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Background: Schizophrenia and psychopathy are bothIntroduction

characterized by impulsive, poorly planned behavior. This . , .
behavior may originate from a weak or poorly coordi- S/hlzophrenla and psychopathy are complex conditions
nated response inhibition system. We tested the hypothests=With heterogeneous clinical presentation. Although
that schizophrenia and psychopathy are associated witfihese conditions differ in many respects, impulsive, poorly
abnormal neural processing during the suppression ofplanned behavior is characteristic of both schizophrenia
inappropriate responses. (Bleuler 1950; Kraepelin 1919) and psychopathy (Cleck-

Methods: The participants were schizophrenic patients, ley 1976; Hare 1993). In addition, recent research suggests
nonpsychotic psychopaths, and nonpsychotic, nonpsychthat psychopaths exhibit subtle disorders resembling the
pathic control subjects (defined by the Hare Psychopathydisorganization of thought and behavior that occur in
Checklist—Revised), all incarcerated in a maximum secuschizophrenia (Gillstrom 1995; Hare 1993; Williamson
rity psychiatric facility. We recorded behavioral responses1991).

and event-related potentials (ERPs) during a Go/No Go  The purpose of the present study was to examine the
task. neural correlates of behavioral inhibition in psychopaths
Results: Schizophrenic patients made more errors ofand nonpsychopaths, and chronic, medicated schizo-
commission than did the nonpsychopathic offenders. Aghrenic patients, all incarcerated in a maximum security
expected, the nonpsychopathic nonpsychotic participantg,rensic facility. We recorded behavioral responses and
showed greater frontal ERF.) hegativity (N275) to the Noevent-related potentials (ERPs) while the participants per-
Go stlm_ull than to the_Go stimuli. This gffect was small Nt rmed a Go/No Go task. The ERP Go/No Go paradigm
the schizophrenic patients and absent in the psychopaths; )

For the nonpsychopaths, the P375 ERP component Wa§Ilowed us to examine the neural processes involved with

larger on Go than on No Go trials, a difference that was Making, and inhibiting, behavioral responses. We hypoth-

absent in schizophrenic patients and in the oppositeeSized that the schizophrenic patients and psychopaths
direction in psychopaths. would show anomalies in the neural processes involved in

Conclusions: These findings support the hypothesis thatbehavioral inhib'itiqn. Comparison of the spatial anq tem-
the neural processes involved in response inhibition ar?0rél characteristics of the ERPs generated during the
abnormal in both schizophrenia and psychopathy; how-G0/No Go task offers the possibility of establishing
ever, the nature of these processes appears to be differeftmilarities and differences in the neural processes asso-
in the two disorders. Biol Psychiatry 2000;48:210-221 ciated with response generation and inhibition in the two
© 2000 Society of Biological Psychiatry disorders. In general, such a strategy can help to distin-

guish abnormalities that are specific to a disorder from
Key Words: Schizophrenia, psychopathy, response inhi-abnormalities that are a nonspecific correlate of the func-
bition, Go/No Go paradigm, response suppression, eventional impairment that occurs in the disorder.

related potentials . . . . .
The Disorganization Syndrome in Schizophrenia

Many studies indicate that the characteristic symptoms
of schizophrenia segregate into three groups: psy-
chomotor poverty, disorganization, and reality distor-
tion (Andreasen et al 1995; Bilder et al 1985; Liddle
1987b; Malla et al 1993). Psychomotor poverty includes
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inappropriate affect. Reality distortion includes delu- mal overactivity in the anterior cingulate region involved
sions and hallucinations. in suppressing inappropriate responses.

