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Abstract

Sensorimotor smoking stimuli are important determinants of cigarette use. The present study aimed
to determine whether denicotinized cigarettes lose their reinforcing and/or subjective effects over a
9-day outpatient period when they are smoked with or without concurrent transdermal nicotine. After
a preferred brand baseline, 68 participants were randomized into one of four conditions based on the
dose (mg) of transdermal nicotine and the type of cigarettes (dose/cigarette): O/nicotine, 0/
denicotinized, 7/denicotinized, and 21/denicotinized. Under placebo patch conditions, participants
smoked a similar number of nicotine and denicotinized cigarettes and no group differences emerged
over repeated testing. The total volume of smoke inhaled was lower in the denicotinized group,
although this decrease dissipated over time. Denicotinized cigarettes were rated as having low
positive and high negative subjective effects. Compared to placebo, transdermal nicotine decreased
the number of denicotinized cigarette smoked, produced a lasting decrease in the total volume of
denicotinized cigarette smoke inhaled, but had little effect on the subjective effects of denicotinized
cigarettes. Transdermal nicotine attenuated withdrawal during initial smoking abstinence; however,
once participants were allowed to smoke withdrawal symptoms were relatively low regardless of
patch condition. The persistent use of denicotinized cigarettes may result from the presence of
nicotine withdrawal and/or the degree to which smoking becomes somewhat independent of the
outcome of the behavior (i.e., habit learning). Additional studies would be useful to determine what
factors drive continued use of denicotinized cigarettes, whether their use subsides as withdrawal
dissipates, and whether they address motives for smoking distinct from current pharmacotherapy.
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1. Introduction

Nicotine functions as a primary reinforcer in both laboratory animals and humans (Donny et
al., 2003; Goldberg et al., 1981; Henningfield and Goldberg, 1983; Perkins et al., 1997; Rose
and Corrigall, 1997). As a consequence of classical conditioning, stimuli associated with
nicotine develop into conditioned reinforcers (Palmatier et al., 2007) and become an important
determinant of cigarette smoking. Disrupting the sensory properties of smoking reduces the
rewarding effects of cigarettes (Perkins et al., 2001; Rose et al., 1985); conversely, mimicking
the sensory properties of smoking reduces craving and withdrawal (Rose and Behm, 1994).
Therefore, cigarette smoke serves, not simply as a nicotine-delivery device, but also as a
stimulus that signals nicotine delivery and, consequently, reinforces smoking behavior.

Denicotinized cigarettes are a particularly potent tool for assessing the role of non-nicotine
smoking stimuli. Denicotinized cigarettes, which generally contain greatly reduced amounts
of nicotine (e.g., <0.1 mg FTC yield), mimic many of the behavioral and sensory aspects of
regular smoking, but fail to produce robust nicotinic effects such as an increase in heart rate
(Pickworth et al., 1999) and result in less than one-third the binding of the a4, nicotinic
receptor compared to regular cigarettes (Brody et al., 2008a; Brody et al., 2006). Nevertheless,
denicotinized cigarettes have been shown to reinforce behavior in well-controlled laboratory
studies (Shahan et al., 2001; Shahan et al., 1999), maintaining similar rates of self-
administration as nicotine-containing cigarettes despite the fact that participants prefer
nicotine-containing cigarettes when given a choice (Shahan et al., 1999). Our own research
has confirmed these reinforcing effects. When only denicotinized cigarettes are available inan
inpatient setting, participants will continue to smoke these cigarettes over an 11-day period
with only small decreases in the number of cigarettes smoked during periods of unrestricted
smoking and in the motivation to smoke during periods of abstinence (Donny et al., 2007).

Recognition of the importance of non-nicotine smoking stimuli has led to the suggestion that
denicotinized cigarettes may be useful as an adjunct to nicotine replacement therapy (Rose,
2007). This suggestion relies, in part, on the prediction that repeated administration of
denicotinized cigarettes would extinguish the association between smoking stimuli and
nicotine and, consequently, reduce the degree to which these stimuli can elicit and support
subsequent smoking behavior. In our inpatient research we observed evidence consistent with
partial extinction over the 11-day period. Likewise, Rose and colleagues have shown that after
smoking denicotinized cigarettes for 2 weeks, participants report that their usual brand
cigarettes are less rewarding when they are smoked in a brief laboratory assessments (Rose
and Behm, 2004). Achieving extinction in the real world, however, may prove more difficult
given the multitude of contexts associated with smoking and the strength of the so-called
“renewal effect” which suggests that extinction is context-specific (Bouton, 2004). It is
important to note that if extinction occurs it would likely limit exposure to the harmful
consequences of smoking denicotinized cigarettes (which still delivery tar, irritants and carbon
monoxide) because their reinforcing effects would decrease gradually, limiting their long term
use.

Despite the possible utility of denicotinized cigarettes as an adjunct therapy, almost all of the
available research on denicotinized cigarettes has been conducted in participants who are not
receiving any form of pharmacotherapy. For several reasons, the effects of denicotinized
cigarettes may change as a consequence of concurrent exposure to nicotine replacement. First,
concurrent use of nicotine replacement therapy might facilitate the extinction process by
continuing to present nicotine in a manner that is unassociated with smoking stimuli. Second,
denicotinized cigarettes may not be as effective at suppressing craving and withdrawal in
individuals receiving nicotine replacement therapy. To the degree to which their reinforcing
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effects depend on craving/withdrawal-suppression, this effect must be apparent over and
above that provided by nicotine replacement therapy. Research suggests that nicotine
replacement therapy has little effect on cue-provoked craving and that other interventions that
address this type of craving may be beneficial in preventing relapse (Waters etal., 2004). Third,
recent research has also suggested that nicotine may directly (i.e., non-associatively) increase
the value of other reinforcers in the environment, including nicotine-associated conditioned
reinforcers (Donny et al., 2003; Olausson et al., 2003, 2004; Palmatier et al., 2006; Palmatier
etal., 2007). For example, animals given a slow, continuous infusion of nicotine respond with
markedly greater vigor for modestly reinforcing visual stimulus (Donny et al., 2003). These
preclinical data suggest that transdermal nicotine might actually enhance the reinforcing
properties of denicotinized cigarettes.

