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Abstract

Background: Failure of procognitive drug trials in schizophrenia may reflect the clinical heterogeneity of schizophrenia, 
underscoring the need to identify biomarkers of treatment sensitivity. We used an experimental medicine design to test the 
procognitive effects of a putative procognitive agent, tolcapone, using an electroencephalogram-based cognitive control task 
in healthy subjects.
Methods: Healthy men and women (n = 27; ages 18–35 years), homozygous for either the Met/Met or Val/Val rs4680 genotype, 
received placebo and tolcapone 200  mg orally across 2 test days separated by 1 week in a double-blind, randomized, 
counterbalanced, within-subject design. On each test day, neurocognitive performance was assessed using the MATRICS 
Consensus Cognitive Battery and an electroencephalogram-based 5 Choice-Continuous Performance Test.
Results: Tolcapone enhanced visual learning in low-baseline MATRICS Consensus Cognitive Battery performers (d = 0.35) and 
had an opposite effect in high performers (d = 0.5), and enhanced verbal fluency across all subjects (P = .03) but had no effect 
on overall MATRICS Consensus Cognitive Battery performance. Tolcapone reduced false alarm rate (d = 0.8) and enhanced 
frontal P200 amplitude during correctly identified nontarget trials (d = 0.6) in low-baseline 5 Choice-Continuous Performance 
Test performers and had opposite effects in high performers (d = 0.5 and d = 0.25, respectively). Tolcapone’s effect on frontal 
P200 amplitude and false alarm rate was correlated (rs = -0.4, P = .05). All neurocognitive effects of tolcapone were independent 
of rs4680 genotype.
Conclusion: Tolcapone enhanced neurocognition and engaged electroencephalogram measures relevant to cognitive 
processes in specific subgroups of healthy individuals. These findings support an experimental medicine model for identifying 
procognitive treatments and provide a strong basis for future biomarker-informed procognitive studies in schizophrenia 
patients.
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Introduction
Neurocognitive deficits in patients with chronic psychotic disor-
ders are observed across a range of cognitive constructs, includ-
ing working memory, attention, and cognitive control (Heinrichs 
and Zakzanis, 1998; Lesh et al., 2011; Barch and Ceaser, 2012), 
and are strong predictors of functional impairment (Green, 
2016). Antipsychotic medications produce only marginal gains 
in neurocognition (Lieberman et al., 2005). Substantial efforts to 
develop procognitive agents that mitigate these neurocognitive 
deficits in schizophrenia (SZ) have thus far been unsuccessful 
(Harvey and Bowie, 2012). This failure could be due in part to the 
clinical heterogeneity of SZ and underscores the need to both 
understand the neural basis for procognitive drug effects and 
identify predictive biomarkers of treatment sensitivity.

An “experimental medicine” approach to studying putative 
procognitive drug effectiveness and sensitivity in clinical popu-
lations or healthy subjects can include the use of neurophysi-
ological or imaging techniques to identify symptom-relevant 
neural targets engaged by the procognitive drug (Insel and 
Gogtay, 2014). Notably, concurrent event-related potential (ERP) 
recording during cognitive task performance provides a real-
time measure of information processing and characterizes the 
spatial distribution and time-course of neural events associated 
with specific cognitive processes (Gehring et al., 1993; van der 
Stelt and Belger, 2007). For example, simultaneous ERP record-
ing during a 5 choice-continuous performance test (5C-CPT) in 
schizophrenia (SZ) patients vs healthy subjects (HS) showed 
reduced amplitudes reflecting poorer response selection for 
both target and nontarget trials, and reduced nontarget ampli-
tudes during cognitive response phase, the latter accounting 
for 37% of variance in negative symptoms (Young et al., 2017). 
Engagement of these ERP measures by a procognitive drug could 
help delineate the neural basis of procognitive drug effect and 
serve as potential biomarkers of treatment sensitivity.