On the basis of the similarities between the clinical Subsequent studies of rCBF have provided partial con-
features of these three syndromes and the clinical featurdgmation of these findings, though there have been some
associated with focal brain lesions, Liddle (1987a) pro-discrepancies. For example, Ebmeier et al (1993), and
posed that each of the three syndromes was associat&iasa et al (1995) both confirmed that disorganization is
with a specific pattern of disordered regional brain func-associated with overactivity in anterior cingulate, though
tion. In particular, the disorganization syndrome resembleseither of these studies found an association with under-
the pseudopsychopathic syndrome that arises from danactivity in the ventral frontal cortex.
age to the ventral prefrontal cortex (Blumer and Benson Overall, the observed similarity between the pseudopsy-
1975; Damasio et al 1990). The pseudopsychopathi¢hopathic syndrome and the disorganization syndrome has
syndrome is characterized by impulsive behavior, ramproved to be a source of fruitful hypotheses regarding the
bling speech, and fatuous affect. In view of the fact thatnature of the cerebral abnormalities associated with the
both the disorganization syndrome in schizophrenia andlisorganization syndrome. The utility of the similarities
the pseudopsychopathic syndrome entail dysregulation dietween the two syndromes for generating further hypoth-
behavior, thought, or speech and affect, Liddle (1987akses about the underlying neural mechanisms is limited,
proposed that both might arise from disordered function ohowever, by the fact that pseudopsychopathy arises from
right ventral frontal and medial prefrontal regions in- gross lesions to the brain (Blumer and Benson 1975;
volved in the inhibition of inappropriate mental activity. Damasio et al 1990), whereas schizophrenia is not usually

In support of this hypothesis, Liddle and Morris (1991) associated with gross structural lesions (Raz and Raz
demonstrated that severity of disorganization, but not990). In contrast, psychopathy, which involves abnormal-
reality distortion or psychomotor poverty, is correlatedities of response inhibition similar in some respects to
with impaired performance in tasks that involve thethose occurring in pseudopsychopathy (Cleckley 1976;

selection of an appropriate response, such as the Stroggare 1993), does not arise from a gross structural lesion of
Color-Word Test and the Reitan Trails B Test. Otherthe brain, and hence is potentially a more appropriate

