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Background: Rates of cigarette smoking in schizophrenia are bigher than in the general population. To investigate differences in sensitivity
to smoking cues between schizophrenia and control subjects, we compared smoking cue reactivity (CR) in schizophrenia versus control
smokers with and without pretreatment with the nicotinic acetylcholine receptor (nAChR) antagonist mecamylamine (MEC).

Methods: Smoking CR in schizophrenia (n = 22) and nonpsychiatric control (n = 20) smokers was determined using exposure to
smoking pictures. Three doses of MEC (0, 5, and 10 mg/day) were administered during the 3 test weeks to determine the role of nAChRs
in mediating the smoking CR response.

Results: Eleven of 22 (50%) schizopbrenia and 10 of 20 (50%) control smokers displayed smoking CR. Smoking CR was not
significantly different between schizopbrenia and control smokers in the placebo (0 mg/day) condition. However, MEC pretreatment
produced a dose-dependent reduction of CR in schizophrenia smokers compared with placebo. There was no significant effect of MEC
on CR in control smokers.

Conclusions: Our findings suggest that blockade of CR by MEC may be more robust in schizophrenia versus control smokers, possibly

due to reduced nAChR levels in the brains of patients with schizophrenia.
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individuals with schizophrenia is 58% to 88%, compared
with ~23% in the general population (Vocci and DeWit
1999; Lasser et al 2000; George and Vessicchio 2001). Given that
smoking is the leading preventable cause of death in the United
States (Thun et al 2000), this comorbid association of nicotine
addiction with schizophrenia represents an important public
health concern, especially given that rates of smoking-related
medical illness are higher in schizophrenia compared with the
general population (Lichtermann et al 2001). However, determi-
nants of this comorbidity have not been fully elucidated.
Several recent studies have pointed to biological differences
between schizophrenia patients and nonpsychiatric control sub-
jects, which may render these patients more susceptible to
nicotine addiction. For example, it appears that nicotinic acetyl-
choline receptors (nAChRs) may play a role in the pathophysi-
ology of schizophrenia (Dalack et al 1998; Leonard et al 2000,
2001, 2002). Nicotine stimulates nAChRs located presynaptically
on several neuronal types, including dopaminergic, glutamater-
gic, and gamma-aminobutyric acid (GABA)ergic neurons,
thereby enhancing release of these neurotransmitters (McGehee
et al 1995; George et al 2000a; Picciotto et al 2000). Chronic
nicotine administration leads to the desensitization of nAChRs
and leads to receptor upregulation (Picciotto et al 2000). Re-
cently, it has been demonstrated that nAChR levels are decreased
in the brains of schizophrenia patients at every smoking level

T he prevalence of cigarette smoking in clinical samples of
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(Breese et al 2000), which may be an important determinant of
the increased predisposition to nicotine dependence in these
patients. Furthermore, it is well established that sensory gating
abnormalities linked to low-affinity (a7; CHRNA7) nAChR func-
tion (P50 auditory evoked potentials) are common in schizophre-
nia and are transiently normalized by smoking and nicotine
administration (Adler et al 1993, 1998; Freedman et al 1997;
Leonard et al 2000, 2002). Other studies have shown that
smoking and nicotine administration can (selectively) enhance
neuropsychological performance in schizophrenia (Levin et al
1996; George et al 2002a; Smith et al 2002; Sacco et al 2004). Such
procognitive effects of nicotine and smoking may further con-
tribute to the vulnerability of these patients to the initiation and
maintenance of nicotine dependence.

Furthermore, there may be abnormalities in brain reward
pathways in schizophrenia, such as the mesolimbic dopamine
(DA) system (reviewed in Chambers et al 2001). In fact, common
neurocircuitry may underlie both schizophrenia and drug addic-
tion. The positive symptoms of schizophrenia (delusions, disor-
ganized thinking and speech, hallucinations) may result from the
hyperactivity of mesolimbic DA neurons projecting from the
ventral tegmental area to the nucleus accumbens, and this is the
target of antipsychotic drug effects on positive symptoms of the
illness (Knable and Weinberger 1997). The mesolimbic DA
system is implicated in addiction (Chambers et al 2001), as all
addictive drugs, including nicotine, increase DA release in the
nucleus accumbens, which appear to mediate drug reinforce-
ment. Thus, schizophrenia patients may have increased suscep-
tibility to nicotine and other drug addictions because of such
hyperfunctional DA reward systems. Furthermore, the negative
symptoms of schizophrenia (poverty of speech, blunted affect,
loss of volition, social withdrawal) and cognitive deficits may
relate to putative hypoactivity of DA neurons projecting to the
frontal cortex (Knable and Weinberger 1997). Because nicotine
enhances DA release in the prefrontal cortex, schizophrenia
patients may be further prone to smoking as a means of
self-medicating their negative symptoms and cognitive deficits
(George et al 2002a; Sacco et al, in press).

