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demonstrated efficacy in the management of irritability and aggression in a
variety of psychiatric populations. We examined the acute effects of topiramate on aggression using a
laboratory model of human aggression (PSAP) in individuals at high risk for aggressive and violent behavior.
Twelve subjects, on parole/probation and with an Axis-II personality disorder and/or a substance use
disorder, received 100, 200, 300, and 400 mg in an ascending sequence, with intervening placebo doses.
Subjects participated 2–3 days per week over 4–6 weeks. Due to cognitive side effects at 300 mg, two
subjects only completed through the 200 mg dose. Topiramate produced an inverted U-shaped dose
response curve, with increases in aggression peaking at 200 mg and a modest decrease at 400 mg. Statistical
analysis revealed a polynomial trend for dose (p=0.001). The observed inverted U-shaped function in
aggressive responding is consistent with non-human aggression studies of GABA-A modulators. Acute
topiramate doses N400 mg may have anti-aggressive effects, but dose levels in the 200–300 mg range may
produce increases in aggression and side effects.

© 2009 Elsevier Inc. All rights reserved.
1. Introduction

Direct stimulation of the GABA receptor system commonly
produces suppression of aggressive behavior, though drugs that
modulate the GABA-A receptor (alcohol, benzodiazepines) can also
produce an inverted U-shaped dose–response function, with aggres-
sion-heightening properties at low to moderate doses and sedation
and reduced aggression at sufficiently high doses (Miczek et al., 2003).
Several GABA-modulating drugs, in particular those used as anti-
epileptics, have shown promise as anti-aggressive agents in both non-
humans (Navarro et al., 2007; Rodgers and Depaulis, 1982) and
humans who are at higher than normal risk for aggressive behavior
(Guay, 2007; Stanford et al., 2005; Nickel and Loew, 2008). It has been
suggested that themechanism for these anti-aggressive effectsmay be
an interaction of (a) the individual organism's history of aggressive
behavior and (b) available levels of CNS GABA, which putatively serve
an inhibitory function in modulating other receptor systems (DA and
5-HT) and prefrontal-limbic circuits active during bouts of aggressive
behavior (Bjork et al., 2001; Miczek et al., 2003; Siever, 2008). It
should be emphasized that GABAergic effects on aggressive behavior
are more pronounced for those whose aggression is extreme in
intensity or frequency.
.

l rights reserved.
Epidemiological community-based studies indicate that people
with DSM Axis-II personality disorders (e.g., antisocial personality
disorder, borderline personality disorder), and substance use dis-
orders (SUD) are at highest risk for physically violent and/or
aggressive behavior. Individuals with antisocial personality disorder
or SUD are 2–3 times more likely to commit a violent or aggressive act
than individuals with schizophrenia or a mood disorder, and up to 10–
15 times more likely than matched community controls without any
psychiatric diagnosis (Arseneault et al., 2000; Steadman et al., 1998;
Swanson et al., 1990). Notably, it is the combination of antisocial
personality disorder and substance use disorders that confers greatest
risk (Robins, 1993; Rasmussen and Levander, 1996; Steadman et al.,
1998). These individuals are clearly an important target for pharma-
cological intervention for aggressive behavior.

The present study examined the acute effects of the GABA-
modulating drug topiramate (Topomax©, Ortho-McNeil, Raritan, New
Jersey) using a laboratory model of aggressive behavior. Topiramate is
primarily indicated as an anticonvulsant and for the treatment of
migraine headache. Along with several other anticonvulsants, it has
been utilized for mood stabilization. Topiramate's actions involve
several mechanisms, including blocking voltage-sensitive sodium
channels, inhibiting excitatory transmission by antagonizing gluta-
mate receptors, and enhancing the activity of the inhibitory
neurotransmitter GABA, via modulation of GABA-A receptors, by
potentiating GABA-evoked currents through interaction with the
GABA-A ionophore (Perucca, 1997; Rosenfeld, 1997). However, in a
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rodent model topiramate was also shown to act on GABA-B receptors
(Kim et al., 2005). In healthy humans, acute topiramate administration
is known to increase H1 MRS measured cerebral GABA levels by as
much as 72% (Kuzniecky et al., 1998).