investigators have confirmed the association between forcondition to compare with schizophrenia.
mal thought disorder and impaired Stroop performance
(Baxter and Liddle 1998). Frith et al (1991) demonstrated .
that formal thought disorder and incongruity of affect, the Psychopathy and Response Selection
cardinal features of the disorganization syndrome, werd®Sychopathy is a personality disorder defined by a con-
associated with errors of commission during a continuoustellation of affective, interpersonal, and behavioral char-
performance test. acteristics, including egocentricity, lack of empathy or
To test the hypothesis that the disorganization syndrom@uilt, shallow affect, impulsivity, sensation-seeking, poor
is associated with aberrant activity in ventral and medialehavioral controls, and a persistent violation of social
prefrontal cortex, Liddle et al (1992) used positron emis-norms and expectations. Psychopaths are more likely than
sion tomography (PET) to determine the pattern of correnormal individuals to act on the spur of the moment,
lation between regional cerebral blood flow (rCBF) andwithout considering the possible consequences of their
severity of the disorganization syndrome. In accordanc@ctions (Cleckley 1976; Hare 1993).
with prediction, they found that the disorganization syn- Newman (1998) has argued that much of the impulsive,
drome was correlated with underactivity in right ventral disinhibitory behavior of psychopaths, including difficulty
prefrontal cortex and contiguous insula, and with overacin avoiding punishment and inhibiting dominant response
tivity in right anterior cingulate. The site of overactivity in sets, is the result of poor response modulation, defined as
anterior cingulate cortex coincided with the site demon-a cognitive processing deficit that hampers the ability to
strated to be maximally activated in healthy participantsaccommodate the meaning of contextual cues while en-
during the performance of the Stroop Test (Pardo et afjaged in the active organization and implementation of
1990). In the Stroop Test, the participant is required togoal-directed behavior. Newman (1998) proposes that the
inhibit a tendency to respond to irrelevant aspects of goor response modulation of psychopaths represents a
stimulus. The observation that disorganization is associsituation-specific failure to suspend ongoing behavior and
ated with overactivity in anterior cingulate is consistentto reallocate attentional resources.
with the proposal that, in patients with disorganization Laboratory studies of response inhibition in psycho-
syndrome, inadequate activation of ventral prefrontalpaths have produced mixed results. For example, Newman
function results in the intrusion of inappropriate mentaland his colleagues (Newman and Kosson 1986; Newman
activity into current mental processing, leading to abnor-et al 1985; Newman et al 1990; Patterson and Newman
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1993) consistently have found that psychopaths are rela- Of course, psychopathy and schizophrenia also differ in
tively poor at learning to inhibit reward-seeking behavior many respects. For example, lack of conscience and an
that results in monetary punishment. Lapierre et al (1995ability to manipulate and control others are features of
reported that psychopaths made significantly more errorgsychopathy but not of schizophrenia, while many features
of commission when performing a Go/No Go task than didof schizophrenia, including delusions, hallucinations, and
nonpsychopaths; however, this latter task also placethe core negative symptoms (poverty of speech and
substantial demands on visuo-spatial processing, makindecreased voluntary activity) are not characteristic of
interpretation of this finding difficult. Raine (1985) found psychopathy. Nonetheless, the possibility that the disorga-
that psychopaths did not make more errors of commissiomization syndrome found in schizophrenics may also occur
than did nonpsychopaths during performance of a continin psychopaths, though to a less pronounced and dramatic
uous performance task. degree, implies that similar neurologic mechanisms may
Inconsistent results also have been obtained from studinderlie some features of the two disorders. In the present
ies of the performance of psychopaths on other tasks thaftudy, we investigated neural mechanisms associated with
require inhibition of dominant response sets and shifts inresponse selection in a Go/No Go paradigm. Our goal was
the allocation of attentional resources, including the Wis-to distinguish those neural abnormalities that are specific
consin Card Sorting Test (WCST), the Stroop Test, ando each of the two disorders from those that reflect a
the Trails B Test. Newman and Wallace (1993) reportechonspecific neural disorder of response selection.
that psychopaths performed more poorly than did nonpsy-
chopaths on the Trails B Test. Similar results were :
obtained by Hart et al (1990) in one sample of offenders,Gon\IO Go Paradigm
but the results were not replicated in a larger sample off0/No Go paradigms have been used in both animal and
offenders. In addition, there is little evidence that psycholluman experimentation to assess impulsivity, learning,
paths consistently perform poorly on the WCST or the@nd response to reward and punishment (Brown et al
Stroop Test (Gorenstein 1982’ Hare 1984) 1989, SChrOger 1993, Watanabe 1986) The neural
In general, it appears that impaired response inhibition irforrelates of several different Go/No Go tasks have
laboratory tasks is not nearly as pronounced in psychopatfzeen studied with ERPs. The most common ERP
as it is in schizophrenic patients. It is worth noting that incomponents to show modulation during a visually
schizophrenic patients impairment on response inhibitiorPresented Go/No Go task include a negative potential
tasks is associated with formal thought disorder and inconwith a fronto-central distribution at approximately 275
gruity of affect (Frith et al 1991; Liddle and Morris 1991), msec poststimulus (N2) and a centro-parietal positive
both key elements of the disorganization syndrome (LiddlePotential at 300 msec (P3). The anterior N2 is larger for
1987a). Interestingly, there is some evidence that psychop&lo Go trials than for Go trials, and has been interpreted
thy also may be associated with thought disorder (Cleckleys a reflection of early response inhibition processes
1976; Gillstrom 1995; Hare 1993; Williamson 1991). Al- (Eimer 1993; Gemba and Sasaki 1989; Jodo and Kayam
though thought disorder in psychopathy is more subtle thad 992; Kok 1986; Naito and Matsumura 1994; Pfeffer-
that observed in schizophrenia, thorough investigation obaum et al 1985; Simson et al 1977). The posterior P3
psychopaths’ speech and language reveals substantial abnisidarger for Go trials than for No Go trials and the scalp
malities, including derailment, tangentiality and a lack oftopography of the P3 has parietal maximum for Go
coherence (Williamson 1991). Williamson (1991) also foundtrials and a centro-parietal distribution for the No Go
that 20 of 21 psychopaths, assessed with the Psychopatiijals. (Hillyard et al 1976; Jodo and Inoue 1990; Karlin
Checklist—Revised (PCL-R; Hare 1991), met the Thoughtet al 1969; Kok 1986; Pfefferbaum and Ford 1988;
Language and Communication (TLC; Andreasen 1979) criPfefferbaum et al 1985; Simson et al 1977). These
teria for thought disorder. B.J. Gillstrom (unpublished data,morphological and topographical P3 differences be-
1994) found that psychopaths performed poorly the Proverbveen Go and No Go trials are thought to reflect late
test, a test that reflects a breakdown in thought processes afel.g., 300 msec or later) decision-making processes. We
is sensitive to the thought disorder associated with schizoexpected that schizophrenic patients and psychopaths
phrenia (Gorham 1956). Recently, we have shown that thevould show reduced amplitude of the early No Go N2
visual P3 elicited by target stimuli is reduced in psychopathsresponse inhibition” potential. Furthemore, in light of
compared to nonpsychopaths (Kiehl et al 1999b). Onedhe evidence that the P3 component is abnormal during
interpretation of these P3 effects in psychopaths is that ithe classical oddball task in both schizophrenic patients
reflects subtle thought disorder (Ward et al 1992). Thus, theréMcCarley et al 1993) and in psychopaths (Kiehl et al
is accumulating evidence that psychopathy is associated with999a), we further expected that the morphology and
subtle thought disorder. topography of the P3 *“decision-making” potential
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would be abnormal in both schizophrenic patients andthopaths, and nonpsychopaths, respectively. The three groups
psychopaths. Specifically, we predicted that the postedid not differ significantly in age or education.
rior P3 to target stimuli would be reduced in psycho- We paid each inmate volunteer $5.00 for the PCL-R interview