The present study sought to address several questions raised by the research summarized above:
1) How do the subjective and reinforcing effects of denicotinized cigarettes change over
repeated exposure in an outpatient setting?; 2) Does transdermal nicotine accelerate the process
of extinction?; 3) Does transdermal nicotine influence the magnitude of the reinforcing effects
of denicotinized cigarettes?

2. Methods
2.1. Participants

Sixty eight adult volunteers were recruited from the community, completed the study, and are
described here. Four additional participants completed the study, but were dropped from the
analyses because they were unblinded (i.e., were given cigarettes in which the “Quest” label
had not been blacked out; n=2), became ill during the study (n=1), or failed to follow
instructions and acted in a threatening manner (n=1). Seventeen non-completing participants
withdrew either prior to (n=5) or after (n=12) randomization. The drop out rate among those
randomized did not vary significantly by group (x2=4.0, p=.257)

The following inclusion criteria were employed: 18-65 years of age, self-reported smoking of
10 to 30 cigarettes per day (CPD) for the last year, inhaling while smoking, carbon monoxide
(CO) levels greater than 10 ppm, urinary cotinine levels greater than 100 ng/ml and no intention
to quit in the next three months. Exclusion criteria included significant medical or psychiatric
illness in the past year, alcohol or drug dependence (excluding nicotine and caffeine),
pregnancy/lactation, experience smoking Quest brand cigarettes within the past year, use of
nicotine replacement therapy within past 3 months, prior adverse reactions to nicotine
replacement therapy, and use of any psychotropic medications.

The final sample was 59% female and predominantly Caucasian (72%). Most participants
(84%) completed high school or obtained a general equivalency diploma. Participants, on
average, were 33.5 years of age (SD: 12.3), smoked 18.8 (SD: 6.4) CPD and scored 5 (SD:
2.1) on the Fagerstrom Test for Nicotine Dependence (FTND) (Fagerstrom, 1078; Heatherton,
Kozlowski, Frecker, & Fagerstrom, 1991). About half (52%) reported that their preferred brand
was mentholated.

2.2. Design, Randomization Conditions and Study Overview

This study utilized a multi-dose, placebo-controlled and double-blind experimental design.
Volunteers first participated in a telephone and in-person screen during which they provided
informed consent. If qualified and interested, participants returned to the research laboratory
at the University of Pittsburgh for 12 consecutive days. Participants were compensated for their
time and inconvenience.
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Table 1 provides a timeline of the experiment. Participants attended a total of 13 laboratory
sessions. Days 1 and 2 served as training and baseline assessment days, respectively; on these
days, participants were allowed to smoke their preferred brand of cigarettes. Participants were
randomly assigned to one of four conditions at the start of the extended laboratory session on
Day 3 of the study (described below). After randomization, all participants were instructed to
smoke only the research cigarettes provided to them for the remainder of the study. One group
was allowed to smoke nicotine-containing cigarettes while wearing a placebo transdermal
patch (O/NC; n=17). The remaining three groups were allowed to smoke denicotinized
cigarettes while wearing placebo (0/DN; n=14), 7 mg (7/DN; n=18) or 21 mg (21/DN; n=19)
nicotine patches. Both participants and research assistants were blind to the nicotine content
of the cigarettes and the patches. On Days 3 and 11, CO, the subjective effect of cigarettes,
cigarette self-administration and puff topography were assessed (Controlled Puffing and Self-
administration assessments described below) in participants who were otherwise required to
be abstinent from smoking from midnight that morning until a brief abstinence verification
session the following morning. On Days 4-10, data on smoking in the natural environment,
CO, withdrawal, mood, puff topography and the subjective effects of cigarettes were assessed
during brief laboratory visits. The study ended after the final abstinence verification session
and debriefing on Day 12.

2.3. Procedures

All participants started the study on a Monday (Day 1). On Day 1, participants were trained
on the topography equipment, CO monitor, electronic cigarettes dispensers, and
questionnaires. Nicotine dependence was also assessed.

Day 2 was designed to assess the behavioral and subjective effects of smoking of the
participants preferred brand of cigarettes in the natural environment. Participants were
instructed to smoke as few or as many cigarettes as they desired throughout the day. During a
brief afternoon laboratory visit smoking data were collected and verified, CO and saliva
samples were collected (saliva was not analyzed but instead served as a bogus pipeline to
encourage honest self-report of nicotine use), and questionnaires were administered to
determine withdrawal symptoms, and mood. While in the laboratory, participants smoked a
single cigarette through a handheld topography device to assess puff topography and answered
questions about the effects of the cigarette smoked.

Day 3 was designed to assess the subjective and reinforcing effects of smoking the participant’s
randomly assigned cigarette during a period of abstinence. Participants were instructed to
refrain from smoking from midnight prior to the session. Upon arrival, the remainder of the
smoking data from Day 2 were collected, abstinence since midnight was verified and the
assigned transdermal patch was applied. Three hours later participants smoked a single study
cigarette through a desktop topography device that allowed the experimenter to control puff
volume, puff duration, number of puffs, and inter-puff interval (Controlled Puffing; see below).
The subjective effects of the cigarettes were then determined. Thirty minutes after completing
the Controlled Puffing procedure, participants were allowed to freely smoke their assigned
cigarettes during a brief self-administration period (1 h; see below). After completing the self-
administration period, participants were instructed not to smoke before returning to the
laboratory the following day. A brief session was conducted the following morning (i.e., Day
4; average time: 8:44 AM) to verify abstinence. This abstinence period was intended to increase
the sensitivity of the self-administration test by restricting access.