The GABA-enhancing actions of topiramate may be related to its
reported effects on disorders related to deficient response inhibition/
impulse control, including aggression, binge eating disorder (Carter
et al., 2003; McElroy et al., 2003), and substance abuse of alcohol
(Johnson et al., 2007), cocaine (Kampman et al., 2004), and nicotine
(Johnson et al., 2005). Prior studies suggest that chronic administra-
tion of topiramate may help reduce irritability and aggression in
populations with psychotic, mood, and personality disorders (Gobbi
et al., 2006; Janowsky et al., 2003; Nickel et al., 2004; Nickel, 2007;
Nickel and Loew, 2008).

Here we focused on individuals who, as suggested by community-
based epidemiological data, are at high risk for violent and aggressive
behavior (Arseneault et al., 2000; Robins, 1993; Rasmussen and
Levander, 1996; Swanson et al., 1990). Individuals with histories of
criminal prosecution and incarceration (on parole/probation), Axis-II
personality disorders (ASPD, BPD), and substance use disorders were
enrolled. Our primary aim was to characterize a dose–response curve
following acute administration of topiramate in the range of 50 mg–
400 mg in individuals with these high-risk characteristics.

2. Methods

2.1. Subject selection

This study was approved by the local IRB (UTHSC-Houston
Committee for the Protection of Human Subjects) and in accordance
with the declaration of Helsinki. Male and female participants were
recruited via local newspaper advertisements. Initial telephone screen-
ing was used to identify individuals with an incidence of past drug use
and antisocial behavior. Based on information obtained during initial
telephone interviews, potential participants were brought to the
laboratory for more extensive interviews covering physical and mental
health status, drug and alcohol use history, and criminal behavior.
Exclusionarycriteria included: (a) currentor pastmedical problems (e.g.,
seizures, diabetes, high blood pressure, renal or cardiovascular disease);
(b) current use of any medications; (c) current ongoing illicit drug use
(measured bydaily urinalysis); and (d) currentor past historyof anAxis I
disorder other than substance abuse or dependence, as defined by the
Structured Clinical Interview for the DSM-IV (SCID-I, version 2.0, First
et al., 1996). Twelve adults (7 M, 5 F) completed the project.

2.2. Subject intake

At intake, subjects read and then signed a detailed informed
consent form. After consent and mental and physical exams, urine
drug screen analysis was carried out using enzyme multiple immu-
noassay (EMIT d.a.u® — SYVA Corp), which tested for the following
drug types: cocaine, stimulants, opiates, marijuana, and benzodia-
zepines. Temperature monitoring and creatinine level determina-
tions were performed daily to detect attempts to alter urine samples.
At intake, subjects were provided with information about potential
earnings, urine drug testing, breath alcohol testing, psychiatric screen-
ing, and experimental procedures (including that they would receive a
range of doses of topiramate). Subjects were told that they could expect
to earn $30–40 per day based on earnings in the testing sessions, and
that additional bonuses would be provided for drug-free breath and
urine samples, attendance, and for completing the study.

2.3. Testing schedule

Subjectsparticipated2–3days aweek, dependingon their schedules,
completing six 25-min PSAP sessions per day (described below) at 9:00
am, 10:00 am, 11:00 am, 12:00 pm, 1:30 pm and 2:30 pm. Each day of
testing, urine (EMIT d.a.u® — SYVA Corp) and breath alcohol samples
were obtained from subjects when they arrived in the laboratory at
approximately 8:00 am. Breath alcohol testing was conducted using an
AlcoSensor III (Intoximeters, Inc), and acquired from a sustained 10-s
expired air sample. Participationwas discontinued if a subject provided
two consecutive drug-positive urine samples or positive breath-alcohol
samples. One subject was removed for drug-positive urine tests; four
other subjects droppedoutof the studywithoutnotification.Any sample
testingpositive resulted in the subject being sent homeand rescheduled
for another day (or released if UA was positive on more than one
occasion). Lunch was provided at 11:30 am. Between sessions, subjects
waited in a common area containing a television and magazines. At the
end of each day of participation, subjects were paid in cash the total
amount earned during all sessions.

