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Abstract

Introduction: Nicotine’s interoceptive stimulus effects likely help explain smoking’s reinforcing 
efficacy, but human studies have been limited by difficulties controlling dosing via tobacco 
inhalation. Our objective was to describe a procedure to study nicotine discrimination via 
smoking.
Methods: Dependent smokers abstinent overnight (>12 hours) were first “trained” to discriminate 
between two cigarettes differing in nicotine content, based on four puffs of exposure, and then 
tested on whether they successfully acquired that discrimination. After piloting with Quest brand 
commercial cigarettes, 29 subjects engaged in the main study with cigarettes available through 
NIDA (Spectrum; 16 mg vs. 0.4 mg nicotine content). Discrimination training first involved two tri-
als, one with each cigarette, prior to six testing trials. Due to results with the first 20 subjects, the 
remaining nine received two training trials with each cigarette (four total). Subjective perceptions 
were also assessed during each testing trial, and puff choice between the two cigarettes available 
concurrently was assessed after testing, on the last two trials.
Results: All five pilot subjects successfully discriminated Quest 1 versus Quest 3 (defined by 
at least five out of six trials correct, ie, >80%). Yet, only 10 of 20 subjects (50%) were able to 
discriminate the two Spectrum cigarettes based on two training trials. After changing to four 
training trials, eight of nine subjects were able to discriminate (89%). Subjective perceptions 
and puff choice differed between cigarettes more in those able versus unable to discriminate 
them.
Conclusions: With sufficient training exposures, smokers can discriminate nicotine between ciga-
rettes differing in nicotine contents.
Implications: The interoceptive stimulus effects of nicotine are critical to understanding reinforce-
ment from cigarette smoking behavior. Because of the very recent availability of Spectrum research 
cigarettes from NIDA, with specific known amounts of nicotine content, the study of nicotine dis-
crimination in humans via cigarette smoking may now be feasible. Our results demonstrate that, 
with sufficient training, smokers can behaviorally discriminate nicotine from four puffs’ exposure 
between cigarettes differing in nicotine contents. Future research should evaluate human discrimi-
nation of nicotine from greater amounts of cigarette smoke exposure, as well as in response to 
other procedural variations.

http://www.oxfordjournals.org/
mailto:perkinska@upmc.edu?subject=
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Introduction

Nicotine’s interoceptive stimulus effects may be key to cigarette 
smoking’s reinforcing efficacy.1–3 Such stimulus effects are com-
monly assessed in nonhuman animal species via behavioral drug 
discrimination procedures.4,5 In humans, however, these effects 
are nearly always studied indirectly, via self-reports of subjective 
effects,6,7 which are similar but not synonymous with interoceptive 
stimulus effects.8 Crucially, self-reported subjective effects cannot 
be objectively verified (by definition) and so may reflect expecta-
tions of effects due to beliefs about the administered substance9 or 
other biases. In contrast, behavioral drug discrimination procedures 
do not suffer from these problems. Moreover, since subjective drug 
effects cannot be assessed in nonhuman species, directly comparing 
discriminative stimulus and subjective effects can only be done with 
humans.10–12 Behavioral responses in drug discrimination procedures 
can have other advantages, such as potentially indicating neural sites 
of a drug’s action13,14 and possibly occurring at doses below those 
generating significant subjective effects.15,16 The latter observation 
suggests that behavioral drug discrimination may be more sensitive 
to dose than self-reported subjective measures.

