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Abstract
Rationale—In preclinical and clinical studies, medications enhancing the GABA
neurotransmission attenuate nicotine reward. Pregabalin, a GABA analogue, presumably interacts
with brain glutamate and GABA neurotransmission. The goal of this study was to determine
pregabalin's effects on smoking behavior, nicotine withdrawal, craving for cigarettes, and
cognitive performance.

Methods—Twenty-four smokers participated in an outpatient double-blind, placebo-controlled,
crossover study. Subjects had a 4-day treatment period with either pregabalin (300 mg/day) or
placebo and following a washout period were then crossed over for 4 days to the other treatment.
In each treatment period, starting at midnight of Day 1, participants were asked to stop smoking
until the experimental session on Day 4. During the experimental session measures of ad lib
smoking behavior, tobacco withdrawal, craving for cigarettes, and cognitive performance were
obtained.

Results—Pregabalin treatment, compared to placebo, did not reduce the smoking behavior
during the first 3 days of treatment or during ad lib smoking period. Pregabalin treatment
attenuated some tobacco withdrawal symptoms including ratings of anxious, irritable, and
frustrated in abstinent smokers. Pregabalin treatment also attenuated the subjective ratings of
“liking” in response to smoking. Under pregabalin treatment, smokers made more errors in a
sustained attention task.

Conclusions—These findings provide limited support for pregabalin as a treatment for nicotine
addiction.
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Introduction
Cigarette smoking continues to be the leading cause of preventable death in the United
States. In spite of significant reductions during the past 30 years, smoking rates continue to
be widespread, with an estimated 46.6 million of U.S. adults (20.6 %) smoking cigarettes.
Despite the availability of effective pharmacotherapies including nicotine replacement
therapy (NRT), bupropion, and varenicline (Fiore et al. 2008; Herman and Sofuoglu 2010),
70 to 90% of smokers resume smoking within a year of treatment. Thus, there is a great need
to develop more effective pharmacotherapies for tobacco addiction. Given the grave
consequences of the tobacco epidemic both to the individuals and the society, innovative
approaches to medications development are warranted.

A number of behavioral and pharmacological studies have demonstrated that the rewarding
effects of nicotine are mediated by the mesolimbic dopamine system. Especially critical for
nicotine reward, similar to other drugs of abuse, is its capacity to induce dopamine release in
the nucleus accumbens (Olmstead et al. 2007). The nucleus accumbens also contains
GABAergic synapses that dampen dopamine release induced by nicotine (Mansvelder et al.
2002). Consistent with these observations, treatment with gamma-vinyl-GABA (Vigabatrin),
which increases GABA levels by inhibiting the breakdown of GABA, attenuated nicotine-
induced place preference, nicotine self-administration, and nicotine-induced dopamine
release in the nucleus accumbens of rats (Dewey et al. 1999; Paterson and Markou 2002).
Similarly, baclofen, a GABAB receptor agonist, attenuated nicotine self-administration in
rats (Fattore et al. 2002; Paterson et al. 2004). Altogether, these studies suggest that
medications enhancing the GABA system may attenuate the rewarding effects of nicotine.

Few clinical studies have examined the effect of GABA medications on tobacco
dependence. In a study with 16 smokers, a single 20 mg dose of the GABAB agonist
baclofen or placebo was administered following overnight abstinence from smoking
(Cousins et al. 2001). While baclofen did not change ad lib smoking behavior, it attenuated
the ratings of “like cigarette's effects,” suggesting that baclofen may attenuate some of the
subjective rewarding effects of nicotine. In a recent pilot clinical trial, baclofen (up to 20 mg
four times a day), compared to placebo, reduced cigarette consumption in smokers who were
not ready to quit smoking (Franklin et al. 2009). Another study examined the dose-
dependent effects of tiagabine, a GABA enhancer, on the acute physiological and subjective
effects of intravenous (IV) nicotine in 12 smokers (Sofuoglu et al. 2005). Tiagabine
treatment at 8 mg, compared to placebo or 4 mg tiagabine, attenuated the rewarding effects
of intravenous nicotine, including “good effects” and “drug liking” in overnight abstinent
smokers. Tiagabine treatment at 8 mg, compared to placebo or 4 mg tiagabine, also
decreased craving for cigarettes, and improved performance on a reaction time task, the
classic Stroop test (Stroop 1935). These findings suggested that medications enhancing
synaptic GABA levels may have utility for the treatment of tobacco addiction.
Unfortunately, the association of tiagabine with adverse events, especially seizures, limited
the investigation of this medication for novel indications, including for tobacco addiction
(Wade et al. 2010).

