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PERKINS, K. A., J. E. GROBE, D. WEISS, C. FONTE AND A. CAGGIULA. Nicotine preference in smokers as a 
function of smoking abstinence. PHARMACOL BIOCHEM BEHAV 55(2) 257-263,1996.-Overnight smoking abstinence 
increases desire to smoke and intensity of smoking behavior in smokers, but it is not completely clear that this reflects an 
increase in reinforcement from the psychoactive effects of nicotine per se. We examined choice of nicotine vs. placebo via 
nasal spray (Study 1) and nicotine vs. nonnicotine cigarette puffs (Study 2) in separate groups of smokers during each of 
two sessions, following overnight abstinence vs. no abstinence. In each study, subjects followed a forced choice procedure 
in which they were instructed to self-administer six sprays/puffs from between the two nasal sprays/cigarettes every 15 min 
for 2 h following initial exposure to each. In Study 1, choice of nicotine spray (1.5 &kg per spray) increased significantly 
following abstinence vs. no abstinence (47% 6% vs. 34 2 5%, respectively,p < 0.05). This shift in choice was more pronounced 
in the subset of smokers (choosers, n = 9 out of 24) who selected nicotine on more than 50% of choices on the abstinent 
day. Choosers exhibited greater responses to initial nicotine exposure on positive (e.g., pleasant, vigor) but not aversive 
(e.g., jittery, uneasy) subjective measures, suggesting that greater positive reinforcement from nicotine per se predicted 
subsequent choice. In Study 2, abstinence similarly increased choice of nicotine vs. nonnicotine cigarette puffs (82 + 6% 
vs. 64 ? 8%, p < 0.05) although nearly all subjects (12 of 13) preferred the nicotine cigarette following abstinence. These 
results indicate that choice of nicotine per se, isolated from tobacco smoke, increases significantly after overnight tobacco 
abstinence. Copyright 0 1996 Elsevier Science Inc. 

Nicotine Tobacco Self-administration Drug choice Abstinence Smokers 

ABSTINENCE from smoking increases desire to smoke [e.g. 
(l&20)], intensity of smoking behavior [probability of smok- 
ing, number of puffs, carbon monoxide boost, etc.; e.g. (7,31)], 
and the reinforcing value of smoking (18) in smokers. Al- 
though nicotine intake clearly reinforces tobacco smoking be- 
havior in animals (32) as well as in humans (11,29), it is not 
necessarily certain for all smokers that increased smoking 
behavior after abstinence reflects an increase in reinforcement 
from nicotine per se (i.e., increased self-administration of nico- 
tine). Overnight abstinence has been shown to increase prefer- 
ence for intake of nicotine from smoking (13,27). For example, 
Herskovic et al. (13) provided subjects with the opportunity 
to adjust on a puff-by-puff basis the amount of nicotine from 
tobacco smoking by using a device that allowed variable mix- 
ing of smoke from cigarettes differing in nicotine yield. Mean 
nicotine preference per puff during the single trial increased 
linearly with greater length of abstinence (none, 30 min, over- 
night), although number of puffs self-administered was no 
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different between overnight abstinence vs. no abstinence (and 
greatest following 30-min abstinence). Nevertheless, no study 
has directly examined whether smokers will increase self- 
administration of nicotine alone, isolated from tobacco smoke, 
after a period of smoking abstinence. This is an important gap 
in the literature because increased preference for nicotine 
in smoke could be due to conditioned reinforcement from 
peripheral sensory effects [e.g., throat irritation; (ZS)] and not 
to psychoactive effects of nicotine. 