In addition to its role in mediating the direct reinforcing
effects of drugs of abuse, the mesolimbic dopamine system may
also be involved in drug craving. It has been shown that stimuli
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that elicit drug craving, such as drug-related cues (e.g., people,
places, and things that increase drug craving due to conditioned
associations), also cause increased DA levels in the nucleus
accumbens (Stewart 2000). Thus, drug craving may be mediated
by the same DA reward systems that are known to be hyperactive
in schizophrenia patients. Hence, it is possible that the high rates
of smoking among individuals with schizophrenia may be due,
in part, to abnormally elevated levels of tobacco craving in
response to smoking-related cues.

Cue reactivity (CR) paradigms monitor reactions of experi-
enced drug users to drug-related stimuli. Exposure to such cues
can produce physiological effects and robust craving in addicts
(Carter and Tiffany 1999). Importantly, the craving associated
with exposure to drug-related cues may contribute to drug
relapse, both during habitual drug use and after the achievement
of initial drug abstinence (Carter and Tiffany 1999). Thus, cue
reactivity methodology may be used to investigate potential
pharmacological treatments for decreasing drug craving and for
relapse-prevention treatment. The present investigation assessed
smoking cue reactivity in schizophrenia as compared with
control smokers. Additionally, nAChR antagonist mecamylamine
(MEC), which has modest selectivity for the a,B, and osB,
subunit containing forms of the high-affinity nAChR (Carter and
Tiffany 1999; Picciotto et al 2000; Young et al 2001), was used to
probe the role of central nAChRs in mediating the smoking cue
reactivity response in both schizophrenic and control smokers.
Our results suggest that while smoking cue reactivity does not
differ between schizophrenia and control smokers matched for
smoking consumption and nicotine dependence level, sensitivity
to the effects of MEC on the smoking cue reactivity response is
significantly enhanced in patients with schizophrenia.

Methods and Materials

Participants

Twenty-two schizophrenia and 20 nonpsychiatric control
smokers were recruited from a study of cigarette smoking and
cognitive function in schizophrenia (Sacco et al, in press). The
protocol was approved by the Human Investigation Committee
of the Yale University School of Medicine, and informed consent
for study participation was obtained from all subjects by trained
research staff. All smokers were heavy (=15 cigarettes/day)
smokers, with a Fagerstrom Test for Nicotine Dependence
(FTND) score of 5 or higher, an expired breath carbon monoxide
(CO) level >10 parts per million (ppm), and plasma cotinine
level of >150 ng/mL (George et al 2002b; Sacco et al, in press).
Patients met DSM-IV criteria for schizophrenia/schizoaffective
disorder by Structured Clinical Interview for DSM-IV Axis I
Disorders (SCID-I) and were treated with a stable dose of
antipsychotic medication (either typical or atypical antipsy-
chotic); control smokers did not meet criteria for any current
mental disorder.

Procedures

Each subject completed 3 consecutive test days during each of
3 test weeks (Figure 1). During each study week, subjects
received a different pretreatment MEC dose: 0 mg/day (placebo),
5 mg/day, or 10 mg/day, in twice daily dosing intervals using 2.5
mg active MEC and matching placebo tablets. Test weeks were
separated by at least 7 days to minimize study medication
carryover effects. Mecamylamine dose assignments across the 3
test weeks were counterbalanced to control for medication
sequence effects. Study medications were administered to sub-
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Ist cue reactivily session:
0 weins smoldng abstinence

2nd cue reactivily session:
45 mins smoling abstinence

3rd cue reactivity session:
Overnight (~16 hours)
smoldng abstinence

Day Zam Day 3pm

Day 1

(Start Medsy  Mecamylamine (0, 5, or 10mg/day x 3 days)

Figure 1. Single subject timeline for smoking cue reactivity session admin-
istration in schizophrenia (A) and control (B) smokers. Smoking cue reactiv-
ity assessment reported in the manuscript were derived from the Day 2 am
no-deprivation (0 minutes abstinence) condition.

jects (in twice daily dosing) on Day 1, Day 2, and Day 3 of each
week (for a total of six doses per week). Take-home doses of
study medications were given to subjects for the evenings of Day
1 and Day 2.

Subjects completed cue reactivity procedures during the study
sessions on the mornings of Day 2 (Day 2 Am) and Day 3 (Day 3
AM). Smokers were permitted hourly smoke breaks during the
Day 2 AM test session and were instructed to abstain from
smoking on the evening of Day 2 after 6:00 PM. Subjects who
successfully achieved overnight abstinence (expired CO level
<10 ppm on Day 3 aMm) were eligible to complete the Day 3 Am
(acute abstinence) cognitive testing session. On completion of
the Day 3 aM session, subjects resumed smoking. Subjects were
paid $25.00 for their completion of each Day 2 AM session and
$100.00 for the successful completion of the Day 3 AM testing
session; smokers not meeting abstinence criteria by CO levels at
the beginning of the Day 3 AM session were paid $5.00 and
rescheduled for the entire test sequence (Sacco et al, press).
Subjects could therefore earn up to $375.00 for completing all 3
test weeks.