Although preclinical research on nicotine discrimination began 
nearly a half century ago,4,5 the biggest obstacle to studying nico-
tine discrimination in humans has been lack of methods to rapidly 
administer nicotine doses in controlled fashion. Discrimination test-
ing with any drug requires careful manipulation of dose administra-
tion, to confirm differential responding is due to the difference in 
drug exposure.4 Cigarette smoking, the most common manner of 
human use, allows wide variability in nicotine dose exposure due to 
variations in a smoker’s puff topography, or the intensity and pattern 
of smoke inhalation.17,18 Even when cigarettes differing sharply in 
stated nicotine “yield” are used to manipulate intended dosing, their 
actual nicotine “content” may not differ, and so delivery of nicotine 
to smokers may not vary because of the ease with which smokers 
can alter smoking intensity per puff.19 Nicotine yield in commer-
cial brands, as determined by the Federal Trade Commission (FTC 
method, via machines), is based on a specific amount of smoke for 
chemical analysis.20 Yet, most brands allow ventilation of smoke 
directly into ambient air through the holes engineered in the paper, 
lowering machine-based yield. Human smokers can “defeat” this 
ventilation, such as by covering over the holes to inhale a greater 
amount of the smoke,19,21,22 rendering these yield values of limited 
use in assessing a cigarette’s nicotine dose delivery. Furthermore, 
because cigarette smoke contains thousands of chemical constitu-
ents other than nicotine,23 some of which may be psychoactive,24 the 
discriminative stimulus effects of nicotine may be confounded with 
those of the other constituents, which can differ between cigarettes.25 
In sum, control over the exteroceptive or nondrug-related interocep-
tive effects inherent in the vehicle used for drug delivery is as critical 
as control over drug dosing in conducting any drug discrimination 
research. As a result, early studies of nicotine discrimination in 
humans using commercial cigarettes varying in nicotine yield could 
not verify that discrimination behavior was based on the specific 
nicotine dose delivered by the administered cigarette, rather than on 
other cigarette factors.26,27

Other smoked nicotine tobacco products, such as cigars or 
hookah, etc., similarly lack the dosing control necessary for discrim-
ination testing. Smokeless tobacco or other nonmedicinal nicotine 
products also lack control over dose, and some deliver nicotine very 
slowly28 or with nondrug stimulus effects specific to those prod-
ucts. These issues further lessen their appropriateness for examining 

behavioral discrimination of nicotine’s acute stimulus effects, espe-
cially in an effort to better understand cigarette smoking reinforce-
ment. (Yet, slow administration using experimental oral nicotine 
capsules could be satisfactory).29 Most medicinal nicotine replace-
ment products (ie, NRT), available since the 1980s, have also been 
problematic for research on nicotine discrimination for similar rea-
sons. As outlined by Schneider et al.,30 they often provide nicotine 
delivery that is very slow (eg, patch) and/or lacking in control of 
differential dosing (eg, gum).

For this reason, we developed a nicotine nasal spray procedure 
(nonmedicinal) in the 1980s to conduct research on acute effects 
of specific nicotine doses rapidly absorbed by humans (as with 
smoking31). This spray preparation allowed virtually any amount of 
nicotine to be administered (under an IND monitored by the US 
Food and Drug Administration; FDA). We subsequently established 
a research program on discrimination of nicotine via nasal spray in 
humans.13,15,32 Yet, findings with a research nasal spray, or any non-
inhaled method of administering nicotine, also may have uncertain 
relevance for understanding nicotine discrimination via cigarette 
smoking because of exteroceptive or interoceptive sensory effects 
possibly unique to that route of administration.33

Very recently, however, research cigarettes that differ across a 
range of specific nicotine contents have become available (through 
the National Institute on Drug Abuse, NIDA), potentially allow-
ing study of nicotine discrimination in humans via smoking. These 
research cigarettes, labeled “Spectrum” (see Methods), differ from 
commercial low-yield brands (eg, “lights”) due to manipulations of 
the actual nicotine content of the tobacco used, rather than by engi-
neering of the filter ventilation, etc.34 Thus, in contrast with com-
mercial brands, smokers cannot easily obtain greater nicotine intake 
from Spectrum cigarettes with lower contents.

The objective of this article is to describe results from a proce-
dure to assess discrimination of nicotine via cigarettes, as a start-
ing point to guide future research. We initially adapted procedures 
from the only prior systematic research of nicotine discrimination in 
humans, that using nasal spray.15,33 These procedures were first pilot 
tested using commercial cigarettes differing in nicotine yield (Quest 
1 and 3), while we awaited FDA review of our protocol for studying 
the Spectrum research cigarettes (as explained in the Methods). As 
noted below, the procedures appeared satisfactory during piloting 
and were implemented in the formal study to test discrimination of 
nicotine via Spectrum cigarettes. However, we found that additional 
training was necessary to increase the number of smokers able to 
demonstrate reliable nicotine discrimination. These observations, 
and the resulting procedure for testing nicotine discrimination via 
cigarette smoking, are described.

