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Abstract

DOES TRANSDERMAL NICOTINE-INDUCED WITHDRAWAL SUPPRESSION
DEPEND ON SMOKERS’ GENDER?

By Sarah E. Evans

A dissertation submitted in partial fulfillment of the requirements for the degree of
Doctor of Philosophy at Virginia Commonwealth University.

Virginia Commonwealth University, 2005
Major Director: Dr. Thomas Eissenberg, Associate Professor, Department of Psychology
and Institute for Drug and Alcohol Studies

Nicotine replacement therapy (NRT) is a pharmacotherapy used commonly to
help tobacco smokers quit smoking. All forms of NRT are demonstrably efficacious for
this indication, and several forms, including transdermal nicotine (TN) are available over-
the-counter in the United States. NRT is less efficacious in women than in men, although
the specific reasons for this gender difference are unknown. JRT generally, and TN
specifically, is thought to work, at least in part, by suppressing withdrawal symptoms in
abstinent smokers. While TN-induced withdrawal suppression has been demonstrated,
the degree to which this withdrawal suppression is influenced by smokers’ gender is
uncertain. The purpose of this acute laboratory study is to determine if TN-induced
withdrawal suppression is influenced by smokers’ gender.

One hundred twenty eight overnight-abstinent smokers completed four, double-
blind, randomized, 6.5-hour laboratory sessions in which further cigarette abstinence was
required. Sessions differed by TN dose (0, 7, 21, or 42 mg). All sessions were double-
blind and randomly ordered. Each session included regular assessment of subjective

symptoms of nicotine/tobacco withdrawal, subjective effects of transdermal nicotine



xi

dose, psychomotor performance, heart rate and plasma nicoﬁne level. Results from this
laboratory study revealed clear nicotine dose-related effects for plasma nicotine and heart
rate, symptoms of nicotine intoxication (e.g. Nausea, Lightheaded) and suppression of
Urges to smoke and Craving. Many DSM IV nicotine/tobacco withdrawal symptoms did
not show dose-related suppression (e.g. Irritability/frustration/anger, Anxious, Difficulty
concentrating). Importantly, results from this study indicated that there were very few
differences between men and women in nicotine-induced suppression of the
nicotine/tobacco withdrawal syndrome. Future research addressing this important issue
may benefit from focusing on a potential interaction between gender and other effects of
TN (i.e., blunting the effects of a concurrently administered cigarette) and/or on other

triggers for relapse (i.e., smoking-related stimuli).



Chapter 1

Introduction

Overview

Tobacco cigarette smoking is the leading avoidable cause of premature death and
disease in the United States (Centers for Disease Control [CDC], 2002). Between 1995
and 1999, smoking caused an annual average of 264,087 deaths among men and 178,311
deaths among women in the United States (CDC, 2002). According to the World Health
Organization (WHO, 2003), 4.2 million people across the globe die annually from
tobacco-related illnesses, a figure expected to rise to more than 10 million annually by
2020. Tobacco smoking causes lung, stomach, kidney, cervi.x, and a variety of other
cancers, as well as cardiovascular disease (Leischow & Djorljevic, 2004; American
Cancer Society, 2005). Thus, cigarette smoking is a national and global health crisis, and
helping current smokers to quit and preventing non-smokers from starting are vital public
health goals. There is an increasing awareness that these goals are particularly relevant to
women (WHO, 2003; USDHHS, 2001).

Approximately 1.3 billion people in the world are daily smokers (World Bank,
2003), and an estimated 250 million of these smokers are women (Guindon & Boisclair,
2003). In the United States, approximately 22 million women are cigarette smokers (i.e.,
21%; American Heart Association, 2003). Tobacco cigarette smoking puts women at an
increased risk for stroke (Lakier, 1992) and a variety of adverse pregnancy outcomes

including spontaneous abortion, premature birth, low birth w zight and stillbirth (e.g.,



Walsh, Lowe & Hopkins, 2001; Benowitz, 1991.) In addition, the risk of myocardial
infarction is greater for women who smoke relative to men who smoke (Prescott, Hippe,
Schnohr, Heim & Vestbo, 1998). While lung cancer rates for men have decreased since
the 1980°s, they have reached epidemic proportions for women, as lung cancer has
moved from the seventh to the first most common cause of cancer deaths in the United
States (Patel, Bach & Kris, 2004). Overall, despite well-known adverse health and
economic consequences, tobacco cigarette smoking among women is still far too
common (Thompson, Koplan & Satcher, 2002). Thus, effective cessation strategies,
especially for women, are imperative.