paths and in schizophrenic patients relative to thednd $10.00 for the experiment. The total of $15.00 was equiva-
nonpsychopathic control subjects lent to two days prison wage. As an additional incentive, we told

the participants that the one who had the best reaction time and
accuracy would receive an extra $10.00.

Methods and Materials
Participants Physiologic Recording

The participants were 12 schizophrenic patients and 24 nonpS))Ne recgrded scalp potentials from tin electrodes (ElectroCap
chotic offenders, all male inmates of a federal maximum securityNtérnational, Eaton, OH) placed over prefrontal (F7, Fpz, and
psychiatric facility near Vancouver, British Columbia. The of- F8). frontal (F3, Fz, and F4), temporal (T3 and T4), central (C3,
fenders were participants in a violent offender or a sex offendefcZ, @nd C4), and parietal (P3, Pz, and P4) sites according to the

treatment program. The schizophrenic patients were either senJntérnational 10-20 System of electrode placement. Eye move-
ing life sentences at the institution or were participants inments were recorded from a channel placed beneath the right eye.

treatment programs. All participants received complete psychiA” electrodes were referenced to an electrode located at the right
atric assessments as part of their correctional treatment regimg)astoid process. One additional channel, left mastoid to right
This assessment included administration of the Structured Clinhastoid, was recorded for the purposes of allowing digital
ical Interview (SCID). Volunteers were selected for the study if fe-referencing to an average of left and right mastoids (Nunez
they were between 18 and 55 years of age, had normal, ot981, 1990). Electrical impedance for each site was below 5
corrected-to-normal vision, and were right handed (AnnettkOhms throughout the experiment.
1970). All psychopathic and nonpsychopathic participants were The electroencephalogram (EEG) channels (Grass-Telefactor
free from any Axis | disorder. Schizophrenia was assessed bjWWarwick, RI] Model 8-18C) were amplified with a bandpass of
two psychiatrists according to the criteria in the DSM-IV .1 to 70 Hz, digitized on-line at a rate of 256 samples/sec, and
(American Psychiatric Association 1994). The schizophrenicrecorded on computer hard disk. EEG was then digitally filtered
patients were all in a stable period of their illness (no changes invith a zero-phase shift 30 Hz low pass filter to reduce electro-
medication or psychotic episodes in the last 60 days), and almognyographic contamination. The sampling epoch was 900 msec,
asymptomatic. All of the schizophrenic patients were receivingbeginning with a 100 msec prestimulus baseline period. Artifact
atypical neuroleptics. None of the other participants were orrejection was performed before averaging to reject trials contam-
psychotropic medication. inated by blinks (greater than 1QQV) or excessive muscular