Method

Participants
Subjects eligible for this research were dependent smokers who pre-
ferred non-menthol cigarettes (We limited the sample to non-men-
thol smokers to minimize variability in responding between subjects 
due to the non-nicotine constituents that could alter discrimina-
tion behavior, which warrant separate study in their own right.35). 
Presence of nicotine dependence was confirmed with DSM-V crite-
ria36 assessed by a structured interview updated from Breslau et al.37 
All also completed the Fagerstrom Test of Nicotine Dependence 
(FTND38). Subjects participating in the main study with Spectrum 
cigarettes (n = 29; 19 M, 10 F) had means (SD) of 34.6 (12.3) years 
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old, 16.8 (5.4) cigs/d, and 5.0 (1.9) FTND score. The five subjects 
in the piloting with Quest cigarettes (4 M, 1 F) had corresponding 
means of 21.4 (2.6) years old, 15.6 (3.4) cigs/d, and 4.6 (1.5) FTND 
(These samples were completely separate, as subjects participated in 
only one of the studies.).

Cigarettes
The investigational research cigarettes for the main study were 
obtained from NIDA’s Drug Supply Program after submission of an 
application for an Investigational Tobacco Product to the Center for 
Tobacco Products (CTP) at the FDA (The 2009 Tobacco Control 
Act, creating CTP, mandates that CTP regulate new tobacco prod-
ucts, including Spectrum, while existing products need not undergo 
CTP regulation; see www.gpo.gov/fdsys/pkg/PLAW-111publ31/
pdf/PLAW-111publ31.pdf.). They are labeled “Spectrum” and were 
manufactured by 22nd Century Group (Clarence, NY; www.xxi-
icentury.com/). Spectrum cigarettes were recently investigated in a 
6-week trial to determine the impact of nicotine reduction in smok-
ers not currently interested in quitting.39 The Spectrum cigarettes 
selected for this study were those differing the most on nicotine con-
tents while matched on “tar” yield. As reported (http://grants.nih.
gov/grants/guide/notice-files/NOT-DA-14-004.html), contents of the 
two were approximately 16 mg versus 0.4 mg of nicotine per gram 
of tobacco (“mg/g”), and yielded 10 and 9 mg “tar,” respectively. 
The lower nicotine content cigarette, 0.4 mg/g, is less than 5% of 
the content of typical commercial brands.40,41 When they are directly 
compared, the 16 mg/g and 0.4 mg/g cigarettes are sometimes labeled 
here as “moderate” and “very low” in nicotine, respectively, for sim-
plicity (To compare these with commercial cigarettes, these Spectrum 
research cigarettes correspond to 0.8 mg and 0.03 mg nicotine yields 
by FTC method, while typical commercial brands yield about 
0.9 mg41).

Yet, because no prior study had formally tested nicotine discrim-
ination via cigarette smoking (due to a lack of very low nicotine 
content cigarettes), we first piloted our procedures by assessing dis-
crimination between two different commercially-purchased Quest 
brands. These were selected because their labeled nicotine and tar 
yields were comparable to those for the Spectrum research cigarettes 
(Quest 1 with 0.6 mg and Quest 3 with 0.05 mg nicotine, which were 
considered “moderate” and “very low,” respectively, in piloting; tar 
was 11 and 10 mg, respectively, as reported in https://web.archive.
org/web/20131104130634/http://www.ftc.gov/foia/frequentre-
quests/tarnicotineletter.pdf). Both were administered in blind fash-
ion, as described below, to finalize session details such as setting the 
duration between trials, number of puffs per trial, etc.

Control Over Smoke Exposure
Smoke intake from all cigarettes was standardized at four puffs per 
trial, one every 30 seconds, via portable Clinical Research Support 
System (CReSS; Borgwaldt KC, Inc, Richmond, VA), and a new 
cigarette was used for each trial. This rate of exposure in initially 
deprived smokers allowed for repeated testing trials every 15 minutes 
while minimizing toxicity, since ad libitum smoking typically results 
in 10–12 puffs per cigarette.42,43 The exact timing and 2-second dura-
tion of each puff were guided by computer-presented instructions 
to standardize intake at about 60 ml per puff (consistent with ad 
libitum puffing43). We also believed that testing ability to discrimi-
nate interoceptive effects of nicotine from smoking four puffs would 
capture the amount of exposure at the onset of one’s expectations 
about a cigarette, which may be a critical influence on subsequent 

self-administration of that cigarette (ie, reinforcement), as well as 
other responses.44–46 Prior tests on discriminating smoked marijuana 
similarly provided just two or four puffs per administration.47

