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Schizophrenic patients have among the highest rates of 
smoking of any group of patients. Previous studies have 
identified psychophysiological and potential nicotinic 
receptor abnormalities which may be associated with this 
phenomenon. The effects of acute smoking or acute 
administration of nicotine nasal spray, after smoking 
abstinence, on negative symptoms and neurocognitive 
function have been less extensively studied in experimental 
designs. This study investigated the effects of smoking of 
high nicotine or denicotinized cigarettes, and receiving 
active or placebo nicotine nasal sprays, on positive and 
negative symptoms and cognitive functions in 
schizophrenic patients. The study utilized a placebo 
controlled crossover experimental design with pre- and 
post-drug evaluations on each experimental day. Smoking 
high nicotine cigarettes decreased negative symptoms more 
than denicotinized cigarettes, but smoking neither cigarette 
changed scores of positive symptoms, anxiety, or 

depression. Active nicotine nasal spray did not 
differentially decrease negative symptoms compared with 
placebo, but did improve performance on a spatial 
organization task, and tended to improve some measures of 
verbal memory and two-choice reaction time in 
schizophrenic patients. Both high and denicotinized 
cigarettes improved performance on the spatial processing 
task, but there was no statistically significant differential 
drug (Cigarette type) effect. These results suggest that acute 
smoking of cigarettes may transiently decrease negative 
symptoms in patients with schizophrenia, but it is unclear 
whether this effect is attributable to nicotine, other 
components of cigarettes, or the act of smoking. Nicotine 
nasal spray may modestly improve some selected aspects of 
cognitive function in schizophrenia.
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Schizophrenics have a higher rate of cigarette smoking
than patients with other psychiatric diagnoses or pa-
tients without definite psychiatric diagnoses (Dalack et
al. 1998; Glassman 1993). In some studies, rates of smok-
ing among schizophrenic patients have ranged from
80% to 90% (reviewed in Dalack et al. 1998). It has been
hypothesized that nicotine may compensate for physio-
logical deficits in schizophrenia, and this may be in-
volved as an explanation for the high rate of smoking in
schizophrenia (Glassman 1993). Recent studies have
presented evidence that nicotine transiently corrects or
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ameliorates some of the psychophysiological abnormal-
ities found in schizophrenic patients. Specifically, in
schizophrenics, smoking a cigarette corrected the di-
minished gating response of the P50 auditory evoked
potential, in an auditory tone paradigm which mea-
sured P50 negative response to a test tone vs. a condi-
tioned tone. Cigarette smoking also reduced abnormali-
ties in smooth pursuit eye movements reported to occur
in schizophrenia (Adler et al. 1992, 1993; Olincy et al.
1998). However, to our knowledge, there are no pub-
lished studies using placebo-controlled experimental
designs that have shown a consistent effect of smoking
on psychiatric symptoms and only one published study
suggests effects of reversing neuroleptic induced im-
pairments in cognition in schizophrenic patients (Levin
et al. 1996).

One of the physiological effects of acute nicotine
treatment studied in rodent brain is an increase in burst
firing of dopaminergic neurons in the ventral tegmental
area and increased dopamine release in the nucleus ac-
cumbens which may impact on dopaminergic function
in the frontal mesolimbic dopaminergic system (Green-
hoff et al. 1986). It is possible that these changes may re-
sult in greater dopamine stimulation in some of the
frontal mesocortical dopaminergic projections. It has been
hypothesized that some of the negative symptoms, an-
hedonia, and cognitive deficits that are characteristic of
schizophrenia may be associated with a deficient re-
ward reinforcement system and potential hypodopam-
inergic functioning in the mesocortical dopamine sys-
tem. Glassman (1993), as well as other researchers, have
suggested that schizophrenics may smoke at such a
high rate because the dopamine release in the mesolim-
bic and mesocortical system produced by nicotine may
transiently compensate for this hypodopaminergic state;
therefore, smoking may be a form of self-medication for
schizophrenics. Dopaminergic release in the ventral teg-
mental system may be associated with a subtype of
nicotinic receptors rich in the 

 

�

 

3 and possibly 

 

�

 

4 com-
ponents of the nicotinic receptor (Dalack et al. 1998;
McGehee and Role 1995). In contrast, the deficits in sen-
sory gating mentioned above, which nicotine tran-
siently ameliorates, have been identified with the 

 

�

 

7
subunit of the nicotinic receptor (Freedman et al. 1997)
which are found in higher density in the hippocampus
(McGehee and Role 1995; Sugaya et al. 1990). Pharma-
cological studies have shown that tolerance develops
rapidly to many of the behavioral effects of nicotine in
animals and this tolerance may be related to desensiti-
zation of the nicotinic receptor (Domino 1998). These
results suggest that studies of acute administration of
cigarettes and other forms of nicotine administration
may be important to uncover the effects of these com-
pounds in patients.

Cross-sectional studies of comparative symptoms in
schizophrenic smokers and nonsmokers have produced

results which are conflicting or difficult to interpret.
Goff et al. (1992) reported that schizophrenics who are
smokers had higher total Brief Psychiatric Rating Scale
(BPRS) scores and higher positive and negative sub-
scores of symptoms on this scale than nonsmoking
schizophrenics. Further, Zeidonis et al. (1994) reported
that schizophrenics who smoked had higher positive
symptoms than nonsmokers, and schizophrenics who
smoked heavily had the lowest number of negative
symptoms. On the other hand, Hall et al. (1995) re-
ported that the schizophrenics who had formerly
smoked but were not smoking substantially at the time
of assessment had lower levels of negative symptoms
on a BPRS subscale than schizophrenics who were
smokers. Hamera et al. (1995) and Dalack and Meador-
Woodruff (1996) reported that abstinence from nicotine
or decreased nicotine use may be associated with an ex-
acerbation of schizophrenic symptoms. However, in
none of these studies is the temporal relationship be-
tween smoking and changes in schizophrenic symp-
toms clearly defined. One recent study by Dalack et al.
(1999) tried to address this time dependence problem,
utilizing a paradigm in which schizophrenic patients
were withdrawn from cigarette smoking and given
substitute administration of active vs. placebo nicotine
patch. This research group reported minimal effects of
their experimental procedures on psychiatric symp-
toms; there was a transient decrease in SANS scores
which they hypothesized might be explained by envi-
ronmental effects. One interpretation of the cross sec-
tional results could be that smoking is a marker for
more severe symptomatic forms of schizophrenia, and
smoking a cigarette may reduce some of these symp-
toms for a brief period of time. Another interpretation is
that nicotine or smoking itself increases certain schizo-
phrenic symptoms. In order to clarify these interpreta-
tions, studies of the effects of acute or chronically ad-
ministered cigarettes or nicotine within defined time
frames are needed.

The current study investigated the effects of acute
smoking of high nicotine and denicotinized cigarettes
on positive and negative symptoms in chronic schizo-
phrenic patients, using an experimental design with
double-blind control. On the basis of some of the theo-
retical speculations noted above, we hypothesized that
smoking cigarettes with high nicotine content would
decrease negative symptoms and increase positive
symptoms in schizophrenic patients. On the basis of
previous studies of the effects of smoking on cardiovas-
cular measures in normal smokers (Perkins et al. 1992,
1994; Pomerleau and Pomerleau 1992), we anticipated
that cigarettes high in nicotine content would produce a
greater increase in pulse rate and blood pressure. On
the basis of previous studies (Dalack et al. 1999; Nilsson
et al. 1997; Wirshing et al. 1989) which showed that
smoking or nicotine can increase dyskinesia scores, we



 

N

 

EUROPSYCHOPHARMACOLOGY

 

 

 

2002

 

–

 

VOL

 

. 