The present research examined preference for nicotine in- 
take via nasal spray in smokers as a function of overnight 
abstinence from smoking vs. no abstinence. A forced choice 
procedure was used, in which subjects were instructed to select 
from two different bottles (nicotine vs. placebo) to self-admin- 
ister a specific number of sprays. Although conceptually simi- 
lar to Herskovic et al. (13) this research focused on preference 
for nicotine in isolation rather than via smoking. It was hypoth- 
esized that the number of times nicotine spray was selected 
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would increase with overnight abstinence. demonstrating in- 
creased preference for nicotine per se. We also sought to 
examine whether subjective responses to initial exposure may 
be associated with subsequent greater preference for nicotine 
vs. placebo, which could support the notion that choice was 
based on psychoactive effects of nicotine. Because preference 
for nicotine intake via smoking had not been studied with a 
similar forced choice procedure. we conducted a second study 
involving selection of nicotine vs. nonnicotine cigarette puffs 
as a function of overnight abstinence, for comparison with 
results from Study I. 

STIJDY I 

Method 

Subjects. Subjects were 24 smokers (8 men, 16 women) 
reporting a history of smoking at least 15 cigsiday for at least 
1 year. Smokers expressing an interest in quitting smoking 
in the near future or those seeking assistance with smoking 
cessation were excluded from participation. All subjects were 
examined by physician to rule out current or past medical or 
psychiatric problems, and urine drug screens were obtained 
to exclude subjects with substance abuse problems (amphet- 
amines, barbiturates, benzodiazepines, cocaine, opiates, phen- 
cyclidine, and THC). Subjects were also excluded for excessive 
alcohol use (2 15 drinks/week), determined by interview. Sub- 
ject characteristics were as follows: age-22.8 ? 0.9 years: 
cigarettes/day-19.7 t- 1.0; number of years smoking-6.5 + 
1.0; nicotine yield of preferred cigarette (mg)-0.88 ? 0.05: 
Fagerstrom (4) score of nicotine dependence4.8 i 0.4. 

Nicotine/Placebo Dosing. Nicotine (1.5 kg/kg/spray) or pla- 
cebo was provided by a nasal spray delivery procedure devel- 
oped in our lab (19). This procedure has been found to produce 
reliable, dose-dependent increases in plasma nicotine (19.24.25). 
The nicotine dose per spray (0.1 mg for average-weight sub- 
ject) was designed to be comparable to the amount of nicotine 
;n a single puff from a cigarette. The nasal spray bottle deliv- 
ered the designated amount of nicotine in saline, along with 
peppermint flavoring oil (Lorann Oils. Lansing, MI). which 
was used to mask the taste and smell of nicotine. To equate 
the placebo and nicotine sprays on immediate sensory effects. 
the placebo solution contained capsaicin (pepper extract). 
along with peppermint oil. Other details have been reported 
elsewhere (19,24.25). 

Forced Choice Procedure. The procedure by which subjects 
chose nicotine vs. placebo sprays was adapted from that used 
by others in studying human choice behavior involving other 
drugs, such as caffeine (17). alcohol (3). and marijuana (2). 
Subjects were first presented with separate exposures to the 
two spray bottles, identified by the color of the tape attached 
to them as the orange and purple sprays. Color assigned to 
nicotine vs. placebo was counterbalanced between subjects. 
An experimenter, blind to the dose assigned to bottles. in- 
structed subjects to administer to themselves six sprays from 
only one of the bottles (orange or purple), complete subjective 
effects forms. and then rest quietly for IS min. They then 
repeated this procedure for the other spray (exposure trials). 
Order of nicotine vs. placebo spray exposure was counterba- 
anced between subjects. Subsequently, subjects were in- 
structed to self-administer a total of six sprays from cithcr or 
both bottles within a 3min period (choice trial). All spray 
self-administrations wcrc done under the observation of the 
experimenter, who maintained possession of spray bottles at 
all other times. Subjects repeated this selection oi’ six sprays 

within 3 min every 15 min for 2 h (total of eight choice trials). 
Nicotine choice behavior was assessed by the percentage of 
total (n = 48) choices subjects chose the nicotine spray. 