In this study, we examined the potential utility of pregabalin, as a treatment for tobacco
addiction. Pregabalin is a structural analog of GABA and has a similar pharmacological
profile as gabapentin (Ben-Menachem 2004). It is used for the treatment of seizure disorder
and pain syndromes. Both drugs may enhance GABA neurotransmission or reduce
glutamate release through multiple mechanisms (Errante et al. 2002; Urban et al. 2005). In
this randomized, double-blind, crossover study, we examined pregabalin’s effects on
smoking behavior, tobacco withdrawal, and craving for cigarettes as well as cognitive
performance on a sustained attention task. We chose a sustained attention task given that
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pregabalin treatment has been shown to impair attentional function in healthy volunteers
(Hindmarch et al. 2005). We hypothesized that pregabalin treatment will reduce smoking
behavior and attenuate the severity of tobacco withdrawal symptoms and mildly impair
attentional function.

Materials and Methods
Participants

Seven female and 17 male non-treatment seeking smokers were recruited from the New
Haven, Connecticut area. Seven additional participants were enrolled but dropped out of the
study and were not included in the analyses. The reason for drop outs included drug use
(n=1), personal reasons (n=2), falling on ice (n=1), dizziness (n=1), vertigo (n=1), and
excessive sleepiness (n=1). Among 24 completers, 16 participants were African-American, 7
were Caucasian, and 1 was Hispanic. The average age (SD) of the participants was 33.3
(9.3). On average, participants smoked 17.8 (6.1) cigarettes/day, and had a Fagerstrom Test
for Nicotine Dependence (Heatherton et al. 1991) score of 5.9 (1.8; ranging from 3 to 9),
indicating moderate dependence. Participants were smokers who smoked at least 10
cigarettes per day for the past year. They had normal physical, laboratory and psychiatric
examinations and were not dependent on alcohol or drugs other than nicotine. Participants
provided written, signed consent before participating in the study. This study was approved
by the VA Connecticut Healthcare System Human Subjects Subcommittee. Experimental
sessions were conducted in the Biostudies Unit located at the VA Connecticut Healthcare
System and participants were paid for participation.

Procedures
In this outpatient randomized, double-blind, crossover study, smokers had two 4-day
treatment periods, in which they were assigned to a random sequence of pregabalin (300 mg/
day) or placebo treatment. These treatment periods were separated by a minimum of 4 days
to provide enough time for medication washout. During the first 3-days of each treatment
period, participants had twice daily clinic visits to receive the study medications and to
complete outcome measures. Starting at midnight of Day 1, participants were asked to stop
smoking until the morning of Day 4, about 58 hours of abstinence. To assure compliance
with non-smoking instructions, participants were paid $40 extra for not smoking in each
treatment phase. Abstinence from smoking was verified with expired carbon monoxide (CO;
< 10 parts-per-million).

On Day 4 (Lab Session), a urine sample was obtained for urine drug screening. One hour
following study medication (pregabalin or placebo) administration, sustained attention was
assessed with the Sustained Attention to Response Test (SART) described below. Next,
participants started a 30-minute cue reactivity assessment period in which urges to smoke
were assessed for neutral and smoking cues. Subjects then started a 2.5 hour smoking
period, during which measures of smoking behavior were collected.

