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Tolerance to subjective effects of nicotine may induce novice smokers to increase the magnitude and frequency of their
nicotine self-dosing. In this study, smokers (# = 8) and nonsmokers (# = 7) participated in three sessions involving presenta-
tion of 0, 7.5, or 15 ug/kg nicotine 30 min for 2 h via measured-dose nasal spray, with different doses presented on separate
days. Subjective responses were assessed using visual analog scales (VASs) of jittery, light-headed, relaxed, dizzy, and head
rush, and the Profile of Mood States (POMS) scales of vigor, confusion, fatigue, tension, and the composite scale of arousal.
Smaller responses in smokers vs. nonsmokers were viewed as evidence for chronic tolerance. In addition, on each day subjects
received a fifth, challenge dose of 30 ug/kg 30 min after the previous dosing. Smaller responses to the challenge dose as a
function of increasing prior nicotine dosing during Trials 1-4 were viewed as evidence for acute tolerance. Results showed
significant changes in most measures as a function of nicotine dose, and the dose-response curves for most VAS and POMS
scales tended to be shifted to the right, or dampened, in smokers relative to nonsmokers, consistent with chronic tolerance.
However, smokers and nonsmokers tended to respond to nicotine in opposite directions for POMS scales of vigor and
arousal, perhaps reflecting withdrawal relief in smokers. Acute tolerance on a few selected VAS and POMS scales was
apparent for both smokers and nonsmokers. These results support the notions that chronic use of nicotine is associated with
chronic tolerance to some subjective effects of nicotine and that repeated nicotine exposure during a single day elicits

progressively smaller responses on selected measures.

Nicotine Smokers Nonsmokers

Subjective responses

Tolerance

NICOTINE is the main psychoactive substance in tobacco
that reinforces smoking behavior (23). As with other drugs of
abuse, the subjective effects of nicotine may be critical to its
reinforcing efficacy (6), although nicotine’s potential effects
on enhancing cognitive and behavioral performance may also
be involved (23). One view of the onset of regular smoking
suggests that repeated exposure to nicotine gradually leads
to reduced magnitude of its effects (23), including subjective
effects. This reduction in drug effects with increasing drug
exposure is termed chronic tolerance (10). The onset of
chronic tolerance to nicotine may subsequently lead to greater
smoking in an effort by the smoker to continue to obtain the
same magnitude of reinforcing effects of nicotine. Repeated
exposures to nicotine during the course of a single day (i.e.,
individual cigarettes) may also lead to reduced responding
across these exposures, a change that may reflect acute tol-
erance (10). Research on chronic and acute tolerance to
subjective effects of nicotine may provide directions for the
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study of tobacco dependence (1), as well as increase our un-
derstanding of long- and short-term adaptation to nicotine
intake.

We are aware of little controlled human research that has
specifically examined chronic and acute tolerance to subjective
effects of nicotine, perhaps because of methodological limita-
tions with most available methods of nicotine administration.
Presentation of nicotine via smoking is imprecise (7), even
across exposures within subjects, and is difficult and noxious
for nonsmokers. Presentation of nicotine via gum or transder-
mal patch is also somewhat imprecise and, importantly, fails
to reproduce the rapid uptake of bolus nicotine that is ob-
served with cigarette smoking and may be essential to its rein-
forcing efficacy (18). However, one recent study did find in-
creased light-headedness and nausea in nonsmokers vs.
smokers receiving the same amount of nicotine via transder-
mal patch (21).

Using a measured-dose nasal spray dosing procedure devel-
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oped in our lab (13), we investigated differences in subjective
responses to nicotine as a function of smoking status, reflect-
ing chronic tolerance, and amount of immediately preceding
nicotine exposure, reflecting acute tolerance (10). Use of this
method is important because it provides reliable and rapidly
absorbed doses. It also allows us to isolate the specific subjec-
tive effects of nicotine per se without the effects of nonphar-
macological as well as other pharmacological aspects of smok-
ing. In addition, separating nicotine administration from the
stimuli typically accompanying it in smoking (e.g., sight,
smell, and taste of smoke) minimizes the possibility that any
tolerance shown by smokers is conditioned tolerance (4) and
therefore allows us to examine unconditioned, pharmacologi-
cal tolerance in a fairly clean fashion. We previously employed
this method to examine chronic and acute tolerance to cardio-
vascular effects of nicotine in smokers (14,17) and differences
in behavioral performance effects of nicotine between smok-
ers and nonsmokers (15).