Because the spray bottle containing nicotine administered 
1.5 pgikg nicotine per spray, a maximum of 9 pg/kg could be 
obtained during each trial by subjects choosing nicotine spray 
for all six selections per trial. For the typical subject, this 
maximum approximated 0.6 mg, or somewhat less than the 
current nicotine yield of the average U.S. cigarette (5). This 
relatively small dose was used to increase the number of choice 
selections per session (i.e., vs. typical single choice, to increase 
flexibility of amount and pattern of nicotine self-administra- 
tion) and because of the short, 15.min interval between choice 
trials, about half the typical interval between cigarettes in the 
natural environment (8). 

Procedure. Subjects participated in two afternoon sessions 
(approx. 1300-1500 h), one following overnight (2 12 h) absti- 
nence from tobacco smoking and the other following no absti- 
nence (i.e., ad lib smoking prior to the session). Subjects were 
considered compliant with instructions to remain abstinent if 
they had an expired-air carbon monoxide (COa) s 13 ppm. 
On the no-abstinence day, subjects were instructed to smoke 
as they normally do prior to arriving at the session and then 
to smoke one cigarette of their preferred brand ad lib upon 
arrival and after every other choice trial (i.e.. every 30 min) 
to minimize tobacco deprivation during the session. 

During each session, subjects remained seated in a comfort- 
able armchair. Following a lo-min quiet rest period and com- 
pletion of subjective measures (baseline). subjects were given 
instructions on how to self-administer the spray bottles. Sub- 
jects then engaged in the two exposure trials (as described 
above) followed by the eight choice trials, one every 15 min. 
while the experimenter recorded the number of sprays self- 
administered from each bottle. Subjects were allowed to read 
quietly between trials. 

Subjective measures of mood and desire to smoke were 
obtained at baseline and after each of the two exposure trials. 
Measures included: 1) visual analog scale (VAS) items of 
“Stimulated, ” “Head Rush,” *‘Jittery.” “Relaxed,” “Pleasant.” 
“Uneasy,” “ Alert.” and “Urge to Smoke” (each ranging from 
0 = not at all, 100 = very much): and 2) Profile of Mood 
States [POMS; (16)] scales of Tension (range = O-32). Confu- 
sion (O-28). Vigor (O-32) and Fatigue (O-28). and the compos- 
ite scale of Arousal [determined by subtracting Confusion and 
Fatigue from Tension plus Vigor; range = ~56 to 64; (3)]. 
The VAS items and the POMS have been used extensively 
in studies of the acute effects of smoking or nicotine as well 
as other drugs [e.g. (3,23-25)]. 

Nicotine spray selections (percent of total) were compared 
between abstinence and no abstinence days and vs. SO% 
(chance) by t-test. Initial subjective responses to exposure 
trials of nicotine vs. placebo on the abstinence day were com- 
pared between nicotine spray choosers and nonchoosers (see 
below) using analysis of variance (ANOVA), with one bc- 
tween-subjects variable (chooser) and one within-subjects 
variable (dose). Follow-up comparisons were performed using 
Fisher’s least significant difference r-test. 

Re.stcle 

As shown at the top of Fig. 1. choice of nicotine spray 
was significantly greater following tobacco abstinence vs. no 
abstinence [47 vs. 34%. respectively, t(23) = 2.21.11 < O.OS]. 
Choice on the abstinence day was not different from chance 
(50%). but choice on the no abstinence day was signiticantly 
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STUDY 1: NICOTINE SPRAY CHOICE (% OF TOTAL) 

IT------ IT-- 
60 4 * 
40 

20 

0 KliL 
O”EP.ALL 

STUDY 2: NICOTINE CIGARETTE CHOICE (% OF TOTAL) 

T 

1 
* 

Ii 
OVERALL 

FIG. 1. Choice (percentage of total selections) of nicotine nasal 
sprays (Study 1; top) and of nicotine cigarette puffs (Study 2; bottom), 
across each trial and overall (mean 2 SEM), following overnight 
tobacco abstinence vs. no abstinence. *p < 0.05 for overall comparison. 

below chance, t(23) = 3.12,~ < 0.01, suggesting aversion. The 
range of nicotine choices between subjects was t&100% on 
the abstinence day and O-83% on the no abstinence day. All 
subjects self-administered nicotine spray at least once on one 
of the days. Nine subjects (out of 24, 38%) selected nicotine 
on more than 50% of choices on the abstinence day, but fewer 
than half that (4 of 24,17%) did so on the no abstinence day. 
Nicotine choice was stable across trials (see Fig. 1). 