Session Procedures
All subjects, in the pilot and main study, were instructed to abstain 
overnight (>12 hours) prior to the study session, confirmed 
by expired-air carbon monoxide (CO) ≤ 10 ppm48 assessed by 
BreathCO CO monitor (Vitalograph, Lenexa, KS). Similar to prior 
drug discrimination research with humans,15,16 session procedures 
involved “training” trials for subjects to acquire the discrimination 
between the two drug conditions, and then “testing” trials to assess 
this acquisition of the discrimination. During each training trial, sub-
jects were given one cigarette condition or the other and informed 
of the cigarette’s identification by letter code only (eg, “A” or “B”). 
Subjects were instructed to “evaluate these cigarettes based on your 
overall subjective feelings” since it was “important that you learn 
how to tell the difference between the two cigarettes.” One train-
ing trial for each cigarette initially comprised “training,” based on 
successful procedures in prior research with nicotine discrimination 
administered via nasal spray, showing a single training trial for each 
dose being discriminated was sufficient.15,33 Adequacy of a single 
training trial for each cigarette was confirmed in the piloting with 
Quest cigarettes (However, as noted in the Results, the number of 
training trials per cigarette was later doubled, increasing the total 
from 2 to 4, as a result of initial testing with the Spectrum cigarettes 
following the piloting with Quest cigarettes.).

These training trials were then followed by six testing trials (in 
which subjects were kept blind, or uninformed of cigarette identi-
fication) to assess this acquisition of discrimination. After the four 
puffs in each trial, subjects completed a short measure assessing eight 
different subjective perceptions of smoking the cigarette to deter-
mine which were associated with discrimination behavior. These 
eight items, commonly obtained in prior smoking studies,43 asked 
subjects to rate the cigarette on how “satisfying,” “strong,” “harsh,” 
“smooth,” and “similar to own brand” it was, and how much “nic-
otine,” “liking,” and “flavor” they experienced. Each was assessed 
via 0–100 visual analog scales (VAS), anchored by “not at all” to 
“very much.”43 They then circled “A” or “B” to identify the cigarette, 
according to the stimulus effects they perceived from each informed 
cigarette during acquisition of discrimination in the training trials. 
The two types of cigarettes were presented in random order dur-
ing testing trials, one per 15 minutes. Successful discrimination was 
defined by the criterion of at least 80% correct identifications of the 
cigarettes (ie, on at least five out of six trials). To standardize subject 
motivation to learn this discrimination, subjects were told each cor-
rect cigarette identification would be reinforced by $1. The amount 
earned was added to the subject’s total participant payment of $20/
hr for the 3-hour session. Those who “failed” to acquire discrimina-
tion (ie, less than five out of six correct trials) then repeated this 
testing on a different day, conducted in exactly the same manner as 
this first session (but with the cigarettes now labeled “C” and “D”), 
to confirm their inability to discriminate nicotine’s stimulus effects 
from these Spectrum cigarettes. Data analyses used the responses to 
cigarettes from this repeat session for such subjects.

Finally, after the sixth (last) testing trial, subjects in the main 
study (only) completed two final “choice” trials to gauge the rela-
tive reinforcing effects of the cigarettes, as in prior research on 
nicotine reinforcement via cigarettes.49 On each of these two tri-
als, they were given both of the cigarettes and informed of the 
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letter code for each. They were instructed to take a total of four 
puffs from some combination of the two cigarettes, based solely 
on their own choice (ie, all four puffs from one or from the other, 
or from a mix of the two). The timing and duration of each cho-
sen puff was again controlled by computer instructions, as in the 
prior trials. The number of times the higher nicotine Spectrum 
cigarette (“moderate”; 16 mg/g) was chosen out of the eight total 
puff opportunities from the two choice trials was the measure of 
nicotine reinforcement.