There were three cue reactivity sessions per test week, each
representing a different degree of nicotine withdrawal: 0 minutes
smoking deprivation (first cue reactivity session during the Day 2
AM session, immediately after the first morning smoking break at
approximately 10:20 AM); 45 minutes smoking abstinence (sec-
ond cue reactivity session on Day 2 AM, approximately 11:05 Am);
and overnight (16 hours; 960 minutes) smoking abstinence (Day
3 aM, after overnight smoking abstinence, approximately 10:20
AM). During each cue reactivity session, four cue types were
presented: happy cue (photograph of person displaying positive
emotions), sad cue (photograph of person displaying negative
emotions), neutral cue (a blue screen), and smoking cue (pho-
tograph of an individual smoking). Nine different sets of cue
presentation were used in a randomized, counterbalanced man-
ner. Cue presentations were computerized and presented using
PowerPoint 5.0 (Microsoft Corporation, Redmond, Washington)
slides on a personal computer. Each cue exposure lasted 30
seconds. Happy/sad/neutral cue presentation order was ran-
domized; smoking cues were always presented last in the
sequence of four cue types. One study (McCusker and Brown
1991) found that drug-using subjects tend to show stronger
responses to cues presented earlier in a sequence compared with
those presented later. Thus, by presenting the smoking cue last,
the present study garnered the most conservative smoking cue
reactivity measures. Immediately following each cue exposure,
subjects rated the intensity of their cigarette craving from 0 to 100
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Table 1. Baseline Demographic and Clinical Characteristics of
Schizophrenic and Control Smokers Completing Cue Reactivity
Assessments

Schizophrenic Control
Smokers Smokers
Variable (n=22) (n = 20) p Value
Age 385*+78 422 +11.0 p=.21
Sex 14 M/8 F 10 M/10F p=.37
Race 8W/12AA/20 14W/4AA/20 p=.06
Cigarettes per Day 213+ 125 205 +58 p=.80
Baseline CO Level 235+ 9.1 22.0 + 9.6 p=.61
FTND 64*+15 64+14 p=.90
Baseline Cotinine (ng/mL) 445 + 205 288 *+ 89 p <.01
Years of Education 120 £ 25 144 + 3.1 p <.01
Baseline BDI 84+74 40+ 33 p <.05
PANSS Positive 141 £ 23 n/a -
PANSS Negative 13.1 = 2.1 n/a -
PANSS General 28.6 = 3.6 n/a -
PANSS Total 558 £ 6.0 n/a -
Estimated WAIS-R1Q 84.6 = 14.2 100.7 = 12.9 p <.01
Antipsychotic Drug Class 17 ATP/5TYP n/a -

M, male; F, female; W, white; AA, African American; O, other; CO, carbon
monoxide; FTND, Fagerstrom Test for Nicotine Dependence; BDI, Beck De-
pression Inventory; PANSS, Positive and Negative Syndrome Scale; WAIS-R
1Q, Wechsler Adult Intelligence Scale-Revised Intelligence Quotient; ATP,
atypical antipsychotic; TYP, typical antipsychotic.

millimeters on a visual analogue scale (VAS) (Hutchison et al
1999). As control assessments, subjects also rated happiness,
sadness, and hunger using VAS. Measurements of blood pres-
sure, heart rate, respiration rate, and body temperature were
recorded immediately before and after each cue reactivity ses-
sion.

Data Analysis

Cue reactivity for a given experimental session was defined as
follows: (Urge to smoke following exposure to smoking cue)-
(Baseline urge to smoke). Because some smokers were not
reactive to smoking cues (e.g., CR = 0), it was important to
distinguish cue reactors from nonreactors for the purpose of the
final data analysis. Reactors were defined as those subjects
demonstrating positive cue reactivity (CR > 0) in the 0 minutes
abstinence, placebo (0 mg/day) condition (Carter and Tiffany
1999). Smoking subjects who were judged to be nonreactors
were eliminated from subsequent cue reactivity analyses.

The demographic and clinical characteristics of the entire
subject sample (schizophrenia smokers and control smokers)
and for comparisons of reactor and nonreactor populations
within each study group were analyzed using independent
samples ¢ tests (continuous variables) and chi-square tests (cat-
egorical variables).

Within-group analyses of CR as a function of mecamylamine
dose (0 mg/day, 5 mg/day, or 10 mg/day) were conducted for
each smoking deprivation condition (0, 45, 960 minutes) using
one-way analyses of variance (ANOVAs). Bonferroni post hoc
analyses were performed to compare each group’s CR levels at 5
mg/day and 10 mg/day with levels in the 0 mg/day condition.
For between-group analysis, two-factor ANOVAs to detect MEC
Dose X Diagnosis interactions were used to compare the CR of
schizophrenic smokers versus control smokers during the three
abstinence length conditions. Similar analyses were conducted
for cue-induced physiological changes. Data analysis was per-

www.elsevier.com/locate/biopsych

M.A. Fonder et al

formed using the Statistical Package for the Social Sciences (SPSS
Inc., Cary, North Carolina) version 12.0 software.