Nicotine Choosers. The nine subjects who selected nicotine 
spray on more than 50% of choices during the abstinence day 
were designated as nicotine choosers, and the remaining 1.5 
were designated nonchoosers. Mean nicotine spray choice by 
choosers was 74% on the smoking abstinence day vs. 49% on 
the no-abstinence day, t(8) = 1.90, p < 0.10, for difference 
due to abstinence. The 74% choice on the abstinence day 
was significantly greater than chance, t(8)=3.74, p < 0.01, 
indicating actual preference for nicotine. Nonchoosers se- 
lected nicotine on 30% of choices on the abstinence day vs. 
25% on the no abstinence day, both of which were significantly 
lower than chance, t(15) = 5.16 and 5.23, respectively, both 
p < 0.005, indicating aversion to nicotine spray on both days. 

ANOVA results for subjective responses to the initial expo- 
sure trials of each spray (i.e., prior to choice trials) on the 
abstinence day indicated significant or nearly significant main 
effects of nicotine on increasing VAS items of Pleasant, F(1, 
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FIG. 2. Subjective responses (change from baseline) to initial expo- 
sure to nicotine vs. placebo nasal spray following overnight abstinence 
(Study 1). Responses shown are those that differentiated subjects who 
subsequently chose nicotine on more than 50% of selections (choosers, 
n = 9) from those who did not (nonchoosers, n = 15). *p < 0.05; +p < 
0.10 for difference in response to nicotine vs. placebo. 

21) = 4.47, p < 0.05, Head Rush, F(1, 21) = 7.33, p < 0.02, 
Alert, F(1, 21) = 3.54, p < 0.10, Relaxed, F(1, 21) = 3.50, 
p < 0.10, and Jittery, F(1,21) = 3.06, p < 0.10, as well as for 
POMS scales of Vigor, F(1, 21) = 4.21, p = 0.05, Arousal, 
F(1, 21) = 4.34, p < 0.05, and decreasing Fatigue, F(1, 21) = 
4.23, p = 0.05. An interaction of nicotine/placebo X chooser/ 
nonchooser was observed for VAS items of Comfortable, F(1, 
21) = 6.79, p < 0.02, Satisfied, F(1, 21) = 4.54, p < 0.05, and 
Pleasant, F(1,21) = 3.68,~ < 0.10 (but not for POMS scales), 
suggesting that subjective responses to initial exposure may be 
associated with greater subsequent nicotine choice. Follow-up 
tests to the interactions indicated that choosers had signifi- 
cantly greater responses to nicotine vs. placebo spray on Pleas- 
ant and Comfortable and marginally greater response on Satis- 
fied. Because of the importance of identifying subjective 
responses that may be predictive of nicotine choice, we con- 
ducted exploratory comparisons for other subjective effects. 
Choosers also had significantly greater responses to nicotine 
vs. placebo on POMS scales of Vigor and Arousal and margin- 
ally greater response on the VAS item of Relaxed. By contrast, 
nonchoosers had no significantly greater responses on any of 
these measures upon initial exposure to nicotine vs. placebo 
spray. These differential subjective responses in choosers and 
nonchoosers are presented in Fig. 2. In direct comparisons, 
differences between choosers and nonchoosers in subjective 
responses to initial nicotine vs. placebo spray exposures were 
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significant for Pleasant, Comfortable, Satisfied (all p < 0.01) 
and POMS-Vigor (p < 0.05) and nearly significant for Re- 
laxed and POMS-Arousal (both p < 0.10). There were no 
differences in responses on aversive items (e.g., VAS-Jittery, 
VAS-Uneasy, POMS-Tension, POMS-Confusion) or on urge 
to smoke. There were also no differences between choosers 
and nonchoosers on smoking history characteristics (ciga- 
rettes/day, Fagerstrom score, etc.), suggesting no difference 
in degree of nicotine dependence. 