Days 4-10 were designed to assess the behavioral and subjective effects of smoking the

participant’s randomly assigned cigarette in the natural environment. The procedures were
otherwise similar to Day 2 as described above. Only saliva samples taken on Day 10 were
analyzed for cotinine and reported here. It is important to note that Day 4 was a somewhat
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unique day compared to Days 5-10. First, as indicated in the preceding paragraph, participants
were required to be abstinent from Day 3 until an additional early morning session on Day 4,
while on all other days participants attended only one session and could smoke freely
throughout the day. In addition, on Day 4 the withdrawal and mood assessments, which asked
the participant to reflect on the past 24 h, are largely indicative of the period of the abstinence
required on Day 3, and therefore were analyzed separately from the remaining days in which
participants were smoking freely for the entire 24 h period.

Day 11 was identical to Day 3 and designed to determine whether the subjective and reinforcing
effects of smoking during a period of abstinence changed as a function of the intervening days
of treatment with transdermal nicotine and/or exposure to the study cigarettes.

2.3.1. Controlled puffing—The controlled puffing procedure is a precise way of controlling
cigarette self-administration (Fant, Henningfield, Shiffman, Strahs, & Reitberg, 2000) and
evaluating the effects of smoking after a fixed dose of tobacco smoke. Participants inhaled
eight 40 cc puffs at an interval of 30 seconds, holding each puff for 2 sec. Puffing was controlled
by using visual and auditory feedback from the desktop equipment (CReSS, Plowshare
Technologies).

2.3.2. Self-administration—The self-administration procedure provided an assessment of
smoking reinforcement after a fixed period of transdermal nicotine dosing. During a 1-hr self-
administration period on Days 3 and 11 participants were allowed to freely smoke their
assigned study cigarettes within a comfortable, laboratory setting. Handheld smoking
topography equipment was used to quantify smoking behavior. Participants were instructed
that this 1-hr period constituted their last opportunity to smoke until returning to the laboratory
the following day.

2.4. Measures

2.4.1. Smoking in the natural environment—Participants used electronic cigarette
dispensers (SmokeSignals) to aid in tracking the number of cigarettes smoked on Days 2 and
4-10. Participants also were required to return the unsmoked portion of the cigarettes smoked
at each laboratory visit in order to verify that they were smoked and to provide an additional
objective measure of smoking (i.e., butt weight). At each visit, the research assistant
downloaded the electronic cigarette dispenser data, went through the time-stamped entries with
the participant, and compared the total number of cigarettes smoked with both the cigarette
butts returned and the number of cigarettes used since the last visit. Discrepancies were
discussed with the participant and resolved to the best judgment of the research assistant (e.qg.,
inadvertent dispenser openings were discarded). This corrected value was used as the final
naturalistic smoking data. Smoking behavior was compiled into two distinct variables: the total
number of cigarettes smoked per day and the pattern of daily smoking (i.e. cigarettes smoked
per 2-hour period).

2.4.2. Puff topography—On Days 2 and 4-10, puff topography was assessed using a
handheld topography device (CReSSMicro Plowshare Technologies, Baltimore, MD, USA)
that measures puff number, puff volume, inter-puff-interval, and time- and date-stamps when
each puff/cigarette was smoked. Participants were required to light the cigarette and take at
least 1 puff, but otherwise had complete control over their smoking.

2.4.3. Biochemical—Expired air CO was measured at least 2 min after smoking through the
portable smoking device (Micro 111 Smokerlyzer, Bedfont Instruments Ltd., Kent, England).

Saliva samples taken on Day 10 were immediately frozen at —80° C and subsequently analyzed
for cotinine (Salimetrics, Inc.).

Drug Alcohol Depend. Author manuscript; available in PMC 2010 September 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Donny and Jones

Page 6

2.4.4. Cigarettes effects—The somatic, sensory, and psychological effects of smoking
were assessed using a modified version of the Smoking Effects Questionnaire (SEQ) (Westman
et al., 1996). This questionnaire consists of visual analog ratings of Satisfying, Pleasant,
Unpleasant, Like taste, Dislike taste, Smoke vs. air (anchored with “mostly smoke” to “mostly
air”), Harsh, Strength, High in nicotine, Like drug effect, Dislike drug effect, Like cigarette,
Dislike cigarette, Calming, Relaxing, Comforting, Less irritable, Sense of well-being, More
awake, Easier to concentrate, Exhilarating, Pleasurable excitement, Dizziness, Lightheaded,
Nauseating and Nervous.

2.4.5. Withdrawal—Withdrawal over the past 24 h was assessed with 100 pt visual analog
ratings of DSM-1V symptoms of withdrawal based on the Minnesota Nicotine Withdrawal
Scale (MNWS; (Hughes and Hatsukami, 1986). Craving was assessed using the Questionnaire
for Smoking Urges (Tiffany and Drobes, 1991); however, these data have been omitted because
instructions failed to specify whether the questions referred to the participant’s own brand or
the assigned cigarette, leading to an inability to interpret the data with confidence.

2.4.6. Mood questionnaires—Mood over the past 24 h was assessed using the Positive
and Negative Affect Schedule (PANAS) (Watson et al., 1988) and the Profile of Mood States
(POMS) (McNair DM, 1971).