Results

Demographic and Clinical Characteristics of Study Subjects

The demographic and clinical characteristics of schizophrenia
and control smokers completing cue reactivity assessments are
given in Table 1. Demographic differences between groups
included increased depression scores and reduced Wechsler
Adult Intelligence Scale-Revised (WAIS-R) full-scale intelligence
quotient (IQ) estimated scores and educational attainment in the
schizophrenia group. Consistent with our previous studies
(George et al 2002a; Sacco et al, in press), patients and control
subjects were closely matched on daily smoking consumption,
FTIND scores, and CO levels, but there were significantly higher
levels of plasma cotinine in smokers with schizophrenia as
compared with control subjects. Of the schizophrenia smokers
(n = 22), 11 (50%) were classified as cue reactors. In the control
smoker sample (7 = 20), 10 (50%) smokers met cue reactivity
criteria. Demographic and clinical characteristics of reactors and
nonreactors in the schizophrenia and control smoker samples are
given in Tables 2 and 3, respectively. There were no significant
demographic differences between schizophrenia smokers who
were reactors and those who were nonreactors (Table 2), nor
were there significant differences between control reactors and
nonreactors (Table 3).

Baseline Urge to Smoke and Smoking Cue Reactivity in
Schizophrenic Versus Control Smokers: Effects of Abstinence
Duration and Mecamylamine Pretreatment

On the first day of testing (Day 2 Am), schizophrenia patients
(8Z) smoked more cigarettes prior to the baseline cue reactivity
session (Day 2aM; nondeprived) compared with control subjects
(CON), but this difference was nonsignificant (SZ 9.88 = 4.65
versus CON 6.75 * 2.05 cigarettes; ¢ = 1.74, df = 14, p = .10).
These high levels of cigarette consumption prior to the first
(nondeprived) smoking CR session led to low levels of baseline

Table 2. Baseline Demographic and Clinical Characteristics of
Schizophrenic Smokers as a Function of Cue Reactivity Status

Reactors Nonreactors
Variable (n=11) (n=11) p Value
Age 37.6 92 394 =63 p=.60
Sex 6 M/5F 8M/3F p=.38
Race 5W/4AA/20 3W/8 AA/20 p=.15
Cigarettes per Day 232 =111 19.3 = 14.0 p=.48
Baseline CO Level 229 123 242 + 3.0 p=.75
FTND 6.5+ 16 64+ 14 p=.89
Baseline Cotinine (ng/mL) 403.2 = 134 504.7 = 280 p=.40
Years of Education 11.7 =1 123 £ 34 p=.62
PANSS Positive 14.0 £ 3.0 141 =14 p=.93
PANSS Negative 12.6 + 24 13.6 = 1.7 p=.27
PANSS General 28.1 £ 3.9 29.1 £ 34 p=.53
PANSS Total 547 + 6.8 56.8 = 5.2 p=.43
Baseline BDI 54 49 11.5 =83 p=.07
Estimated WAIS-R 1Q 816 =113 875 *16.7 p=.35
Antipsychotic Class 9 ATP/2TYP 8 ATP/3 TYP p=.61

M, male; F, female; W, white; AA, African American; O, other; CO, carbon
monoxide; FTND, Fagerstrom Test for Nicotine Dependence; PANSS, Posi-
tive and Negative Syndrome Scale; BDI, Beck Depression Inventory; WAIS-R
IQ, Wechsler Adult Intelligence Scale-Revised Intelligence Quotient; ATP,
atypical antipsychotic; TYP, typical antipsychotic.
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Table 3. Baseline Demographic and Clinical Characteristics of Control
Smokers as a Function of Cue Reactivity Status

Reactors Nonreactors
Variable (n=10) (n=10) p Value
Age 439 + 8.1 404+139 p=.50
Sex 6 M/4F 4M/6F p=.37
Race 6 W/3 AA/10 14W/4AA/20 p=.31
Cigarettes per Day 222 *59 18.8 * 5.6 =.20
Baseline CO Level 22174 226 +11.6 p=.76
FTND 6.7+ 1.6 6.0 1.0 p=.27
Baseline Cotinine (ng/mL) 307.6 = 86 266.5 = 92 p=.36
Years of Education 145+ 34 143 28 =.89
Baseline BDI 30*+25 50=*38 =.18
Estimated WAIS-R1Q 97.2 = 13.6 104.1 £ 11.8 p=.24

M, male; F, female; W, white; AA, African American; O, other; CO, carbon
monoxide; FTND, Fagerstrom Test for Nicotine Dependence; BDI, Beck De-
pression Inventory; WAIS-R 1Q, Wechsler Adult Intelligence Scale-Revised
Intelligence Quotient.

urges to smoke (BLUTS) in both schizophrenia and control
smokers (Figure 2A). In the placebo (0 mg/day) condition,
BLUTS increased as a function of abstinence duration in both
schizophrenia (F = 15.38, df = 2,29, p < .001) and control (F =
18.73, df = 2,27, p < .001) smokers (Figure 2A). Furthermore,
with increasing abstinence duration, there was a decrease in
smoking cue reactivity in both schizophrenia (¥ = 11.52, df =
2,29, p < .001) and control smokers (F = 12.22, df = 2,27, p <
.001) (Figure 2B); in the overnight abstinence (960-minute)
condition, there was negligible smoking CR, so these data were
not further analyzed. The increase in BLUTS with increasing
abstinence duration was not altered by MEC at the 5 mg/day and
10 mg/day doses (data not shown). There were no differences in
BLUTS between schizophrenic smokers and control smokers (¢ =
1.21, df = 19, p = .24) and no effects of MEC dose (F = .05, df
= 2,59, p = .95) on BLUTS (Figure 3). There were no significant
effects of neutral, happy, or sad cue exposure on BLUTS or
smoking CR in either schizophrenic smokers or control smokers
(data not shown).