Two clinicians used a semistructured interview and institu-activity. Two participants (one schizophrenic patient and one
tional files to complete the PCL-R (Hare 1991) for each nonpsychopath) with excessive artifacts (more than 30% of
participant. The PCL-R is a reliable and valid instrument for thetrials) were dropped from the analyses. For the remainder of the
assessment of psychopathy in criminal and forensic psychiatriparticipants, these rejected epochs did not exceed 10% of the
populations (Hare 1991; see review by Fulero 1996). Each of thérials in any condition. There were no group differences in the
20 items on the PCL-R is scored on a 3-point scale (0—2)number of trials averaged in any condition.
according to the extent to which it applies to the inmate.

The PC_L-R was used to divide the pffe_nders into a psycho-F,rocedure
pathic f = 13) and a nonpsychopathia (= 11) group. The
cutoff score for assignment to the psychopathic group was 30 of he experiment was conducted in a small room in a secluded,
above according to the diagnostic criteria in the PCL-R manuafuiet part of the institution. After attachment of the electrodes,
(Hare 1991). The mean PCL-R score was 33.5 (SR2.2) for  the participant was seated in a comfortable chair approximately
psychopaths and 17.9 (SB 6.8) for nonpsychopaths. The 60 cm from the computer monitor. The participant was instructed
coefficient for two independent raters for classification into not to blink or move during each trial, except for using his index
psychopathic and nonpsychopathic was 1.00. The mean PCL-Rnger to press a marked key on a computer keyboard in response
score for the schizophrenic patients was 23.5 (S@.5). None  to Go stimuli. The hand used to make the response was
of the schizophrenic offenders satisfied the criterion for psychop<ounterbalanced across participants. Reaction time and accuracy
athy. The items on the PCL-R segregate into two separate, yavere equally stressed. The stimuli were randomly presented and
correlated, factors (Harpur et al 1989). Factor 1 assessed thgonsisted of an arrow that pointed either up or down (50 msec
interpersonal characteristics of the psychopath; Factor 2 assesséddration; 750—-1250 random interstimulus interval). Stimuli were
the behavioral characteristics of the psychopath, including im<entrally presented in a square box with a visual angle ok4°
pulsivity. In the present study, Factor 1 and Factor 2 scores werd°. The participant was told that instructions would appear on the
highly correlated i{ = .85), making any inferences specific to screen indicating the stimulus (up or down arrow) to which he
one factor difficult. For these reasons, we only analyzed datshould respond during the subsequent block of trials. Two types
based on total PCL-R score. of blocks, each containing 30 trials (50/50 probability of Go or