Smoking cessation can involve purely behavioral interventions (e.g., clinician
advice, Milch, Edmunson, Beshansky, Griffith & Selker, 2004; telephone counseling,
Rigotti, 2002) or non-nicotine medications (e.g. bupropion; Scharf & Shiffman, 2004;
Jack et al., 2003), but often involves the use of nicotine replacement therapy (NRT).
Nicotine is a mild psychomotor stimulant and écetylcholine receptor agonist that is found
in tobacco and delivered to the smoker in tobacco smoke. NRT involves the
administration of pharmacologically pure nicotine (i.e., not tobacco-delivered nicotine)
via transdermal patch, gum, lozenge, inhaler or sublingual tahlets (Shiffman, Dresler &
Rohay, 2004; Haustein, 2003; Fagerstrém, Hughes, Rasmussen & Callas, 2000). Relative
to placebo, NRT roughly doubles quit rates (Silagy, Mant, Fowler & Lodgy, 1994; Fiore
et al., 2000; Hughes, Goldstein, Hurt & Shiffman, 1999), and works, at least in part, by
suppressing aversive symptoms that can occur during periods of tobacco abstinence

(Henningfield, 1995; Eissenberg, Stitzer & Henningfield, 1999).



In many smokers, periods of tobacco abstinence, sucﬁ as those that accompany a
quit attempt, are associated with an aversive syndrome, inclv ling headache, irritability,
anxiety, sleep disturbances, an inability to concentrate, and hunger (Hughes, Higgins &
Hatsukami, 1990; Hughes & Hatsukami, 1986). This aversive syndrome is known as
nicotine/tobacco withdrawal (Shiffman, Khayrallah & Nowak, 2000; Stolerman & Jarvis,
1995; Killen, Fortmann, Kraemer, Varady & Newman, 1992; Shiffman & Jarvik, 1976)
and can be observed following abrupt cessation of chronic tobacco administration in
humans (nicotine withdrawal is also apparent following abrupt cessation of chronic
nicotine administration in non-human animals; Malin et al., 1992). Indeed,
nicotine/tobacco withdrawal is often cited by smokers as a reason for failed quit attempts
(John, Meyer, Hapke, Rumpf & Schumann, 2004; Piasecki et al., 2000). The suppression
of this aversive withdrawal syndrome by continued cigarette use, and its concomitant
nicotine self-administration, is thought to perpetuate smoking behavior in humans
(Kenny & Markou, 2001; Watkins, Stinus, Koob & Markou, 2000; USDHHS, 1988).
This smoking behavior might be eliminated more effectively if the suppression of the
negative effects of withdrawal were achieved via another route, such as with the
relatively less toxic NRT.

Recognizing cigarette use as a behavior. performed to suppress or avoid an
aversive withdrawal syndrome suggests the idea that cigarette smoking may be explained
in terms of a negative reinforcement model of drug dependence. Negative reinforcement
occurs when a behavior is associated with avoidance or termination of an aversive
stimulus; future occurrences of that behavior become more likely (Eissenberg, 2004;

Sdorow, 1990). With regard to smoking cessation, any behavior associated with a



lessening of the intensity or likelihood of unpleasant withdrawal symptoms may become
more likely. Understanding how to use NRT effectively to lessen the intensity or
likelihood of aversive withdrawal symptoms in all treatment-seeking smokers may be an
important component in maximizing smoking cessation efforts.