Tolcapone was selected as the “test” procognitive drug for 
this study because of its known specific biochemical action and 
well-established neurocognitive and neurophysiological effects 
(Apud and Weinberger, 2007). At both a single acute dose of 
200 mg and a dose of 200 mg 3 times daily for a week, this cen-
trally acting reversible catechol-O-methyl transferase (COMT) 
inhibitor (Robertson, 1999) was found to improve neurocogni-
tive task performance (Apud et al., 2007; Giakoumaki et al., 2008; 
Farrell et al., 2012; Magalona et al., 2013), increase prepulse inhi-
bition of startle in healthy males with a specific COMT geno-
type (Giakoumaki et  al., 2008), and reduce prefrontal cortical 
blood oxygen-dependent signaling during working memory and 
attention tasks (Apud et al., 2007; Magalona et al., 2013) in HS. 
However, the neural basis and biomarker predictive potential of 
these effects remain unclear.

In advance of future studies in SZ patients, and the poten-
tial use of COMT inhibitors as “procognitive therapy” agents 
(Swerdlow, 2012), we used an experimental medicine model 
to test tolcapone’s effects in HS on: (1) the Measurement and 

Treatment Research to Improve Cognition in Schizophrenia 
(MATRICS) Consensus Cognitive Battery (MCCB; viewed as a 
gold standard for testing procognitive therapeutics in SZ) (Green 
et  al., 2004); and (2) an ERP-based reverse-translated 5C-CPT 
(Young et al., 2013). Our primary hypotheses were that a “chal-
lenge” dose of tolcapone (200 mg p.o.) would improve MCCB and 
5C-CPT performance and enhance frontal ERP signaling during 
nontarget trials in HS and that these behavioral and electro-
physiological effects of tolcapone would be moderated by COMT 
SNP rs4680. Our exploratory hypothesis was that tolcapone-
enhanced frontal ERP signaling would correlate with tolcapone-
enhanced 5C-CPT performance.

Materials and Methods

This study was conducted at the UCSD Medical Center, 
with approval from the UCSD Human Subject Institutional 
Review Board.

Subjects

Psychiatrically and medically healthy men and women between 
the ages of 18 and 35  years were recruited from the commu-
nity via public advertisements and compensated monetarily 
for study participation. First, subjects underwent phone screen-
ing to assess current and past medical and psychiatric history, 
medication and recreational drug use, and family history of 
psychosis, followed by a prescreening visit that included a con-
sent procedure for genotyping and structured clinical interview 
(SCID-NP; First et al., 2002). HS homozygous for the COMT SNP 
rs4680 genotype with no Axis I DSM IV TR diagnosis were invited 
for a full screening session (see Supplemental Methods). During 
the screening visit, subjects completed a baseline assessment of 
the MCCB in addition to a physical examination, urine toxicol-
ogy screen, urine pregnancy test for females as per our estab-
lished screening protocol (Chou et al., 2013), and liver function 
tests. Study inclusion criteria are described in Supplemental 
Table 1.

Study Design

The study used a double blind, randomized, placebo-con-
trolled, counterbalanced, within-subject design. HS received 
either placebo or tolcapone 200 mg orally on each of the 2 test 
days separated by 1 week. The test day schedule is shown in 
Supplemental Table  2. Briefly, subjects arrived at the testing 
center at 8:30 am after overnight fasting with exception of water, 
completed a urine toxicology screen and a urine pregnancy test 
in females, and ate a standardized breakfast. Vital signs and 
subjective symptom rating scale scores (Swerdlow et al., 2003) 
were obtained at specific intervals pre- and post-pill. Starting 
115 minutes post-pill, based on the published pharmacokinet-
ics, neurocognitive, and behavioral effects of tolcapone in HS 
(Dingemanse et al., 1995; Jorga, 1998; Giakoumaki et al., 2008), 

Significance Statement
The present study uses an experimental medicine approach to examine the effect of the cognitive-enhancing drug tolcapone on 
cognitive performance and changes in the distribution of electrical activity measured across the surface of the brain during task 
performance in healthy subjects. Findings from this study inform us about the way brain electrical activity reflects our ability to 
inhibit unwanted behavioral responses and how this ability is strengthened by tolcapone. These findings provide a strong basis 
for testing tolcapone’s cognitive enhancing effects in schizophrenia patients who have marked deficits in their ability to inhibit 
unwanted behavioral responses.
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testing included the MCCB followed by the 5C-CPT with simul-
taneous ERP recording. One week after the second test day, liver 
function tests were reassessed.