2.4.7. End of study questionnaire—During the last session (Day 12) all participants were
asked to estimate how much nicotine was in their study cigarettes and how much nicotine was
in their assigned patches. The response options for the cigarettes were 1) nicotine-free: 0 mg;
2) ultra lights: 0.4 mg (e.g. True, Merit Ultra Lights); 3) lights —.08 mg (e.g. Marlboro Light,
Vantage); 4) full flavor —1.1 mg (e.g. Marlboro, Camel); and 5) very strong —1.7 mg (e.g. Pall
Mall). The response option for the nicotine content of the patches was 1) none; 2) a little; 3) a
moderate amount; and 4) a lot.

2.5. Drug/device information

Transdermal nicotine patches that provide 24-h nicotine delivery (Nicoderm CQ) were
administered on days 3—-11. On days 3, 4 and 11, patches were applied by the research assistant
during a morning session. On days 5-10, patches were applied outside the laboratory by the
participant at 7 am; patch application was confirmed by a phone call. All placebo patches were
labeled as “21 mg nicotine” to match the active 21 mg nicotine patch condition. Staff and
participants were unaware that the placebo was matched only to the 21 mg condition (i.e., they
were not informed that the 7 mg patch had no placebo matched condition). However, direct
comparisons of the placebo and 7 mg patch conditions made below are limited by differences
in the transdermal nicotine patch labeling.

Quest brand cigarettes (Vector Tobacco Inc., Research Park Triangle, NC, USA) were used
for the research cigarettes. Quest 1 (0.6 mg nicotine; 10 mg tar) was used as the nicotine-
containing cigarettes and Quest 3 was used as the denicotinized cigarettes (0.05 mg nicotine;
10 mg tar). Quest branding was hidden from the participants. An ample supply of cigarettes
was provided to participants at no cost (including preferred brand cigarettes on days 1 and 2).

2.6. Data analysis

Data obtained on days 4-10 were adjusted for baseline preferred brand smoking (i.e., day 2)
by using the difference score. This also provides a reference for evaluating the effects of
denicotinized cigarettes with and without transdermal nicotine relative to preferred brand
smoking. In the few cases when trends or statistically significant differences between groups
were observed at baseline, raw data were also analyzed to provide a more complete picture of
the results. Table 2 presents baseline data by group for each measure reported in Table 3 (i.e.,
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trend and significant results post-randomization). Data collected on days 3 and 11 were
analyzed as the raw data as no comparable baseline data were available.

Data were analyzed with a fixed effect model in SAS using Proc Mixed with a compound
symmetry covariance structure. The only exception was for baseline analyses of sex, race, and
menthol preference which were analyzed using logistic regression. When appropriate, Day was
included as a continuous time variable; Group by Day interactions are indicative of group
differences in slope. The primary analyses included the following pairwise planned
comparisons: 0/DN vs. 0/NC, 0/DN vs. 7/DN, and 0/DN vs. 21/DN. Statistical results from
analyses of naturalistic (i.e., days 4-10) and restricted (i.e., days 3 and 11) smoking days are
presented in Table 3. Dependent variables in which no significant group differences were
observed have been omitted.

3.1. Demographic and baseline data

Table 2 presents summary statistics by group for the major demographic variables and all
dependent measures for which there were significant group differences after randomization as
reported in Table 3. There were no significant differences between the subsequent groups in
age, gender, education, race, self-reported CPD, menthol preference, or FTND scores at
screening. On day 2, when participants were assessed for preferred brand smoking prior to
randomization, there was a significant group differences in ratings of irritability (0/DN vs. 0/
NC) and trends for a few additional group differences related to withdrawal, puff volume, and
a few subjective cigarette effects. In these cases, the analyses described below were performed
on both the raw and difference score data to determine the dependence of any effects observed
after randomization on baseline differences.

3.2. Smoking behavior

3.2.1. Daily smoking—Direct comparison of the 0/DN and 0/NC conditions failed to reveal
any significant differences in CPD; both groups tended to smoke at a similar or slightly greater
rate than they did at baseline (Figure 1). In participants smoking denicotinized cigarettes, both
7 mg and 21 mg transdermal nicotine reduced the number of CPD relative to placebo patch
controls. This effect emerged over days in the 7/DN group and was observed across days in
the 21/DN group (Table 3). Examination of the pattern of smoking within day across
consecutive 2 h bins failed to reveal any interactions between group and bin, suggesting that
the patch/cigarette condition did not change the pattern of smoking within the day but instead
the overall smoking intensity.

3.2.2. Puff topography—The topography of smoking a single cigarette in the laboratory on
days 4-10 varied across cigarette and transdermal nicotine conditions. Total volume, which is
the product of the average puff volume and puff count, is presented in Figure 1 as a summary
measure of group differences in puff topography. Total volume was clearly suppressed in 0/
DN compared to 0/NC, although this difference decreased somewhat over days as total volume
increased in the O/DN group (Table 3). Transdermal nicotine had relatively little effect on the
initial decrease in total volume relative to the preferred brand baseline, but attenuated the
subsequent increase that was observed in the 0/DN group over days. The differences between
0/DN and 7/DN were largely driven by an emerging difference in average puff volume. In
contrast, the differences between 0/DN and 21/DN resulted from an emerging difference in
both puff count and average puff volume. Similarly, participants in the 0/NC group initially
demonstrated increased peak and average flow compared to the O/DN group, but these
differences disappeared as peak and average flow increased over days in the 0/DN group. The
21 mg transdermal nicotine dose also tended to suppress the increase over days in peak and
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average flow compared to placebo; similar findings were observed for the 7/DN, but they failed
to reach statistical significance.