One factor that may influence NRT-induced withdrawal suppression is gender.
Some studies are consistent with the notion that relative to men, women report less NRT-
induced withdrawal suppression using the nicotine patch (W«tter, Fiore, Young, McClure
& deMoor, 1999a) or gum (Killen, Fortmann, Newman & Varady, 1990). One such study
involved a between-subjects design of 128 smokers (71 women) who were assigned to
one of three conditions: 2 mg gum (21 men, 19 women); 4 mg gum (18 men, 23 women)
or 4 mg gum to 2 mg gum (18 men, 29 women; Hatsukami, Skoog, Allen & Bliss, 1995).
Results indicated that, relative to men who received 2 mg gum, women who received the
2 gum reported subjective ratings of “impatient” and “excessive hunger” that were
nearly double that of men. As “impatient” and “excessive hunger” are symptoms of
withdrawal, these results indicated a lack of NRT-induced withdrawal suppression for
women. Note that the use of a between-subjects design (i.e., 1cross conditions) may have
limited sensitivity to gender effects at other gum doses. Future studies aimed at
investigating gender differences in NRT-induced withdrawal suppression might be
strengthened with an examination of the effects of multiple NRT doses in the men and
women who participate (i.e., dose as a within-subject factor, to maximize power).
Moreover, assessing the immediate withdrawal suppressing effects of NRT (i.e., rather
than after 8 weeks of continuous NRT use; Hatsukami et al., 1995) might be more

relevant to understanding relépse to smoking during cessation. Finally, where possible,



future studies might make use of empirically validated assessment instruments rather than
symptom checklists used primarily for their face validity (Hatsukami et al., 1995).

Overall, while some studies provide some support for the notion that the
magnitude of NRT-induced withdrawal suppression may depend on gender, few have
been designed with this issue in mind (i.e., adequate power, multiple NRT doses,
validated outcome measures). Given the need to understand and address gender
differences apparent in NRT’s efficacy, the issue of the influence of gender on NRT-
induced nicotine/tobacco withdrawal suppression is an important one to examine in more
detail. The primary purpose of this dissertation is to describe a project that examines the
extent to which gender influences NRT-induced withdrawal éuppression. This
introduction begins with a discussion of nicotine/tobacco wit"drawal, focusing on
preclinical and clinical effects of nicotine abstinence. Next, the introduction presents a
discussion of cessation and nicotine replacement therapy, highlighting the efficacy of
NRT and its ability to suppress the aversive effects of nicotine/tobacco withdrawal.
Finally, the introduction ends with a discussion of gender differences in response to NRT
and the potential influence of gender on NRT-induced nicotine/tobacco withdrawal
suppression.
Preclinical Evidence for Withdrawal

This section provides evidence for a withdrawal syndrome that occurs in non-
human animals after abrupt cessation of chronically delivered nicotine. Following a brief
explanation of nicotine as a reinforcer, this section summariz s several studies that

demonstrate the withdrawal syndrome under a variety of conditions.



Nicotine is a Reinforcer in Non-human Animals

In animals, nicotine is a reinforcer: the probability of behaviors that are associated
with nicotine administration is increased (Perkins, Donny & Caggiula, 1999; Rose &
Corrigall, 1997; Goldberg & Henningfield, 1988). For example, in one fixed ratio study,
nicotine maintained robust self-administration in rats (Corrigall & Coen, 1989). Fixed-
ratio refers to the delivery of a potential reinforcer (e.g., i.v. uicotine administration) after
performance of some predetermined number of responses (e.g., lever presses). In this
case, male Long-Evans rats were required to perform five lever presses prior to receiving
an infusion of 0.01 or 0.03 mg/kg nicotine. The fact that the animals reliably pressed the
lever that elicited nicotine administration, and did not press a lever that delivered saline,
demonstrates that nicotine can act as a reinforcer under these conditions. Moreover, the
fact that the nicotinic antagonist mecamylamine blocked nicotine-reinforced lever
pressing in a dose dependent manner highlights the pharmacologic specificity of nicotine
reinforcement (Corrigall & Coen, 1989).