Neurocognitive Measures

MCCB
The MCCB was designed by an NIMH initiative and accepted by 
the FDA as a primary outcome measure for clinical trials of pro-
cognitive therapies for SZ (Green et al., 2004; Kern et al., 2008; 
Nuechterlein et al., 2008). It measures 7 key cognitive domains 
relevant to cognitive deficits in SZ using 10 tests that assess 
speed of processing (SP), attention/vigilance, working memory, 
verbal learning, visual learning, reasoning and problem solving, 
and social cognition, and provides T-scores for each domain and 
a composite score of all domains. For analyses of MCCB data, 
we used MCCB composite and cognitive domain T-scores, not 
normed for age and gender, and separately analyzed the moder-
ating effects of age and gender on drug effects.

5C-CPT with Simultaneous ERP Recording
The 5C-CPT paradigm was selected because of its direct trans-
lational potential: it is a reverse-translated task from mice with 
predictive validity (Young et al., 2009, 2011; van Enkhuizen et 
al., 2014; Tomlinson et al., 2015). It has sensitivity to detect 
attentional and cognitive control deficits in SZ patients (Young 
et al., 2013, 2017) and is adapted for both EEG and fMRI studies 
(McKenna et al., 2013; Young et al., 2017). In this task, subjects 
were instructed to execute a response by moving the joystick 
towards the circle that turns white one-at-a-time during “tar-
get” or “go” trials and withhold or inhibit a response when all 
circles turn white simultaneously (“non-target” or “No-go” tri-
als) (supplementary Figure 1). Stimuli were presented for 100 
milliseconds with a variable inter-trial interval (ITI) of 0.5 to 
1.5 seconds between stimuli to minimize temporal mediating 
strategies. Task details are found in supplemental Methods. 
Composite metrics of task performance were used in the analy-
sis of performance, including the hit rate (proportion of correct 
hits, target detection), false alarm rate (proportion of inappro-
priate responses to nontarget stimuli, response inhibition), and 
D-prime (d’; vigilance-parametric measure for the difference 
between p[Hit Rate] and p[False Alarm Rate] to determine differ-
entiation of stimuli). Similar to other vigilance tasks, decrements 
in 5C-CPT task performance (d’ scores) over time have been 
noted in both HS and SZ patients (Young et al., 2013); therefore, 
a within-session analysis was conducted across 3 trial blocks—
initial, middle, and late—each block containing approximately 
216 trials with a target:nontarget trial ratio of 10:2.

Continuous EEG data were recorded in DC mode from 64 
scalp channels using a BioSemi ActiveTwo system (www.bio-
semi.com). EEG data were continuously digitized at 1048 Hz with 
an average reference applied offline. Vertical and horizontal 
electrooculograms, recorded from electrodes above and below 
the left eye and at the outer canthi of both eyes, respectively, 
were used to correct EEG for eye movement and blink. EEG setup 
and data acquisition required approximately 45 minutes.

EEG Data Preprocessing Procedures

EEG data preprocessing occurred offline. First, EEG data were vis-
ually inspected to remove segments containing gross artifacts 
prior to referencing the data. Bad channels were interpolated 
using a spherical spline interpolation approach and re-refer-
enced to the average reference before applying a bandpass filter 

of 0.1 to 70 Hz (24 db/oct) using a Butterworth zero phase-shift 
filter with 48 db/octave rolloff. Eye movement artifacts were cor-
rected using independent component analyses. Only correct 
target and nontarget trials were used for ERP analysis due to 
the low number of task-related errors. Epochs were generated 
from -100 to 700 milliseconds poststimulus onset for correct 
trials, followed by rejection of segments with residual artifact 
(amplitudes > ±75 μV), and baseline correction (−100 to 0 milli-
seconds prestimulus baseline) of all remaining epochs. Separate 
ERP waveforms were generated for target and nontarget trials 
for each subject for each test day.