2.4. Drug administration

Placebo or topiramate was administered orally in three #00
opaque capsules at 8:30 am, approximately 30 min prior to the first
session. The peak plasma levels of topiramate are usually reached
approximately 2 to 3 h after administration (Perucca, 1997). Initial
pilot data showed that no effects were observed under 25 mg and
50 mg; these doses were subsequently dropped. Using a within-
subject design, four doses of topiramate were administered: 100, 200,
300, and 400 mg, separated by intervening placebo doses. This dose
range is near the middle of the standard recommended clinical dose
range for treatment of epilepsy (200–800 mg: Carter et al., 2003;
Petroff et al., 2001; Rosenfeld, 1997), and near the upper end of the
dose range for treatment in substance users (Johnson et al., 2005,
2007; Kampman et al., 2004). An ascending dose sequence was used
for the protection of human subjects so that possible side effects could
be assessed in a dose escalating manner, as mandated by the
University of Texas Health Science Center Institutional Review
Board. Dose administration was completed by a research assistant
unaware of both dose content and dose order to ensure that both
subject and administrator were blind to dosing conditions.

2.5. Dosing schedule

Responding under baseline (non-drug) was repeated for two to
three days until behavior was stable and subjects had passed a
complete medical screening. Next, placebo capsules were adminis-
tered until the rate of responding on the A (monetary) and B
(aggressive) options met stability criteria, defined by a coefficient of
variation (SD/mean) of ≤0.25 and no monotonically increasing or
decreasing trends in the data. The four topiramate doses were then
administered, separated by a variable number of placebo doses.
Stable response rates on all options were re-established between
each dose, with the number of intervening placebo doses deter-
mined by (a) meeting stability criteria, or in the event that stability
was achieved within one day, (b) a predetermined number of
placebo doses assigned randomly and ranging between one and
three. This strategy was used to prevent subjects from determining
or forming expectations about dosing order. Therefore, each
topiramate dose was separated by at least one experimental day in
which the placebo dose was administered. Placebo doses were
administered to subjects at least seven times over the course of the
experiment (range 7–15).

2.6. Aggression testing instructions

On the first day of participation, subjects were shown a diagram of
the computer monitor and response panel and were read a set of
scripted instructions (Cherek and Lane, 1999). Portions of the
instructions were repeated if the subjects asked questions.



Table 1
Demographic and psychometric characteristics for the twelve subjects (7 male, 5
female) enrolled in the study

Variable Mean±SEM

Age (years) 25.07±1.77
Education (years complete) 11.44±2.20
Substance use disorder (#) 9
Conduct disorder (#) 6
Antisocial personality disorder (#) 5
Borderline personality disorder (#) 2
Past criminal offense (#) 12
Cognitive aptitude
Shipley t-score 41.50±2.12
WAIS estimate 96.25±2.19

STAXI
State anger 14.42±2.32
Trait anger 20.83±2.33
AX/EXa 32.75±2.59

ROAS
Verbal aggression 2.17±0.39
Physical aggressionb 3.00±0.71

LHA
Total score 14.83±2.78

BPAI
Total score 76.33±6.83

BIS-11
Total score 72.50±2.53

EIVQ
Impulsivity 10.00±0.93
Venturesomeness 7.42±0.68

STAXI = State Trait Anger Expression Inventory, ROAS = Retrospective Overt Aggression
Scale, LHA = Lifetime History of Aggression questionnaire, BPAI = Buss–Perry Aggression
Inventory, BIS-11 = Barratt Impulsivity Scale, EIVQ = Eysenck Impulsivity and
Venturesomeness Questionnaire.

a AX/EX represents a composite score that examines overall frequency of anger
expression based on holding in, expressing, and controlling anger (Speilberger, 1985).

b Composite score of physical aggression towards both objects and other people.
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2.7. Aggression testing procedure