Data Analyses
The piloting with five subjects involved simply determining how 
many were able to meet the criterion for successfully discriminat-
ing the Quest cigarettes (at least five out of six trials, or >80%, 
correct), so no formal analyses were conducted. In the main study 
(N  =  29), the number of subjects able to discriminate the two 
Spectrum research cigarettes also was the primary result. We first 
conducted preliminary analyses of the smoking topography results 
between the two Spectrum cigarettes, to confirm equal exposure. 
No differences were found, with means (SD) of 260 (122) versus 
261 (63) mls for moderate versus very low, respectively, from the 
four puffs per cigarette during the discrimination testing trials, 
F(1,28) < 1, ns, as expected. However, because the training pro-
cedures were revised, as described in Results, we conducted addi-
tional preliminary analyses between the two subgroups receiving 
the slightly different set of training procedures, comprising the first 
20 and then the next nine subjects. The proportion of subjects in 
each subgroup who were able to discriminate the cigarettes was 
compared by chi-square analysis. For other responses to the ciga-
rettes, analyses of variance indicated no differences between these 
subgroups in demographics, subjective perceptions, and choice 
responses, each F(1,27) < 1.2, all P > .30. So, the two subgroups 
were combined for comparisons of differences in subjective percep-
tions of the two cigarettes, and in choice behavior, between those 
able versus unable to correctly discriminate them (ie, at least five 
vs. less than five out of six trials correct). Thus, multivariate analy-
ses of variance compared the differences between cigarettes in sub-
jective responses as a function of whether or not subjects were able 
to discriminate, with follow-up univariate analyses of variances for 
the individual responses. For choice behavior, somewhat similarly, 
the number of choices for the moderate versus very low nicotine 
cigarettes were compared using paired-samples t tests (Because one 
choice trial was missing for one subject, N  =  28 for the choice 
behavior analyses.).

Results

Piloting
All five subjects in the pilot testing with Quest brand commercial 
cigarettes were able to discriminate 0.6 mg from 0.05 mg nicotine 
(yield), as expected. Specifically, four subjects were correct on six 
of the six trials, while one was correct on four of six trials (67% 
correct) but retested on this discrimination in a second session with 
these procedures and discriminated them correctly on six of six trials.

In sum, subjects were successful in discriminating the two ciga-
rettes with single training trials and these testing procedures, similar 
to prior studies of nicotine discrimination via nasal spray15,33 or very 
recently via oral capsules.29 Thus, we initially used these procedures 
to conduct the main study of nicotine discrimination with Spectrum 
research cigarettes.

Main Study
Discrimination Results
Initial Training Procedures.  Surprisingly, only 10 of the first 20 
subjects (50%) were able to successfully discriminate the two 
Spectrum research cigarettes differing in nicotine content (16 mg/g 
vs. 0.4 mg/g). Just seven of 20 discriminated the cigarettes in the first 
session, while three others did not accurately discriminate them in 
the first session but succeeded in discriminating the two during a sec-
ond, repeat session with the same procedures. Yet, the remaining 10 
out of 20 failed to discriminate these cigarettes during both sessions.

Revised Training Procedures.  The greater difficulty of subjects 
in discriminating these two research cigarettes, which differ on 
nicotine “yield” (0.8 vs. 0.03 mg) at least as widely as the Quest 
cigarettes used in piloting (0.6 vs. 0.05 mg), was very unexpected. 
Reasons for this difficulty are uncertain, but discrimination could 
have been harder for the Spectrum research cigarettes if they were 
more closely matched on most non-nicotine constituents. Thus, we 
revised our procedures by adding a second training trial for each 
Spectrum cigarette, for a total of four training trials prior to the 
six testing trials. We hoped that this additional training exposure 
would be sufficient to enable most smokers to learn this discrimi-
nation, and so all other procedures outlined in Methods remained 
the same during subsequent sessions.

Discrimination Results With Revised Procedure.  As a result of 
this change for the subsequent participants, we found eight of 
nine subjects (89%) correctly discriminated the two Spectrum 
cigarettes, seven of nine in the first session. One subject failed in 
session 1 but successfully discriminated the cigarettes upon retest-
ing in a second session, while the remaining subject failed to dis-
criminate the cigarettes during both sessions. Thus, the ability of 
learning to discriminate the two Spectrum cigarettes at more than 
80% accuracy (at least five out of six trials correct) was signifi-
cantly greater when four training trials (two each cigarette) were 
provided, compared to when just two training trials (one each) 
were provided (ie, 89% vs. 50%; chi-square [1 df] = 3.99, P < .05).