ERP Analysis

Analyses primarily focused on correct responses to target and 
nontarget stimuli at midline scalp sensors, or centroids (sup-
plemental Methods; supplemental Figure  2). Group-level (tol-
capone vs placebo) grand average waveforms for target and 
nontarget stimuli were generated. Three distinct time windows 
during which subject-level ERP peaks (point with greatest abso-
lute maxima within a time window) were selected for statistical 
analysis: (1) 100 to 140 milliseconds thought to represent early 
sensory components, (2) a middle latency transitional peak 
(150–250 milliseconds) poststimulus corresponding to response 
selection, and (3) a later temporal window (300–575 millisec-
onds) poststimulus considered to represent response action and 
visual feedback processes (Young et al., 2017). Difference waves 
were calculated by subtracting peak target waveforms from 
nontarget waveforms at the midline scalp centroids (Fallgater 
et  al., 1997). Greater difference wave amplitude at the fron-
tal centroids is believed to reflect increased frontal activation 
recruited during correct inhibition of response to nontarget 
stimuli. Several neuropsychiatric conditions, including atten-
tion deficit hyperactivity disorder, SZ, and 22q11.2 deletion syn-
drome, are characterized by deficits in both response inhibition 
and P300 amplitude (Fallgater and Muller, 2001; Fallgater et al., 
2005; Ehlis et al., 2007; Romanos et al., 2010).

Statistical Analyses

The main effects of tolcapone on MCCB and 5C-CPT performance 
and ERP measures were tested using a repeated-measures 
ANOVA with tolcapone (placebo vs active) as a within-subject 
factor. Secondary analysis with COMT SNP rs4680 as a between-
subject factor was conducted to analyze the moderating role 
of rs4680 on tolcapone effects. A significant 2- or 3-way inter-
action was followed by appropriate posthoc contrasts. MCCB 
T-scores and autonomic measures were treated as continuous 
variables. Symptom rating scales scores were not normally dis-
tributed and were analyzed via nonparametric statistics. Based 
on known effects of age, gender, and baseline cognitive per-
formance on drug-modified neurocognitive task performance, 
these variables were used as categorical grouping factors in 
ANOVA (based on a median split: high [upper 50%] vs low [lower 
50%] groups). For MCCB, screen day MCCB Composite T-score 
was considered baseline MCCB performance and the median 
T-score of 53 was used to split the subjects into low (T-scores 
between 36 and 53) vs high (T-scores 54–70) baseline perform-
ers. For 5C-CPT, placebo day median d’ score of 4.1 was used to 
split the subjects into low (d’ scores 2.44–4.1) vs high (d’ scores 
4.2–5.71) performers. The median age of 22 years was used to 
split the age into young (18–22 years old) vs older (23–35 years 
old) groups. Spearman’s correlation was used to assess the 
relationship between behavioral performance metrics and ERP 

http://www.biosemi.com
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amplitudes. Alpha for primary hypotheses was 0.05 and for 
exploratory hypotheses was 0.01.

Results

Subjects

Of the 31 HS enrolled in the study, 27 subjects (Table 1) completed 
both test days and the follow-up visit. Three subjects were dis-
qualified based on an Axis I diagnosis (n = 2) or positive urine tox-
icology (n = 1), and one subject dropped out of the study after the 
first test day. Subjects in the rs4680 genotype groups were similar 
in terms of age, college education, gender ratio, baseline MCCB 
composite T-score, IQ level, snd baseline liver function test, but 
differed in terms of race distribution (chi-square = 6.21, P < .05), 
with a greater proportion of Caucasians in the Met/Met group, 
consistent with previous studies (González-Castro et al., 2013).

Bioactivity of Tolcapone

Tolcapone was well tolerated. ANOVA of liver function test revealed 
a small but statistically significant increase in total bilirubin (P < .05) 
and alanine transaminase (P < .01) levels during follow-up visit (1 
week after test day 2) compared with baseline levels; even with 
this increase, the post study total bilirubin (mean ± SD = 0.6 ± 0.36) 
(mg/dL) and alanine transaminase (22.35 ± 11.6) (U/L) were within 
normal limits (Olanow, 2000) and did not require additional fol-
low-up (supplemental Table 3). Change in autonomic measures 
from baseline across the full time-course showed trend level main 
effects of tolcapone on systolic blood pressure but no effects on 
diastolic blood pressure or heart rate. Analyses focusing on the 
peak pharmacokinetic time point (210 minutes post pill) (Jorga, 
1998) showed a significant elevation in systolic blood pressure 
associated with tolcapone (F(1,26) = 5.610; P = .025). There were no 
significant effects of tolcapone on subjective symptom ratings 
(see supplemental Results).