 

27

 

, 

 

NO

 

. 

 

3

 

Smoking and Nicotine Effects in Schizophrenia

 

481

 

predicted that smoking cigarettes with high nicotine
content or active nasal spray would increase scores on
tardive dyskinesia rating scales.

 

METHOD

Subjects

 

Subjects were 31 patients with diagnoses of schizophre-
nia or schizoaffective disorder (DSM-IV criteria), who
were current smokers, recruited from an inpatient ter-
tiary care hospital. Characteristics of patients are shown
in Table 1. All subjects signed informed consent for par-
ticipation in the research. This study was approved by
the Institutional Review Boards of Manhattan Psychiat-
ric Center and New York University Medical School.

 

Psychotropic Medication

 

All patients were being treated with one or more neuro-
leptic drugs and some patients were also treated with
additional supplementary medication in other classes
of psychotropic medications. The patients’ medications
were stable over the time of the study. The neuroleptic
drugs the patients used were: clozapine: 2 patients; olan-
zapine: 14 patients; risperidone: 5 patients; fluphena-
zine: 1 patient; haloperidol decanoate: 1 patient; two
atypical antipsychotics:1 patient; combination of con-
ventional and atypical antipsychotics: 7 patients.

Accessory medications that patients used included
the following: lithium: 1 patient; valproic acid: 14 pa-

tients; benztropine mesylate: 18 patients; trihexyphenidyl:
1 patient.

 

Psychiatric, Neurocognitive, and Other Evaluations

 

Baseline evaluations, before any participation in any ex-
perimental sessions, included review of patients’ smok-
ing history with patient staff and chart notes, interview
administration of Fagerstrom tolerance scale (Fager-
strom and Schneider 1989), and interview ratings of
psychopathology on the Positive and Negative Symp-
tom Scale (PANSS) (Kay et al. 1987) and the Scale for
Assessment of Negative Symptoms (SANS) (Andreasen
1983). Subjects also received baseline evaluations with
the Automated Neuropsychological Assessment Met-
rics (ANAM) neurocognitive battery (Reeves et al.
1993), moderate repeat schedule, which includes tests
of reaction time and verbal and visual memory. They
also were tested for verbal memory with a portion of
the Randt memory test (Randt and Brown 1983) (5
items, digit-span, paired words, short story). The
ANAM has nine different equivalent test series for the
moderate repeat battery, and the Randt has five differ-
ent equivalent test series. Subjects were also evaluated
on a test of verbal fluency (letters, animals, groceries,
and animals) (Lezak 1983). In the experimental drug
sessions only the letter verbal fluency was utilized.

In the experimental sessions the subjects had pre-
and post-drug interview evaluations, using a modified
subset of items in the PANSS and SANS scales which
could be rated directly from immediate interview re-

 

Table 1.

 

Characteristics of Patients Participating in Study

 

Characteristic
 Mean 

 

�

 

 S.D.(M) or
Number of subjects (n)

 

Age (M) 40.8 

 

�

 

 6.9
Sex (M/F) (n) 30/1
Ethnicity/Race (W/B/H) (n) 2/18/11
Diagnosis (S/SA) (n) 25/6
Years Ill (M) 24.2 

 

�

 

 6.5
Years Current Hospitalization (M) 10.5 

 

�

 

 7.0
Fagerstrom Tolerance Scale Score (M) 4.5 

 

�

 

 2.1
Current Treatment -Type of Neuroleptic

(Conventional/Atypical/Both)

 

a

 

 (n) 3/21/7
 Mean Cotinine Level (ng/ml, pre-drug administration) (M) 301.1 

 

�

 

 112.6
Baseline Psychopathology Scores

PANSS Total (M) 71.0 

 

�

 

 9 .9
PANSS Positive (M) 21.3 

 

�

 

 7.0
PANSS Negative (M) 17.5 

 

�

 

 5.4
SANS Total (M) 35.8 

 

�

 

 13.6
SANS Modified Total (Affective Flattening 

 

�

 

 Alogia) (M) 12.3 

 

�

 

 9.4

 

Legend: Ethnicity W

 

�

 

White, B

 

�

 

Black, Hispanic surname; Diagnosis: S

 

�

 

 Schizophrenia, SA

 

�

 

 Schizoaffec-
tive Disorder.

 

a

 

The specific antipsychotic drugs the patients were on were as follows: clozapine: 2 patients, olanzapine: 14
patients, risperidone: 5 patients; fluphenazine: 1 patient; haloperidol decanoate: 1 patient; 2 atypical antipsy-
chotics: 1 patient, combination of conventional and atypical antipsychotics: 7 patients.
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sponses. (Many items of the PANSS and SANS full
scales are based on data which cannot be assessed from
an immediate interview and require longer term obser-
vation or collateral information from staff or others.) In
a 10–20 min semi-structured interview, patients were
rated for interview-assessed items from the PANSS
scale (see Appendix for list of items), and the Affective
Flattening and Alogia sub-scales from the SANS scale.
(The SANS Modified Total score in this report is the
sum of the scores on Alogia and Affective Flattening
items).

Interview ratings were performed by a consensus of
two raters. Occasionally, the second rater was absent
and the ratings for that session were done by a single
rater. The same interviewer or group of interviewers
rated the patient in the pre-smoking and post-smoking
session of each day. Inter-rater reliability for total and
component scores on the PANSS and SANS scales, as-
sessed by the intraclass correlation coefficient (ICC)
(Shrout and Fleiss 1979), from joint ratings by four dif-
ferent pairs of examiners on different sets of patients,
was as follows: ICCs (mean 

 

�

 

 s.d.) PANSS Total 

 

�

 

 .0.97

 

�

 

 .02; PANSS Positive 

 

�

 

 0.92 

 

�

 

 .06; PANSS Negative 

 

�

 

.0.96 

 

�

 

 .02; SANS Total 

 

�

 

 0.95 

 

�

 

 .03; SANS Global 

 

�

 

0.95 

 

�

 

 .04; SANS Affective Flattening total score 

 

�

 

0.83 

 

�

 

 .11; SANS Alogia total score 

 

�

 

 0.86 

 

�

 

 .03.
Because it was introduced during the course of the

experiment, only a subset of subjects also had assess-
ment of their abnormal movements using the Smith-
TRIMS Tardive Dyskinesia Scale (Smith et al. 1983),
which assesses both Tardive Dyskinesia (TD) and Par-
kinsonian (PK) type movements. All subjects also had
baseline evaluations with a slightly modified version of
the Simpson-Angus scale (excluding head drop
item)(Simpson and Angus 1970).

Subjects’ blood pressure and pulse were assessed,
with a Marshall 92 automatic blood pressure monitor,
at two times in the morning before drug administration
and three times after smoking or nasal spray. The mean
of duplicate readings at each time was taken as the
value for that time point.

 

Cigarette and Nicotine Nasal Spray Doses
and Procedures

 

All subjects participated in two cigarette and two nasal
spray sessions. In an additional experiment, 10 subjects
later participated in two additional nasal spray sessions
using a higher dose of nasal spray.