Within-group analyses of MEC effects on smoking cue
reactivity in schizophrenia and control smokers were per-
formed. In the schizophrenia smoker group, there was a
significant effect of MEC dose on smoking cue reactivity at the
0-minute abstinence condition assessed by one-way ANOVA
(F = 4.84, df = 2,29, p = .02) (Figure 4). Bonferroni post hoc
analyses revealed a trend toward a reduction in smoking cue
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Figure 3. Baseline urge to smoke (BLUTS) in schizophrenia and control
smokers: Effects of mecamylamine pretreatment. Data points are presented
as means + SE. SZ, schizophrenia patients; CON, control subjects.

reactivity at the 5 mg/day dose (p = .12) and a significant
reduction at the 10 mg/day (p = .02) dose compared with
placebo (0 mg/day). In the 45-minute and 960-minute depri-
vation conditions (see Figure 2B), the magnitude of CR was
reduced compared with the no-deprivation condition. We
observed no significant effects of MEC dose in either the
45-minute (F = 1.15, df = 2,29, p = .33) or the 960-minute (F
= .01, df = 2,29, p = .99) deprivation conditions. In control
smokers, MEC caused a slight (~15%) but nonsignificant
decrease in smoking cue reactivity at the 0-minute abstinence
condition (Figure 2) (F = .92, df = 2,27, p = 41). Finally, there
was a significant Diagnosis x MEC Dose interaction for
smoking CR at the O-minute abstinence condition (¥ = 2.81, df
= 5,53, p < .05) but not in the 45-minute (¥ = 1.28, df = 5,50,
p = .29) or 960-minute deprivation conditions (F = .99, df =
5,53, p = .43). Using pairwise comparisons, smoking CR was
compared between schizophrenia patients and control sub-
jects, and no significant differences were found between
schizophrenic smokers and control smokers at the 0-minute
abstinence condition at the 0 mg/day (p = .29) or 5 mg/day (p
= .67) doses, but a trend for between-group differences was
observed at the 10 mg/day dose (p = .09) (Figure 4).

Physiological Responses to Smoking Cues in Schizophrenia
Versus Control Smokers

In each diagnostic group, physiological responses (e.g.,
heart rate, temperature, systolic and diastolic blood pressure)

B

—8—57
—0— CON

Cue Reactivity (mm)
(o)
o

]
I —

T
045 960

Abstinence Length (min)

Figure 2. Effects of smoking abstinence duration on (A) baseline urge to smoke (BLUTS) and (B) smoking cue reactivity in schizophrenia (SZ; n = 11) and control
(CON; n = 10) smokers. Data points are presented as means + SE. (A) SZ: 0-45 min, p <.05; 0-960 min, p <.001;45-960 min, p <.01; CON: 0-45 min, p <.01;0-960 min,
p <.001;45-960 min, p < .01. (B) SZ: 0-45 min, p < .001; 0-960 min, p < .001; 45-960 min, p = .96. SZ, schizophrenia patients; CON, control subjects.
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Figure 4. Smoking cue reactivity in schizophrenia and control smokers: Effects
of mecamylamine pretreatment. Data points are presented as means + SE.*p =
.12vs.5.0 mg/day; p = .02 vs. 10.0 mg/day within SZ group; p = .29 for SZ versus
CON comparison at .0 mg/day; **p = .09 for SZ versus CON comparison at 10.0
mg/day. SZ, schizophrenia patients; CON, control subjects.

to smoking cues were obtained before and after cue presen-
tation sessions. Within-group analyses revealed no significant
effects of either smoking, neutral, happy, and sad cue presen-
tation (p = NS, all cue types) or MEC dose (p = NS) in either
schizophrenia (z = 11) or control (7 = 10) cue reactor
physiological responses to smoking cues at the O-minute,
45-minute, and 960-minute abstinence conditions (data not
shown). Nonreactors also showed minimal physiological re-
activity to smoking cue exposure (data not shown).

Discussion

This preliminary study demonstrated that exposure to
smoking cues increased urges to smoke in satiated schizo-
phrenia and control smokers and that smoking cue reactivity
was of similar magnitude in schizophrenia and control smok-
ers matched for levels of daily smoking consumption and level
of nicotine dependence. Consistent with previous reports,
approximately 50% of smokers (e.g., both schizophrenia and
control subjects) did not exhibit smoking cue reactivity (Carter
and Tiffany 1999). In smoking cue reactors, the central
nicotinic acetylcholine receptor antagonist mecamylamine
attenuated smoking cue reactivity more robustly in schizo-
phrenia as compared with control smokers, and this diagnos-
tic difference in the effects of MEC on smoking CR was
supported by a significant Diagnosis x MEC Dose interaction.
Thus, further studies of smoking cue reactivity in schizophre-
nia and control smokers are warranted.