MCCB Performance

An initial assessment of screen day (baseline) MCCB performance 
revealed no significant main or interaction effects of either gen-
der (F(1,23) = 2.78, NS) or age (median split: F(1,23) = 2.05, NS). 
These variables were omitted from subsequent analyses. ANOVA 
failed to detect significant main effects of tolcapone or COMT 
genotype on MCCB global or cognitive domain level T-scores 
(F < 1). There were significant main effects of baseline MCCB 

performance (F (1,23) = 11.34; P < .001) and cognitive domain 
(F(6,138) = 11.25; P < .0001), and a significant 3-way interaction 
of tolcapone x domain x baseline performance (F(6,138) = 2.48; 
P < .03). Posthoc analyses of each cognitive domain showed only 
a significant tolcapone x baseline performance 2-way interac-
tion for the visual learning domain (F(1,25) =  5.0; P = .03), with 
tolcapone-enhancing performance in low-baseline performers 
(d = 0.35) and tolcapone-impairing performance in high-baseline 
performers (d = 0.50) (Figure 1).

An ANOVA of test order (active pill day) and practice (Day 
2 vs Day 1) on MCCB performance revealed a significant main 
effect of practice for the composite T-score (F(1,26) = 4.250; P = .05) 
and SP cognitive domain T-score (F(1,26) = 16.51; P < .001), but no 
significant main effect of test order (F < 1) or 2-way interactions. 
Posthoc analyses of practice effects for individual tests within SP 
domain was significant for trail-making test (P = 0.02) and BACS-
Digit symbol coding (P < .001) but not for verbal fluency (P = ns).

Based on previously published findings that tolcapone 
significantly enhances verbal fluency (Apud et  al., 2007), a 
posthoc analysis was conducted for this measure. Findings con-
firmed a significant main effect of tolcapone on verbal fluency 
(F(1,25) = 5.20; P = .03) but no significant main effect of genotype 
(F < 1) and no significant 2-way interactions (F < 1) (supplemen-
tary Figure 3).

5C-CPT and Task-Related ERP Measures

Analyses failed to detect any significant main effect of tolcapone 
(F<1) or interactions with COMT genotype or median split 
(low vs high) placebo-day d’ scores (baseline 5C-CPT). ANOVA 
revealed a significant interaction of tolcapone x trial block x 
baseline 5C-CPT performance for d’ score (F(2,50) = 4.24; P = .02). 
Posthoc comparisons revealed a strong effect of tolcapone on 
trial block 2 d’ scores that mainly reflected a robust reduction 
in trial block 2 false alarm rate (FAR) in low-baseline perform-
ers (d = 0.8) and an opposite effect in high-baseline performers 
(d = 0.5) (Figure 2A–C).

Figure  1. Effect of tolcapone 200  mg on visual learning mean T-score in low- 

vs high-baseline MATRICS Consensus Cognitive Battery (MCCB) performers. 

Significant 2-way drug x baseline MCCB performance interaction (P < .05); tol-

capone enhances performance in low performers and impairs performance in 

high  performers.

Table 1. Subject Characteristics (n = 27)

 
Subject characteristics

Genotype 

Val/Val (N=17) Met/Met (N=10)

Age in years [mean (SD)] 22 (4) 24 (6)
WRAT IQ score [mean (SD)] 104 (10) 106 (12)
Baseline ALT [mean (SD)] 22.65 (12) 13 (5.3)
Baseline T.Bilirubin [mean (SD)] 0.4 (0.2) 0.53 (0.33)
Gender (M:F) 14:3 5:5
Education in years [mean (SD)] 14 (2) 15 (1)
Baseline MCCB Composite Tscore 

[mean (SD)]
54.5 (6.6) 52.2 (9.6)

Daily Caffeine intake mg/dl 
[mean (SD)]

78.7 (109) 97.5 (120)

Race (% Caucasians) 41 90
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We next analyzed tolcapone effects on stimulus-locked ERP 
measures during 5C-CPT performance. ANOVA revealed no sig-
nificant effect of tolcapone or COMT genotype on early, mid-
dle, and late peak amplitudes for midline scalp centroids and 
all channels during correct target trials. In contrast, ANOVA 
detected a significant drug x centroid x baseline 5C-CPT perfor-
mance interaction (F(9,225) = 2.2; P = .02) for middle latency on 
nontarget trials requiring inhibition of a prepotent response. 
Posthoc comparisons showed a strong effect of tolcapone-
enhanced P200 amplitude at centroid 1 in low-baseline per-
formers (d = 0.6) and a modest opposite effect in high performers 
(d = 0.25) (Figure 3A–B).