Mean age and years of formal education were 33, 28, and 2o Go trials) were presented. One block required the participant
and 9.3, 10.3, and 10.2, years for schizophrenic patients, psyo respond to the down arrow and to inhibit a response to the up
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arrow (Block A); in the other block he was instructed to respondplanned comparisons to compare the behavioral results across
to the up arrow and to inhibit responses to the down arrow (Blockgroups.
B). Block A was presented 13 times and Block B was presented
5 times in the following order: AAABAAABAB, 5 min rest, .
AAABAAAB. This procedure was used in order to establish a ERP Data Reduction
dominant response tendency to the down arrows. Some investSeparate analyses of variance (ANOVAs) were performed on the
gators have found that establishing a dominant response and th&RP data, one for lateral sites and one for midline sites. These
having participants switch the learned response can elicit stronanalyses included factors of Group (schizophrenics, psychopath,
ger response inhibition activation (Nativ et al 1992). Preliminary nonpsychopaths), Condition (Go, No Go), and Site (prefrontal
analyses indicated, however, that in this paradigm there was nf=7, F8], frontal [F3, F4], temporal [T3, T4], central [C3, C4],
effect of training on the behavioral or ERP data. Furthermore, theénd parietal [P3, P4] for lateral analyses; prefrontal [Fpz], frontal
ERP signal-to-noise characteristics were poor for Block B[Fz], central [Cz], and parietal [Pz] for midline analyses). For
stimuli and for these reasons we report only data from Block A.lateral sites, there also was a factor for Hemisphere (left, right).
Prior to recording, the participant performed a block of 10 Two ERP components of interest were measured (relative to the
practice trials, repeated twice, to ensure that he understood thE)O msec prestimulus baseline) separately for the Go and No Go
instructions. trials for each participant. These components were the N275
(225—-325 msec window) and the P375 (325—-425 msec window).
. The latency window used to quantify the mean amplitude of the
Analyses of Behavioral Data N275 was centered on the peak latency of the No Go activity
Reaction times, percentage of correct hits, and errors of commisshown in the grand-average difference wave (No-GGo trials)
sion were computed. Any response delayed by more than 1008nd from visual inspection of the ERP plots from similar studies
msec after stimulus onset was counted as an error. We usdilativ et al 1992; Schroger 1993). The N275 can best be
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Table 1. Behavioral Data for Schizophrenic Patients, N275

Psychopaths, and Nonpsychopaths . .
yenop psychop Analyses of the amplitude of the N275 at lateral sites

Reaction times Percentage of ~Errors of yielded a significant Groupx Condition interaction
(msec) correct hits — commission (3 31) = 3.30,p = .05] and a Groupx Condition X
Mean (SD) Mean (SD) Mean (SD) Site trend F(8,124)= 1.83,p < .08]. Analyses of simple
Schizophrenic patients 407 (45.7) 94.6 (8.6) 9.01 (5.8) effects indicated that the nonpsychopatig1[31) =
Psychopaths 381 (39.1) 941 (13.7) 5.60 (5.5) 15.56,p < .0005], but not the psychopaths([L,31) = .80,
Nonpsychopaths 404  (47.3) 963 (7.0) 426 (3.1) p > .37] or the schizophrenic patients([L,31) = 1.16,
p > .29], had a larger N275 to No Go trials than to Go
trials. Follow-up analyses of a significant GroxpHemi-
sphere interactiorH(2,31) = 3.87,p < .04] indicated that

visualized in difference waves. The latency window used Othe N275 was strongly left lateralized in the nonpsycho-
quantify the mean amplitude of the P375 was centered on th

peak latency of the P375 in the grand-average waveforms. Oth(.f?a:]hs ph< '0.5)’ bgt tTat thlgglatergllzstlorl yvas re(;i]uce(:hln
effects of interest were tested using simple effects analyses gFchizophrenic patien ®(>.09) and absent in psychopaths

Tukey’s multiple comparisons. The Geisser—Greenhouse corredP > -43). o .
tion was used for any repeated measures containing more than Analyses of the N275 at midline sites revealed a
one degree of freedom in the numerator (Geisser and Greenhouségnificant Group X Condition X Site interaction
1958). All probability levels are reported using epsilon-adjusted[F(6,93) = 2.79,p < .04,e = .65]. The N275 was larger
degrees of freedom. The McCarthy and Wood (1985) correctiorat anterior sites for No Go than for Go stimuli for the
was performed on any significant interaction involving Site or nonpsychopathsF{1,31) = 17.99,p < .0002] and the
Hemisphere and is reported only in cases in which the interaCtio%chizophrenic patients=[1,31) = 6.77,p < .02], but not
became nonsignificant. for the psychopathsH(1,31) = 2.36,p > .13].