STUDY 2 

Results of Study 1 indicated a small but significant increase 
in choice of nicotine per se, in the absence of tobacco, following 
overnight abstinence in the group as a whole. To our knowl- 
edge, there are no comparable data for choice of nicotine vs. 
nonnicotine cigarette smoking as a function of abstinence us- 
ing a similar forced-choice procedure and, thus, no adequate 
context in which to place results from Study 1. Therefore, we 
conducted a second study designed identically to Study 1, 
except for the method of nicotine delivery (smoking, instead 
of nasal spray). 

Subjects. Subjects in Study 2 (seven men, six women) were 
comparable to those in Study 1 and recruited in similar fashion. 
Subject characteristics were as follows: age-20.5 5 0.2 years; 
number of cigarettes/day-19.6 -+ 1.1; years smoking-S.1 t 
0.6; nicotine yield of preferred cigarette (mg)-O.84 ? 0.07: 
Fagerstrom score-46 ? 0.5. 

Nicotine vs. Nonnicotine Cigarettes. As in Study 1, the nico- 
tine vs. nonnicotine cigarettes were identified as orange and 
purple, based on the tape wrapped around them. The nicotine 
cigarette was GPCB brand (1.2 mg nicotine yield), while the 
nonnicotine cigarette was Honey Rose@ herbal brand. GPC 
brand was used as the nicotine cigarette because of its rela- 
tively high nicotine yield (for comparison with nonnicotine) 
and the infrequency with which it is mentioned as a preferred 
brand by subjects in our studies; we wanted to provide a 
nicotine cigarette that would not be recognized as similar in 
taste, etc., to subjects’ preferred brands. Honey Rose was used 
as the nonnicotine cigarette because of its total lack of nicotine 
content, its very similar appearance to nicotine cigarettes, and 
its use in prior research by others as a placebo cigarette (6). 
Identifying marks on the cigarettes were covered by the col- 
ored tape wrapped around each. 

Procedure. Subjects participated in two sessions, following 
overnight smoking abstinence vs. no abstinence, as described 
previously for Study 1. On the no abstinence day, subjects 
smoked as they normally do prior to the session. They then 
smoked one of their preferred brand of cigarettes ad lib upon 
arrival and after every other choice trial (every 30 min) to 
minimize tobacco deprivation, as in Study 1. The choice proce- 
dure was also similar to that of Study 1, except subjects chose 
from between nicotine vs. nonnicotine cigarette puffs. During 
each session, subjects were first exposed to six puffs of each 
of the two cigarette types (nicotine vs. nonnicotine exposure 
trials) followed by eight choice trials of six puff selections 
from between the two cigarettes. Exposure and choice trials 
occurred once every 15 min under the observation of an exper- 
imenter blind to the color assignment of each cigarette. 

During each trial, each of the six smoke puffs were con- 
sumed within 3 min according to instructions on a computer 
monitor to standardize the duration of each puff. Subjects 
were first instructed to light both cigarettes without inhaling 
and place them in a large ashtray. They then signalled to 
the experimenter when they had made their choice of which 

cigarette they preferred for their next puff and followed the 
computer instructions, which indicated when they should in- 
hale, hold the puff for 3 s, and then exhale. Subjects then 
made their next choice of cigarette, followed the computer 
instructions for the next puff, and so on for each of the six 
puffs. Subjects could wait up to 30 s between puffs. A similar 
procedure has been employed in several previous studies of 
controlled smoke exposure (18,23,25). 