Analyses of difference wave (nontarget waveform minus 
target waveform) amplitudes at the frontal centroids (centroids 
1–4) detected no significant main effects of tolcapone or geno-
type, but revealed a significant genotype x tolcapone interac-
tion (F(1,25) = 6.14; P = 0.02) at centroid 2 for difference wave P300 
amplitude. Posthoc comparison showed tolcapone-enhanced 
difference wave amplitude in Val/Val subjects (d = 0.4) and tol-
capone-reduced difference wave amplitude in Met/Met subjects 
(d = 0.62) (Figure 4).

Exploratory analysis using Spearman correlation revealed an 
inverse relationship between tolcapone effects on P200 ampli-
tude at centroid 1 during nontarget trial and tolcapone effects 
on the false alarm rate (rs = -0.4, P = .05): greater tolcapone-
enhancement of P200 amplitude was associated with greater 
tolcapone-reduction in false-alarm rates.

Discussion

This study investigated the effects of a single dose of tolcapone on 
MCCB performance and an EEG-based reverse-translated cognitive 
control task (5C-CPT) in healthy adults homozygous for the rs4680 
genotype. Tolcapone significantly enhanced verbal fluency in the 
inclusive sample. Other effects of tolcapone—on visual learning, 
5C-CPT performance, and frontal P200 amplitude during response 
inhibition—were dependent on the level of baseline performance. 
Interestingly, tolcapone-enhanced P200 amplitude over midline 
frontopolar electrodes was associated with tolcapone-reduced 
false alarm rate. Thus, we demonstrate a successful and feasible 
experimental medicine model for investigating procognitive drug 
effects, in which tolcapone engaged a neural target (enhanced 
frontal P200 amplitude) relevant to a behavior (response inhibi-
tion) in a sensitive subgroup (low-baseline performers).

While an acute dose of tolcapone failed to enhance MCCB 
global cognition, performance on a specific cognitive domain 
and cognitive tests was enhanced. The limited effects of tol-
capone may reflect a performance ceiling, given the fact that 
most participants were young, healthy, and college educated 
with a median baseline MCCB composite T-score of 53.

Tolcapone’s Effects on 5C-CPT Performance Were 
Baseline Dependent

Tolcapone enhanced within-session 5C-CPT performance as 
reflected by decreased false-alarm rate and increased d’ scores 

Figure 2. (A) Effect of acute administration of tolcapone 200 mg on within session. Mean d’ score in low- vs high-baseline 5 choice-continuous performance test 

 (5C-CPT) performers. *Significant drug x trial block x baseline 5C-CPT performance. {d’score = p[Hit rate] – p[False alarm rate]} (B) Effect of tolcapone on trial block 2 mean 

false alarm rate (FAR). Significant 2-way drug x baseline 5C-CPT performance interaction (P < .05); tolcapone enhances performance in low performers by decreasing FAR 

and impairs performance in high performers by increasing FAR. (C) Effect of tolcapone on trial block 2 mean hit rate (P > .05).
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in low-baseline performers and had the opposite effects in high-
baseline performers. Interpreting these baseline-dependent tol-
capone effects on 5C-CPT performance is complicated; while 
we cannot rule out the possibility that these effects reflect a 
“regression to the mean” (Barnett et al., 2005), our findings are 
consistent with reports of baseline-dependent drug effects 
on neurocognition with other pro-dopamine agents, includ-
ing bromocriptine (Kimberg et  al., 1997) and amphetamine 

(Mattay et al., 2003; Chou et al., 2013). More generally, this pat-
tern of tolcapone effects is consistent with an “inverted-U” rela-
tionship between baseline cognitive control performance and 
forebrain dopamine (DA) activity (Lyon and Robbins, 1975; Cools 
and Esposito, 2011). According to the inverted-U hypothesis, in 
low-baseline performers (with hypothetically low DA activity in 
cognitive control-related forebrain regions, such as the prefron-
tal cortex [PFC]), tolcapone improved performance by increas-
ing DA activity in the PFC, while in high-baseline performers 
(with hypothetically optimal levels of PFC DA activity), a further 
increase in PFC DA with tolcapone impaired performance.