Other Responses Associated With Ability to Discriminate
No further differences were seen in preliminary analyses of other 
responses as a function of the number of initial training trials sub-
jects received. Thus, those data were combined between these two 
subgroups, in which 18 subjects were able to discriminate the two 
cigarettes, and 11 were not. We then examined those able versus 
unable to discriminate on demographics, finding no significant dif-
ferences for age (means ± SEM of 33.4 ± 2.9 vs. 36.5 ± 3.7  years, 
respectively), cigarettes/d (16.3 ± 1.3 vs. 17.6 ± 1.7), and FTND 
(4.8 ± 0.5 vs. 5.2 ± 0.6), each F(1,27) < 1. We then compared them 
on subjective perceptions and choice behavior responses to the two 
cigarettes, which follows.

Subjective Perceptions.  As hypothesized, subjective responses dif-
fered between the two cigarettes more among those able versus 
those unable to behaviorally discriminate them (ie, interaction of 
nicotine content by discrimination ability, F(8,20) = 3.37, P = .01 
in multivariate analyses of variance). As shown in Figure 1, sig-
nificant interactions for all the individual subjective percep-
tions, except “smooth,” were found in the follow-up analyses of 
variances.
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Nicotine Choice Behavior.  Also as expected, mean (SEM) puffs cho-
sen was greater for the moderate versus very low nicotine cigarette 
among the entire sample (N = 28), 5.1 ± 0.3 versus 2.9 ± 0.3 puffs, 
with t(27)  =  4.47, P < .001 for the difference between cigarettes. 
Somewhat similar to results above for subjective perceptions, fur-
ther paired-samples t tests showed that this difference in puff choice 
between cigarettes was significant for those able to discriminate 
them, 5.3 ± 0.3 versus 2.7 ± 0.3 puffs, t(16) = 4.07, P < .001, but only 
marginal for those unable to discriminate, 4.9 ± 0.4 versus 3.1 ± 0.4 
puffs, t(10) = 2.09, P = .06. In an exploratory examination among 
those 11 unable to meet the criterion of five or more correct trials to 
show ability to discriminate, as the number of correct discrimination 
test trials (out of six) increased, so did the number of puffs chosen 
(out of eight) for the moderate nicotine cigarette during the subse-
quent choice trials: two correct trials (3.3 ± 0.3 puffs), three correct 
(4.7 ± 0.3), and four correct (6.3 ± 0.6).

Discussion

This study describes the initial development of a procedure to 
acutely test whether smokers can discriminate between cigarettes 
differing in nicotine contents. Research on discrimination of 
nicotine in humans may increase understanding of the reinforc-
ing efficacy of tobacco smoking.4,5,29,32 Our procedures, primarily 
adapted from prior studies of discriminating nicotine administered 
by nasal spray in smokers and nonsmokers,33 were found largely 

applicable to the study of nicotine from smoking these Spectrum 
research cigarettes, other than one clear exception. That exception 
in procedures was the need for two training trials of exposure 
for each of the administered cigarettes, rather than just one, for a 
clear majority of smokers to meet the criterion for showing abil-
ity to discriminate between these research cigarettes differing in 
their nicotine contents. When this increase in training trials was 
implemented, the proportion of subjects able to discriminate the 
Spectrum cigarettes significantly increased, from 50% to 89%.