Research cigarettes were obtained from the Tobacco
Research Institute. In one session the subjects smoked
cigarettes moderately high in nicotine content (1.9 mg);
in the other session they smoked denicotinized (pre-
sumptive placebo) cigarettes with very low nicotine
content (0.1 mg). Subjects were offered two cigarettes
on three different separated smoking occasions, over

2–2.5 h during the course of each experimental day.
They were offered the second cigarette after they fin-
ished smoking the first cigarette, and were encouraged
to smoke both cigarettes completely. Most subjects
smoked two cigarettes on each smoking occasion al-
though a few smoked only one on some occasions.

In the full experiment, each subject received three
separate administrations of active or placebo Nicotrol
nasal spray over the course of 2–2.5 h. Nicotine nasal
spray (10 mg/ml) and placebo spray was provided by
Pharmacia-UpJohn. The first 15 subjects received one
spray to each nostril on each administration. Because
preliminary results showed low nicotine levels, the next
15 subjects received 2 nasal sprays to each nostril on
each administration.

In analyzing the results of the full initial experiment,
described above, we found that subjects experienced
some side effects—sneezing, coughing, or throat irrita-
tion—from the nasal spray administration, as has been
reported in prior clinical trials with this medication
(Schneider 1992; Sutherland et al. 1992). Some of these
studies showed that tolerance developed to these un-
comfortable side-effects with continued use of nicotine
nasal spray. In addition, the nicotine levels obtained in
the full experiment, using either the one or two spray
dose administrations, produced considerably lower nic-
otine levels than the high nicotine cigarette. To look at
whether the issues of low nicotine levels and side-
effects could be countered, we ran a third preliminary
study, with 10 subjects, of high dose nasal spray (four
spray administrations to each nostril—2 sprays twice
within 5 min). We tried to induce tolerance to the side-
effects by giving subjects active nasal habituation spray
training sessions, where subjects received nasal spray
every 15 min over 1 h, on three different days, for habit-
uation to the nasal spray side-effects. On these habitua-
tion days, side effects and blood pressure ratings were
recorded, but none of the symptomatic or cognitive ex-
perimental measures were investigated. Eight of ten
subjects showed decreased side-effect scores on day 3
compared with day 1of the habituation sessions. After
the habituation days, two experimental days were run
with active and placebo nasal sprays, following the pro-
cedures described above. A nasal spray habituation day
always occurred 1–2 days before each full experimental
day, and the subjects were habituated again with ad-
ministration of the placebo spray early on each experi-
mental day.

 

Nicotine and Cotinine Blood Levels

 

A 10 ml blood sample for plasma nicotine and cotinine
was drawn in the morning before drug administration,
and about 35–40 min after the second drug (cigarette or
spray) administration. Separated plasma was stored at

 

�

 

20

 

�

 

C until assayed in the Analytical Chemistry labo-
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ratory at the Nathan Kline Institute for Psychiatric Re-
search, using a gas liquid chromatography assay with
nitrogen detector and following the procedure described
by Davis (1986). The detection limit of accurate quanti-
fication of nicotine with this assay is 1 ng/ml with in-
tra- and inter-coefficient of variation of 4.7 and 5.9%
respectively. Cotinine limit of detection is 5 ng/ml
with intra- and inter-assay coefficients of variation of
3.4% and 5.2% respectively. Standard curves generated
from drug free plasma are uniformly linear (r 

 

�

 

 0.998)
with low intercepts.

 

Smoking Abstinence

 

Subjects were abstinent for approximately 10–12 h (af-
ter midnight on the previous evening) before receiving
cigarettes or nasal spray on the experimental day. The
subject’s abstinence was assessed from questioning the
patient and ward staff, and checking the ward log book.
If a patient was suspected or having smoked, his ses-
sion for that day was canceled. In the later part of the
experiment we acquired a vitalograph carbon monox-
ide (CO) meter, to assess breath levels of CO, which
have been used in other studies to confirm smoking ab-
stinence. In these patients an additional criterion for
participation in the experimental session on that day
was a CO level of 

 

�

 

10 ppm on the vitalograph breath
assessment.

Because caffeine has been reported to interact with
cigarette effects (Perkins et al. 1994), subjects were ab-
stinent from both cigarettes and caffeinated beverages
in the morning for at least 4 h while they were under
constant observation, before any of the tests were ad-
ministered. They were not prevented from drinking
coffee during their usual breakfast time, which is about
5 h prior to drug administration in the experimental
session, and therefore were unlikely to be in a pro-
longed caffeine withdrawal state.

 

Experimental Design

 

The experimental design was a randomized double-
blind cross-over design using both research cigarettes
and nasal spray. The order of the cigarette sessions
(high vs. denicotinized cigarette) was randomized. The
order of nasal spray sessions (active vs. placebo) was
separately randomized. The patients always partici-
pated in the two randomized cigarette session first and
the two randomized spray sessions after their two ciga-
rette sessions. Sessions for a specific subject were run ei-
ther once or twice a week. All raters were blind regard-
ing the type of cigarette (high or denicotinized) or spray
(active or placebo) that the patient had received.

Between 10:30 and 11:30 

 

A

 

.

 

M

 

. subjects had a semi-

structured interview for evaluation of their psychopa-
thology on the modified PANSS and SANS scales
items. They also were tested on the ANAM moderate
repeat cognitive test battery, and had their blood pres-
sure and pulse monitored before and after these proce-
dures. Subjects had an evaluation of their motor symp-
toms with the Smith-Trims TD scale. Because of time
constraints, and the limits of our patients’ cooperation
with and/or attention to complex multiple cognitive
test administrations in a relatively short period of time,
we did not administer the Randt and verbal fluency
tests in the pre-drug same day session, but only in the
post-drug session on that day.

Between 12:30 and 1:00 

 

P

 

.

 

M

 

., subjects began drug ad-
ministration by smoking two cigarettes or receiving na-
sal spray administration. Approximately 10 min after
finishing their second cigarette they were again inter-
viewed for 12–20 min using the same semi-structured
interview and rating scales as in the morning session.
Immediately after the interview their movements were
reassessed with the Smith-TRIMS TD scale.

After finishing the ratings, subjects smoked another
two cigarettes or received another nasal spray adminis-
tration. This occurred about 45 min after their first drug
administration. Ten minutes after finishing drug ad-
ministration they were tested with the verbal fluency
(letters) and Randt memory test (5 items acquisition,
paired words acquisition, immediate recall, delayed re-
call, and short story). About 45 min after receiving the
second drug administration, the subject received a third
identical cigarette or nasal spray administration. Ten
minutes after finishing drug administration he was re-
tested on the ANAM moderate repeat battery.