The Point Subtraction Aggression Paradigm (PSAP, Cherek et al.,
1991) software programwas used to measure aggressive, escape, and
monetary-reinforced responding. During each session, 15 cents was
subtracted from the subject's counter at random intervals between
6 and 120 s. These monetary subtractions were attributed to a
fictitious other person paired with the subject. No subtractions
occurred when the subject's counter was at zero. During experi-
mental sessions, subjects were presented with choices between
three response options: (1) a monetary-reinforced response option
associated with the letter A; (2) an aggressive response option
associated with the letter B, which ostensibly subtracted 15 cents
from the fictitious other person (this functions as the presentation of
an aversive stimulus to another person, in accord with standard
operational definitions of human aggression, e.g., Baron and
Richardson, 1994); and (3) an escape response option associated
with the letter C, which ostensibly protected the subject's counter for
some period of time from subtractions. At the start of each session
the letters A, B and C and a counter appeared on the computer screen.
A single response on the button labeled A, B, or C disabled the other
options and the associated letters disappeared from the screen.
When option A (monetary-reinforced option) was selected, 100
consecutive presses on button A (fixed-ratio FR 100) added 15 cents
to the counter. If option B (aggressive response option) or option C
(escape response option) was selected, 10 (FR 10) consecutive
responses on button B or C, respectively, produced an unsignaled
time period that was free of provocations (i.e. a provocation-free
interval). The provocation-free interval was 125 s on average
(intervals ranged from 100 to 150 s). At the end of the provocation-
free interval, monetary subtractions were again presented. At the
start of a session and at the end of each provocation-free interval, at
least one provocation had to occur before a provocation-free interval
could be initiated. Responding on option B (aggressive option) or C
(escape option) could therefore reduce the number of subtractions
per session, but could not prevent all subtractions. In the absence of B
(aggressive) or C (escape) responses, approximately 24 subtractions
would occur per session.

Following the completion of the response requirement (FR 100 on
A, FR 10 on B and C) the selected letter disappeared from the screen
and, after 2 s, all three letters reappeared to signal that the three
response options were again available. The PSAP contingencies
engender mostly high-rate responding on the monetary-reinforced
option (FR 100 on option A), as this is how subjects generate their
earnings. Accordingly, the response rate on option A serves as an index
of acute drug effects (stimulation or sedation), while responding on
option C serves as a control for the effects of provocation on escape
from subsequent provocations.

At the end of each day subjects were given a questionnaire designed
to assess the instructional deception, asking questions regarding how
many individuals the subject had been paired with and who had
subtractedmoremoney. Any indication in the end-of-day questionnaire
that the subject did not believe the deception, e.g., “I think I was playing
against a computer,” resulted in the removal of that subject from the
study. In the present study, all 12 subjects reported being paired with
other people during the experimental sessions.

2.8. Psychometric tests

Subjects completed a battery of questionnaires related to aggres-
sion and impulsivity at the end of the study: (1) the Buss–Perry
Aggression Inventory (Buss and Perry, 1992); (2) the Lifetime History
of Aggression Questionnaire (LHA; Coccaro et al., 1995); (3) the State-
Trait Anger Expression Inventory (STAXI, Speilberger, 1988); (4) the
Retrospective Overt Aggression Scale (Sorgi et al., 1991); the Barratt
Impulsivity Scale (BIS-11, Patton et al., 1995); and (6) the Eysenck
Impulsivity and Venturesomeness Questionnaire (EIVQ, Eysenck et al.,
1985). Data from these scales are provided in Table 1. Generally,
average scores were elevated across nearly all scales relative to
published norms for healthy control populations.

2.9. Data analyses

Rates of responding on the monetary-reinforced option (responses
per second) and aggressive option (responses per minute) were used as
the primary dependent measures. Data were averaged across all six
PSAP sessions completed in an experimental day. The escape response
option (the C button) was not used in a sufficient number of subjects or
sessions to be analyzable. The ascending dose sequence introduced the
possibility that placebo response patterns changed over the course of
the experiment (generally 4–5 weeks), possibly confounding the
evaluation of drug response. To evaluate this possibility, repeated
measures analysis of variance (ANOVAs) were conducted on monetary
responses/s and aggressive responses/min to assess possible time/order
effects. Data were analyzed using the four placebo sessions that met
stability criteria on days immediately preceding topiramate adminis-
tration (e.g., those also included in theprimaryanalysesused to examine
dose effects).