3.2.3. Biochemical indices of smoking and nicotine exposure—There were no
effects of transdermal nicotine on pre-smoking CO during the daily smoking assessments on
days 4-10, although consistent with the CPD data described above there was a tendency for
participants in the 21/DN group to demonstrate a greater decrease relative to baseline than
participants in the 0/DN group (means collapsed across days: —4.56 vs. —0.76 ppm). Analysis
of the boost in CO after smoking a cigarette revealed a significantly greater increase in CO in
the O/DN than the 21/DN group which was consistent with the greater total puff volume in the
0/DN condition. As a result, participants in the 21/DN group had a significantly greater drop
(relative to preferred brand) in post-smoking CO levels compared to participants in the 0O/DN
condition (=5.42 vs. 1.84 ppm).

Mean (£SEM) salivary cotinine levels at Day 10 for 0/NC, 0/DN, 7/DN, and 21/DN were 263
(£30) ng/ml, 33 (£9) ng/ml, 194 (x27) ng/ml, and 355 (£32) ng/ml, respectively. Independent
sample t tests indicated that 0/DN cotinine levels were significantly lower than all other groups
and that 21/DN cotinine levels were significantly higher than all other groups (p<.05).

3.2.4. Self-administration test—Few differences emerged between the groups during the
laboratory self-administration test after overnight abstinence. Comparison of the 0/DN and 0/
NC groups failed to reveal any significant differences for average puff volume, total puff
volume and total puff count. There was a trend for a group by day interaction on average puff
volume. Average puff volume tended to be slightly higher in the 0/DN compared to the 0/NC
group on Day 3 (44.5+2.7 cc vs. 41.3+2.5 cc), but slightly lower on Day 11 (38.9+3.7 cc vs.
42.2+3.2 cc). There were no significant effects of transdermal nicotine on any of these measures
of smoking behavior. Similar to the naturalistic smoking days, CO increased more after
smoking in the 0/DN than the 21/DN group; no other group differences in CO boost after
smoking were significant.

3.3. Subjective effects of smoking

3.3.1. Cigarette ratings—Analyses of the subjective ratings of the assigned cigarettes
relative to baseline preferred brand cigarettes are presented in Table 3. It should be noted that
these effects were observed after freely smoking the single cigarette in the laboratory when
there were effects of both cigarette nicotine content and transdermal nicotine dose on puff
topography; therefore, these effects should be considered with caution and are not discussed
in detail here. Nevertheless, the pattern of results was generally similar to those observed after
a controlled exposure on days 3 and 11 (described below) and suggest that smoking a
denicotinized cigarette produces less positive rewarding effects and more negative effects than
nicotine cigarettes and that transdermal nicotine has little consistent effect on these ratings.

Subjective ratings of the cigarettes during the controlled puffing procedure revealed numerous
differences between the 0/DN and 0/NC conditions, some of which varied over days. In
contrast, there were relatively few effects of transdermal nicotine on the subjective effects of
DN cigarettes. Nicotine-containing cigarettes were rated higher on positive effects (e.g.,
“pleasant,” “like taste,” “enjoyable,” “like cigarette”; Figure 3) and lower on negative effects
(e.g., “unpleasant,” “dislike taste,” “dislike cigarette™). In general, these differences were
greater on day 11 than on day 3 because of a decline in the positive and an increase in the
negative effects of the denicotinized cigarettes. Other effects such as “sense of well-being,”
“pleasurable excitement,” “exhilarating” (Figure 3), “calming” (Figure 3), “relaxing,” and
“satisfying” showed a similar decline over days in the O/DN relative to the 0/NC condition.
Nicotine containing cigarettes were also rated as being “higher in nicotine” (Figure 3), causing
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more “lightheadedness,” and being more like “smoke than air”; these effects did not vary
significantly over days. Compared to placebo, the 7 mg patch reduced ratings of “dizziness”
and “lightheadedness” attributed to smoking, although these effects were not observed for the
21 mg patch. Similarly, compared to placebo, rating of “strength” decreased from day 3 to 11
in the 7/DN group, but these differences were not observed for the higher nicotine dose.
Conversely, compared to placebo, participants in the 21 mg, but not the 7 mg, group rated the
denicotinized cigarettes as more like “smoke than air.”

3.3.2. Nicotine/tobacco withdrawal—Data from the afternoon session on day 4 (average
time of session: 12:56 PM) were analyzed separately because they represent the best data on
the effects of transdermal nicotine during smoking abstinence. Smoking was largely restricted
during the preceding 24 h period; participants were required to be abstinent from day 3 till the
morning session on day 4 (average time of session: 8:44 AM). Consistent with the restriction
on smoking, relatively few differences were observed between the 0/DN and 0/NC groups.
Analysis of the difference score data revealed greater ratings of irritability and increased
appetite in the 0/DN compared to the 0O/NC condition (p<.05); however, these differences failed
to reach even trend levels (i.e., p>.10) when the raw data were analyzed (see baseline
differences in Table 2). Transdermal nicotine tended to decrease withdrawal compared to
placebo. Analysis of the difference score data revealed greater total withdrawal (p<.05),
irritability (p<.01), difficulty concentrating (p<.05), and insomnia (p<.05) in the 0/DN
compared to the 7/DN group. Likewise, participants in the O/DN group reported greater total
withdrawal (p=.07), irritability (p<.05), difficulty concentrating (p<.05), and increased appetite
(p<.05) compared to the 21/DN group. Analysis of the raw data also revealed trends for
increased irritability (vs. 7 and 21 mg), difficulty concentrating (vs. 21 mg), and appetite (vs.
21 mg) in the O/DN group; however, these results failed to reach significant.