 

Statistical Analysis

 

Statistical analysis used SPSS general linear model anal-
ysis of variance for repeated measures. The smoking
and spray components of the experiments were ana-
lyzed separately. Order of drug administration was the
between subjects factor. If epilson was significant by
Greenhouse-Geiser or Huynth-Feldt statistics, an appro-
priately corrected test was performed in the within
subjects ANOVA results. Pearson correlations were
computed to assess the relationships between vari-
ables. Because in some conditions distributions of SANS
Modified Total, PANSS or SANS component scores, or
cognitive test scores, appeared to deviate from normal-
ity and this deviation was significant on the Shapiro-
Wilk test, these scores were transformed using one or
more transformations (ln(score

 

�

 

1), log (score

 

�

 

1),
square root(score

 

�

 

1), square (1

 

�

 

score)); if the transfor-
mation substantially improved the approximation to a
normal distribution in the relevant scores, then the
transformed score was used in the statistical calcula-
tions. Statistical significance is presented both for tradi-
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tional significance levels and Bonferroni corrected sig-
nificance levels, i.e., significance levels corrected for the
multiple tests (ANOVAs) conducted on several mea-
sures of the same dimension. For the measures analyzed
by ANOVA, we calculated Bonferroni significance lev-
els in the following manner. For negative symptoms we
conducted analysis on five measures, and with set at �
�.05 Bonferroni corrected significance levels are p �
.01. For other psychopathology scores we had four
analyses, and with probability set at � �.05 Bonferroni
corrected significance levels are p � .0125. If we were
more stringent in considered analyses done on all psy-
chopathology measures, then and with probability set
at � �.05 Bonferroni corrected significance levels would
be p � .0056. On the ANAM neurocognitive battery we
conducted analysis of 15 measures, and with probability
set at � �.05 Bonferroni corrected significance levels are
p � .0033. For verbal fluency and verbal memory we
have analyzed 12 measures, and with set at � �.05 Bon-
ferroni corrected significance levels are p � .0042.

The main analyses were preformed on all the sub-
jects with usable data. Additional analyses were per-
formed on sub-samples filtered to exclude subjects who
had anomalous nicotine values, either very high pre-
drug administration nicotine(i.e., 	9 mg/ml), or anom-
alous post-nicotine values (i.e., no increase or a decrease
in nicotine blood level values).

RESULTS

Subject Characteristics

Subjects’ characteristics and baseline scores are shown
in Table 1. Our subjects were mostly male patients with
schizophrenia who were hospitalized for long periods
of time and had substantial levels of both positive and
negative symptoms. Most were being treated with
atypical antipsychotic medication. There was one fe-
male subject in our sample whom we included in the
analyses reported below. When we excluded this fe-
male subject from the primary analyses, the results
were very similar to those reported for the full sample.
All our patients were current chronic smokers, who
smoked at least six cigarettes each day, had smoked for
years, and who often became upset when their “smok-
ing period” on the wards were delayed or eliminated
on a specific day. It was not possible to get a completely
accurate self-reported smoking intensity, because our
fairly psychotic patients give different estimates when
they were questioned on different days. The moderate
Fagerstrom tolerance scale scores may not accurately
reflect our patients smoking behavior. This may be due
to several factors. Many of our patients were very psy-
chotic and cognitively impaired; verbal learning and
memory deficits were prominent. It is possible they

could not give accurate answers to some of the ques-
tions on this scale, and their memory problems and
other cognitive deficits may have contributed to under
reporting. Furthermore, the Fagerstrom tolerance scale
was designated to assess smoking behavior in subjects
under ad lib smoking conditions, and this model did
not apply to many of our patients. Because of hospital
policies many of our patients were restricted to two or
three occasions of smoking in a special smoke room on
the ward, although some of the patients with ground
privileges could smoke additionally outside the hospi-
tal or during outside recreation.

Nicotine Levels

Nicotine levels and carbon monoxide levels recorded in
the pre-drug administration assessments suggested that
our subjects were generally abstinent during the preced-
ing night and morning. All CO levels we assessed were
below 2 ppm, and none approached the 10 ppm cut off
point. Most subjects had pre-drug nicotine levels range
from 0 to 3 ng/ml, and in only two sessions did a sub-
ject’s pre-drug nicotine levels turn out to be 	 9 mg/ml.
Correlations between carbon monoxide and pre-drug
nicotine plasma levels ranged form 0.22 to 0.49.

The chronic nature of our subjects’ smoking is re-
flected in the high cotinine levels our subjects had in the
plasma sample taken pre-drug administration, at least
10–12 h after smoking their last cigarette (Tables 1 and
2). However, we do not have nicotine or cotinine levels
during a normal smoking day that would better reflect
their levels during habitual smoking.

The high nicotine cigarette produced a substantial
increase in both nicotine and cotinine levels (Table 2).
However, the denicotinized cigarette also produced a
significant increase in nicotine levels, but the increase
only averaged 3.5 ng/ml (about 11% of the increase
produced by the high nicotine cigarette). Active nico-
tine spray produced a small but significant increase in
nicotine levels in the range of that produced by the
denicotinized cigarette. The higher dose of nasal spray,
used in the second half of the main study, produced
higher nicotine plasma levels (mean post-spray levels
9.1 ng/ml) than the original dose (mean post-spray lev-
els 4.6 ng/ml). The additional small sample experiment
with the high dose spray sessions (i.e., 4 sprays to each
nostril, each administration) produced considerably
higher nicotine levels; mean nicotine level post-spray
was 22.4 ng/ml and mean increase was 18.6 ng/ml. The
placebo nicotine spray did not produce an increase in
nicotine levels.

Negative Symptoms

After smoking either the high or denicotinized ciga-
rette, subjects had a significant decrease in negative
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symptoms on all of the negative symptom measures
(Table 3); these pre- vs. post-drug administration effects
were significant at both traditional and Bonferroni cor-
rected significance levels (p � .006). The high dose ciga-
rette produced a greater decrease than the denicoti-
nized cigarette in PANSS modified negative symptom
and SANS modified global scores (Table 3, Figure 1).
These differential effects of high vs. denicotinized ciga-
rettes were significant at traditional significance levels
but not at Bonferroni corrected significance levels (i.e.,
p 
 .01). There was a trend for the high nicotine ciga-
rette to have greater effects in SANS modified total and
SANS Alogia scores (p � .08). The patients’ scores after
the high nicotine cigarette post-drug administration
was significantly lower (p � .01) than pre-drug admin-
istration evaluation on the same day for all the negative
symptom measures. None of the comparisons between
pre- and post-scores in the denicotinized cigarette ses-
sion were statistically significant at this level.

There were no differential effects of active vs. pla-
cebo nicotine nasal spray on any measures of negative
symptoms, although negative symptoms were slightly
lower post-spray than pre-spray administration. The
higher doses of active nasal spray, either in the full
study or high dose additional sample, did not produce
a greater decrease in negative symptoms than the pla-
cebo nasal spray.

Other Symptoms

There were no effects of (pre vs. post) smoking high vs.
denicotinized cigarette on PANSS positive symptoms,
depression or anxiety-tension. ANOVAs for the smok-
ing effect (pre vs. post) and the drug effect (Cigarette
type X Pre vs. post) were all non-significant (p 	.10).

Neither active nor placebo nicotine spray produced sig-
nificant changes in these measures.

Blood Pressure and Pulse

Cigarette smoking and nicotine administration have
been consistently shown to increase pulse and blood
pressure. In this experiment, both high nicotine and
denicotinized cigarettes increased pulse, to about the
same extent, but only the active nicotine nasal spray,
and not placebo spray, increased pulse (see Table 2).
The high nicotine cigarettes increased the second pulse
reading slightly more (increase 12.5 bpm) than the deni-
cotinized cigarette (increase 8 bpm) (F � 4.87, df � 1,28,
p � .036), and there was a trend for the high nicotine
cigarette to increase systolic pressure slightly more (in-
crease 3.5 mm Hg) than the denicotinized cigarette (in-
crease 1.9 mm Hg) (F � 3.75, df � 1,28, p � .063). There
was also a trend (p � .10) for both diastolic and systolic
pressure to be increased more by the active than pla-
cebo nasal spray, with the high dose spray producing a
small but significant (p � .01) increase in systolic blood
pressure.