Another animal model that has been used to measure the reinforcing properties of
nicotine (as well as other drugs) is the intracranial self-stimulation (ICSS) model. In the
ICSS model, animals press a lever in order to have electrical stimulation delivered via an
electrode implanted into the medial forebrain bundle (thought to be the brain’s
“pleasure/reward” system). Sessions of ICSS-reinforced lever pressing are repeated until
a voltage dose-response curve is determined and a threshold—the lowest voltage at which
the animal responds reliably—is established. ICSS can be used to determine if a drug is a
reinforcer when the ICSS threshold is determined in the absence and then in the presence

of the drug. A drug that acts as a reinforcer should reduce the ICSS threshold, relative to



when no drug is present, because the drug and the ICSS worl. together on the
“pleasure/reward” system. Using this model, nicotine has been demonstrated to be a
reinforcer: a continuous infusion of nicotine by osmotic pump lowers ICSS threshold
levels (Markou & Koob, 1992). Taken together, studies using self-administration and
ICSS techniques support the idea that nicotine acts as a reinforcer. Interestingly, chronic
nicotine administration can lead to dependence, as revealed by a withdrawal syndrome
that can be observed upon abrupt termination of nicotine administration.

Signs of Nicotine Withdrawal in Non-human Animals. Nicotine withdrawal
consists of signs that can be observed directly in non-human animals; it also produces
observable changes in behavior. A nicotine withdrawal syndrome has been observed in
rats (Hildebrand, Nomikos, Bondjers, Nisell & Svensson, 1997; Malin et al., 1992) and
includes shakes, hyperphagia, increases in body weight and decreases in spontaneous
activity that occur when chronic nicotine administration is terminated. For example, 11
male Wistar rats were observed for withdrawal signs following seven continuous days of
nicotine dosing with an osmotic mini-pump (11.25 mg/kg/day nicotine; Hildebrand,
Nomikos, Bondjers, Nisell & Svensson, 1997). Signs of withdrawal, including shakes,
teeth chattering, yawning and reduction in locdmotor activity, were observed at 16 and 40
hours after nicotine abstinence. Animals in which a pump was not implanted did not
show these signs. Withdrawal has also been observed in other studies where 3 mg/kg/day
nicotine (N = 8) or 9 mg/kg/day (N = 8) was administered su scutaneously for seven days
(Malin et al., 1992). Withdrawal signs were evident at 16 hours after the end of nicotine
administration and continued to a lesser degree by 40 hours. These signs included teeth

chattering, tremors/shakes and yawns.



A similar nicotine withdrawal syndrome has also been observed in mice. For
example, in a study where mice received four daily 2 mg/kg nicotine injections for
fourteen days (Isola, Vogelsberg, Wemlinger, Neff & Hadjiconstantinou, 1999), mild
somatic withdrawal signs (shakes, scratching, facial tremor and abdominal constrictions)
were reported between 24 and 48 hours after the final admin.stration, and some signs
persisted for 3 - 4 days. These signs were not observed in the mice who did not receive
nicotine injections. Thus, in rodents, somatic signs of nicotine withdrawal are apparent
after abrupt discontinuation of chronically administered drug (Stolerman, 1989). When
withdrawal appears after abrupt termination of chronically administered drug, it is called
spontaneous withdrawal; precipitated withdrawal refers to a withdrawal syndrome that
occurs when an antagonist is administered to an animal that has a history of chronic drug
administration.

Antagonist-precipitated nicotine withdrawal has been observed in several animal
models (e.g., Malin, 2001). For example, nicotine withdrawal has been evaluated after
nicotine maintained rats receive the competitive nicotinic antagonist dihydro-f-
erythroidine (Malin et al, 1998). Twenty-four Sprague-Dawley rats were implanted with
osmotic mini-pumps that delivered 9 mg/kg/day nicotine into the third ventricle. Six rats
each were challenged with an injection of 10, 18 or 35 mg dihydro-B-erythroidine or 20
ml saline. After injection, rats were observed for 20 minutes and behavioral signs (teeth
chews/chatter, wet shakes/tremors, gasps/abdominal writhes) were recorded.
Significantly fewer abstinence signs were observed in animals that received saline,
relative to those who received any dose of the nicotine antagonist. In addition, rats

injected with the lowest dose (10 mg) of dihydro-B-erythroidine had significantly fewer



abstinence signs than those receiving the higher doses. Both the 18 mg and 25 mg dose
differed significantly from other doses on shakes/tremors, gasps/writhes and chews/teeth
chatter, with an increase in observation of those signs. Thus antagonist-precipitated
nicotine withdrawal has been characterized in the rat, and antagonist administration
produces dose-dependent signs of nicotine withdrawal in nicotine-maintained animals.