SART
The Sustained Attention to Response Test (SART), is a Go No-Go task (Robertson et al.
1997). It assesses the ability to withhold responses to an infrequently occurring target (No-
Go trials). Reaction times (RTs) and errors on Go trials are also assessed. Two hundred and
twenty five single digits (25 × 9 digits) are presented on a computer monitor for 250 ms
each, immediately followed by a mask for 900 ms. Subjects must press a spacebar in
response to every digit except the “3.” They are instructed to give equal importance to speed
and accuracy (see (Sofuoglu et al. 2008) for details). For the No-Go trials, “3”s, fewer errors
indicated better response inhibition. In contrast, the number of errors on Go trials, non “3”s,

Herman et al. Page 3

Psychopharmacology (Berl). Author manuscript; available in PMC 2013 May 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the reaction time reflected the response activation function, with fewer errors and faster
reaction time indicating greater response activation. The SART took about 10 minutes to
administer.

Cue reactivity assessment
This procedure is adapted from Sayette and Hufford (Sayette and Hufford 1994). First,
participants were exposed to neutral cues, for which they opened a small box and take out a
roll of tape. They were then instructed to hold the tape for two minutes and then put it back
into the box, and close the lid. For the smoking cue exposure, another small box was placed
on the desk which contained a recently opened box of their preferred brand of cigarettes.
Participants were instructed to open the box, to take out one of the cigarettes, and to look at
it for a few seconds. They were then instructed to light the cigarette (without taking a puff),
and hold the cigarette in their smoking hand in the manner they would if they were between
puffs when smoking. They were then instructed to continue to look at the cigarette. Finally,
they were asked to stub the cigarette out in an ashtray, put the extinguished cigarette back
into the box, and close the lid. For both neutral and smoking cue exposure, physiological
measures (heart rate and blood pressure) and urges to smoke cigarettes were assessed just
before and after exposure.

Ad lib Smoking Procedure
Two hours following the medication treatment, subjects smoked a cigarette of their own
brand, followed by a 2-h ad lib smoking period where measures of smoking topography
were obtained using the CReSSmicro System (Borgwadlt KC, Inc). The ad lib smoking
period was conducted in a ventilated room where subjects were monitored through a two-
way mirror. For this period, smokers were instructed to smoke as they would normally do
and were allowed to read magazines or listen to music but were not allowed to sleep.

Drugs
Pregabalin (Lyrica®) dose was 150 mg/day on day 1, 200 mg/day on day 2, and 300 mg/day
afterwards. The medication was administered in the clinic by the study nurse during the
twice daily clinic visits. This dose is within the range of usual daily dose of pregabalin used
for the treatment of seizure disorder or pain, which ranges from 150 to 600 mg/day. The
dose was limited to 300mg/day to minimize cognitive impairment associated with
pregabalin treatment. Following oral administration, peak plasma levels of pregabalin are
reached within 1 to 2 hours. The elimination half-life of pregabalin ranges from 6 to 8 hours,
requiring multiple daily dosing.

Measures
The main outcome measures were behavioral, biochemical, subjective, and cognitive
measures. Smoking behavior during the ad lib smoking was assessed with smoking
topography measures including number of cigarettes, average number of puffs for each
cigarette, puff duration, and inter puff interval. In addition, CO measurement before and
after the session were obtained for the CO boost as a biochemical measure of smoking using
Vitalograph CO monitor (Lenexa, KS). Compliance with the smoking abstinence was
assessed by daily CO measurements.