Cognitive Effects

The analyses of variance showed no statistically signifi-
cant differential drug effects (p � .05) of smoking high
vs. denicotinized cigarettes, but there were a few signif-
icant differential drug effects of active vs. placebo nasal
spray.

In the cigarette sessions there were significant pre- vs.
post-drug administration effects for some measures of
two-choice reaction time, spatial rotation, and visual
match to sample from the ANAM moderate repeat bat-

Table 3. Effects of Smoking High Nicotine or Denicotinized Cigarettes on Negative and Positive Symptoms, and Anxiety, 
In Schizophrenia

Symptom Score

High Nicotine Cigarette Denicotinized Cigarettes ANOVA
Drug Effect 

(Cigarette type X 
Pre vs. Post)
(df � 1,29)

ANOVA
Smoking Effect

(Pre vs. Post)
df � 1,29)

Pre-
Smoking

Post-
Smoking

Pre-
Smoking

Post-
Smoking

SANS Modified Global Score1 2.11 � 0.39a 1.84 � 0.40a 2.12 � 0.39 2.01 � 0.41 F � 6.831, p � .014 F � 21.74, p � .001*
PANSS Modified Negative Score2 2.23 � 0.32b 2.04 � 0.28b 2.20 � 0.36 2.14 � 0.35 F � 5.826, p � .022 F � 11.675, p � .002*
SANS Modified Total Score 16.06 � 8.08c 11.34 � 6.54c 16.10 � 8.09 13.77 � 7.92 F � 3.363, p � .077 F � 24.026, p � .001*
SANS Alogia Total1 2.29 � 0.80d 1.79 � 0.71d 2.29 � 0.66 2.11 � 0.76 F � 3.818, p � .060 F � 16.743, p � .001*
SANS Affective Flattening 11.72 � 5.73e 8.71 � 4.89e 11.45 � 6.25 9.74 � 5.40 F � 1.806, p � .189 F � 19.647, p � .001*
PANSS Positive3 336.5 � 202.3 393.2 � 212.2 343.5 � 220.3 355.7 � 214.2 F � 0.774, p � .386 F � 1.661, p � .208
PANSS Anxiety 1.94 � 1.06 1.81 � 1.06 1.93 � 1.09 1.64 � 0.92 F � 0.854, p � .363 F � 1.007, p � .324

Each number represents Mean � S.D. N�31. Means with similar letter superscripts (eg .a) are significantly different at p � .01 by paired t-test. 
Transformed scores were used in the ANOVA analysis when they substantially improved the approximation to normal distributions; 1 Transform

(1� score); 2 Transform LN (1� score); 3 Transform (1�score)2.
* Statistically significant by Bonferroni corrected significance levels (��.05).
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tery (Table 4, Figure 1), with both high and denicotinized
cigarettes producing increased performance. There was a
trend in the ANOVA (p � .083) for the high nicotine ciga-
rette to produce a greater improvement in spatial rota-
tion efficacy (accuracy/time) than the denicotinized ciga-
rette; scores in the high nicotine cigarette session showed
a significant increase in post-smoking scores on this mea-
sure compared with pre-drug score on the same day
(paired t-test, t � 4.55, df � 30, p � .001). There was also
some indication of improvement over baseline scores in
the high nicotine cigarette session; an analysis of covari-
ance of baseline and post-cigarette administration scores
of percent accuracy on the spatial rotation task, control-
ling for same session pre-drug scores as covariate,
showed a significant effect of the high dose cigarette on
improving spatial rotation accuracy (F � 5.41, df � 1,28,
p � .027). There were no differences in the post-session
comparison of verbal memory (Randt-paired words,
short story) or verbal fluency between the high nicotine
and denicotinized cigarette sessions, and there were no
significant improvements in performance compared
with baseline scores.

In the nasal spray sessions the active spray sessions
showed an increase in scores on tests of verbal memory

(paired words and short story from Randt memory test),
which was statistically significant (p � .038–.012, Table 5)
at traditional significant levels. Accuracy of the spatial ro-
tation task (Table 4) showed a small overall improvement
in the active nicotine nasal spray session and a small de-
crease in the placebo session with a significant drug effect
(p � .037). There were no significant drug effects on spa-
tial rotation reaction time, visual match to sample, or
modified Sternberg memory test. In the subjects tested in
the higher dose nasal spray sub-study there were stron-
ger drug effects on improved performance in the two-
choice reaction time (p � .008) and in spatial rotation ac-
curacy (p � .025), which were significant at traditional
significance levels (Table 4, Figure 1). However, because
of the large number of tests performed, none of these
drug effects in the spray sessions, which were significant
at traditional significance levels, were also statistically
significant at Bonferroni corrected significance levels.

Tardive Dyskinesia and
Parkinsonian-Extrapyramidal Symptoms

Neither smoking cigarettes or nasal spray administra-
tion increased scores of tardive dyskinesia (TD) or ex-

Figure 1. Effects of cigarettes and nicotine nasal spray on pulse, symptom measures and cognition: percent change. Each bar
represents mean percent change from pre-drug administration on the same experimental day (i.e. 100 � ((post-drug administra-
tion score � pre-drug administration score)/pre-drug administration score.
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trapyramidal symptoms. There was no increase or de-
crease in facial or total TD scores on the Smith-Trims
TD scale, and no significant changes in Parkinsonian
scores on the Smith-TRIMS scale. ANOVAs showed no
significant effects for either differential drug effects (in-
teraction of Cigarette type or Active vs. placebo spray
X Pre vs. post) or overall drug administration effects
(pre-drug vs. post-drug) for either the cigarette or na-
sal spray sessions. Tardive dyskinesia and parkinso-
nian type EPS scores were uniformly low. Total TD
score averaged 1.4–1.6 (range 0–5) at pre- and post-cig-
arette administration, and oral-facial TD score had
means of about zero at both pre- and post-cigarette ad-
ministration; total parkinsonian score on the Smith-
Trims had mean scores of 0.8–1.5, and mean total
scores on Simpson-Angus scale at baseline evaluation
was 1.2.

Drug Effects and Nicotine Plasma Levels. There were
no strong or consistent correlations between nicotine
plasma levels obtained by different subjects after drug
administration, or increase in nicotine plasma levels
and clinical or cognitive effects. A few patients (2–3)
had what appeared to be anomalous nicotine plasma
levels in the smoke or spray experimental sessions.
When these patients were removed, and the analyses
of negative symptoms and cognitive changes were re-
peated, the results were very similar to the full sample.
In the cigarette sessions the statistical significance of
the drug effect (i.e., high vs. denicotinized ciga-
rettes) increased slightly for the PANSS Negative
symptoms (p � .009) and SANS Global symptom
score(p � .019), when the subjects with anomalous nic-
otine levels were removed. The significance of the dif-
ferences in cognitive effects did not increase with sub-
jects with anomalous nicotine levels were removed.
There was a moderate correlation between nicotine
plasma level after smoking and decrease in PANSS
negative symptom score in the high dose cigarette ses-
sion (r � .42, p � .03). There were no statistically signif-
icant correlations between nicotine plasma level and
effects on the other symptoms, or between nicotine
plasma levels and the cognitive measures which
showed a significant drug effect. Although there were
few correlations between subjects for nicotine plasma
levels and effects, our analysis suggested that, overall,
higher nicotine plasma levels in the nasal spray ses-
sions were associated with greater cognitive effects on
the spatial rotation task (Figure 2). In the original nasal
spray study, the higher dose (4 puffs nasal spray) had a
greater effect on this measure than the original lower
dose (2 puffs), and the additional high dose nasal spray
experiment (8 puffs), which produced the highest
plasma nicotine levels, had the strongest effects on this
measure.T
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Effects of Smoking Abstinence