METHOD

Subjects

Subjects in this study were eight smokers and eight non-
smokers (four male, four female in each group). Mean + SE
ages were 20.4 = 0.5 years for smokers and 23.7 + 0.9 for
nonsmokers. Smokers reported smoking a mean of 22.4 +
2.4 cigarettes per day for 2.3 + 0.4 years and had a Fagers-
trom Scale score of 5.3 + 0.7 (5). Mean nicotine yield of
preferred brand was 0.8 + 0.1 mg. One male nonsmoker was
subsequently eliminated from analyses after he admitted regu-
lar use of smokeless tobacco, leaving seven nonsmokers who
denied past or current regular use of tobacco (i.e., less than
20 cigarettes/lifetime).

Subjective Measures

One-hundred-millimeter visual analog scales (VASs) of
“Jittery,” “dizzy,” “light-headed,” “relaxed,” and “head rush.”
These were developed on the basis of previous research on the
positive and aversive effects of nicotine (23).

Profile of Mood States [POMS; (11)] scales of vigor, con-
fusion, fatigue, and tension, as well as the composite scale
of arousal [(vigor + tension) — (confusion + fatigue); see
deWit et al. (3)]. The POMS has been used widely in studies
of the subjective effects of abused drugs (3), including nico-
tine (12).

Procedure

Subjects participated in three morning sessions, each after
overnight abstinence from smoking (expired-air carbon mon-
oxide <13 ppm), caffeine, and food. During each session,
subjects initially completed subjective measures after resting
quietly for 30 min (predrug baseline). Subjects were then ad-
ministered 0, 7.5, or 15 ug/kg nicotine in double-blind fashion
via measured-dose nasal spray once every 30 min for 2 h (total
of four presentations of assigned dose per session). For the
average subject, the higher dose of 15 ug/kg is similar to the
typical amount of nicotine absorbed by smokers after smoking
one cigarette [approximately 1.0 mg (23)]. Details of this nico-
tine dosing procedure have been described previously (13-
15). Doses were presented on separate days, and the order of
doses across days was counterbalanced. Subjective measures
were obtained within 5 min of each dose administration.
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Smaller responses in smokers vs. nonsmokers would suggest
chronic tolerance to nicotine in smokers (i.e., resulting from
their extensive experience with nicotine via past smoking his-
tory).

In addition, on each day smokers and nonsmokers subse-
quently received a fifth, challenge trial involving administra-
tion of 30 ug/kg nicotine 30 min after Trial 4. One female
nonsmoker was unable to complete all of the challenge trials
for each day due to nausea, leaving complete data from the
challenge trial for six nonsmokers. It was hypothesized that
smaller responses to the challenge dose as a function of in-
creasing prior exposure to nicotine during Trials 1-4 would be
evidence for acute tolerance. In other words, responses of
subjects to the 30-ug/kg challenge would be smaller on the
days they previously received 7.5 or 15 ug/kg during Trials 1-
4, compared with the day they previously received 0 ug/kg
during Trials 1-4. [This design, based upon the classic animal
research of Stolerman et al. (22), was thought to provide a
methodologically strong test of acute tolerance since it avoids
confounding the manipulation of prior nicotine exposure with
time. One typical way of assessing acute tolerance, especially
in human research, is to observe a decline in response from
the first to the last presentation of the same dose (14). How-
ever, that procedure does not account for the possibility that
a number of factors unrelated to drug exposure can produce,
or prevent, a decline in responding over time with successive
drug presentations, such as fatigue or circadian changes. Our
design avoids this complication because the challenge dose is
presented at the same time point in the session for all prior
dosing conditions.]

