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novel smoking-cessation agent that acts at a number of nicotinic acetylcholine
receptors. The aim of this study was to determine the behavioral effects of acute varenicline administration in
human subjects. The effects of doses of varenicline (0.5, 1 and 2 mg), methylphenidate (40 mg; positive control)
and placebowere assessed in 8 (7males,1 female) cigarette smokers. Staggered, double blind dosingwas used to
examine eating and smoking behavior during the peak effects of varenicline andmethylphenidate. Starting at the
published time to peak plasma levels of these drugs, subjects were allowed to smoke and eat ad libitum for 4 h.
Acute vareniclinewas devoid of behavioral effects.Methylphenidate produced prototypical stimulant-like effects
(e.g., increased smoking behavior; decreased caloric intake). The present results indicate that acute varenicline
administration does not alter smoking behavior although the low number of subjects limits the ability to detect
small effects. Future research should examine the effects of chronic varenicline on smoking and eating behavior in
humans, particularly using operant techniques to determine whether varenicline alters the reinforcing effects of
cigarettes and food in humans.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction

Varenicline (Chantix®) is novel smoking-cessation agent that pro-
duces its effects via partial agonist activity atα4β2 nicotinic acetylcholine
receptors (nAchRs) (Rollema et al., 2007a). Varenicline has been shown to
have high relative affinity for α4β2 nAchRs, but the intrinsic efficacy of
varenicline to produce evoked inward currents is approximately 50 to 66%
that of nicotine (Coe et al., 2005; Rollema et al., 2007b). Varenicline likely
produces its effects via interactions with α7 and α3β4 receptors, as well
(Mihalak et al., 2006). Varenicline-induced dopamine turnover, ameasure
of dopamine utilization and synthesis, is approximately 33% of the
maximal effect observed with nicotine (Coe et al., 2005). Microdialysis
measures of dopamine release also reveal that varenicline-induced dopa-
mine efflux is 40% less than that produced by nicotine and nicotine-
evoked dopamine efflux is attenuated by varenicline (Coe et al., 2005).
Mecamylamine blocks varenicline-induced dopamine efflux, indicating
that this effect is mediated by nicotinic systems (Rollema et al., 2007b).

Results of nonhuman laboratory animal experiments are concordant
with the pharmacology of varenicline. In a series of studies, the rein-
forcing efficacy of varenicline was less than that of nicotine on a pro-
gressive-ratio schedule, even though varenicline did function as a
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reinforcer (Rollema et al., 2007b). Moreover, varenicline was shown to
attenuate the reinforcing effects of nicotine on a fixed-ratio schedule
when administered acutely as a pretreatment agent (Rollema et al.,
2007b). Importantly, this effect was selective in that varenicline admi-
nistration did not alter food-maintained responding. In a drug-
discrimination study reported in the same paper, varenicline produced
dose-dependent increases in nicotine-appropriate responding, fully
substituting at the highest doses tested. Mecamylamine pretreatment
blocked this effect (Rollema et al., 2007b). Taken together, the results of
preclinical studies supported the use of varenicline as a smoking-
cessation agent.

A number of placebo-controlled, clinical trials have been published
demonstrating varenicline's safety and efficacy in decreasing cigarette
smoking (Gonzales et al., 2006; Jorenby et al., 2006; Nides et al., 2006).
The results of these trials showed that varenicline was more effective
than placebo and sustained-release bupropion as a smoking-cessation
agent. For example, inone study, during the last fourweeksof treatment,
nearly 44% of subjects randomized to varenicline were likely to be
continuously abstinent from cigarette smoking relative to nearly 30 and
18% for bupropion and placebo, respectively (Jorenby et al., 2006).

Given positive preclinical and clinical findings with varenicline, it is
important to note that there are few published human laboratory
studies on the behavioral effects of varenicline. Two recently published
studies warrant mention. First, one pharmacokinetic study examined
the effects of acute doses of varenicline in smokers and nonsmokers
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(Faessel et al., 2006). In that study, acute administration of varenicline
was shown to produce its peak blood levels approximately 3 h after
dosing (Faessel et al., 2006). Varenicline was safe and tolerable up
to 1 mg in nonsmokers and up to 3 mg in smokers when administered
acutely. The most common adverse events reported in that study were
nausea and vomiting. In another study, the abuse potential of vare-
nicline (1 and 3 mg) was compared to that of d-amphetamine (15 and
30 mg) in smokers and nonsmokers (McColl et al., 2008). In that study,
d-amphetamine produced prototypical stimulant-like effects (e.g.,
increased drug liking) whereas varenicline was generally devoid of
behavioral effects, with the exception of some negative subject-rated
effects produced by the 3 mg dose, in both smokers and nonsmokers.

