

antl  Srver.r lcv ic)c)0; L-tvv ct . t i .  19c.t-1;,  trut s.rccacl ic eye
nt oV L'nl r'n ts h.t Vt' becn r11uc h le-ss ertcnsi r-eif invcsti ga tetl.
' l 'o  

o t r r  knr r r r - l t t igc ,  th is  is  the i i rs t  s tudv to  assess com-

Lrrchen>i ' ,  c l r .  r 'nu l t ip r lg  r rspects  o f  saccac l ic  cvc move-
t 'nt ' t- t ts irr  I  cohtrrt  of t l r ' . r tnterrL-l l .) ivr '  f i r  st-err ist-rdr. schizt l-
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Figure L. Incl ivic- lual sr-rbjcct d.rt .r  fr l r  ai 'cragt- l .r tencv of sacc.rr l ic tre nrr ivenrcnts
angle fronr ccntr.r l  f ixat ior-r in antipsvcirot ic-r-r i t i i 'e schizophrenic paticnts Lreforc .rnrl
periclol or r ispcriclonc, . inr l  i rr  he.r l thr- comp;1j51rn strt  jects.

prhrenic 1'ratients .tnd to follor,r' thcil r)\'er thc car"lv
course of treatn"rent n. i th antipsvchotic ageltts.

We cJid not iclenti f l '3111, abnormali t ie 's in rcf- ler ir-e r. i-
suallv guided sarccaclic L-\'e n1()\'L.lltelrts irr these tre.rt-

l- 'raselinc brrscl  iue

ment-nai\re schizophrenic patients prior to tre;ttnrent
init iation. This observation is sinri lar to tlre finclings oi
ntost previous stuclies of schizopl-rrenic patients, c\.1-1r
though paticnts in thclse stuciies \,\,ere ;rlntost aln,avs
taking tvpical antipsychotic rnedictrtions at the time
they u,ere studied (N/tather and Putclrat 1c/82; \ 'ee et ; i l .
7987; Fukushima ct al. 19c)t); Clementz ct .t l . 199.1; Cr.r\t -

ford et al. l995tr). Hol^'el 'er, th€'re have lreen repplf5 1lf
saccade distr,rrbances i11 schizophrenic p.tt ients. A strb-
tle, but significant, increase ir-r saccacle error (clvsnretria)
has been reportecl in somt' studies (Ceg;rl is et trl. 1!132,
Mather and Putch at 1982; I\4oscr et al. 1990; Cran,ford e.t
al. 1995b), an iitrnomralit\,' that is L)rLrnoutlced in pa-
tients r.vith tardive dvskinesitr (Oepen et al. 

.lc)!)ll). 
Onr.

study has reported a pattem of norm.rl latcnc\', btrt l-rv-
polnetric saccades, in schizop'rhrenic patients n.ho had
been untreated for at least 6 months (Crar,r'forcl et al.
1995a). Arr increasecl latency of visuailr. gtrirlecl sitccades
lso has beer-r reported in somc str,rclies of schizophrenic

p0st  t reatnrent basel  i  nc

i r t  targct-steps r t f

af ter  t rnc nront l - r

: j ( )  t lcc lces rr i  v isr . r . r l

of  t reatnrcnt  u ' i t l t  h. r io-

to bc p.irt iculirt ' lv pt1111111,-ttrccti in clrronicallr. i i l  Patients
u'ith promirrc'nt rrt 'gative sYtrptoms (Mackert ancl
Flechtncr 1c)Eg). On the trasis of the rr.strlts of the present
stur-1\' ' , n.hich inclic.rte intact r"cflt 'xir-c s;rccadic eve nlovc-
ments irr sclrizophrenic pirt ients prior to tre.atnrent irrit iu-
tit-rn, previor-rs reports of saccadc abncrrnralit ies nright
rcfrrs5g11 .'It lvcrsc nrcd icatit-rn eficcts or pathopirvsiokl- '-
cal cl-r.rnges associatecl r,r ' i th the coursc of i l lness.