For the primary data analyses, data for each individual subject
were analyzed as a percent of placebo responding from the placebo
dose immediately prior to the active dose day. For example, if the
200 mg dose was administered on a Friday, the six sessions from the
(stable) placebo administration day on the preceding Wednesday
was used calculate the percent of placebo for the 200mg dose. A one-
way repeated measures ANOVA was used with both linear and
polynomial (quadratic) tests for trend as a function of dose (SAS
v.9.1.3, Proc Mixed; Cary, NC, USA). The quadratic test was included
based on the graphical analyses (see Fig. 1). Also based on Fig. 1, post-



Fig. 1. The top panel shows data for monetary (A button) responses per second for the
mean of six test sessions on a given experimental day. Active doses are expressed as
percent of placebo responding from the preceding placebo administration day. The
bottom panel shows data for aggressive (B button) responses perminute, represented in
the same manner. Error bars represent±SEM. Data for 300 mg and 400 mg data
represent only 10 subjects, as side effects prevented collection of data for two subjects.
See text for further details.

Table 2
Overall response rate data for monetary-reinforced responding (responses/s) and
aggressive responding (responses/min) for the 12 subjects, expressed as the mean
±SEM and averaged across six daily experimental test sessions

Dose Monetary responding Aggressive responding

Placebo 5.31±0.16 7.13±1.14
100 mg 5.14±0.15 7.30±1.10
200 mg 5.14±0.16 8.50±1.62
300 mg 5.23±0.21 8.20±1.42
400 mg 5.24±0.18 7.25±1.51

Placebo doses are collapsed across all four administrations, rather than presented as
relative values compared to the corresponding active dose (as presented in Fig. 1). Data
for 300 mg and 400 mg data represent only 10 subjects, as side effects prevented
collection of data for two subjects (see text for details).
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hoc contrasts were performed for the placebo, 200 mg, and 400 mg
dose pairs.

2.10. Side effects

During testing, two subjects (onemale, one female) reported adverse
effects at the 300 mg dose. These side effects occurred within 60 min of
administration and included complaints of dizziness, memory loss,
problems concentrating, nausea, and headache. In the female subject,
these side effects precipitated the onset of anxiety symptoms (fear, mild
hand tremor, and rapid pulse). No change in blood pressure was
observed in either subject. Side effects and anxiety diminished within
180 min in both subjects. Following observation by a registered nurse
and physician, both subjectswere released from the study. Thus, data for
these subjects were only obtained for 100 mg and 200 mg doses.
3. Results

A summary of subject demographic and psychometric information
is provided in Table 1. In summary, subjects averaged 25 years of age
and 11 years of education. To assess cognitive functioning, all subjects
were administered the Shipley Institute of Living Scale (Shipley-Boyle,
1967), a test of general intellectual aptitude that includes a 40-item
vocabulary test and a 20-item abstraction test. Shipley score estimates
of WAIS IQ correlate highly (0.76–0.87) with actual WAIS IQ scores
(Zachary et al., 1985). The average Shipley age-adjusted t-score was
41.50 (±2.12), corresponding to a WAIS-adjusted IQ of 96.25 (±2.18).
Nine subjects met DSM-IV criteria for a past substance use disorder,
includingmarijuana (7), alcohol (3) and alprazolam (1). Six subjectsmet
DSM-IV criteria for past childhood conduct disorder (CD), five met
criteria for antisocial personality disorder (ASPD), and two females met
criteria for borderline personality disorder. All subjects had at least one
criminal offense. Rates of nicotine and caffeine consumption were low.
The majority of subjects drank less than one caffeinated beverage per
day. Four subjects were smokers, averaging 4.25 cigarettes per day
(range 1–7). During the study, no reports of nicotine withdrawal were
made. No subjects had positive breath alcohol samples on test days.