It is not certain whether some of the effects of smoking
and/or nicotine nasal spray reported above reflect re-
covery from deficits induced by withdrawal effect from
abstinence of cigarette smoking for approximately 12 h,
or whether they would be seen in patients who had not
been deprived of smoking cigarettes for this period of

time. Our experimental design was not ideal to answer
this question. However, all patients received baseline
evaluations of PANSS and SANS ratings and perfor-
mance on the ANAM neurocognitive battery at base-
line, over one or two testing occasions, on days when
they were not restricted from their normal cigarette
smoking. Comparing baseline values (when the pa-

Table 5. Effects of Nicotine Nasal Spray on Recall of Paired Words and Short Story

Task Nicotine Nasal Spray Placebo Nasal Spray ANOVA

RANDT Paired Words Total Score 28.23 � 8.25 25.77 � 10.91 F � 4.36 df � 1,26 p � .047
RANDT Short Story Total Score 5.87 � 3.40 3.90 � 3.03 F � 7.58 df � 1,26 p � .011

n � 30.

Figure 2. Effects of cigarettes and several doses of nasal spray on accuracy in spatial rotation task-relationship to nicotine
plasma levels. In each comparison the pre-drug administration mean is represented by a white bar and post-drug adminis-
tration is represented by a shaded or crosshsatched bar. Cigarette sessions n � 30; 2-puff nasal spray n � 15; 4-puff nasal
spray n � 15; 8-puff nasal spray n � 10. Overall ANOVAs for differential drug effect (F of interaction effect - High vs. denic-
otinized cigarette, or Active vs. placebo spray, X Pre- vs. post-drug administration): cigarette: F �0.31, df �1,28 p � .585;
2-puff nasal spray F �.089, df �1,13, p � .770; 4-puff nasal spray F � 5.409 df �1,13, p � .037; 8-puff nasal spray F �7.604,
df �1,8 p � .025. Significance of difference between pre- vs. post-drug administration mean scores on given experimental
day, by paired t-test: † p � .10, ** p � .02, *** p � .005.
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tients’ normal pattern of smoking was not interfered
with), to scores obtained from several occasions of pre-
drug administration evaluations on the experimental
days (when they had been deprived of smoking), may
provide some indication of the effects of a 10–12 h
smoking abstinence on the variables we studied. Com-

pared with baseline scores, negative symptoms were
significantly (p � .01) elevated in the morning of all ex-
perimental days during the pre-drug administration
evaluations (Figure 3). This was true for all SANS and
PANSS negative symptom scores except SANS Alogia.
Negative symptoms scores did not significantly vary

Figure 3. Comparison of psychopathology scores at baseline testing to pre-drug scores after 10–12 h of smoking absti-
nence: (A) Negative Symptom scores; (B) Positive Symptom and Anxiety scores. Each bar represents Mean � SD of score on
indicated measures in baseline session or one of four experimental days in the pre-drug administration testing (2 days smok-
ing high or denicotinized cigarettes, 2 days receiving nicotine or placebo nasal spray). Comparison of baseline with experi-
mental sessions was analyzed separately for smoke and spray session (because of slightly different n values and different
order randomization) by repeated measures analysis of variance with drug order as a between-subjects factor. Significance
of difference from baseline is derived from simple contrasts of time comparison generated from ANOVA. Overall ANOVA
results: smoke n � 31, spray n � 30; SANS Modified Total: smoke: F � 6.702, p � .002; spray: F � 8.854, p � .001; PANSS
Negative Symptom Modified Total: smoke: F � 5.704, p � .005; spray: F � 6.762, p � .002; PANSS Positive Symptom Modi-
fied Total: smoke: F � 8.910, p � .001; spray: F � 3.150, p � .051; PANSS Anxiety score: smoke: F � 1.936, p � .153; spray:
F � 2.697, p � .088.
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across the different pre-drug evaluations on the differ-
ent experimental days. However, there was no in-
crease in other symptom scores in the pre-drug symp-
tom ratings which were obtained in subjects after 10–12 h
of smoking abstinence. PANSS positive symptoms
were significantly lower (p � .01) rather than higher
during pre-drug testing when compared with base-
line scores, and pre-drug administration scores for
PANSS anxiety and depression also tended to be mar-
ginally lower than baseline scores (p � .10). For the
two neurocognitive tests for which we had the stron-
gest effects of smoking or nicotine nasal spray, the
pre-drug experimental day scores on spatial rotation
accuracy were significantly improved compared with
baseline testing, whereas the two choice reaction time

accuracy showed no significant difference between
baseline and pre-drug testing. Several other tests
from the ANAM battery, match to sample and Stern-
berg memory, showed either significant effects or
trends for pre-drug scores on the experimental day to
be better (higher) than baseline testing scores. There
were no significant differences between scores on the
pre-drug testing of the different experimental days
and none of the ANOVAs showed a main effect or
“order” effect, or an interaction effect between “testing
occasion” and “order of drug administration”. There
were no significant differences between baseline and
experimental day pre-drug means for total tardive
dyskinesia scores on the Smith-TRIMS Tardive Dyski-
nesia scale.
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DISCUSSION

Negative Symptoms

The fact that negative symptoms and not other positive
symptoms of schizophrenia or symptoms of anxiety,
tension, or depression were affected by smoking ciga-
rettes suggests that these symptoms may be more dif-
ferentially affected in patients with schizophrenia who
smoke. The differential effects of the high dose nicotine
cigarette producing a greater effect on decreasing some
measures of negative symptoms than the denicotinized
cigarette, suggested that nicotine content of the high
dose cigarette may be involved in this effect. The effects
of the ultra low dose cigarette on reducing negative
symptoms may be due to a pharmacological effect of
the small amount of nicotine increase produced by this
denicotinized cigarette. Although the extent of the nico-
tine plasma level increase produced by the denicoti-
nized cigarette was much smaller than that produced
by the high dose cigarette, this small increase presum-
ably was sufficient to produce a pulse change equiva-
lent to the high dose cigarette. Peak nicotine levels oc-
cur about 10 min after smoking. However, our blood
samples were drawn about 35–40 min after smoking the
second set of two cigarettes, because we did not want
the stress associated with blood drawing to interfere
with the symptom-based psychological measures we
were obtaining earlier in the experiment. It is quite pos-
sible that the nicotine increase after the denicotinized
cigarette would be considerably higher if measured 10–
15 min after smoking. If we had used a placebo without
any nicotine content, it is possible that the difference
between high and placebo cigarettes would have been
stronger. However, we were concerned that the subjects
would detect a gross difference in the experience of
smoking the high nicotine and a completely non-nico-
tine cigarette which cannot be made from tobacco
leaves. None of our subjects spontaneously reported a
different experience with the high vs. denicotinized cig-
arette we utilized in the current experimental design,
although we did not systematically question them on
this point. An earlier preliminary study, on an indepen-
dent sample, by our group (Smith et al. 2001a) showed
an effect of smoking both high or denicotinized ciga-
rettes on reducing negative symptoms in schizophrenic
patients, but no differential drug-cigarette effects, al-
though there was a marginally greater decrease in neg-
ative symptoms after the high nicotine cigarette. The
larger sample of the current study may have allowed us
to detect the statistically significant difference between
the high and denicotinized cigarette that we present in
this report.