The purpose of the present study was to examine further the
behavioral effects of acute varenicline administration under controlled-
laboratory conditions in human cigarette smokers. Importantly, this
study sought to examine the influence of varenicline on an array of
behaviors, including smoking and eating, as well as subject-rated and
cardiovascular effects. To this end, a range of doses of varenicline (0.5, 1
and 2mg) and placebowas administered to eight healthy subjects. After
dosing, smoking andeating behaviorweremeasuredusing anad libitum
cigarette and food access model previously shown to be sensitive to the
effects of stimulant drugs (Rush et al., 2005; Vansickel et al., 2007). A
single dose of methylphenidate, 40 mg, was also included as a positive
control. This dose has been shown to produce stimulant-like behavioral
effects, increase smoking behavior and decrease eating behavior (Rush
et al., 2005; Vansickel et al., 2007).

2. Methods

2.1. Subjects

Eight healthy adult cigarette smokers (7 males, 1 female) were re-
cruited via newspaper ads, flyers and word-of-mouth to participate in
this experiment. Potential subjects had to meet the following inclusion
criteria: (1) report smoking 10–20 cigarettes daily (mean=16), (2) not
attempting to quit smoking, (3) score less than 18 on an Attention
Deficit Hyperactivity Disorder (ADHD) Rating Scale, (4) no significant
medical or psychiatric disorders, other than nicotine dependence,
(5) negative urine pregnancy test for women (Mainline confirms
human chorionic gonadotropin) and (6) no medical contraindications
to stimulant drugs. Subjectswere excluded if they had a history of ADHD
or other Axis I psychiatric disorders. Subjects were compensated for
their participation.

Subjects completed questionnaires assessing drug use,medical and
psychiatric histories and provided written informed consent before
participating. Drug urine tests conducted during screening were
negative for amphetamine, benzodiazepines, barbiturates and cocaine
(OnTrak Teststik, Lake Forest, CA).

2.2. General procedures

The Institutional Review Board of the University of KentuckyMedical
Center approved this study and the informed consent document, which
was signed by all subjects prior to enrollment. Subjects enrolled as
outpatients at the LaboratoryofHumanBehavioral Pharmacology (LHBP)
at the University of Kentucky Medical Center. Subjects were informed
that during their participation, they would receive various drugs and
these could includeplacebo,medications indicated for smokingcessation
andmedications indicated forADHD. Subjectswere told that thepurpose
of the studywas to see how these drugs affectmood and behavior. Other
than receiving this general information, subjectswere blind to the typeof
drug administered and were given no instructions regarding what they
were “supposed” to do or what outcomes might be expected.

The experimental procedures used in the current experiment have
been described in detail previously (Rush et al., 2005; Vansickel et al.,
2007). Briefly, subjects completed one practice session to familiarize
themwith the laboratory and daily procedures. Subjects then reported
to the LHBP for a total of six experimental sessions. Arrival time varied
across subjects, but was held constant for individual subjects. Most
subjects arrived at the LHBP at approximately 08:00 AM and all
provided a urine sample before drug administration, which was
screened for the presence of amphetamine, barbiturates, benzodia-
zepines, cocaine, opioids and THC as well as an expired air specimen,
which was assayed for the presence of alcohol using a hand-held
breathalyzer (Intoximeters, Inc., St. Louis, MO). In order for an
experimental session to commence, drug urine screens had to be
negative for cocaine, amphetamine, benzodiazepines, barbiturates
and opioids, expired air specimens had to be negative for the presence
of alcohol and CO levels had to be ≤10 ppm.