Fig. 1 shows the outcome for monetary responses/s (top panel) and
aggressive responses/min (bottom panel) expressed as a percent of
the corresponding placebo dose. The figure clearly shows that
topiramate produced few changes in monetary reinforced responding,
and shows an inverted U shaped dose–response function on
aggressive responding. Relative to corresponding placebo doses, the
100 mg and 200mg doses produced increases in aggression, while the
400 mg dose produced a modest decrease in aggressive responding.
These response patterns suggest that the drug-related changes were
specific to aggressive behavior rather than non-specific changes due to
sedation or stimulation.

A repeated measures ANOVA on placebo doses only failed to reveal
reliable change over time in monetary responding F (3, 43)=0.68, ns
or aggressive responding F (3, 43)=0.21, ns. This outcome provides
assurance that the ascending dose sequence did not produce changes
in baseline (placebo) response patterns that would confound the
interpretation of the dose effect curve.

For the primary data analyses, a one-way repeated measures
ANOVA on monetary reinforced responding failed to show a linear
[F (1, 42)=2.02, ns] or quadratic trend [F (1, 42)=1.86, ns]. The one-way
repeated measures ANOVA on aggressive responding failed to reveal
a linear trend [F (1, 42)=0.93, ns], but identified a quadratic trend
[F (1, 42)=11.91, p=0.001]. Results of post-hoc contrasts betweenplacebo,
200mg(largest increase) and400mg(decrease)were as follows:placebo
vs. 200 mg, F (1, 40)=5.26, p=0.027; placebo vs. 400 mg, F (1, 40)=0.76,
ns; and 200 mg vs. 400 mg, F (1, 40)=9.37, p=0.004. Only the 200 mg vs.
400 mg contrast remained significant after Bonferroni correction.

Mean response rates for monetary and aggressive responding at
each dose are provided in Table 2. In contrast to Fig. 1, which provides
the relative percent of the active dose to the placebo that preceded it
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(usually by 24 to 48 h), Table 2 shows the data represented as absolute
values collapsed across all four placebos and all active doses. Analyzed
in this manner via repeated measures ANOVA, there were no
significant relationships (all p values N0.15). These outcomes reflect
two factors: (a) between subjects, absolute rates of aggressive
responding (responses/min) were quite variable (note Table 2
standard errors); and (b) within subjects, some placebo and active
doses were separated by asmany as fiveweeks, and response rates can
drift over this duration of time; thus the focus on the relationship to
the immediately preceding placebo, as expressed in Fig. 1.

4. Discussion

In a subject population of parolees with histories of substance use
disorders and/or personality disorders (antisocial and borderline),
topiramate produced an inverted U-shaped dose–response curve in
aggressive responding; such curves are not uncommon in pharmacol-
ogy (Calabrese and Baldwin, 2003). While increases occurred at the
100 mg and 200 mg doses, only the 400 mg dose produced decreases
in aggression, and this decreasewasmodest. Therewere no changes in
monetary response rates, indicating that the changes were specific to
aggressive responding and were not due to non-specific stimulant or
sedative effects.

The shape of the dose effect curve suggests that higher doses in the
600 mg to 800 mg range may have produced further declines in
aggression. The inverted U pattern resembles dose–response func-
tions observed in rodent models with other GABA-A modulating
agents, in which low to moderate doses produced increases in
aggression and higher doses engendered anti-aggressive and sedative
effects (de Almeida et al., 2005; Miczek et al., 2003). The adverse
effects observed in two subjects at 300 mg introduce the possibility
that higher doses may not be advisable, at least in acute pharma-
cotherapy for aggressive behavior. It should be noted that both
subjects who experienced side effects at the 300 mg met DSM-IV
criteria for past alcohol abuse, and one also met criteria for past
alprazolam abuse. Though other subjects (who did not report side
effects) also met criteria for past alcohol abuse and/or dependence, it
remains possible that for these two subjects, a dysregulated GABA
system may have contributed to the observed side effects. Addition-
ally, at sufficiently high doses, topiramate has been well documented
to produce disruptions in cognition (Martin et al., 1999; Meador et al.,
2003; Reijs et al., 2004).