On days 5-10, when participants were freely smoking their assigned cigarettes during the
preceding 24 h, total withdrawal symptoms were similar in the 0/DN compared to the 0O/NC
group. Difference score analyses of individual symptoms revealed significantly greater
irritability in the O/DN group that dissipated over days; however, this difference was not
observed when the raw data were analyzed (see baseline differences in Table 2). Similarly,
there were few consistent effects of transdermal nicotine on withdrawal once participants were
allowed to smoke. Total withdrawal symptoms, difficulty concentrating and insomnia were
significantly suppressed by 7 mg, but not 21 mg, transdermal nicotine compared to the placebo
patch. However, these effects of transdermal nicotine appeared to result from relatively high
ratings at baseline in the 7/DN group (see Table 2) and were not apparent in analyses of the
raw data. Only a group by day interaction on insomnia remained after analyzing the raw data,
reflecting a tendency for insomnia to decrease more over days in the 0/DN than the 21/DN
condition.

3.3.3. Mood—Data from Day 4, when smoking was largely restricted over the preceding 24
h, indicated that total positive affect scores on the PANAS were similar in the groups receiving
placebo transdermal nicotine (0/DN and 0/NC) and reduced compared to baseline (mean+SEM:
—6.31+2.14 and —4.65+1.28, respectively). Interestingly, transdermal nicotine attenuated this
decrease relative to placebo for both the 7/DN (-2.0£1.5; p<.10) and 21/DN (-1.0£1.5; p<.
05) groups. There were no group differences in PANAS total negative affect or in any of the
POMS subscales.

On days 5-10, when participants were freely smoking their assigned cigarettes, there was a
non-significant trend for higher PANAS positive affect in the 0/NC compared to the 0/DN.
Likewise, as seen on day 4, relative to placebo patch, 21 mg transdermal nicotine alleviated
the decrease in positive affect during the first few days after randomization but this effect
dissipated with time. There were no significant differences between 0/DN and 0/NC on
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subscales of the POMS, although there was a trend for overall reduced POMS-vigor in the 0/
DN compared to the O/NC group. Neither 7 nor 21 mg nicotine significantly impacted POMS
subscale ratings.

3.3.4. End of study questionnaire—Average ratings of the nicotine content of the
assigned cigarettes was in the “ultra-light” range. Ratings were somewhat lower in the 0/DN
condition (mean = SEM: 1.86+0.31) than the O/NC (2.44+0.13), 7/DN (2.3940.31) and 21/DN
(2.42+0.21) conditions. None of these differences reached statistical significance. Ratings of
the nicotine content of the patches fell into the “a little” to “a moderate amount” range and
were related to dose. Mean (£SEM) ratings were 2.63 (+£0.20), 2.21 (+0.30), 2.78 (+0.13), and
3.05 (£0.16) for the O/NC, 0/DN, 7/DN and 21/DN groups, respectively. Differences between
the O/NC and 0/DN groups failed to reach significance. There was a tendency for higher ratings
relative to O/DN for the 7/DN (p=.07) and 21/DN (p<.05) conditions.

4. Discussion

Denicotinized cigarettes maintained their reinforcing properties throughout the 9-day
assessment period. Compared to participants smoking cigarettes with approximately twelve
times the nicotine yield, those smoking denicotinized cigarettes and wearing the placebo patch
smoked a similar number of cigarettes per day. The only significant change in smoking
behavior related to cigarette nicotine yield was in puff topography; the total volume of smoke
inhaled from the single cigarette was lower in the denicotinized than the nicotine-containing
condition, although this difference faded over days. The failure to observe a decrease in the
number of cigarettes smoked is in contrast with a similar inpatient study in which the number
of denicotinized cigarettes smoked declined somewhat over time (Donny et al., 2007). This
difference highlights the fact that extinction may proceed more slowly in a naturalistic setting,
possibly because of the presence of numerous stimuli associated with smoking (Bouton,
2004).

Transdermal nicotine suppressed the number of cigarettes smoked and reduced the volume of
smoke inhaled per cigarette, especially over the second half of the study. These behavioral
differences resulted in a drop in CO relative to placebo and preferred brand smoking.
Interestingly, transdermal nicotine did not appear to facilitate the process of extinction per
se. For both cigarettes smoked per day and total puff volume, the clear pattern was an immediate
downward shift relative to placebo patch, but little or no change over repeated exposures. In
sum, none of the groups assigned to exclusively smoke denicotinized cigarettes, regardless of
patch condition, demonstrated signs of a more gradual extinction process.

It is interesting to note that the laboratory-based self-administration test failed to replicate the
robust behavioral differences between active and placebo transdermal nicotine. One important
difference between these data and those observed on days 4-10 is that the prior were collected
after overnight abstinence and while smoking was restricted to the laboratory while the latter
was collected when participants were allowed to smoke in their natural environment with little
restriction. This suggests that smoking abstinence might suppress the effects of the patch on
smoking denicotinized cigarettes, possibly because motivation closely related to cigarette
abstinence (e.g., craving) mask or overwhelm motivational influences directly tied to nicotine
abstinence (e.g., difficulty concentrating, restlessless) (Buchhalter et al., 2005).

Subjective ratings of the positive rewarding effects of denicotinized cigarettes were relatively
low throughout the study. For example, “liking” scores were well below those observed for

nicotine cigarettes and were approximately half the value observed for “disliking.” This stands
in stark contrast to the persistence of smoking behavior in the absence of nicotine, suggesting
that the reason people continue to smoke denicotinized cigarettes is not because these cigarettes
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produce potent positive rewarding effects. Instead, the persistence of smoking may be more
closely related to two other processes: 1) the ability of denicotinized cigarettes to suppress
some aspects of craving/withdrawal and/or 2) the relative insensitivity of smoking behavior to
manipulations which alter the reward value of smoking (e.g., “habit learning™). These
possibilities are discussed in more detail below.