Results 

Choice results for nicotine vs. nonnicotine cigarette puffs 
are presented in the bottom of Fig. 1, to compare directly 
with choice results for nicotine vs. placebo spray from Study 
1. Similar to results for Study 1, choice of nicotine cigarette 
puffs was greater on the abstinence vs. no abstinence day [82 
vs. 64%, t(12) = 2.33, p < 0.051. However, in contrast with 
Study 1, choice of nicotine cigarettes was significantly greater 
than 50% (i.e., preferred) in the group as a whole on the 
abstinence day, t(12) = 5.49, p < 0.001, but not on the no 
abstinence day, t(12) = 1.78, p = 0.10. The range of nicotine 
cigarette choice between subjects was 27-100% on the absti- 
nence day and 21-96% on the no-abstinence day. On the 
abstinence day, nearly all subjects (12 of 13, 92% of sample) 
selected the nicotine cigarette on more than 50% of choices 
and all but two subjects (11 of 13,85%) selected the nicotine 
cigarette on at least 75% of choices, compared with 9 of 13 
(69%) and 6 of 13 (46%) respectively, on the no-abstinence 
day, Also, similar to Study 1, nicotine choice remained stable 
across trials. 

Given the relatively high degree of nicotine cigarette choice 
and the small sample size from this study, it was not possible 
to divide subjects into choosers vs. nonchoosers of nicotine 
cigarettes. Nevertheless, these results provide useful data on 
the influence of overnight tobacco abstinence on nicotine ciga- 
rette choice with which to compare effects of abstinence on 
nicotine spray choice in Study 1. 

GENERAL DISCUSSION 

Results of Study 1 indicate that choice of nicotine per 
se, isolated from tobacco smoke, significantly increases after 
overnight smoking abstinence vs. no abstinence in smokers 
not trying to quit. Although most subjects did not display an 
absolute preference for nicotine spray, this shift in choice was 
very similar in magnitude to the increase in choice of nicotine 
cigarette puffs observed in Study 2, suggesting some generaliz- 
ability in the influence of brief tobacco abstinence on nicotine 
reinforcement via nasal spray and cigarette smoking. Further 
supporting this notion is the result of a recent study showing 
an association between amount of ad lib smoking behavior 
and amount of ad lib nicotine spray self-administration in 
smokers (21). Our findings also replicate Herskovic et al. (13) 
who showed increased preference for nicotine via smoking 
following abstinence, and extends these results to preference 
for nicotine per se, in the absence of smoking. 

It is possible our results underestimate the effect of absti- 
nence on increasing choice of nicotine via spray or smoking. 
Subjects in both studies received nicotine during the initial 
exposure trials of both sessions and, thus, were not as deprived 
during subsequent choice trials of the abstinence day as they 
would have been without such exposure. This exposure was 
necessary to allow subjects to identify each of the two sprays/ 
cigarettes prior to determining their preference during choice 
trials. Exposure to each on a previous day could have mini- 
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mixed this potential problem. On the other hand, nicotine 
choice percentages were fairly stable across trials (Fig. l), 
suggesting that immediately preceding exposure had little in- 
fluence on choice. 

A subset of subjects appeared to show absolute preference 
for nicotine spray on the smoking abstinence day. Several 
positive subjective responses to initial nicotine spray exposure 
on the abstinence day-increased pleasant, comfortable, re- 
laxed, satisfied, vigor, and arousal-diierentiated smokers 
who subsequently self-administered the nicotine spray more 
than placebo (choosers) from those who did not (nonchoos- 
ers). Because responses to aversive effects and decline in urge 
to smoke did not differentiate these groups, choosers appeared 
to select nicotine over placebo for its positive reinforcing ef- 
fects. This explanation must remain tentative, however, be- 
cause we did not include a measure of withdrawal; association 
of withdrawal relief with nicotine choice would support a 
negative reinforcement explanation. In addition, nonchoosers 
selected nicotine on significantly less than 50% of choices on 
both days, indicating aversion. Nevertheless, our findings are 
remarkably similar to another recent study, of smokers inter- 
ested in quitting, that identified those more likely to ad lib 
self-administer nicotine vs. placebo spray in a free choice pro- 
cedure on the basis of positive subjective responses to initial 
exposure (alert, pleasant, relaxed, satisfied, vigor, and arousal) 
and not aversive effects or withdrawal relief (21). Similarity 
of results between forced choice vs. free choice procedures 
confirms previous research with other drugs indicating compa- 
rability of the methods for determining preference [e.g. (17)]. 