In ad.d.'t'on to the omnibus ANOVAs, we also computed a No As predicted, the No Go activity measurement analyses
Go activity measurement. This measurement was computed bP/ o

evealed that psychopaths showed reduced No Go activity

subtracting the No Go N275 from the Go N275 at anterior scalp -
sites. Two measurements were computed: one for lateral Sitegompared to nonpsychopaths [later¢83) = 2.58,p <

(F7, F8, F3, and F4) and one for midline sites (Fpz and Fz).02; midline,t(33) = 2.16,p < .04]. The comparison of
Planned orthogonal contrasts were then performed on thesé¢ No Go activity measurement for the schizophrenic
measurements to assess our hypothesis that the psychopaths guatients versus the nonpsychopaths revealed only a statis-
schizophrenic patients would show less No Go activity thantical trend at lateral site4(B3) = 1.88,p < .07; midline,

would the nonpsychopaths. t(33) = 1.27,p > .22].
Across all participants, the N275 was larger on No Go
Results than on Go trials [main effect of Condition: lateral,
] F(1,31)= 12.36,p < .001; midline,F(1,31)= 10.98,p <
Behavioral Measures .003]. This effect was most pronounced in left anterior

There were no group differences in reaction time orregions [Conditionx Site interaction: laterak-(4,124) =
percentage of correct hits (gk > .50). Analyses of the 18.27,p < .001,e = .55; midline,F(3,93) = 7.96,p <
responses to No Go trials (commission errors) revealed002, e = .65; Condition X Hemisphere interaction,
that schizophrenic patients made more inappropriate re=(1,31) = 7.29,p < .01].

sponses than did nonpsychopathg3d3) = —2.5,p <

.022]. There was also a tendency for schizophrenic pap375

tients to make more inappropriate responses than pSyCh%ignificam Groupx Condition [lateral,F(2,31) = 9.02,

paths {(33) = —1.67,p < .10]. There were no significant S B
differences in behavioral performance between psychop < .002; m|dI|n§,_F(2, 31) N 10_.30,p = -0004] and
Group X Condition X Site interactions [lateral,

paths and nonpsychopaths (see Table 1). F(8.124)= 3.47,p < .009,¢ = .59: midline, F(6,93) =
. 3.04,p < .022,e = .72] were found for amplitude of the

Event-Related Potentials P375 at lateral and midline sites. This pattern of effects
Grand mean ERPs for the Go and No Go stimuli for theindicated three things. First, as expected, the P375 in
schizophrenics, psychopaths, and nonpsychopaths are preenpsychopaths was larger on Go than on No Go trials,
sented separately in Figures 1, 2, and 3, respectively. Theith the effect being larger at parietal sites than at
N275 is best visualized in the No Ge Go grand mean prefrontal or temporal sites. Second, schizophrenic pa-
ERP differences waves, which are illustrated for the thredients showed no P375 differentiation between Go and No
groups in Figure 4. Go trials, probably a reflection of their small P375 on the
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Go trials (there were no significant group differences inThese effects were more pronounced at right hemisphere
the amplitude of the P375 on the No Go trials). Finally, sites than at left hemisphere sites [Conditisn Hemi-

in the psychopaths, the P375 on the Go trials was vergphere interactior;(1,31) = 5.42,p < .03; Conditionx
small at anterior and central sites. Indeed, their P375 aBite X Hemisphere interactionk(4,124) = 3.81,p <
these sites was significantgmalleron Go trials than on .010,e = .82].

No Go trials, whereas the opposite was true of the

nonpsychopaths. Discussion

There was also a significant Groug Hemisphere
interaction F(2,31) = 4.11, p < .03] for the P375 This study was designed to investigate the behavioral and

amplitude. This effect indicated that the P375 was stronglyneural components of response selection in schizophrenic
right lateralized in nonpsychopaths(L,31) = 18.13,p < patients and in psychopaths. The results generally sup-

.0002], slightly less lateralized in psychopatk$1],31) = ported our hypotheses that, compared to other individuals,
4.71,p < .04], and was not significantly lateralized in schizophrenic patients would show impaired behavioral
schizophrenic patientd=[1,31) = 0.10,p = .74]. performance (more errors of commission) and reduced