It is interesting to note that MEC did not alter baseline urges
to smoke in either schizophrenia or control smokers, which is
consistent with reports that this nAChR antagonist does not alter
or precipitate tobacco withdrawal in nicotine-dependent smok-
ers (Eissenberg et al 1996) and does not alter tobacco craving in
schizophrenia and control smokers (Sacco et al, in press). As
expected, BLUTS increased with increasing abstinence duration
(Carter and Tiffany 1999), and this was accompanied by a
decrease in smoking cue reactivity, especially with overnight
(~16 hours) smoking deprivation (Hutchison et al 1999). Accord-
ingly, we determined the effects of MEC on smoking CR in the
nondeprivation (0 minutes abstinence) condition where smoking
CR was most robust. Given the lack of effect of this antagonist on
BLUTS, we are confident that the effects of MEC on smoking CR
observed in this study are specific to cue reactivity and not as a
result of nonspecific reductions of nicotine craving and with-
drawal.

The finding that MEC reduces smoking cue reactivity more
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robustly in smokers with schizophrenia as compared with
control smokers may be attributable to the recent observation
from postmortem studies that central nAChR levels are de-
creased in the brains of schizophrenia patients at every
smoking level (Breese et al 2000; Leonard et al 2000). Thus,
these preliminary findings suggest a correlation between
smoking cue reactivity and brain nAChR levels in schizophre-
nia, specifically, the lower the level of brain nAChRs, the
greater the blockade of smoking cue reactivity. Although there
appear to be differential effects of MEC on smoking cue
reactivity in schizophrenia versus control smokers, these
groups did not differ in sensitivity to smoking cues per se,
since smoking cue reactivity was of similar magnitude in
schizophrenia and control smokers in the placebo condition.
This suggests that while smoking cue reactivity is not different
in schizophrenia and control smokers, there may be differen-
tial responses in smoking cue reactivity in response to pre-
treatment with a nAChR antagonist, likely related to increased
sensitivity to MEC in schizophrenia due to reduced high-
affinity nAChR expression. Therefore, we hypothesize that
nAChR-mediated neurotransmission and resultant effects on
DA, glutamatergic, and GABAergic function in relevant meso-
corticolimbic pathways would be specifically reduced by MEC
in schizophrenia, leading to a selective suppression of cue
reactivity compared with control subjects. Our results are also
consistent with a growing literature suggesting diagnosis-
specific differences of the effects of nicotine and nicotinic
agents on cognitive and affective measures in patients with
schizophrenia (Adler et al 1993; Olincy et al 1998; Depatie et
al 2002; George et al 2002a; Avila et al 2003; Sacco et al, in
press), which collectively suggest that these differences may
constitute a biological vulnerability to nicotine dependence in
these patients. Furthermore, this finding may have implica-
tions for the development of pharmacotherapies for nicotine
dependence in smokers with schizophrenia and for the treat-
ment of schizophrenia symptomatology with nAChR agonists.
For example, the antidepressant agent bupropion, which has
high-affinity nAChR antagonist properties (Slemmer et al
2000), is superior to placebo for smoking cessation and
reduction in schizophrenia patients and reduces negative
symptoms of this illness without altering positive symptoms of
schizophrenia (Evins et al 2001; George et al 2002b).

There were no consistent effects of smoking (neutral,
happy, and sad) cues on any of the physiological indices
assessed (heart rate, blood pressure, body temperature) in any
subject group; rather, the observed physiological changes
following cue exposure seemed to represent random physio-
logical fluctuations. It is possible that modest physiological
trends went undetected due to substantial subject variability
on these measures, our lack of continuous monitoring of these
physiological parameters, and our small group sample sizes.
However, the present finding is not wholly inconsistent with
published reports. For example, Drobes and Tiffany (1997)
found that whereas smokers exposed to smoking cues expe-
rienced large changes in self-reported craving, their physio-
logical reactions to these cues were modest and often incon-
sistent with self-reports. In fact, this discrepancy between the
magnitudes of subjective and physiological measures of cue
reactivity is widely recognized. In their meta-analysis of cue
reactivity in addiction research, Carter and Tiffany (1999) note
that although drug cues can consistently elicit increases in
self-reported craving and physiological reactions, there is
typically a large difference in the size of these effects. This
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may be due to the fact that while self-reports of craving are
strongly cue-specific, physiological responses are governed
by a variety of factors other than cue exposure. It is also
possible that the large self-report effect sizes are reflective of
subject conformity to presumed experimenter expectations,
while physiological responses are more difficult to tailor in
this manner. Furthermore, there is evidence that smoking cue
reactivity elicited by imaginal cues is less robust than that
induced by in vivo (e.g., handling of smoking paraphernalia)
cues (Hutchison et al 1999), and this could have been an
additional reason for the lack of correlation between cue
reactivity and physiological activation.

It should be noted that cigarette smoking schizophrenia
patients in this sample were prescribed antipsychotic drugs
(APDs) but that control smoking subjects were not. While it is
possible that this may have contributed to the differential
effects on MEC on smoking cue reactivity in schizophrenia
versus control sujects, we think this possibility is unlikely due
to the within-subject design for administration of MEC study
medication. Nonetheless, it is possible that a MEC-APD inter-
action may have altered smoking CR responses in schizophre-
nia versus control smokers and further validation of the
present findings is certainly warranted, including studies in
antipsychotic-free schizophrenia patients.