Despite the behavior of choosers, nicotine spray was not 
preferred over placebo spray by the group as a whole in Study 
1, while nicotine cigarette puffs were preferred over nonnico- 
tine cigarette puffs in Study 2. This finding is perhaps consis- 
tent with other evidence that, in addition to nicotine’s central 
effects, sensory effects from nicotine and nonnicotine constit- 
uents of smoking may contribute to smoking reinforcement 
(1,28). Yet, although Studies 1 and 2 were very similar in 
procedure, it is difficult to directly compare absolute prefer- 
ences for nicotine between these two studies for a number of 
reasons. First, despite attempts to control nicotine exposure 
via smoking, we did not directly compare actual amount of 
nicotine exposure from one controlled puff with that from 
one nicotine spray (e.g., by plasma nicotine analyses). Thus, 
dosing per presentation (spray, puff) may have differed, and 
actual amount of nicotine exposure could have been similar 
between spray and smoke deliveries in spite of very different 
nicotine choice percentage. In this case, selection of nicotine 
spray at a rate less than 50% could reflect satiation (or avoid- 
ance of toxic effects of excessive nicotine) rather than lack of 
preference for nicotine. However, for this to explain the lower 
rate of nicotine spray vs. cigarette puff choices, nicotine deliv- 
ery per spray would have had to be greater than that per puff. 
This is unlikely because of prior data showihg the opposite, 
that this dose of nicotine spray (1.5 p&kg/spray) generally 
delivers less nicotine to the body than the same number of 
puffs via controlled puffing of a nicotine cigar,ette similar to 
that used here (25). In addition, a satiation explanation would 
predict decreasing nicotine choice across trials (i.e., as satiation 
increased), but we found stable choice across trials in both 
studies. 

Second, reduced preference for nicotine spray vs. cigarettes 
may have been due to slower speed of nicotine delivery via 
spray. Speed of nicotine delivery has been directly related to 
magnitude of reinforcement from nicotine intake (12,30). This 
possibility may be strengthened by the observation that nico- 

tine via gum, which is even slower than nasal spray, is aversive 
(i.e., self-administered significantly less than placebo) in smok- 
ers not trying to quit, even when abstinent overnight from 
smoking (15). 

Third, the nonnicotine herbal cigarette used here was not 
ideal for direct comparison with a commercially available nico- 
tine cigarette. Herbal cigarettes may be noticeably diierent 
from nicotine cigarettes in aspects other than nicotine content, 
such as in taste and smell, which can influence smoking behav- 
ior and reinforcement (1,28). Thus, subjects’ strong familiarity 
with tobacco (i.e., nicotine-containing) cigarettes may have 
fostered their greater choice of nicotine cigarettes, as evi- 
denced by high nicotine cigarette preference even on the no 
abstinence day, while all were unfamiliar with nicotine via 
nasal spray. Greater availability of nonnicotine tobacco ciga- 
rettes may allow for better determination of nicotine vs. non- 
nicotine reinforcement via smoking (1). 

There are other limitations to Study 1 that may reduce the 
generalizability of these results. Only single sessions of tobacco 
abstinence and no abstinence occurred, and reliability of nico- 
tine spray preference under these conditions is not known. It 
is also possible that even nonchoosers would prefer nicotine 
over placebo spray if given more extensive access to the nico- 
tine spray. Other research has shown that smokers initially 
preferring intravenous (IV) saline over nicotine increase their 
preference for IV nicotine over subsequent sessions (10). In 
addition, the relatively low rate of nicotine spray selection in 
this study may be specific to the subjects of this study, who 
were young, not very dependent, and did not want to quit 
smoking. Smokers who are older, more dependent, andlor 
who want to quit may show greater preference for nicotine 
vs. placebo nasal spray (22). Subjects with histories of other 
drug abuse, who were screened out of the present studies, 
may also more readily prefer nicotine spray, as shown pre- 
viously with IV nicotine vs. saline (10). 