Treatment Effects on Saccades

Tlrc rc-sults oi the pr'esc.nt studv inclic;tte significar-rtlr '
reducecl Lrcak velocitt '  i tncl accuracv of saccacles .rn11 in-
creasecl saccacle Iartc'ncv in schizophrenic patients treatecl
n'ith rel.rt ivclv lou' clost-s of risperidorre for approxi-
tnatclr ' 1 montl-r. Paticrrts trcatcd n'ith hakrpericlol clid
not de'monstratc thest' effects. Thc rccluced p-rcak r.ekrc-
itv of saccatles in risperidone-treaterl patients suggests
a distrtrbance in Lrrainstem phlr5ipkrgv, l-recausc. it ir lr-
prl ies .r petturtraticln irt thc level of porrtine Lrurst cell irr-

frLrt to oculomotor nuclei. The redr-rced saccadL. accll-
rac\r sLrggests a disturbance intrinsic to the brainste-rn or
inr.olr. ing its cerelrellar input, \r.hereas the prolonger-l
sc-rccc-Id€ latencv is a less-specific f inding sr,rggestingpatients (Yee et al. 1987), arrcl one group has shou,n this



224 J.A. Srvcenev et arl NELiRc_rlst'cHopHARN{,\colocy 1992-vol-. 16, No. 3

650

600

5 5 0

500

450

400

300

2 5 0

20a _----__r__---i--r-
treatrnent base l ine post treatmellt basel ine second testin

Time of Testing

Figure 2. lncliviciual subjc'ct data lor avcrage pcak vclocitl. of sirccadic cve moYements to target-steps of :r30 degees of
visual .rngle fiom ct'ntr.ll lixeltion in antipsvchotic-naile schirophrenic patients beforc.rnd after o-nc mo;th of treatment with
halopr'rir lol crr ris[-rcridonc, and in he.tlthV cqmp.trison subje.ts.

skru'ed tr.rrrsmission of informatron in n' ir lelv distr i l r-
t t ted r - is t t . r I  set rs t r i ' in ] r ) t r ) r  sySter t rs .  T [ is  pat t t  l t  r ) f  ge] t -
eral izt 'cl  clef ici ts in the saccacle svsteln is one ..rssociatccl
rv jLh mul t ip lc  Ci . l -S- . rc t i i  c  rnc t i ica t ions t l la t  reduce a ler t -
I ress or  caL lse sedat ion,  a l td  thLts  i t  is  p- ross ib ie  th . r t  some
recluctions irr alerhrL'ss mav be associatecl rvi th r ispreri-
done t reatnrent .

Nlackcr : t  ar i t l  F lechhler  (1 t )E91,  in  the:  ( )n lv  pu l r l ish t : t l
: t t t t i r  o l  r r  l t i ch  r vc  c l r c  r r \ \  r r r t ' i n r  e : t i g , r t i r r g  t r t , . r t n r r ' r r t  r , ' r ' -
fects on saccaties in ini t ial lv untreatecl schizr-rpirrenic
p;rt ients, sttrcl iecl saccarle latencies ;rnd reprorterl  no
ch;rngc .1ft tr  an avL'ragc of I  1.5 \ \ 'ccks of tr tartr-ncr1t h, i th
t 'ar ious tvprigni netrroleptic meclicatiorrs. The restr l ts oi
thc pr r cscrr t str-r cJ l' i n ha lr-rpr'ri dol-trca tt'tl pa tierr ts rc;-rl j -

cate this eifect in saccatle. latencv ,rncl e.rtencl i t  bv r lem-
t tn : t r . r t i  r rg  tha t  t r ther  p , l  r - . l  n rp te l 's  t  r l  :c r rC. rde f  Lr  r rc t ior r ,  i  r r -
clr-rding peak velocitv and accuracv, also apfre;rr not tc.r
Lre affectet l  by t l ' rc tvpical anti frsvchotic ir .r lopcrrr lol .

T l re  c l i r r ica l  re levarrce o f  our  oL ' 'serv i i t ions remai r r  to
be c lar i f i t t l ,  p i t r t icu l . r r :1 t , .  in  ter rns o f -  n . t rc t l r t f  f is1- r1 . r1-
t lo i tc - re la ted chanses i l - t  saccadic  e \ /e  n t ( ) \ 'ements  . r re
dssr )c i , r tc t i  n ' i th  ch. r r rges i r r  t [ re  psvchokrg ica{  a Ier tness
oi  p .11 ig111s.  Lr rvest igat ion c l f  l inkagt .s  to  p . r t ient  rcpor ts
of .-rt i \  ersc r, f i t 'cts . trrt i  rr- i t l r  l tL'Lrr( lps\.elrologic.rI  str_rt l i t 's