The subjective measures included the Drug Effects Questionnaire (DEQ), Brief
Questionnaire on Smoking Urges (BQSU), Minnesota Nicotine Withdrawal Symptom
Checklist (MNWSC), and Profile of Mood States (POMS). The DEQ was used to measure
the subjective effects of smoking under each of the treatment conditions. The DEQ consisted
of 5 items: drug strength, good effects, bad effects, head rush and like the drug (Soria et al.
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1996). Participants rated these effects on a 100 mm scale, from “not at all” to “extremely.”
The DEQ was given just after the sample smoking on day 4. Participants were instructed to
use this scale to rate the effects of the cigarette that they had just smoked. The BQSU, a 10-
item scale, was originally developed by Tiffany and Drobes (Cox et al. 2001; Tiffany and
Drobes 1991). Smokers are asked how strongly they agree or disagree with items on a 7-
point Likert scale. This scale has two factors: Factor 1 reflects an urge to smoke for
stimulation and Factor 2 reflects an urge to smoke to relieve negative mood and withdrawal
(Cox et al. 2001). This scale has been found to be highly reliable and reflects levels of
nicotine deprivation (Bell et al. 1999; Morgan et al. 1999).

The POMS includes 65 items (rated on a scale from 0, "not at all," to 4, "very much so" for
the past 24 hours) that make up six subscales: tension-anxiety, depression-dejection, anger-
hostility, vigor-activity, fatigue-inertia, and confusion-bewilderment (McNair et al. 1971).
As a global measure of affective state, a total mood disturbance score was calculated by
summing the scores on the six subscales, with vigor-activity negatively weighted. The
MNWSC measures withdrawal symptoms from tobacco and includes items of cigarette
craving, irritability/anger, anxiety, difficulty concentrating, restlessness, increased appetite,
depressed or sad mood, and insomnia (Hughes and Hatsukami 1986; Hughes and Hatsukami
1997). We used a modified version of the MNWSC in which participants were asked to rate
these symptoms on a 100 mm scale, from “not at all” to “extremely” (Buchhalter et al.
2005). The BQSU and POMS were given daily during the study. The BQSU was also given
just before and after each craving induction and at the end of the session on day 4. The
MNWSC was administered at the beginning of experimental session on Day 4.

Cognitive performance was measured with the Sustained Attention to Response Test
(SART), as described above.

Statistical Analysis
Study outcomes were analyzed using a mixed-effect repeated-measures crossover model
using the Statistical Analysis System, Version 9.1.3. (SAS Institute Inc. 2007). Each model
included fixed main effect terms for treatment (placebo or pregabalin), and time of
measurement (day in the study or time since medication administration), as well as the
interaction of these two effects. We also included a random effect for participant and a
blocking factor for treatment sequence. Values of p< 0.05 were considered statistically
significant, based on two-tailed tests, unless otherwise specified. Significant treatment or
treatment by time interactions (p<0.05) were followed by post hoc comparisons, with Tukey
adjustments to prevent the Type I error rate.

Results
Smoking Behavior

For daily breath CO measurements, there were significant group differences at baseline,
before treatment was initiated (Figure 1). Analysis of the CO measurements, including
baseline values as covariates, did not show significant main effects for treatment or
treatment-by-time interaction (p>0.05). For the ad lib smoking session, there was no
medication effect on the CO boost, change from the beginning to the end of the session
(p>0.05). Under placebo treatment, the average (SD) values CO levels before and after the
session were 4.9 (5.8) and 14.3 (7.8) ppm. The corresponding values under pregabalin
treatment were 4.7 (5.3) and 14.2 (6.1), respectively. For smoking topography measures,
there were no significant treatment effects (p>0.05). The average (SD) values for number of
cigarettes smoked under placebo and pregabalin treatment were 4.5 (2.1) and 4.3 (1.6),
respectively. Similarly, the average values for puff volume [54.6 (18.9) vs. 57.3 (18.8 ml)]
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and the number of puffs [10. 6 (3.6) vs. 10.8 (3.5)] were similar under placebo and
pregabalin treatments, respectively.

Cognitive performance
As shown in Table 1, pregabalin treatment increased the number of errors to no-go targets
(3s) (p<0.05), but had no effect on go-targets or reaction time.