The results of these studies also point out difficulties in 
interpreting findings with the forced choice procedure. Be- 
cause the procedure requires subjects to select one or the 
other option, it is often not clear whether an increase in relative 
preference for drug actually reflects: 1) an increase in the 
reinforcing value of that drug, 2) a decrease in the aversive 
effects of the drug, or 3) a decrease in the reinforcing value 
of the other option (e.g., placebo spray, nonnicotine cigarette). 
Therefore, for the group of subjects in Study 1 as a whole, it 
is possible that overnight abstinence decreased the aver- 
siveness of nicotine spray since selection of nicotine spray 
was significantly less than 50% on the no abstinence day and 
increased to near 50% on the abstinence day. However, this 
explanation is not likely when results for choosers and non- 
choosers are examined separately. For nicotine choosers, ab- 
stinence did appear to increase the reinforcing value of nico- 
tine spray, because preference for nicotine was near 50% on 
the no abstinence day (49%) but significantly above 50% on 
the abstinence day (74%). Yet, for nonchoosers, preference 
for nicotine spray was significantly below 50% on both days 
(25% and 30%, respectively). Similar to results for choosers 
in Study 1, overnight abstinence in Study 2 increased the 
reinforcing value of nicotine cigarette puffs in all subjects, as 
shown previously using a different procedure (18). Selection 
of nicotine puffs was not significantly different from 50% 
on the no-abstinence day but increased significantly on the 
abstinence day. Therefore, despite potential difficulties in in- 
terpreting forced choice results, our findings indicate that to- 
bacco abstinence clearly increases preference for nicotine per 
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se, isolated from tobacco, in a subset of smokers and increases 
preference for nicotine cigarette puffs in smokers in general. 

Aside from examining the influence of tobacco abstinence 
on nicotine choice in smokers varying in tobacco dependence 
and desire to quit, future research should determine whether 
environmental manipulations may increase or decrease nico- 
tine choice. For example, tobacco smoking desire and behavior 
have sometimes been shown to increase following acute stress 
(20,26) as well as in response to psychomotor performance 
demands (9). Demonstration of increased nicotine choice un- 
der these same conditions would be important in understand- 
ing whether the increased smoking may be due to greater 
reinforcement from nicotine per se rather than from nonnico- 
tine stimuli associated with tobacco smoking (1,28). Nicotine 
self-administration by gum has also been shown to increase 
or decrease depending on whether smokers trying to quit 
were informed or kept blind to gum contents (14). Similar 
manipulations of information about spray contents may also 
influence nicotine spray choice. Finally, this procedure may 
have utility in assessing the influence of brief abstinence on 
preference for other chronically used drugs, such as caffeine 
(17) and alcohol (3). 

In summary, overnight tobacco abstinence was shown to 

significantly increase choice of nicotine per se, isolated from 
tobacco smoking, in smokers not trying to quit smoking. The 
magnitude of this effect of abstinence on nicotine spray choice 
was similar to its effect on nicotine cigarette choice, suggesting 
some generalizability between methods of nicotine self-admin- 
istration. Although smokers in general may not initially prefer 
nicotine vs. placebo spray, a subset of subjects, who experience 
greater positive subjective effects from nicotine spray, appear 
to prefer nicotine spray following overnight abstinence. Future 
research should examine choice of nicotine vs. placebo in 
subjects varying in dependence and desire to quit smoking, 
as well as changes in choice as a function of environmental 
manipulations known to influence tobacco smoking (e.g., 
stress) or nicotine intake by other means (e.g., instructions 
about drug identification). 
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