Haloperidol Control

oi attentior-ral furrctions are needed to er.aluate this pos-
sibil i tv. sircltrlci rispcridone. trcatment be fclund to be as-
sociatercl n,ith recluce.d psychological aiertness, it wil l be
impr1r11311t to clarift '  the range of severity i lnd close de-
penclenct' of-this effect. Furthermorc, it wii l be impor-
tant to cleterrnined the dr-rration of such effects to estab-
lish n'hether tolerance cler,elops over longer cotrrses of
ircatntr'ttt th.in tirr. 1-month prgliocl examinecl in this
sturlr ' ' .  [rr t l 'r is context, it is important to note that halo-
p-rerittr l might have inducecl dose-depenclent perburba-
tions of sacc.rcles eariicr in the course of treatment but
tir.rt tolerance to such eftects developed prior to our scc-
or-rd testing 1 rlonth aftc.r tre.atment initiation. Efforts to
ch.tr.rcterize L-retter t l ie biochernic.rl changes resuiting
fnrrn risprericlone that alter brainstem phvsiologv could
be of clinical reler.arrcc., trs thev might suggest strategies
ior clirninishing thc impact of associated adr,erse effects
lr 'hen thel'are trolrbling it-rr patients and dose re.duction
is unclr.sir '.r ir[c.

A Possible 5-HT Mechanism
'fhc 

rlechanis' br,. n'hich rispericlc)ne i.rcl\.crserly inr-
ptarf :  cvc l t . l r ) \ 'er lerr t  act iv i i r .  is  unclcar.  ( )nc possibi l i tv
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is suggestcd bv the diiferenccs in reccptor-bintl ing af-
i initv prrofi les betwee.n haloperidol and risprerictrne
(Leysc'n et al. 7994), particul.rrlv the pon,e'rful serotor.r-
ergic cffect of risperidrrne (5-HTrA receptcrr antago-
nism). Acute administratiorr of the serotonin prL-cursor
L-trvptophan causes d rcxvsir-r €.ss, sacca d i c c1 i sirr hi bi tion,
and hvponretric saccacles (Sinith and Prockop 1962;
Hodge et al. 1964; l l .r loh et al. 1982). Flr-roxetinL-, a po-
tent 5-HT reuptake inhibitor, hirs treen shou,n to disrn-
hibit saccaclic activity during non-raprid eve movenrent
sleep (Schenck et al. 1992). This r.ffect is likclv to restrlt
from a potentiation of semtonergic netrrons th.rt project
from the dorsal raphe nucleus and inhibit "p.rnsc" t-lcu-
ror1s, a groulr of brainstem nellrons that plav a ke.r' rolc
in saccade control. Pausr. neurons provicle monosvlrap-
tic inhibitory inptrt to the porrtine. br-rrst cells that clrive
motoneurons to initi.rte sacctlcles. Inhibitory, irrprut fronr
pause cells is clramaticallv rcdtrcecl during saccades.incl
resrtrnes immediatelv at thc encl oi s;rccatles. 

'fhus,

pause cclls effectir.ell '  "release" trr-rrst cells so that thel
can irritiate sirccades and p-rrevent unirrtenclecl s;rccacles
at other times. Thc. inverse off-on p.rttems t-ri neuro-
physiological actir. ity in burst and pause cells are pre-
cisely integrated temporallv, ;rnd distr.rrhirrg this svn-
chrony disrupts the ','elocitv characteristics of saccatles
(Hepp et al. 1989). hr arrimal models, iontophc-rretic ap-
plicafion of serotonin onto pause ncurons rnarkedlv cle-
creases their firing rate and clisinhibits burst cells (Ash-
ikawa et al. 7L)91), arrcl lesions of serotonergic dorsal
raphe projections to 1'ratrse n€'urons markedly lorvcrs
saccade peak velocity try remor.ing inhibitor:v regr,rla-
tion of pause celis (Kaneko and Fuchs 1991).