The continued use of denicotinized cigarettes may result from their ability to suppress
withdrawal and craving. One limitation of this study is that the craving data could not be used
with confidence due to the methodological problems described above. Therefore, we could not
determine whether craving-suppression is a viable mediator for the robust reinforcing effects
of denicotinized cigarettes observed in this study. However, the withdrawal data were
consistent with the hypothesis that denicotinized cigarettes function as negative reinforcers.
Withdrawal symptoms increased in the 24 h encompassing the first abstinence day when
participants wore their assigned patch, but their smoking was restricted. During this period,
transdermal nicotine tended to suppress withdrawal. When participants were subsequently
allowed to smoke, withdrawal decreased further, particularly in participants received a placebo
patch. Indeed, there were relatively few effects of either cigarette type or transdermal nicotine
on withdrawal from days 5-10. Because the study did not include a smoking abstinence
condition, it impossible to say definitively that smoking denicotinized cigarettes suppressed
withdrawal. However, previous studies that included a smoking abstinence condition have
clearly demonstrated that at least some symptoms (desire for sweets, hunger, craving) of
withdrawal are suppressed by denicotinized cigarettes when they are smoked over a 5-day
period (Buchhalter et al., 2005). These data suggest that both denicotinized cigarettes and
transdermal nicotine suppress some aspects of withdrawal and that there may be overlap in the
symptoms they treat. In light of the fact that transdermal nicotine also suppressed smoking of
denicotinized cigarettes, these data are consistent with the interpretation that denicotinized
cigarettes may be negatively reinforcing as a consequence of withdrawal suppression.

Relatedly, we observed decreases in positive affect during nicotine abstinence that were
alleviated by transdermal nicotine. Interestingly, however, these effects tended to persist once
participants in the O/DN condition were allowed to smoke, suggesting that they may be specific
to nicotine abstinence per se. These data are consistent with data reported by Dawkins and
colleagues suggesting that abstinence leads to an attenuated responsivity to reward (i.e.,
anhedonia) that can be alleviated by acute nicotine replacement (Dawkins et al., 2007; Dawkins
et al., 2006). Here, the benefits of transdermal nicotine on positive affect dissipated over days
in the present study. To our knowledge, the anhedonic effects of abstinence and the reversal
by nicotine replacement has not been investigated beyond a day of abstinence. The possibility
that these effects re-emerge despite ongoing nicotine replacement, and in the current study,
smoking of denicotinized cigarettes, raises important questions about the duration of this
withdrawal-related process and its potential role in relapse after the first few days of abstinence.

Another possibility is that participants continued to smoke denicotinized cigarettes because of
so-called “habit” or stimulus-response (S-R) learning (see (Balleine and Ostlund, 2007) for
detailed discussion). According to this framework, stimuli can trigger a response even when
the outcome of that action has been devalued. In the current analysis, the rewarding value of
smoking was reduced by removing nicotine from the cigarettes. Nevertheless, participants
continued to smoke at a relatively high rate; even participants in the 21/DN condition only
reduced their smoking by approximately 30%. Stimuli which have been associated with
nicotine reinforcement (e.g., smoking peers, sight of a cigarette) may continue to trigger
smoking behavior even in the absence of a rewarding outcome. This interpretation is similar
to the account of drug use proposed by Tiffany in which use is driven largely by automatized
action schemata and craving occurs when the action is disrupted (Tiffany, 1990). Indeed,
smoking denicotinized cigarettes produces robust craving suppression, an effect that persists
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even after an extended period of use (Donny et al., 2007). Interestingly, S-R learning may
involve neural mechanisms that differ from those involved in action-outcome learning (Faure
et al., 2005; Ito et al., 2004; Yin et al., 2004). Several theorists have proposed that this type of
shift (i.e., from outcome driven behavior to stimulus driven behavior) is important for
understanding the nature of drug dependence (Balfour, 2004; Di Chiara, 2000; Everitt et al.,
2001). This may be particularly true for smoking, an act that is closely tied to environmental
stimuli and performed hundreds of thousands of times by long-term smokers. Additional
research into these processes is clearly needed.

Three other studies have examined the concurrent use of denicotinized cigarettes and
transdermal nicotine (Rezaishiraz et al., 2007; Rose and Behm, 2004; Rose et al., 2006). Rose
(Rose and Behm, 2004) evaluated treatment-seeking smokers administered 21 mg or placebo
transdermal nicotine (double blind) and smoking preferred brand or denicotinized cigarettes
(unblind) for 2 weeks prior to quitting. Smoking denicotinized cigarettes for two weeks
gradually reduced the rewarding effects of usual brand cigarettes regardless of transdermal
nicotine dose. Denicotinized cigarette smoking during the 2-week period tended to be reduced
in 21 mg than the placebo condition, although this failed to reach significance. Craving assessed
after overnight abstinence declined during the 2-week treatment period, but was not affected
by transdermal nicotine dose (Rose et al., 2006). Nevertheless, subsequent follow-up during
the quit attempt failed to demonstrate a significant effect of denicotinized cigarettes on
abstinence (Rose et al., 2006). In another unblinded study, Rezaishiraz et al (2007) randomized
treatment seekers to receive denicotinized cigarettes and 21 mg patch or reduced nicotine
cigarettes (0.6 mg FTC) for 2 weeks prior to quitting. They found that the combination of
denicotinized cigarettes and 21 mg patch reduced pre-quit and post-quit craving, but that there
was no difference in nicotine withdrawal symptoms or quit rates. Finally, arecent study (Becker
et al., 2008) demonstrated that the combination of pre-quit denicotinized cigarettes and pre-
quit nicotine replacement therapy produced greater 4-week abstinence rates than no pre-quit
intervention in participants given post-quit transdermal nicotine. However, the effects of
denicotinized cigarettes could not be disentangled from the effects of pre-quit transdermal
nicotine as the necessary control conditions were not included. The present study extends this
earlier research in several ways. Participants were blind to the nicotine content; therefore,
observed differences were not likely the result of expectancies regarding the importance of
nicotine. Compliance was likely much higher given the daily visits, bogus pipeline procedure,
and salivary cotinine data. More thorough and multi-dimensional assessments are reported
including objective verification of self-reported smoking and puff topography. Finally, the
present study was aimed at determining change in the effects of the denicotinized cigarettes
themselves and not necessarily whether they facilitate a quit attempt; consequently, clear
evidence of the persistence of the reinforcing effects of denicotinized cigarettes was observed.