Finally, to determine whether magnitude of responses to
nicotine observed in nonsmokers could be elicited in smokers
by higher nicotine doses, also consistent with the notion of
tolerance (10), smokers of this study subsequently participated
in a fourth, exploratory session after completing the three
sessions involving 0-, 7.5-, and 15-ug/kg dosing. During this
last session, smokers received four administrations of 30 ug/
kg nicotine, one every 30 min for 2 h as in the previous ses-
sions involving the lower doses. These responses were not in-
cluded in analyses because there were no comparable values
for nonsmokers, but were plotted in figures to provide addi-
tional information on the responses of smokers to a fuller
range of doses.

Data Analyses

Responses to nicotine were analyzed by two separate 2
X 3 mixed analyses of variance (ANOVAs), each with one
between-subjects factor (smokers vs. nonsmokers) and one
within-subjects factor (nicotine dose: 0, 7.5, and 15 ug/kg).
The dependent measure for the first ANOVA was mean
change from baseline to Trials 1-4. It was hypothesized that
smaller responses in smokers would indicate chronic toler-
ance. The dependent measure for the second ANOVA was
mean change from baseline to the fifth, challenge trial involv-
ing 30 ug/kg. Smaller responses to the challenge trial follow-
ing larger doses presented in Trials 1-4 would suggest acute
tolerance. (Gender was not included as a second between-
subjects factor due to the relatively small n for each group,
but gender was controlled by providing equal representation
of males and females between groups.) Pair-wise comparisons
between smokers and nonsmokers (chronic tolerance) and be-
tween challenge dose responses following 7.5 or 15 ug/kg vs.
0 (acute tolerance) were performed using Fisher’s least signifi-
cant difference #-test (9).
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RESULTS

Chronic Tolerance

There were no significant differences between smokers and
nonsmokers in predose baseline values on any of the VAS
scales. As shown in Fig. 1, ANOVA results revealed that nico-
tine significantly increased in dose-dependent fashion the VAS
scales of light-headed, F(2, 26) = 9.15, p < 0.001, jittery,
F(2,26) = 3.90, p < 0.05, dizzy, F(2, 26) = 4.62,p < 0.02,
and head rush, F(2, 26) = 7.92, p < 0.005, and marginally
decreased the VAS scale of relaxed, F(2, 26) = 3.17, p <
0.06. Further, the dose-response curves for smokers tended
to be shifted to the right and/or dampened, providing evi-
dence of chronic tolerance (10). However, responses of smok-
ers were significantly smaller, relative to those of nonsmokers,
only for light-headed and dizzy (Fig. 1).

Nicotine also increased the POMS scales of confusion, F(2,
26) = 8.68, p < 0.001, and fatigue, F(2, 26) = 2.96, p <
0.07, in dose-dependent fashion (Fig. 1). As with VAS scale
results, the dose-response curves for smokers on confusion
and fatigue were dampened and/or shifted to the right, consis-
tent with chronic tolerance, although responses of smokers on
both measures were significantly smaller only following the
7.5-ug/kg dose. Results for POMS-tension were similar, as
responses of smokers were smaller following both the 7.5- and
15-ug/kg doses. Responses on other POMS scales of vigor
and arousal were somewhat different, as nonsmokers experi-
enced a significant decrease in both due to nicotine, while
smokers showed little change or an increase. This differential
direction of response was most apparent for vigor, as the
status X dose interaction approached significance, F(2, 26)
= 3.14, p = 0.06.

The apparent differential direction of response to nicotine
as a function of smoking status may be related to the differ-
ences in baseline levels on these particular measures. Smokers
had significantly lower baseline levels of vigor, F(1, 13) =
5.36, p < 0.05, and arousal, F(1, 13) = 9.83, p < 0.01, and
higher levels of fatigue, F(1, 13) = 6.73, p < 0.05, than non-
smokers, possibly because of tobacco withdrawal due to the
required overnight abstinence from smoking. Thus, relative
to placebo nicotine tended to increase smokers’ low baseline
levels of vigor and have little effect on arousal and fatigue,
while nicotine decreased nonsmokers’ relatively high baseline
levels of arousal and vigor and increased their low levels of
fatigue.