A recent study investigated the influence of duration of infusion and nicotine dose
on spontaneous and precipitated nicotine withdrawal in the mouse (Damaj, Kao &
Martin, 2003). In the spontaneous withdrawal study, mice were infused daily for 14 days
with 6, 24, or 48 mg/kg of nicotine via subcutaneous mini-pumps. Pumps were removed
on Day 15 and mice were assessed every 24 hours for the next seven days for somatic
signs (shakes, tremors, teeth chatters and abdominal constrictions), sensitivity to heat
stimuli (using hot-plate and tail flick models; e.g., Damaj et al., 1997) and performance
(exploratory behavior) on an elevated plus-maze. The elevated-plus maze consists of two
open arms and two arms that are enclosed by high walls. The closed arms are thought to
provide security, whereas the open arms are thought to offer exploratory value. All
withdrawal effects were nicotine dose-dependent in all measures and were prominent
shortly after pump removal, and could be observed through Days 3 and 4. Furthermore,
spontaneous withdrawal induced hyperalgesia and decreased.exploratory behavior, as
measured by time spent in the open arms of the plus-maze.

To study the influence of duration of nicotine exposure, mice were given either a
saline solution or 24 mg/kg/day nicotine daily for 7, 14, 30 or 60 days. At Days 7, 14, 30
and 60, different groups of mice were injected with 2 mg/kg of mecamylamine and

assessed for withdrawal. As early as Day 7 of nicotine exposure, and continuing to the
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same degree after 60 days of nicotine infusion, significant increases in somatic signs of
withdrawal were observed, following mecamylamine injection. For example, withdrawal
signs of hyperalgesia were maintained at 14 days of nicotine exposure with the hot-plate
test, were maintained at 30 and 60 days with the tail-flick test, and were evident at 60
days as indicated by a significant decrease in the time in the open arms of the plus-maze
test. In addition, the severity of nicotine withdrawal signs was greater after 60 days of
nicotine exposure, relative to seven days’ exposure.

To study precipitated withdrawal in more detail, mice received one of four
antagonists: mecamylamine (a noncompetitive antagonist; 1 or 3 mg/kg) hexamethonium
(a competitive nicotine antagonist; 1.5 or 3 mg/kg), MLA (an a7 antagonist; 7.5 mg/kg)
and dihydro-B-erythroidine (a competitive nicotine antagonist; 1.5 or 3 mg/kg) after 15
days of nicotine administration (24 mg/kg/day). Withdrawal signs were measured for 20
minutes immediately after antagonist administration. Simila‘r to other studies (Malien et
al., 1994), mecamylamine administration produced increases in the somatic signs of
withdrawal, such as increased paw tremors and head shakes, with signs increasing as
dose increased. Hexamethonium and MLA produced significant elevation only in paw
tremors. The only significant withdrawal sign with dihydro-B-erythroidine was decreased
time in open arms of a plus-maze test. Taken together, all antagonists produced signs of
withdrawal in animals maintained on chronic nicotine. Results of this comprehensive
study of nicotine dependence in the mouse clearly demonstrate that chronic nicotine
administration can produce dependence, as indicated by spontaneous and antagonist-

precipitated nicotine withdrawal.
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Behavioral Signs of Withdrawal in Non-human Animals. Nicotine withdrawal in
non-human animals can also be measured using the ICSS model (Markou & Koob,

1991). Once the continuous nicotine infusion to a non-human animal is terminated (e.g.,
Epping-Jordan, Watkins, Koob & Markou, 1998) or once an antagonist such as
mecamylamine is administered (e.g., Watkins, Stinus, Koob & Markou, 2000), an
elevation in ICSS thresholds is revealed. Effecﬁvely, then, under conditions that have
previously been shown to produce spontaneous or precipitatgd withdrawal, higher voltage
stimulation is required to maintain ICSS-reinforced lever pressing than when those
conditions are not present. These ICSS results are considereil an index of the negative
motivational state, or dysphoria, produced by withdrawal (Markou & Koob, 1992;
Mathieu-Kia, Kellogg, Butelman & Kreek, 2002). Thus, ICSS results are consistent with
the idea that abrupt discontinuation of chronically’administered nicotine can produce an
aversive withdrawal syndrome in non-human animals.