One interesting question not addressed in this study is whether smoking denicotinized
cigarettes leads to extinction of the relationship between other “cues” for smoking and nicotine.
While the focus of the present study was on the self-administration of smoking stimuli, other
stimuli (e.g., an ashtray) are associated with cigarette use and may serve as “triggers” for
smoking that are amenable to extinction (Conklin and Tiffany, 2002). Repeatedly smoking
denicotinized cigarettes in these contexts may reduce the efficacy of those stimuli to induce
craving and relapse. While we did not observe any evidence that the number of cigarettes
smoked declined over time, it is possible that a more proximal assessment of cue-induced
craving would reveal a different pattern of results.

There has been much discussion as to the consequences of regulating nicotine levels in

cigarettes (Hatsukami, 2008; Henningfield et al., 1998; Tengs et al., 2005). The results of the
current study provide some information about how reducing nicotine content to very low levels
(i.e., 0.05 mg) would impact smoking. One concern is that smokers might compensate for the

Drug Alcohol Depend. Author manuscript; available in PMC 2010 September 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Donny and Jones

Page 13

decrease in nicotine yield by smoking more. The present data do not support this concern.
Participants smoked a similar number of denicotinized cigarettes, but reduced the volume of
smoke inhaled compared both to their own preferred brand baseline and to participants assigned
to nicotine-containing cigarettes. Interestingly, however, differences in total puff volume
dissipated as the study progressed suggesting that puff topography may be only temporarily
disrupted by the switch to denicotinized cigarettes. This decrease in puff volume is in contrast
with a report by Strasser et al (Strasser et al., 2007) indicating a compensatory increase in total
puff volume in participants smoking the Quest 3 cigarettes. This discrepancy might be
explained by the timing of assessments. Participants in the study by Strasser and colleagues
were evaluated in response to their first use of the study cigarettes. Here, participants were first
exposed using the controlled puffing procedure which did not allow us to assess changes in
puff topography. Data from the next available assessment (self-administration) was more
consistent with the data reported by Strasser; average puff volume tended to be higher in the
0/DN compared to the 0O/NC group. However, the predominant subsequent pattern observed in
the present study was for denicotinized cigarettes to result in reduced (total puff volume) or
similar (CO) indices smoke intake. Hence, denicotinized cigarettes may produce a short-lived
compensatory increase in smoking, but this effect likely dissipates quickly and is replaced by
a down-regulation of smoke intake. Furthermore, concurrent transdermal nicotine reduced the
number of cigarettes smoked, the total volume of smoke inhaled per cigarette, and the boost
in CO post-smoking.

Finally, it is important to note that these cigarette are not completely free of nicotine. They
have an FTC yield of 0.05 mg and while this dose of nicotine may produce reduced nicotinic
effects (e.g. greatly reduced tachycardia, striatal dopamine release; Brody et al., 2008b;
Pickworth et al., 1999), it may be pharmacologically active. Indeed, recent work by Brody and
colleagues suggests that smoking only 1-2 puffs of a regular cigarette results in 50% occupancy
of a3, nicotinic receptors for over 3 hrs (Brody et al., 2006). Furthermore, smoking a
denicotinized cigarette results in 26% occupancy of a4, nicotinic receptors, which although
substantially lower than both reduced nicotine cigarettes (Brody et al., 2008a) and regular
cigarettes (Brody et al., 2006), may nevertheless result in important nicotinic effects.

These data add to a large literature illustrating the importance of smoking stimuli in the
maintenance of smoking behavior. Given the observation that smoking persists largely
unchanged for an extended period of time despite a dramatic reduction in nicotine yield, it is
not surprising that pharmacotherapies for smoking cessation that target nicotinic mechanisms
meet with limited success. Improvements in the treatment of tobacco dependence will likely
require better understanding of how non-pharmacological processes (e.g., habit learning,
conditioned reinforcement) and nicotinic effects on these processes (Chaudhri et al., 2006;
Donny et al., 2003; White, 1996) influence relapse. In the end, both behavioral and
pharmacological approaches that more directly address these concerns may greatly improve
the efficacy of treatment provided to smokers.
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Days 4-10

’

* 4

Mean (£SEM) change from baseline (i.e., usual brand) for the number of cigarettes smoked
per day (CPD; upper panel) and total puff volume (lower panel) from Days 4-10. Baseline data
from Day 2 are presented in Table 2. The drop in CPD in the 0/NC condition on Day 7
corresponds to Sunday. *indicates a significant main effect of group when compared to 0/DN;
#indicates a significant group by day interaction when compared to 0/DN.
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Figure 2.
Mean (+SEM) total number of puffs earned during the 1 h self-administration test on Days 3
and 11. None of the pairwise comparisons reached statistical significance.
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Day

1

\
y

Day

\
\

1

Mean (+SEM) ratings of “Like cigarette” (upper left panel), “Exhilarating” (upper right panel),
“Calming” (lower left panel), and “High in Nicotine” (lower right panel) on Days 3 and 11.

All significant differences are reported in Table 3. *indicates a significant main effect of group
when compared to 0/DN; #indicates a significant group by day interaction when compared to

0/DN.
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