Our finding that negative symptom scores, but not
scores of positive symptoms, depression, or anxiety,
were uniformly raised in the pre-drug testing session
on the experimental days, after 10–12 h of smoking ab-

stinence, suggests that even short-term deprivation
from smoking may specifically raise negative symp-
toms. The extent of decrease in SANS modified total
and SANS affective flattening scores produced by the
high nicotine cigarettes comparing pre-drug to post-
drug evaluation was about a 20–35% decrease; this is in
the same range of the degree of change as the percent in-
crease (15–20%) in these scores comparing baseline and
pre-drug experimental day evaluation. This suggests
that smoking cigarettes may return negative symptoms
to baseline levels. However, if the rise in negative
symptoms with short smoking abstinence were due to
general withdrawal effects from nicotine or smoking,
we might have expected to see increases in anxiety and
depression scores also. On the contrary, there was a
non-significant trend for anxiety and depression to be
lower on the pre-drug testing on the experimental day
than on baseline evaluation. Furthermore there were no
drug effects on PANSS measures of anxiety, tension or
depression. This suggests that the effects of smoking
withdrawal may be specific for negative symptoms.
However, the PANSS is not a scale designed to quantify
drug withdrawal effects, and a more sensitive scale or
procedure may have shown typical nicotine with-
drawal effects. Since we did not include a specific nico-
tine withdrawal scale, we cannot definitively address
this question.

There are other potential explanations of the reduced
negative symptoms seen after the ultra low dose ciga-
rette, which might also be relevant to the stronger ef-
fects we found in the high nicotine cigarette session.
The behaviorally conditioned stimulus cues from the
act of smoking itself, could generate effects similar to
cigarettes with high nicotine content. O’Brien et al.
(1998) have proposed that drug conditioned cues may
be involved in some of the physiological and addictive
properties of drugs of abuse. Westman et al. (1996) re-
cently reported that, in volunteer normal chronic smok-
ers, denicotinized cigarettes had many of the same sub-
jective effects as the standard cigarettes smoked in their
experiment. Furthermore, there is recent evidence that
in some experimental situations, placebos themselves
may increase dopamine levels, as was recently found in
a sudy in patients with Parkinson’s disease (de la Fu-
ente-Fernandez et al. 2001). If this was also true for our
patients in this experimental smoking day paradigm,
then the decrease in negative symptoms might possibly
also be mediated by physiological changes associated
with the cue-enhanced placebo cigarette, which may
potentially increase functional activity of dopaminergic
transmission. Other components of cigarettes, found
much more equally in the two cigarettes, and not the
nicotine content of the cigarettes themselves, might po-
tentially affect these responses. For example, several
groups (Berlin et al. 1995; Fowler et al. 1996; Simpson et
al. 1999) have reported decreases in platelet or brain
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MAO activity produced by cigarettes, which could the-
oretically increase brain dopamine activity. Nicotine it-
self does not inhibit MAO activity. However, the time
course to reach a physiologically relevant degree of
MAO inhibition in vivo may take days or weeks of ciga-
rette smoking, and this is too long to account for the im-
mediate effects on negative symptoms that we report.

The fact that the active nicotine spray did not pro-
duce a drug effect on negative symptoms, may be due
to several factors. In the full experiment, both the side-
effects of nicotine nasal spray and the low nicotine
plasma levels may have worked against an effect on
negative symptoms. However, in the additional high
dose small sample study, where we had higher nicotine
plasma levels and most subjects had developed some
tolerance to the side-effect of nasal spray, there was also
no significant effect on negative symptoms. Although it
is possible that this additional study was under-pow-
ered to detect significant effects on negative symptoms,
the high dose spray did produce an effect on a cognitive
measure, spatial processing. Overall, these results sug-
gest that the act of smoking itself may be important for
the psychological effect on negative symptoms, and
that an increase in nicotine levels by itself may be not be
sufficient to produce this effect.

Cognitive Effects

The stronger differential drug effects in the nasal spray
as compared with the cigarette smoking sessions, sug-
gest that nicotine itself may mediate some of the effects
on improvement in spatial processing or memory and
verbal recall. These positive effects on selected cogni-
tive tests were seen in spite of the side effects produced
by nasal spray in the full experiment; many of the sub-
jects experienced minor nasal and throat irritation from
the spray administration. The overall significant effect
of pre- vs. post-cigarette administration scores for two
of the cognitive functions (spatial rotation task, and
two-choice reaction time) in the smoking sessions, but
the lack of significant differential drug effect, may be
due to the fact that the smaller increase in nicotine lev-
els produced by the denicotinized cigarette may have
attenuated drug vs. presumed placebo differences. Our
positive results must be viewed as tentative and in need
of further replication; because of the large number of
tests performed and analyzed, it is possible that our
positive results are due to chance since none of the dif-
ferences were significant at Bonferroni corrected signifi-
cance levels. The Bonferroni criterion, however, is a
very conservative statistical procedure, which may not
be fully appropriate for evaluation of multiple tests on
closely related measures.

Our finding that performance on the spatial rotation
task and two-choice reaction time, did not deteriorate
with smoking abstinence as compared with baseline

testing scores, suggests that the effects of nicotine we
report are not due to withdrawal effects producing ab-
normally low performance scores. The significant in-
crease in performance scores on some measures in the
pre-drug testing compared with baseline, is most likely
explained by a familiarity effect with the test procedure
after an initial exposure. However, our results do not
indicate a continued “practice effect” since the pre-drug
baseline scores on the multiple experimental test days
did not significantly vary.

Other research studies in normal smokers, and in pa-
tients with various disorders, have indicated that ciga-
rette smoking and/or nicotine may improve memory,
attention, and spatial perception (Levin 1992; Levin et
al. 1996; Rezvani and Levin 2001). George and associ-
ates have presented preliminary data at meetings sug-
gesting that smoking improves spatial working mem-
ory performance in schizophrenic patients (George et
al. 2001a). Levin et al. (1996) presented data showing
that, in schizophrenic patients treated with haloperidol,
higher doses of nicotine patch improved reaction time
in the spatial rotation task we used, but not the im-
provement in the accuracy of response on this task that
we report. The nicotine patch also improved perfor-
mance on a visual match to sample task. The main ef-
fect in the Levin study was reversal of haloperidol-
induced deficits. The differences from our results may
be due to the different forms of nicotine administration,
and/or to the fact that most of our patients were on
atypical antipsychotic drugs. Preliminary results from
some studies suggest that nicotine administration may
have different effects in patients on conventional vs.
atypical drugs; for example, George et al. (2001b) re-
ported that there was a considerably higher rate of
short term smoking abstinence with nicotine patch in
patients currently treated with atypical neuroleptics
compared with conventional neuroleptics. Several
studies have shown that smoking or nicotine adminis-
tration improves short term and long term verbal mem-
ory or recall, especially in deprived smokers or patients
with Alzheimers disease, but others have found no ef-
fects (Heishman et al. 1994; Levin 1992; Newhouse et al.
2001; Rezvani and Levin 2001). Patients with schizo-
phrenia have been found to have particularly strong
deficits in tests of verbal memory compared with nor-
mals (Saykin et al. 1991, 1994). Our suggestive effects of
nicotine nasal spray on some measures of verbal mem-
ory function need further investigation to determine
whether nicotinic agonists may benefit memory func-
tion in this group of patients who have been docu-
mented to have severe cognitive deficits in this domain.
A comparison of cognitive function in these domains
pre- and post-drug administration on the same day
would be more informative. The cognitive tests utilized
in the current study did not specifically address the
classic measures of attention or vigilance which have
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been shown to be most consistently improved by smok-
ing and other forms of nicotine administration in hu-
mans, and our experiment cannot specifically address
this issue in schizophrenic patients. It is possible, how-
ever, that improved performance on the two-choice re-
action time may represent an increase in attention or
vigilance.