A first set of capsules containing varenicline or placebo was
administered approximately 1 h after arrival (e.g., 9:00 AM). A second
set of capsules containingmethylphenidate or placebowas administered
approximately 2 h after the first set of capsules (e.g., 11:00 AM). This
staggered dosing was used because varenicline and methylphenidate
vary in their time to peak blood levels following administration (3 h for
varenicline, 1 h for methylphenidate) (Dayton et al., 1970; Faessel et al.,
2006). Varenicline and methylphenidate were never administered in
combination. One hour after the second capsule set administration (e.g.,
12:00PM), subjectswereprovidedwith apackof their preferredbrandof
cigarettes andan assortmentof snacks anddecaffeinateddrinks. Subjects
were then allowed to smoke, eat and drink ad libitum for 4 h. Subjects
completed the self-reported drug-effect questionnaires 1, 2, 3, 4 and 5 h
after drug administration. As a safety precaution, heart rate and blood
pressure were recorded using an automated blood-pressure monitor
(DINAMAP XL, Johnson and Johnson, Alexandria, TX) hourly after the
initial capsule administration. Carbon monoxide levels were recorded
immediately before the subject completed the self-reported drug-effect
questionnaires.

Outcomemeasures used to assess smoking included total cigarettes
smoked, total puffs and expired carbon monoxide (CO) levels. Experi-
mental sessions were digitally recorded and smoking within each
sessionwas double-scored by a primary and secondary observer, both of
whomwere blind to the dose conditions. If the interobserver reliability
was greater than or equal to 85%, data from the primary observer were
used for data analysis. If the interobserver reliability was less than 85%,
the session was rescored by both observers. Interobserver reliabilities
exceeded 98%.

Food intake after drug administration was measured to determine
the effects of varenicline and methylphenidate on eating behavior. Both
the number of items consumed and the total caloric intake were
determined. Thenumberof items consumedwascalculated at the endof
each experimental session bycounting thenumberof foodpackages and
beverage containers opened by the subject. To calculate caloric intake,
the available food items and beverages were weighed before being
served. At the end of the session, if a food item or beverage was only
partially consumed, itwas reweighed and the proportion consumedwas
multiplied by the caloric content of the entire food item. If a food or
beverage item was completely consumed, the caloric content for the
entire item was recorded. The number of calories consumed for each
food item and beverage was then summed to calculate the total caloric
intake for the experimental session.

Subject-rated drug-effect questionnaires included a locally devel-
oped Drug-Effect Questionnaire and an Adjective-Rating Scale (Rush
et al., 2003; Oliveto et al., 1992). As noted above, these questionnaires
were completed approximately 30 min before the first capsule set
administration and 1, 2, 3, 4 and 5 h after the second capsule set
administration. Approximately 5 h after the second set of capsules was
administered, subjects completed a five-item cigarette rating scale as
well as a five-item food rating scale which served to evaluate the
quality of the cigarettes and food that were freely available throughout
the session. Other than the words “cigarettes” and “food,” these scales
were identical in wording. The items rated were: (1) Did you “ENJOY”
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your cigarettes/food more than usual during today's session?; (2) Did
you “CRAVE” cigarettes/food more than usual during today's session?;
(3) Did your cigarettes/food “TASTE” better than usual during today's
session?; (4) Did you “LIKE” your cigarettes/food more than usual
during today's session?; and (5) Did you get more “PLEASURE” from
your cigarettes/food during today's session? Subjects responded to
these questions using five options: Not At All, A Little Bit, Moderately,
Quite A Bit and Extremely (scored numerically from 0 to 4).

2.3. Drug administration

The drug conditions were varenicline (0.5, 1 and 2 mg), methylphe-
nidate (40 mg) and placebo. Each active dose of varenicline and
methylphenidate was tested once, while placebo was tested twice.
Dosing orders for subjects were determined randomly, with the ex-
ception that the highest dose of varenicline was never administered
prior to administration of a lower dose. All dose conditions were admi-
nistered in a double-blind, double-dummy fashion. Commercially avail-
able drug (varenicline from Pfizer Inc. New York, NY; methylphenidate
from CelTech, Rochester, NY) was over-encapsulated in a size 0 capsule
to prepare the doses. Cornstarch was used to fill the remainder of these
capsules. Placebo capsules were prepared by filling a size 0 capsulewith
cornstarch. At least 48 h separated all drug administrations.
Fig. 1. Dose–response functions for number of items consumed (top left panel), total calorie
(middle right panel) and peak expired CO (bottompanel) during the ad libitum session. x-Axe
designate placebo values. Data points show means of 8 subjects. Brackets indicate one S.E.M
value using Fisher PLSD post hoc tests.
2.4. Data analysis

Data were analyzed statistically as raw scores for all measures.
Effects were considered significant for p≤0.05. Preliminary analyses
indicated no significant differences between the two placebo sessions
on primary outcome variables (i.e., eating and smoking behavior). For
all subsequent analyses, data were averaged across the two placebo
sessions.