Alterations of serotonergic tonc. in other brair-r re-
gions might also contribr-rte to the observcd effects of
risperidone (Figure 3). The effect could Lre at the ler.el of
the superior coll iculus (Brandero et al. 1991), cerebelltrr
regions that project to oculornotor nuclei (Gonzarlo-Rtriz
et al. 1990), or via disrupted moclulation of GABA-ergic
projections frorn the caudtrte rrucleus to the substantia
nigra (lrlakada et al. 1984) and frorrr the substantia nigr.r
to the superior coil iculus (Hikosaka 7989; Lavoie and
Parent 7990) (Figure 1). Perturbation of serotonergic
modulation of neuronal activitr. in some or all of thesc'
areas may contribute to the adverse effects oi risfreri-
done on saccadic evc. movemerrts. To olrr knort'ledge,
studies of serotonergic regulation of saccades in health_v
human sub.iects have not yet been conclucted. Hol,l,e\.er,
one recent study in healthv htiman subjects demon-strated
that the serotonin agonist MK-2i2 (6-chloro-2-[1-piper-
azinyl]-pyrazine) alters pursuit eye mo\iements (Fried-
man et aL. 7994), indicating a role for serotonin in the
modulation of at least sorne forrns of eve mrx'crllent ac-
tivity in humarrs.

Other biochemical effects of risperirlone also rnight
risper:idone
cr,-adreno-

tribute to the pharmacological effects of
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Figure 3. Serotorrergic inncn'.rt ion of subcort ic.r i  brain
regions knorvn to subscrve saccaelic cvL. ntovements. Path-
\\r i1\ 's are rnarkecl as err ' i tator:\ ,  or inlr ibi torv u' lrcn direct
nrot lulatorv effects () l t  e\, 'e l ]- lovcrnL)nt circuitrv are estab-
I ishecl.

ct 'prt ix antugonism. Dopraminergic (D2) blockac-le, on i ts

or{/11, is not likelr. to Lre thc primarv calisL. of tlre olr-
servcd effects of r isperic- lc-rne on eve lrovement uct ivi tr ' .

Althou gh cl oprernrin er g ic rnani pr"r I ations in pat i errts rv ith

parkirrsonism alter e\ ie r"novement act ir , i tv (Rascol et al.

1989), rve. olrservr.d no such aclr.erse effects in associa-

tion r,r'ith halopericlol, n'hich has a considerat-rlv grcater
Dt affinity th.in risperidone.

The obser\ ' 'at ion of adverse effccts of r ispericlone on

saccadic eye rTroveinents r;rises an obr,irxrs nrethodolog-

ical concerrr for studies of saccacl ic eve nlo\/ements and
visu;r l  information Froc(.ssing in schizophrenia. Baserc1

on ortr f indings, some patients treatecl r,r , i th r ispcridone

ancl sirnilar nreclications mav sho\\' impairn-rents of sac-
cacl ic e,ve nlo\rements (and hence of visutr l  target acclui-

si t ion) L-rt-carise of their mecl icat ion rtrther than ( i l r  in ad-

dition to) pathophvsiological processes clirectlv associarted
n' i th their i l lness.

Aspects of the sampling and retesting of the subjects
in the present stuclr '  leave ccrtain questions l lni ln-
srverec-l regarrling the aclr,erse effects of antipsr.chotic
meclic.rtiorls on saccadic e\,e rrcrvernents. First, treat-

me.nt assignment n'as consistent withirr two consectr-

t ir ,e cohorts rather than ranclorl lv assignecl, ivhich

rir ises some corlcern about the apparent dif ferential

clrug effects. Although all patients r,r'ere recruitec-l in an
iclentical fashion antl displarvecl similar prretreatmerrttment, such as histaminergic (H,) and
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eve mo\'€'mt'nt prerfortrratrce, tlter pc-rssiLrilitv of solne Llt'l-

knou-n cohort-spec-if ic confottnd camrot Lrc fut lr , '  ex-

cltrderl .  Sr.corrd, rrci ther the tn.rgnit trcle oi the irr i t ial

. ' rcute r lnrg e'f fect nor the t lose-respr)t1sc cr-rrve of the ef-

iects can Lrr '  t leterminctl  Lrasecl on data from this stuc1r,.

Future neurophvsiologicaI ancl nettrobehtrvioral stucl ies

oi the Lreneficial ancl adverse effe'cts of r isperidorre and

othtr atr.prical .rrrf ipsvchotic nredications are neeclerl  to

c h.r racterizt' ftrrtlie r the p-rha rr-nilcorl \'1r a nr ics of this rap-

i t l lv grolving gr()Llp r)t  nr.\ \ 'el '  arrt iprsvchotic nredica-

t ions.
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