In contrast with the present results, other studies with topiramate
using chronic dosing designs with escalating doses up to 250 mg have
reported significant decreases in aggression in borderline personality
disorder patients (Nickel, 2007; Nickel and Loew, 2008; Nickel et al.,
2004, 2005), aggressive and self-injurious individuals with develop-
mental disabilities (Janowsky et al., 2003), and individuals with
psychosis (Gobbi et al., 2006). Similar GABA-enhancing antiepileptic
drugs were shown to be effective in reducing aggression in prisoners
with personality disorders (Stanford et al., 2005). Though less
common, prior studies have reported increases in aggression and/or
hostility following chronic topiramate dosing for treatment of
epilepsy (Mula et al., 2003) and acute dosing in healthy controls
(Martin et al., 1999).

Importantly, the above-noted studies uniformly employed self-
report based rating scales of aggression, primarily the STAXI and OAS,
and data were based on behavior occurring in natural (e.g., non-
laboratory) environments. In contrast, the PSAP measures ongoing
dynamic patterns of aggressive responding acquired under laboratory
conditions designed to serve as an operationally defined proxy for
human aggression under naturalistic conditions (advantages and
disadvantages of these approaches are beyond the scope of this report,
but can be found in Cherek et al., 2002a).

Differences in measurement approach, measurement setting, and
dosing protocol (acute vs. chronic) may therefore have contributed to
the differences in outcomes. For example, in the 200 mg to 400 mg
range acute topiramate effects may be transient and due to rapid
changes in CNS GABA levels. Chronic dosing may otherwise produce
more stable and regulated GABAergic activity due to adaptation and
downregulation of GABA receptors. Thus, one limitation of the present
study may be the dosing protocol. While we used an ascending
sequence, the acute administration protocol may have deterred our
ability tomeasure decreases in aggressive responding within this dose
range. By contrast, previous studies using topiramate for substance
abuse treatment (Johnson et al., 2007) andmanagement of aggression
in individuals with personality disorders (Nickel, 2007; Nickel and
Loew, 2008) producedmore efficacious results—within a similar dose
range — by using an extended eight-week chronic dosing protocol,
with escalating doses at regular intervals. Future studies examining
populations at high-risk for aggressive behavior may consider
utilizing similar chronic dose-escalation protocols.

The results are not entirely consistent with previous acute
GABAergic drug administration studies in our own laboratory.
Previous experiments with baclofen (Cherek et al., 2002b) and
tiagabine (Lieving et al., 2008) have not shown an inverted U-shaped
dose–response pattern, and these drugs were generally more
efficacious in producing dose-related decreases in aggression. How-
ever, increases in aggression were also observed under lower doses of
gabapentin (200 and 400 mg), with significant decreases occurring at
800 mg (Cherek et al., 2004). Additionally, due to variability in
absolute response rates across subjects and the 4–5 week study
duration, another limitation is that aggressive responding was only
statistically significantly different between doses when analyzed as a
percent of the immediately preceding placebo.

The GABA-A receptor is an important target for aggressive behavior
(de Almeida et al., 2005; Guay, 2007; Miczek et al., 2003), but GABA-A
modulating drugs may have both aggression-enhancing and anti-
aggressive effects, depending on the individual organism, the social
context, and as shown here, drug dose. With regard to individual
differences, our subject population was selected to be at high risk for
aggressive behavior (see Table 1), with past histories of aggression and
other illegal activity, personality disorders, and substance use
disorders. However, the sample was not entirely homogenous. While
all had been convicted of criminal offenses and had elevated
psychometric scores on measures of aggression and impulse control,
not all met criteria for both a personality disorder and an SUD. These
individual differences might account for some of the variability in the
range of outcomes — although shape of curve was reasonably similar
across all 10 completers. This variability might also be partially
responsible for the discrepancy between the current results and
previous studies by Nickel et al. with Borderline Personality Disorder
patients. The current sample size precluded an analysis of differences
among subjects with personality disorders, substance use disorders, or
both disorders. Future work utilizing parametric designs will be
needed to delineate the relative contributions of individual differences
in clinical diagnosis, history of aggression, and biological and
behavioral variation in response to topiramate and other GABAergic
agents.
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