Acute Tolerance

Responses to the 30-ug/kg challenge dose were influenced
by the dose presented during the preceding Trials 1-4 for only
some measures, as shown in Fig. 2. Consistent with acute
tolerance, challenge trial responses were significantly smaller
with increasing dose during Trials 1-4 for VAS scales of dizzy,
F(2, 24) = 5.98, p < 0.01, and head rush, F(2, 24) = 6.56,
p = 0.005, less so for light-headed, F(2, 24) = 2.71, p <
0.09, and not influenced by Trials 1-4 dosing for relaxed,
F2, 24) = 241, p > 0.10, and jittery, F(2, 24) = 1.78,
p > 0.10. However, pair-wise comparisons revealed that
acute tolerance to dizzy and head rush responses was signifi-
cant only for nonsmokers, perhaps due in part to their greater
initial responsivity to nicotine relative to smokers (Fig. 1).

As with the results for Trials 1-4 (chronic tolerance), a
somewhat different pattern of responses to the challenge dose
emerged for the POMS scales. Smokers tended to show acute
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tolerance to nicotine-induced increases in arousal and to de-
creases in fatigue, while nonsmokers tended to show little
acute tolerance to nicotine-induced changes in these measures,
which were opposite in direction to those of smokers (Fig. 2).
This differential responding is supported by the significant
status X dose interactions for arousal, F(2, 24) = 4.23, p
< 0.03, and fatigue, F(2, 24) = 5.47, p = 0.01. Although
responses to POMS scales of vigor, confusion, and tension
appeared to show acute tolerance, these results were not sig-
nificant [main effect of dose for POMS-tension, F(2, 24) =
2.89, p < 0.08.

Finally, the main effect of smoking status on responses to
the challenge dose was significant or nearly significant for the
VAS scales of jittery, F(1, 12) = 3.11, p = 0.10, light-
headed, F(1, 12) = 3.41, p < 0.10, and dizzy, F(1, 12) =
13.79, p < 0.005, and the POMS scales of arousal, F(1, 12)
= 24.27, p < 0.001, confusion, F(1, 12) = 9.19, p = 0.01,
fatigue, F(1, 12) = 6.91, p < 0.05, tension, F(1, 12) = 3.62,
D < 0.10, and vigor, F(1, 12) = 16.63, p < 0.005. These dif-
ferences between smokers and nonsmokers in subjective re-
sponses to the 30-ug/kg nicotine challenge supplement the
findings from Trials 1-4, above, that the responses of smokers
to measured amounts of nicotine are smaller than those of
nonsmokers, consistent with chronic tolerance.

DISCUSSION

The results of this preliminary study suggest that smokers
show chronic tolerance to subjective effects of nicotine per se,
separate from any subjective effects of nonnicotine constit-
uents of tobacco smoking. These findings complement previ-
ous research by us (14) and others (21) in strengthening sup-
port for the existence of chronic tolerance to effects of
nicotine in humans. They also build on animal research dem-
onstrating tolerance to nicotine’s discriminative stimulus ef-
fects (24), which may parallel its subjective effects in humans,
as well as tolerance to other effects of nicotine (1). Thus, this
research is consistent with the notion that chronic exposure to
nicotine can lead smokers to experience less subjective effects
from smoking. Such chronic tolerance could encourage an
increase in nicotine self-dosing, assuming some of these or
similar subjective effects are reinforcing. A complete discus-
sion of potential mechanisms to explain chronic tolerance to
subjective effects of nicotine is beyond the scope of this arti-
cle. However, it is likely that long-term nicotine exposure in
smokers leads to more modest neurochemical changes associ-
ated with its subjective effects or less responsivity to these
changes via alterations in nicotine receptor sensitivity (1).
These responses probably involve catecholaminergic and cho-
linergic activity, as well as a number of other possible discrimi-
nable substances in the CNS (1).

There was also evidence of acute tolerance to some of these
subjective effects of nicotine in both smokers and nonsmok-
ers, extending to subjective responses previous research show-
ing acute tolerance to cardiovascular effects of nicotine in
smokers (14,17) and nonsmokers (12,19). The presence of
acute tolerance in nonsmokers suggests that novice smokers
may be able to adapt rapidly to some of the initially marked
effects of nicotine during a smoking episode, perhaps leading
to increased ability to smoke more than one cigarette per epi-
sode. It is likely that mechanisms involved in acute tolerance
to nicotine involve short-term changes in receptor sensitivity,
although little research has examined this question.