Subjective Responses
Pregabalin treatment attenuated the ratings for “drug liking,” referring to the cigarette that
they had just smoked (treatment main effect; F (1, 20.8) = 5.3; p<0.05), which was assessed
by the DEQ in the ad lib smoking period (Figure 2). Other DEQ items did not show
significant medication effects.

For the total score of MNWSC, treatment effect was not significant. Among individual items
(Figure 3), pregabalin reduced the ratings of “frustration” (treatment main effect; F (1, 22) =
5.5; p<0.05), “restlessness” (treatment main effect; F (1, 22) = 4.2; p=0.05), and “anxiety”
(treatment main effect; F (1, 22) = 4.6; p<0.05). For the POMS, pregabalin treatment was
associated with higher ratings of “confusion-bewilderment” score (treatment main effect F
(1, 161) = 3.8; p=0.05).

During the experimental sessions, exposure to smoking cues, increased heart rate (time main
effect; F (9, 434) = 3.3; p<0.001) and BQSU factor 1 (time main effect; F (7, 346) = 55;
p<0.0001) and factor 2 (time main effect; F (7, 346) = 23.7; p<0.0001) scores. The average
(SD) changes in heart rate in response to smoking cues were 2.0 (1.5) and 1.2 (1.5), under
placebo and pregabalin treatment, respectively. For the BQSU factor 1 score, the average
changes in responses to smoking cues were 0.5 (0.7) and 1.2 (0.8), under pregabalin and
placebo treatment, respectively. For the BQSU factor 2, the corresponding values were 1.1
(0.8) and 0.8 (0.6), respectively. No treatment or treatment-by-time interaction was observed
for these outcomes.

Safety measures
No treatment effect was observed for the heart rate and blood pressure measurements
obtained during the outpatient phase and experimental sessions. A total of seven smokers (4
in pregabalin and three in placebo groups) dropped out the study. There were 3 adverse
events likely related to pregabalin treatment including dizziness (n=1), vertigo (n=1), and
excessive sleepiness (n=1), which led to discontinuation of the study medication.

Discussion
Pregabalin treatment, compared to placebo, did not reduce ad lib smoking behavior in
abstinent smokers. Pregabalin treatment attenuated some nicotine withdrawal symptoms
including ratings of anxious, irritable, and frustrated in abstinent smokers. In addition,
pregabalin attenuated the subjective ratings of “drug liking” in response to smoking
following abstinence. These findings partially support our study hypotheses regarding
pregabalin’s effects in smokers. The main findings of the study are discussed further below.

Pregabalin did not reduce smoking behavior during the 2.5 days of smoking abstinence or
during the ad lib smoking session. No alternatives to smoking were provided during the ad
lib smoking session, which might have enhanced the sensitivity of our model to detect
medication effects on smoking behavior (Bisaga et al. 2007; Rohsenow et al. 2008).
However, smokers were paid a bonus for not smoking during the abstinence period, which
also did not show any treatment effect.
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Pregabalin treatment attenuated the ratings of anxious, irritable, and frustrated following 2.5
days of tobacco abstinence. These selective effects of pregabalin are consistent with its anti-
anxiety properties which have been demonstrated in randomized clinical trials (Feltner et al.
2008; Montgomery et al. 2008; Montgomery et al. 2006). Consistent with its effects on
tobacco withdrawal, pregabalin attenuated alcohol withdrawal symptoms in clinical studies
(Di Nicola et al. 2010; Martinotti et al. 2010). In our study, pregabalin, however, did not
change the reactivity to smoking cues. Pregabalin treatment attenuated the rating of “drug
liking” in response to sample smoking in abstinent smokers. No treatment effects were
observed for the rating of other items. The first few cigarette puffs following abstinence is
regarded to be highly rewarding and linked to relapse in smokers trying to quit (Brandon et
al. 1990; Kenford et al. 1994; Shiffman and Kirchner 2009; Strong et al. 2011). Thus,
medications attenuating the rewarding effects from smoking may be useful for smoking
cessation.