Across all participants, the P375 was larger at parietaklectrocortical activation during trials that required re-
sites on Go trials than on No Go trials. The P375 on No Gasponse inhibition. The results of the behavioral analyses
trials was largest at central sites [Condition Site indicated that schizophrenic patients made significantly
interaction: lateralF(4,124) = 12.55,p < .00001,e = more errors of commission than did the nonpsychopaths,
.59; midline, F(6,93) = 25.83,p < .00001,e = .72]. and there was a statistical trend for the schizophrenic
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patients to make more errors of commission than psychoeomponent might reflect the greater attention required to
paths. These findings are consistent with previous findingsnhibit rather than to execute responses (Kopp et al 1996;
of excessive errors of commission in tasks that deman&chroger 1993). When the difficulty of discriminating
response inhibition in schizophrenia (Frith et al 1991). between stimuli is increased, the difference in attentional
The results of the ERP data analyses indicated that thdemands between No Go and Go trials would be relatively
nonpsychopaths showed the expected greater frontal neggss.
ativity (N275) for the No Go stimuli than for the Go  In our study, in which the frequency of No Go trials was
stimuli. This effect was attenuated in the schizophrenicequal to that of Go trials, there is less reason to propose
patients and absent in the psychopaths. The question dfiat the No Go trials required greater attention to the
whether or not the N275 component reflects the neurastimulus, than might have been the case in the study of
activity directly involved in response inhibition remains Kopp et al (1996), in which No Go events were relatively
controversial. On the one hand, Kopp et al (1996) reportednfrequent. Therefore, there is less reason to propose that
that priming, so as to enhance the strength of the impulsattentional demands account for the N275 component
to respond to the No Go stimuli, enhanced that magnitudebserved in our study.
of this frontal negative component (see also Nativ et al However, if the N275 component reflects, at least in
1992). On the other hand, Kok (1986) reported thatpart, the attentional demands of the No Go trials, the
increasing the difficulty in discriminating between Go and reduced amplitude of this component in schizophrenia and
No Go stimuli by degrading the clarity of the stimuli psychopathy might be attributed to attentional impairment
reduced the amplitude of this component. This observatioin the two conditions. There is a large body of evidence
is consistent with the hypothesis that the frontal negativalemonstrating attentional abnormalities in schizophrenia
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(recently reviewed by Green 1998) and a growing litera-evidence of such abnormalities in psychopathy (Kiehl et al
ture in support of such impairments in psychopathy (Kiehl1999b). Given that response inhibition is most probably a
et al 1999a, 1999b; Kosson and Harpur 1997). Interestfunction of a complex neural circuit located in a spatially
ingly, Lapierre and colleagues found that psychopathdglistributed network, it may be possible that the topo-
performed more poorly (errors of commission) than didgraphic ERP differences observed between the patient
nonpsychopaths during a Go/No Go task that employed groups may reflect abnormalities at one or more cerebral
strong spatial attention manipulation (Lapierre et al 1995)sites. Although the circuits involved in response inhibition
This suggests that strong attention manipulations may aitiave yet to be delineated in full, it is likely that the
in elucidating the nature of the cognitive deficits in fronto—striato—thalamo—cortical loops that provide feed-
psychopaths. back to frontal cortex, play a role in regulating response
Although the generators of the N275 have not beerinhibition processes. In particular, lesions affecting the
precisely localized, evidence from neuroimaging studiedoops that provide feedback to dorsolateral prefrontal
suggests that the anterior cingulate, lateral frontal cortexgortex and to anterior cingulate cortex have both been
and left superior frontal cortex may be involved in implicated in defects in response inhibition (Chow and
response inhibition (Carter et al 1998; Kiehl et al 2000;Cummings 1999). What is clear from the present results is
Konishi et al 1999). There is a rather large body ofthat these abnormalities occur early in processing, begin-
evidence demonstrating that the anterior cingulate anding around 200 msec poststimulus.
lateral frontal cortex are abnormal in schizophrenia In addition to group differences in the amplitude of
(Liddle et al 1992; Yuasa et al 1995) and growing N275, the groups also differed in the hemispheric asym-
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