Consistent with the behavioral 5C-CPT results, ERP findings 
showed that tolcapone increased frontal P200 amplitudes during 
correctly recognized nontarget trials in low-baseline performers 
and had the opposite effect in high-baseline performers. Further, 
tolcapone-enhanced frontal P200 amplitude was associated with 
a reduced false alarm rate. Evidence suggests that this visual 
P200 is mostly generated from frontal and occipital areas, with 
frontal scalp areas being the primary source. Functionally, P200 
is connected with the automatic identification and classification 
of stimuli (Lindholm and Koriath, 1985; Kenemans et al., 1993; 
Heslenfeld et al., 1997); thus, alterations in P200 amplitude are 
believed to reflect issues with an early orienting or preparatory 
mechanism that could affect later processing stages (Brandeis 
et  al., 1998). Collectively, these findings suggest that midline 
frontal P200 amplitude or amplitude malleability might serve 
as predictive biomarkers of sensitivity to tolcapone-enhanced 

Figure 3. (A) Effect of tolcapone on middle latency peak amplitude across 10 midline centroids in low- vs high-baseline 5 choice-continuous performance test (5C-CPT) 

performers. *Significant drug x centroid x baseline performance interaction. (B) Waveform of tolcapone’s effect on P200 amplitude at centroid 1 in low vs high perform-

ers during nontarget trials. *Significant main effect of drug.

Figure  4. Effect of tolcapone on mean difference wave P300 amplitude at 

 centroid 2 in Met/Met vs Val/Val COMT genotype group. Significant tolcapone 

x genotype interaction (P < .05); tolcapone enhanced P300 amplitude in Val 

homozygotes and reduced P300 amplitude in Met homozygotes.
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response inhibition. Future studies using source analysis will be 
better able to localize the cortical source dynamics associated 
with tolcapone-enhanced cognitive control.

In this study, tolcapone’s procognitive effects were inde-
pendent of COMT genotype. This observation might reflect limi-
tations with the study sample, for example, small sample size, 
or unequal gender and racial distributions across COMT geno-
types. Posthoc comparisons limited to Caucasians, or to men, 
revealed no significant interactions of drug x genotype for MCCB 
or 5C-CPT performance. Alternatively, the lack of a simple role 
of COMT genotype in tolcapone sensitivity might reflect more 
complex underlying mechanisms, such as gene x gene epistatic 
interactions that can differentially impact synaptic dopamine 
transmission and procognitive drug effects (Alfimova et  al., 
2007; Heinzel et al., 2013; Papaleo et al., 2014a, 2014b). It is also 
possible that COMT genotype may regulate specific aspects of 
cognition and hence tolcapone sensitivity (e.g., flexibility vs 
maintenance), such that Met/Met individuals might benefit 
from tolcapone more or less than Val/Val individuals, depend-
ing on the extent to which the task demands cognitive flexibil-
ity vs maintenance (Nolan et al., 2004; Frank et al., 2007; Krugel 
et al., 2009). Lastly, it is possible that the procognitive effects of 
tolcapone are mediated via mechanisms that are unrelated to 
COMT enzymatic activity, at least as it is regulated by rs4680. 
However, in contrast to its procognitive effects, tolcapone’s effect 
on difference wave P300 amplitude was found to be genotype 
specific: tolcapone increased frontal P300 amplitude in rs4680 
Val homozygotes, but had an opposite effect in Met homozy-
gotes. This finding suggests that EEG can detect regionally spe-
cific differences in brain activity associated with the rs4680 SNP 
that do not reflect SNP-related effects on neurocognitive perfor-
mance as assessed in this study.

In summary, our findings support the feasibility of an “exper-
imental medicine model” for testing tolcapone’s procognitive 
effects using an EEG-based reverse-translated 5C-CPT. A single 
acute dose of 200 mg of tolcapone engaged ERP measures rel-
evant to cognitive processes in specific subgroups of healthy 
individuals. These findings provide a strong rationale for future 
biomarker-informed, EEG-guided, procognitive studies of tol-
capone in clinical populations, including SZ patients, who show 
marked deficits in response inhibition.
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