Although these results are preliminary, our findings may
contribute to our current understanding of the role of central
nAChRs in mediating the subjective responses of cigarette
smokers to smoking-related environmental cues. Furthermore,
the apparent blockade of smoking cue reactivity by MEC
might suggest that nAChR antagonism could be an effective
pharmacological intervention treatment for nicotine depen-
dence in schizophrenia. Accordingly, this may be a significant
development, especially since current smoking cessation in-
terventions have been only modestly successful in schizophre-
nia (Addington et al 1998; George et al 2000b, 2002b; Evins et
al 200D).

This work was supported in part by NIDA Grants RO1-DA-
14039, RO1-DA-13672, and KO02-DA-16611 to Dr. George; a
NARSAD Young Investigator Award to Dr. George; and a sum-
mer fellowship from the Yale Transdisciplinary Tobacco Use
Research Center (P50-DA-13334) to Ms. Fonder.

We gratefully acknowledge the expert technical assistance of
Tanzim Ludbi, Katie Bannon, and Taryn Allen, B.S., and the
comments of Rajita Sinha, Ph.D., on an earlier version of this
manuscript.

Addington J, el-Guebaly N, Campbell W, Hodgins DC, Addington D (1998):
Smoking cessation treatment for patients with schizophrenia. Am J Psy-
chiatry 155:974-976.

Adler LE, Hoffer LD, Waldo M, Harris JG, Griffith J, Stevens K, et al (1998):
Schizophrenia, sensory gating and nicotinic receptors. Schizophr Bull
24:189-202.

Adler LE, Hoffer LD, Wiser A, Freedman R (1993): Normalization of auditory
physiology by cigarette smoking in schizophrenic patients. Am J Psychi-
atry 150:1856-1861.

Avila MT, Sherr JD, Hong E, Myers CS, Thaker GK (2003): Effects of nicotine on
leading saccades during smooth pursuit eye movements in smokers and
nonsmokers with schizophrenia. Neuropsychopharmacology 28:2184 -
2191.

Breese CR, Lee MJ, Adams CE, Sullivan B, Logel J, Gillen KM, et al (2000):
Abnormal regulation of high affinity nicotinic receptors in subjects with
schizophrenia. Neuropsychopharmacology 23:351-364.

Carter BL, Tiffany ST (1999): Meta-analysis of cue-reactivity in addiction
research. Addiction 94:327-340.

BIOL PSYCHIATRY 2005;57:802—-808 807

Chambers RA, Krystal JH, Self DW (2001): A neurobiological basis for sub-
stance abuse comorbidity in schizophrenia. Biol Psychiatry 50:71-83.
Dalack GW, Healy DJ, Meador-Woodruff JH (1998): Nicotine dependence
and schizophrenia: Clinical phenomenon and laboratory findings. Am J

Psychiatry 155:1490-1501.

Depatie L, O'Driscoll GA, Holahan AL, Atkinson V, Thavundayil JX, Kin NN, et
al (2002): Nicotine and behavioral markers of risk for schizophrenia: A
double-blind, placebo-controlled, cross-over study. Neuropsychophar-
macology 27:1056-1070.

Drobes DJ, Tiffany ST (1997): Induction of smoking urge through imaginal
and in vivo procedures: Physiological and self-report manifestations. J
Abnorm Psychol 106:15-25.

Eissenberg T, Griffiths RR, Stitzer ML (1996): Mecamylamine does not precip-
itate withdrawal in cigarette smokers. Psychopharmacology (Berl) 127(4):
328-336.

Evins AE, Mays VK, Rigotti NA, Tisdale T, Cather C, Goff DC (2001): A pilot trial
of bupropion added to cognitive behavioral therapy for smoking cessa-
tion in schizophrenia. Nicotine Tob Res 3:397-403.

Freedman R, Coon H, Myles-Worsley M, Orr-Urtreger A, Olincy A, Davis A, et
al (1997): Linkage of a neurophysiological deficit in schizophrenia to a
chromosome 15 locus. Proc Natl Acad Sci U S A 94:587-592.

George TP, Verrico CD, Picciotto MR, Roth RH (2000a): Nicotinic modulation
of mesoprefrontal dopamine systems: Pharmacologic and neuroana-
tomic characterization. J Pharmacol Exp Ther 295(1):58 - 66.

George TP, Vessicchio JC (2001): Nicotine addiction and schizophrenia. Psy-
chiatr Times 18(2):39-42.

George TP, Vessicchio JC, Termine A, Bregartner TA, Feingold A, Rounsaville
BJ, et al (2002b): A placebo-controlled study of bupropion for smoking
cessation in schizophrenia. Biol Psychiatry 52:53-61.

George TP, Vessicchio JC, Termine A, Sahady DM, Head CA, Pepper WT, et al
(2002a): Effects of smoking abstinence on visuospatial working memory
function in schizophrenia. Neuropsychopharmacology 26:75- 85.