For all measures, data were analyzed by one-factor repeated mea-
sures analysis of variance (ANOVA) with Dose (0.5, 1 and 2 mg
varenicline, 40 mgmethylphenidate and placebo) as the factor (Prism,
Graphpad Software Inc., San Diego, CA). If the effect of Dose attained
statistical significance, Fisher protected least significant difference
(PLSD) post hoc tests were conducted to compare each of the active
dose conditions to placebo. Carbon monoxide levels were analyzed
as peak effect (i.e., maximum level observed during the 4-h smoking
period). For the Adjective-Rating Scale, Drug Effect Questionnaire
and cardiovascular measures, data after the first hour during the ad
libitum session was considered uninterpretable because subjects
determined the amount they smoked (i.e., they smoked varying num-
bers of cigarettes with different nicotine contents). For this reason,
only data collected at the beginning of the ad libitum session were
used in the analyses for these measures.
s consumed (top right panel), number of cigarettes (middle left panel), number of puffs
s: varenicline (VCL) dose inmg and 40mgmethylphenidate (MPH); data points above PL
. Filled symbols indicate those values that are significantly different from the placebo
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3. Results

3.1. Smoking behavior

The one-way ANOVA that included the five experimental conditions
revealed a significant effect of Dose on the number of cigarettes smoked
(F4,28=6.0, pb0.01) and number of puffs (F4,28=3.4, pb0.05) within the
ad libitum session. Post hoc tests revealed that only methylphenidate
increased the number of cigarettes and puffs significantly above placebo
levels (Fig. 1). A trend was observed for peak expired CO (F4,28=2.6,
p=0.06) which is likely attributable to increases on this measure
followingmethylphenidate administration (Fig.1). No significant effects
were detected in the one-way ANOVA that included the five experi-
mental conditions on the Cigarette Rating Scale.

3.2. Eating behavior

The one-way ANOVA that included the five experimental conditions
revealed a significant effect of Dose on the number of items consumed
(F4,28=5.5, pb0.01) and total caloric intake (F4,28=3.8, pb0.05) within
the ad libitum session. Post hoc tests revealed that only methylpheni-
date decreased the number of items and calories consumed significantly
below placebo levels (Fig. 1). No significant effects were detected in the
one-way ANOVA that included the five experimental conditions on the
Food Rating Scale.

3.3. Subject-rated effects

The one-way ANOVA that included the five experimental condi-
tions revealed a significant effect of Dose on the total score of the
Sedative Subscale of the Adjective Rating Scale (F4,28=2.8, pb0.05).
Post hoc tests revealed that onlymethylphenidate decreased scores on
this scale significantly below placebo levels (data not shown). No
significant effects were detected in the one-way ANOVA that included
the five experimental conditions on any other subject-rated measures.

3.4. Physiological effects

No significant effects were detected in the one-way ANOVA that
included the five experimental conditions on systolic or diastolic
blood pressure or heart rate.

4. Discussion

The results of the present experiment demonstrate that varenicline,
over a range of therapeutic and supra-therapeutic doses, resulted in no
adverse events when administered acutely to cigarette smokers. In
addition, combining cigarette smoking and varenicline did not result in
any adverse events. These findings are concordant with clinical usage,
in that smokers are instructed to continue to smoke for a short period
after initiating varenicline therapy (www.chantix.com). Varenicline
was essentially devoid of other behavioral effects. The results of the
present experiment are also concordant with our previous findings, in
that increases in cigarette smoking behavior and decreases in eating
behavior were observed following methylphenidate administration.