Pregabalin treatment, compared to placebo, increased the number of errors in the SART, a
sustained attention task. Consistent with the SART results, pregabalin treatment increased
the POMS subscale on confusion-bewilderment, suggesting that sedation is associated with
pregabalin treatment. Further, in a previous study in healthy volunteers, 3 days of pregabalin
treatment (150 mg three times daily), compared to placebo, impaired eye tracking, and
attentional and working memory functions (Hindmarch et al. 2005). Other studies suggested
that these cognitive effects are generally mild and transient in a dose range from 150 to 600
mg/day (French et al. 2003). It is important to note that smokers who are trying to quit
smoking display cognitive impairments and commonly complain of difficulty concentrating.
Thus, medications further impairing cognitive performance may not be useful for smoking
cessation. Our findings provide limited support for the potential use of pregabalin for
smoking cessation. In a recent pilot clinical trial (Sood et al. 2010), gabapentin, a medication
with a similar pharmacological profile, did not show efficacy for smoking cessation.
Although similar in their mechanism of action, pregabalin and gabapentin may differ in their
pharmacokinetics and clinical efficacy (Bockbrader et al. 2010). Some studies suggest that
pregabalin may be more effective than gabapentin for the treatment of seizure disorder or
fibromyalgia (Delahoy et al. 2010; Tzellos et al. 2010). Given that pregabalin has shown
efficacy for the treatment of alcohol withdrawal, one possible use for pregabalin is for
treatment of alcoholic smokers. Important to note that pregabalin has some abuse potential
(Schwan et al. 2010) and should be used carefully especially in addicted individuals.

This study also had several limitations. First, participants were non-treatment seeking
smokers who were not motivated to quit. Therefore, generalizability of our findings to
treatment-seeking smokers may be limited. On the other hand, a number of studies have also
shown that smoking behavior in non-treatment-seeking smokers is sensitive to both
pharmacological and behavioral interventions in human laboratory settings (Benowitz et al.
1998; Cousins et al. 2001; Madden and Bickel 1999). Second, we used one dose of
pregabalin, within the range of clinically used doses. As a result the study did not examine
dose-dependent effects of pregabalin. However, pregabalin doses over 300 mg were more
likely to cause cognitive impairment, limiting its usefulness for smoking cessation. Third,
the use of smoking topography device and the artificial nature of smoking through a
mouthpiece might have a potential disruptive effect on smoking behavior. Lastly, the study
had a 4-day treatment duration, long-enough for pregabalin to reach steady-state levels in
plasma. It is possible that longer treatment duration might be associated with different
treatment effects. However, long-term studies with a similar medication, gabapentin, also
did not show efficacy for smoking cessation (Sood et al. 2010).
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Figure 1.
The average (with SEM) daily expired carbon monoxide (CO levels). Abstinence from
smoking started on the evening of Day 1.
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Figure 2.
The average (with SEM) ratings of subjective responses to sample smoking measured with
the Drug Effects Questionnaire (DEQ). The measurements were obtained after 2 puffs of a
cigarette. *indicates a significant treatment effect.
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Figure 3.
The average (with SEM) ratings of Minnesota Nicotine Withdrawal Symptom Checklist
(MNWSC). The measurements were obtained following 2.5 days of smoking abstinence.
*indicates a significant treatment effect.
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Table 1

Summary statistics (Mean, SD) on the SART (n = 24).

Placebo Active

Errors on 3s (no-go) (/25) 10.5 (6.5) 12.4 (6.9)*

Errors on non-3s (go) (/200) 16.6 (19.7) 15.0 (16.1)

Mean RT for correct presses (ms) 423.4 (110.7) 437.1 (107.3)

*
p < .05 by t-test
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