The influence of nicotine dose, duration of nicotine exposure, and withdrawal
history on the severity of nicotine withdrawal in rats also has been characterized using the
ICSS model (Skjei & Markou, 2003). Somatic signs of withdrawal and ICSS brain
stimulation reward thresholds were assessed in three experiments using male Wistar rats.
In the first experiment, ICSS threshold levels and the somatic effects of spontaneous
withdrawal were assessed for four days after the removal of «n osmotic pump that had
delivered nicotine (3.16 mg/kg/day) for six days. This nicotine delivery and withdrawal
assessment was repeated an additional three times, for a total of four assessments.

Results replicated previous work, and revealed that spontaneous nicotine withdrawal

significantly elevated threshold levels and increased the number of somatic signs (e.g.
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body shakes, cheek tremors, and teeth chattering) during first two days of withdrawal.
The number of withdrawal signs was stable over the four withdrawal periods.

In the second experiment, the effects of repeated precipitated nicotine withdrawal
were assessed using two series of five daily injections of the competitive nicotine
receptor antagonist dihydro-B-erythroidine hydrobromide (1.0 mg/kg) during chronic
nicotine (3.16 mg/kg/day) or saline exposure. In the third experiment the effects of
duration (6 or 27 days) and dose (3.26 mg/kg/day or 6.32 mg/kg/day) of nicotine
exposure on the nicotine withdrawal syndrome were investigated using osmotic pumps
for varying time durations and containing different nicotine doses. Results of these
experiments revealed that conditions that produce precipitated and spontaneous nicotine
withdrawal elevated ICSS thresholds. Increases in duration of nicotine exposure (from
six to 27 days) and in total nicotine exposure (in increasing Both nicotine dose and
duration of exposure) prolonged the duration of threshold el¢ vations associated with
nicotine withdrawal and augmented the overall severity of withdrawal. These results
suggest that nicotine dose and duration of exposure can both influence the duration
and/or overall severity of subsequent nicotine withdrawal syndrome.

Spontaneous nicotine withdrawal in non-human animals is also notable for its
disruption of operant behaviors not directly linked to drug-seeking behavior. For
example, when chronic nicotine access in animals is terminated, the reinforcement
potential of food or sweetened solution is suppressed, and this interference is
immediately reversed when nicotine is again available (Carroll, Lac, Ascenio & Kennan,
1989; Corrigall & Coen, 1989). These behavioral alterations are seen as acute signs of

withdrawal and could be compared to the loss of the “psychclogical benefits” of smoking
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commonly described by smokers during abstinence (Mathieu-Kia, Kellogg, Butelman &
Kreek, 2002). As antagonist administration can precipitate somatic withdrawal signs
(Malin et al., 1998; Hildebrand, Nomikos, Bondjers, Nisell & Svensson, 1997), it can
also disrupt operant behavior (Malin et al., 2001), and a subsequent nicotine injection
attenuates their intensity (Malin et al., 1992). '

Nicotine withdrawal can also disrupt non-food related reward functioning in
animals. Previous work has found that animal’s access to no.vel objects is rewarding
(Besheer, Jensen & Bevins 1999). Specifically, when using .. place conditioning
procedure, a model in which animals are tested for their preference for different
environmental cues that are present during testing, rats display an increase in preference
for an environment repeatedly paired with novel objects (Bevins et al 2002). Usinga 1-
day place conditioning procedure, researchers (Besheer & Bevins; 2003) performed an
experiment where, after one week of chronic nicotine delivery, rats had their access to
nicotine terminated and then were observed fop four days. For three days after pump
removal, conditioning to an environment reliably paired with access to novel objects was
blocked. This disruption in non-food related responding may indicate a state of
anhedonia, and replicates previous nicotine withdrawal studies (Harrison, Liem &
Markou, 2001) in which the impact of rewarding stimuli was reduced.