That varenicline did not alter cigarette smoking behavior is discor-
dant with previously reported findings with nonhuman animals
(Rollema et al., 2007b). In that study, pretreatment with varenicline
significantly attenuatednicotine-maintained responding. The reason for
the discrepancy between human and nonhuman laboratory findings is
unknown, but could be due to differences between species or metho-
dologies (i.e., spontaneous smoking versus operant responding for
nicotine) or the relatively small sample enrolled in the present expe-
riment (see below). The present findings are also discordant with those
from clinical trials demonstrating the efficacy of varenicline for smoking
cessation (Gonzales et al., 2006; Jorenby et al., 2006; Nides et al., 2006).
Again, the reason for this discrepancy is unknown, but could be due to
differences in dosing (acute versus chronic), population characteristics
(non-treatment seeking versus treatment seeking smokers) or sample
size. One important aspect of the present study is that spontaneous
smoking was studied by giving subjects ad libitum access to tobacco
cigarettes following acute administration of a pretreatment agent. This
model is sensitive to the influence of stimulants on smoking behavior
(Rush et al., 2005; Vansickel et al., 2007), but may not be as sensitive to
the effects of putative or provenmedications for nicotine dependence in
a predictive manner (Benowitz et al., 1998; Cousins et al., 2001; Hat-
sukami et al., 1998, 2007). In studies employing nicotine patches, high
dose levels are required to effectively decrease cigarette smoking (Beno-
witz et al., 1998; Hatsukami et al., 2007). Importantly, these high dose
levels are associatedwith increased side-effects (Hatsukami et al., 2007).
In another study, acute administration of bupropion actually increased
cigarette smoking in an ad libitum access model (Cousins et al., 2001).
Thus, while nicotine replacement, bupropion and varenicline are clearly
effective as cigarette smoking cessation agents, ad libitum laboratory
smoking models may not be an optimal screen for medication efficacy.
There is some evidence to suggest that the use of operant techniques
may be more sensitive to the effects of medications for nicotine depen-
dence on nicotine or cigarette self-administration (Perkins et al., 2001;
Shahan et al., 2000).

The general dearth of subject-rated effects and effects on eating
behavior observed following varenicline administration are concordant
with previously published research (McColl et al., 2008; Rollema et al.,
2007b). In the first study, 1 and 3 mg varenicline were also essentially
devoid of effects (i.e., were placebo-like), with the exception that the
higher dose did produce some negative effects (McColl et al., 2008).
Importantly, that dose is higher thanwhat is used clinically, is associated
withnausea andmaynot bewell tolerated by nonsmokers (Faessel et al.,
2006). In the second study, varenicline did not alter food maintained
responding in rats (Rollema et al., 2007b).

As has been demonstrated previously, methylphenidate produced
prototypical stimulant-like effects (Rush et al., 2005; Vansickel et al.,
2007). The increases observed in smoking behavior and decreases ob-
served in eating behavior are similar to those reported in our previous
research. These results lend additional support to the notion that
dopamine agonists selectively increase smoking behavior (see Vansickel
et al., 2007). In addition, methylphenidate produced modest stimulant-
like subject-rated effects (e.g., decreased scores on the Sedative Subscale
of the Adjective Rating Scale).More robust effects on subject ratings and
cardiovascular indices have been observed with similar doses, however,
the analytical strategy and study design (i.e., subjects were smoking ad
libitum one hour after drug administration and effects could not be
solely attributed to drug administration or smoking thereafter) likely
limitedour ability toobservemore effects (Rushet al., 2001; Stoops et al.,
2004; 2005).

There are a number of limitations to the present experiment that
need to be acknowledged. First, the low number of subjects enrolled
likely limitedourability todetect a significant, small effectof varenicline.
In the present study, the maximum change produced by varenicline
relative to placebo on two primary outcome variables, number of ciga-
rettes smoked and number of food items consumed, demonstrated
relatively small effect sizes (Cohen's d's of 0.15 and 0.46, respectively).
Our power to detect the significance of these effects with 8 subjects was
0.18 and 0.20, respectively. Such limited power suggests that a much
larger samplewould be necessary to detect the statistical significance of
these effects. Second, the gender distribution in the present study was
not equal and may limit the generalizability of the findings. Third,
varenicline was administered acutely, which may partially account for
the lack of effect observed here. When used clinically, varenicline is
administered chronically.

In conclusion, the present study demonstrates that varenicline,
when administered acutely is essentially devoid of behavioral effects.
Future research should examine the effects of chronically administered
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varenicline on a number of consummatory behaviors, particularly
using operant methodology, as opposed to ad libitum access models.
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