Desensitization and Tolerance to Nicotine’s Effects.
The lack of effects on some neurocognitive measures,
and the less robust effects of smoking and nicotine na-
sal spray administration that we found on some others,
may be due to rapid tolerance to some of nicotine’s ef-
fects which may be related to rapid desensitization of
nicotinic receptors. Previous research has suggested
that the most rapid desensitization rate may be found
in the �7 nicotinic receptors which are prevalent in the
hippocampus (Domino 1998; Stevens et al. 1998), and
have been hypothesized to be important in nicotine’s
effects on psychophysiological and cognitive function
in schizophrenic patients. For example, Adler and asso-
ciates have reported the ameliorating effects of smoking
on normalization of the P50 auditory evoked response
in schizophrenics shows rapid tolerance with continued
smoking (Adler et al. 1993). In our experimental design,
subjects had three separate nicotine drug administra-
tion over a 1.5–2 h period. We studied cognitive effects
of smoking immediately after the second and third
drug administration, whereas we examined the effects
on negative symptoms after the first drug administra-
tion. It is possible that, there might have been stronger
or more consistent effects on some of our cognitive
measures if these functions had been studied after the
first nicotine exposure. Alternatively, use of a nicotine
agonist, such as GTS-1 or DMXB-A, which does not
produce rapid tolerance in animal models (Stevens et
al. 1998), might show stronger effects of nicotine in
schizophrenic patients.

In contrast to nicotine, another class of drugs, atypi-
cal antipsychotics, have been shown to consistently
improve cognitive function in schizophrenic patients
during treatment with these medications (Meltzer and
McGurk 1999; Keefe et al. 1999), although the effect
size varies considerably. Moreover, these effects of
atypical antipsychotics may increase over time rather
than show tolerance. In a previous study with olanza-
pine that we performed in a sample of chronic medica-
tion refractory schizophrenic patients (similar to the
subjects in the current study), we utilized some of the
same measures, Randt Memory Scale and ANAM cog-
nitive battery, that we utilized in the current study of
smoking. In the earlier study olanzapine produced
greater and more significant effects on improving cog-
nition on multiple measures from the Randt and
ANAM after five months of treatment than after two
months (Smith et al. 2001b). Purdon et al. (2000) also

reported somewhat greater effects of olanzapine on
cognitive function with increasing length of drug
treatment.

However, some physiological effects of nicotine do
not appear to show rapid tolerance. Damsma et al.
(1989) found no tolerance to the effects of nicotine on
dopamine release in the nucleus accumbens. If in-
creased dopaminergic tone mediates the effects of nico-
tine on decreasing negative symptoms, then this effect
should not show rapid tolerance in schizophrenic pa-
tients who smoke for several hours. Repeated assess-
ments of negative symptoms during chronic smoking
would be needed to empirically answer this question.

Pulse and Nicotine Levels. Our results showing that
the denicotinized cigarettes produced small increases in
nicotine levels, and produced a fairly similar increase in
pulse as the high nicotine cigarette, suggests that the
denicotinized cigarette is pharmacologically active, and
is not a perfect placebo. Our results further suggest that
it may be useful to use multiple partial or imperfect pla-
cebos in cigarette research in this patient population.
Our results showing that the placebo nasal spray did
not increase nicotine levels or pulse suggest that this
was an effective placebo for pharmacological effects.
However, the side-effects produced by nasal spray ad-
ministration, and the absence of appropriate smoking
cues associated with nasal spray, may make it more dif-
ficult to replicate some of the subjective psychological
effects of smoking with this form of nicotine adminis-
tration.

Tardive Dyskinesia. The failure of smoking cigarettes
or administration of nicotine nasal spray to produce in-
creases in tardive dyskinesia contrasts with the results
of Dalack and others (Dalack et al. 1999; Wirshing et al.
1989) who reported that nicotine patch or cigarette
smoking produced increased in TD scores in schizo-
phrenic patients. However most of our patients were
being treated with atypical antipsychotic medications
which have a very low propensity to produce tardive
dyskinesia, whereas many of the patients in the earlier
studies were on conventional antipsychotic medica-
tions. The TD scores in our subjects in this study were
much lower than TD scores obtained, using the same
scale, in a previous study of patients treated with con-
ventional antipsychotic medication in the 1970s (Bell
and Smith 1978); in that study 36% of patients had
scores qualified for total TD scores 	5 and 32% of pa-
tients had facial TD scores 	2, whereas none of the pa-
tients in this study had TD scores in that range. Atypi-
cal antipsychotics may not produce the post-synaptic
receptor dopaminergic supersensitivity which some
models have postulated as underlying some of the
pathophysiology of tardive dyskinesia. The increased
release of dopamine produced by nicotine may there-
fore not have acted on a substrate of supersensitive
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dopamine receptors to result in the behavioral expres-
sion of increases in tardive dyskinesia symptoms.

In summary, our studies show an effect of acute ad-
ministration of cigarettes on reducing negative symp-
toms in patients with schizophrenia, with a stronger
effect for a cigarette with a higher nicotine content. Ad-
ministration of nicotine by nasal spray improved per-
formance on a spatial rotation task in schizophrenics,
and there was suggestive evidence that smoking high
nicotine cigarettes also improved this function. Active
nicotine nasal spray also tended to improve some mea-
sures of short term verbal memory.

It is possible these effects of smoking or nicotine on
ameliorating negative symptoms and cognitive deficits
may help explain some of the reasons why patients
with schizophrenia show such a high rate of cigarette
dependence. If these ameliorative effects showed short
term tolerance, it would provide a rationale as to why
repeated intermittent smoking may be needed to main-
tain these beneficial effects. Whether tolerance develops
to these effects needs to be determined in future studies
that compare the behavioral effects of acute vs. repeated
or chronic administration of cigarettes or other forms of
nicotine administration. Continued study in this area
may contribute to the understanding of the neurobiol-
ogy underlying of both schizophrenia and cigarette ad-
diction, and has the potential of suggesting avenues for
new treatments of some of the deficits of schizophrenia
and nicotine dependence.
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APPENDIX

Items in modified PANSS scale used in pre- and
post-interview on smoking day:

Positive symptoms: P1-delusions, P2-conceptual dis-
organization, P3-hallucinatory behavior, P5-grandios-
ity, P6-suspiciousness/persecution, P7-hostility

Negative symptoms: N1-blunted affect, N2-poor rap-
port, N6-lack of spontaneity, N7-stereotyped thinking

General symptoms: G2-anxiety, G4-tension, G-6 de-
pression, G8-uncooperativeness, G9-unusual thought
content, G11-poor attention

At baseline evaluation the full PANSS scale, not the
abbreviated version specified above, was used.