George TP, Zeidonis DM, Feingold A, Pepper WT, Satterburg CA, Winkel J, et
al (2000b): Nicotine transdermal patch and atypical antipsychotic med-
ications for smoking cessation in schizophrenia. Am J Psychiatry 157(11):
1835-1842.

Hutchison KE, Monti PM, Rosenhow DJ, Swift RM, Colby SM, Gnys M, et al
(1999): Effects of naltrexone with nicotine replacement on smoking
cue reactivity: Preliminary results. Psychopharmacology (Berl) 142:
139-143.

Knable MB, Weinberger DR (1997): Dopamine, the prefrontal cortex and
schizophrenia. J Psychopharmacol 11(2):123-131.

Lasser K, Boyd JW, Woolhander S, Himmelstein DU, McCormick D, Bor DH
(2000): Smoking and mental illness: A population-based prevalence
study. JAMA 284:2606-2610.

Leonard S, Adler LE, Benhammou K, Berger R, Breese CR, Drebing C, et al
(2001): Smoking and mental illness (review). Pharmnacol Biochem Behav
70:561-570.

Leonard S, Breese C, Adams C, Benhammou K, Gault J, Stevens K, et al (2000):
Smoking and schizophrenia: Abnormal nicotinic receptor expression.
Eur J Pharmacol 393:237-242.

Leonard S, Gault J, Hopkins J, Logel J, Viazon R, Short M, et al (2002): Pro-
moter variants in the alpha-7 nicotinic acetylcholine receptor subunit
gene are associated with an inhibitory deficit found in schizophrenia.
Arch Gen Psychiatry 59:1085-1096.

Levin ED, Wilson W, Rose J, McEvoy J (1996): Nicotine-haloperidol interac-
tions and cognitive performance in schizophrenics. Neuropsychophar-
macology 15:429-436.

Lichtermann D, Ekelund E, Pukkala E, Tanskanen A, Lonnqvist J (2001):
Incidence of cancer among persons with schizophrenia and their rela-
tives. Arch Gen Psychiatry 58:573-578.

McCusker CG, Brown K (1991): The cue-responsivity phenomenon in depen-
dentdrinkers: “Personality” vulnerability and anxiety as intervening vari-
ables. Br J Addict 86:905-912.

McGehee DS, Heath MJ, Gelber S, Devay P, Role LW (1995): Nicotinic enhanc-
ment of fast excitatory synaptic transmission in CNS by presynaptic
receptors. Science 269:1692-1696.

Olincy A, Ross RG, Young DA, Roath M, Freedman R (1998): Improvement in
smooth pursuit eye movements after cigarette smoking in schizo-
phrenic patients. Neuropsychopharmacology 18:175-185.

Picciotto MR, Caldarone BJ, King SL, Zachariou V (2000): Nicotinic receptors
in the brain: Links between molecular biology and behavior. Neuropsy-
chopharmacology 22:451-465.

www.elsevier.com/locate/biopsych



808 BIOL PSYCHIATRY 2005;57:802—808

Sacco KA, Bannon KL, George TP (2004): Nicotinic receptor mechanisms and
cognition in normal states and neuropsychiatric disorders. J Psychophar-
macol 18(4):457-474.

Sacco KA, Termine A, Seyal AA, Dudas MM, Vessicchio JC, Krishnan-Sarin S, et
al (in press): Effects of cigarette smoking function on spatial working
memory and attentional function in schizophrenia: Involvement of nic-
otinic receptor mechanisms. Arch Gen Psychiatry.

Slemmer JE, Martin BR, Damaj MI (2000): Bupropion is a nicotinic antagonist.
JPharmacol Exp Ther 295(1):321-327.

Smith RC, Singh A, Infante M, Khandat A, Kloos A (2002): Effects of
cigarette smoking and nicotine nasal spray on psychiatric symptoms

www.elsevier.com/locate/biopsych

M.A. Fonder et al

and cognition in
27:479-497.

Stewart J (2000): Pathways to relapse: The neurobiology of drug- and stress-
induced relapse to drug taking. J Psychiatr Neurosci 25:125-136.

Thun MJ, Louis FA, Henley SJ (2000): Smoking versus other risk factors as
the cause of smoking-attributable deaths. JAMA 284:706-712.

Vocci F, DeWit H (1999): NIDA/CPDD Consensus Statement on Evaluation of Out-
comes for Pharmacotherapy of Substance Abuse/Dependence. Washington,
DC: U.S. Department of Health and Human Services (USDHHS).

Young JM, Shytle RD, Sanberg PR, George TP (2001): Mecamylamine: New
therapeutic uses and safety profile. Clin Ther 23:533-565.

schizophrenia.  Neuropsychopharmacology



	Smoking Cue Reactivity in Schizophrenia: Effects of a Nicotinic Receptor Antagonist
	Methods and Materials
	Participants
	Procedures
	Data Analysis

	Results
	Demographic and Clinical Characteristics of Study Subjects
	Baseline Urge to Smoke and Smoking Cue Reactivity in Schizophrenic Versus Control Smokers: Effects of Abstinence Duration and Mecamylamine Pretre
	Physiological Responses to Smoking Cues in Schizophrenia Versus Control Smokers

	Discussion
	Acknowledgement
	References