It is conceivable that factors other than long-term nicotine
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FIG. 1. Mean + SEM change in VAS and POMS subjective measure scores from predose baseline following 0,
7.5, and 15 ug/kg nicotine in smokers and nonsmokers (and 30 ug/kg nicotine for smokers only). Maximum
possible ranges of change in scores are — 100 to 100 for VAS scales, —28 to 28 for POMS-confusion and POMS-
fatigue, —36 to 36 for POMS-tension, — 32 to 32 for POMS-vigor, and — 124 to 124 for the composite scale of
POMS-arousal. Responses averaged over dose Trials 1-4. *p < 0.05, **p < 0.01, for differences between groups.
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exposure could explain the differences in response to nicotine
between smokers and nonsmokers because humans are not
randomly assigned to nicotine histories but self-select their
exposure. Smokers could be constitutionally different from
nonsmokers in important ways that influence the manner in
which they respond to nicotine (8). Thus, smokers may have
responded less markedly on measures such as POMS-tension
and confusion and VAS dizzy and light-headed because of an
innate insensitivity to less pleasant effects of nicotine rather
than tolerance due to chronic exposure. It is interesting that
nicotine produced changes in nonsmokers that could be
viewed as aversive (e.g., increased tension and confusion, de-
creased vigor), similar to a recent study of IV nicotine effects
in nonsmokers (12). These results call into question whether
nicotine actually has direct reinforcing effects on mood in
inexperienced users (8). It may be that nicotine intake via
smoking produces substantially different, and perhaps more
positive, subjective effects, but we previously observed virtu-
ally identical subjective arousal effects of nasal nicotine spray
and controlled tobacco smoking in smokers (16), similar to
another study comparing IV and smoked nicotine (6). In any
case, additional research is needed to help determine the likeli-
hood that a possible constitutional difference explains the dif-
ferent magnitude of subjective responses between smokers and
nonsmokers.

It is also possible that tobacco withdrawal due to overnight
abstinence was responsible for some of the differential re-
sponding, especially the different direction of some responses
to nicotine in smokers vs. nonsmokers. There was a significant
baseline difference between smokers and nonsmokers on
POMS scales of vigor, fatigue, and arousal, and nicotine
tended to produce responses on these measures that were op-
posite in direction from baseline levels (i.e., increase in the
group with lower baseline, decrease in the group with higher
baseline). However, chronic tolerance was observed here for
other measures on which there was no baseline difference.
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Also, in a previous study we observed a similar mediating
influence of baseline on subjective arousal responses to both
nicotine and smoking among smokers (16). In that study,
smokers with high baseline arousal showed no change while
smokers with low baseline arousal showed a large increase,
and this difference was unrelated to history of smoking expo-
sure. Therefore, tobacco withdrawal is unlikely to be the sole
explanation for the differential responding due to smoking
status.

Subsequent research is needed with larger samples to repli-
cate these findings and determine whether the chronic toler-
ance observed here is functional or is due to differences be-
tween smokers and nonsmokers in pharmacokinetics of
nicotine after absorption [i.e., dispositional tolerance; (2,10)].
This research should also broaden the scope of nicotine effects
to behavioral and cognitive responses to determine the extent
to which chronic and acute tolerance to nicotine occurs and
whether this tolerance is general or specific to particular re-
sponse domains. Separate manipulation of nonnicotine stim-
uli [e.g., sight of smoke; (20)] may help determine the contri-
bution of conditioned stimuli to tolerance to nicotine via
tobacco smoking in smokers. Studies examining differences
in tolerance as a function of dependence are needed to help
ascertain whether nicotine tolerance and tobacco dependence
are linked (1). Finally, longitudinal research assessing re-
sponses to nicotine during the adoption of regular smoking
and following cessation of smoking could help determine the
rate of development and the rate of decay, respectively, of
chronic tolerance to nicotine.
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