Overall, the preclinical research reviewed here deinonstrates that chronic nicotine
administration can produce a well-defined, quantifiable withdrawal syndrome in rats and
mice. This withdrawal syndrome includes a variety of somatic signs (e.g., teeth chatter,
abdominal constriction, wet dog shakes) and behavioral effects (e.g., disruption of

operant responding; blockade of place conditioning). There is a large body of literature
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that supports the idea that humans can also experience nicotine withdrawal after abrupt
termination of chronic nicotine administration.
Clinical Evidence for Withdrawal

This section describes the effects that humans can experience after abrupt
cessation of chronically administered, tobacco-delivered nicotine (i.e., nicotine/tobacco
withdrawal). Following a brief description of nicotine as a positive reinforcer in humans,
this section summarizes several clinical studies that demonstrate the signs, symptoms,
and behavioral manifestations of nicotine/tobacco withdrawal in humans who have
terminated their exposure to tobacco-delivered nicotine abruptly (withdrawal can also be
demonstrated in humans who have terminated their chronic exposure to pharmaceutically
pure nicotine abruptly, though these data are beyond the scope of this work; West &
Russell, 1986; Hatsukami, Skoog, Allen & Bliss, 1985).

Nicotine is a Reinforcer in Humans. In humans, as in non-human animals,
nicotine can produce positive reinforcing effects (Pomerleau & Pomerleau, 1992; Jarvik
& Henningfield, 1988). In fact, nicotine can serve as an effective reinforcer of
intravenous drug-taking behavior in humans who smoke tobacco cigarettes regularly
(Harvey et al., 2004). Eight male smokers who had smoked 7 — 45 cigarettes per day for
the past 13.4 years participated in a study where nicotine or saline was administered
intravenously (i.v.) in three hour sessions under a fixed-ratio schedule. By pulling a lever,
participants received saline or a nicotine dose of either 0.75, 1.5, or 3.0 mg/injection
which varied, as did fixed-ratio response requirement (10-1 660 responses), over
consecutive sessions. One minute after each injection, participants were presented with a

visual analog scale that assessed subjective effects. The visual analog scale consisted of


















18.

19.

20.

21.

22.

23.

24.

25.

26.

now.

My desire to smoke seems over-
whelming.

Smoking right now would make
things seem just perfect.

[ crave a cigarette right now.

[ would not enjoy a cigarette right
now.

A cigarette would not taste good
right now.

[ have an urge for a cigarette.

I could control things better right
now if I could smoke.

[ am going to smoke as soon as
possible.

I would not feel better physically if I
were smoking.
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OOOOOOO

Strongly Strongly
disagree agree
OOOOOOO
Strongly Strongly
disagree agree
OOOOCOOO
Strongly Strongly
disagree agree
GI®IGI®IOI®I®
Strongly Strongly
disagree agree
OOOOOOO
Strongly Strongly
disagree agree
OOOOOOO
Strongly | Strongly
disagree agree
OOOOOCOO
Strongly Strongly
disagree agree
OOOOCOOO
Strongly Strongly
disagree agree

OOOOOOO

Strongly
disagree

Strongly
agree



27.

28.

29.

30.

31

32.

A cigarette would not be very
satistying right now.

If T had a lit cigarette in my hand I
probably would not smoke it.

If I were smoking right now I could
think more clearly.

[ would do almost anything for a
cigarette now.

I need to smoke now.

Right now, I am not making plans to
smoke.
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GIGIGIGIGIGI®

Strongly Strongly
disagree agree
OOCOOCOOO
Strongly Strongly
disagree agree
OOOOOOO
Strongly Strongly
disagice agree
OOOOOOO
Strongly Strongly
disagree agree
OOOOCOOO
Strongly Strongly
disagree agree
OOOOOOO
Strongly Strongly

disagree agree
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Appendix G

Direct Effects of Nicotine

These phrases may or may not describe how you feel right now. Please respond to eaclzh word or phrase with how you feel
RIGHT NOW by drawing a vertical mark anywhere along the horizontal line.

Not at all Extremely

1. Nauseous

2. Dizzy

3. Lightheaded

4, Nervous

5. Sweaty

6. Headache

7. Excessive salivation

8. Heart Pounding

9. Confused

10. Weak
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Appendix H

Digit Symbol Substitution Test (McCleod et al., 1982)

DSST as it appears on computer monitor

7 8 9
4 5 6
1 2 3

Close-up of numbers on keypad

In this case, a participant would press the 9, 4 and 3 keys
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