We also evaluated other responses to determine their possible 
association with ability versus inability to discriminate the nicotine 
content in these research cigarettes. No differences in smoking his-
tory or dependence were seen, but we found differential patterns of 
responding to the cigarettes on measures of subjective perceptions 
and choice behavior as a function of subjects’ discrimination ability/
inability. These observations are consistent with the notions that the 
interoceptive stimulus effects guiding this behavioral discrimination 
of cigarettes varying in nicotine are associated with their concomitant 
subjective perceptions and subsequent choice behavior. Choice of the 
moderate versus very low nicotine cigarette during the choice trials at 
the end of the session was greater among the entire sample, consistent 
with greater reinforcing effects of cigarettes containing “moderate” 
amounts of nicotine content versus very low amounts.39,49 Notably, 
this choice behavior was significant only for those able to discrimi-
nate while marginal for those unable to discriminate. Yet, choice 
increased as the number of correct discrimination trials increased in 
those failing to meet the criterion of more than 80% correct, or at 
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Figure 1. Mean subjective perception items in response to smoking the “moderate” (16 mg/g) and “very low” (0.4 mg/g) nicotine Spectrum cigarettes, between 
those able (n = 18) versus unable (n = 11) to discriminate the cigarettes (*P < .05, **P < .01, and ***P < .001 for interaction of able/unable to discriminate by 
moderate/very low nicotine cigarette in univariate analyses of variances [ANOVAs]).
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least five of the six trials. Thus, the subjects correct on four out of six 
trials may have perceived differences between the cigarettes, explain-
ing their high rate of choosing the moderate nicotine cigarette, but 
not sufficiently to meet the discrimination criterion.

We note that, despite single training trials for each comparison 
cigarette tested, discrimination between the two Quest commercial 
cigarettes differing in nicotine “yield” during piloting was apparently 
easier than discrimination between the two Spectrum research ciga-
rettes during the main study. Although both brands have been reported 
to be similar in tar content for the cigarettes tested here (see Methods), 
each brand may not necessarily be matched on all constituents. The 
Spectrum research cigarettes were explicitly matched as closely as 
possible on non-nicotine contents, but some differences may still be 
apparent. For example, the difference between cigarettes in subjective 
perceptions based on ability to discriminate them included items not 
expected to differ due to interoceptive stimulus effects of nicotine per 
se, specifically “harsh” and “flavor,” but not “smooth” (Figure 1). The 
basis for responses to these individual subjective items is not known, 
and associations of discriminability with responses on these two items 
raises the possibility that the differential nicotine contents of these ciga-
rettes, or constituents besides tar, may alter their exteroceptive, as well 
as interoceptive stimulus effects.50,51 Thus, carefully manipulating only 
the drug per se while controlling the nondrug factors, important when 
assessing discriminative stimulus effects of nicotine, may be challenging 
with any available tobacco cigarettes. In any case, our results should 
inform subsequent research methods for evaluating behavioral dis-
crimination between research cigarettes differing in nicotine contents.

Nevertheless, further evaluation of procedures for testing discrim-
ination of nicotine via smoking is clearly warranted, to maximize the 
likelihood of smokers being able to acquire an ability to discriminate 
cigarettes differing in nicotine contents. Our starting point was the 
limited prior research on human discrimination of nonsmoked nico-
tine, other drug administration, or smoked marijuana.8,15,16,32,47 Among 
our study limitations, smoke exposure was restricted to four puffs/
cigarette on each trial, due to the number of trials needed for discrim-
ination training and testing, and for the puff choice testing. Based on 
prior research showing significant subjective and other effects from 
just a few puffs,45–47 our procedure of providing four puffs/trial was 
intended to allow sufficient smoke exposure by which to discrimi-
nate nicotine’s interoceptive effects while minimizing chances of toxic 
responses that could lead to avoidance of nicotine. This aim appar-
ently was successful, since choice was higher for the moderate versus 
very low nicotine cigarettes in the session’s last two trials. Similarly, 
trials were separated by just 15 minutes, to enable completion of all 
testing within a reasonable session duration (3 hours), comparable 
to the 20-minute inter-trial interval in our prior discrimination stud-
ies with nasal spray nicotine.33 Yet, alternative procedures, such as 
increasing the dose to a full cigarette, for example, 8–12 puffs/trial 
as in typical ad libitum cigarette smoking,42,43 would likely increase 
the proportion of subjects able to discriminate these cigarettes under 
the original procedures, involving just one training trial per cigarette. 
Also, a longer time between trials could provide more separation of 
the interoceptive effects between cigarettes, perhaps improving dis-
crimination behavior. However, these alternatives raise serious practi-
cal limitations of their own, as increasing each exposure per cigarette 
may require reducing the total number of trials within one session to 
avoid toxicity, and extending the duration of trials may require con-
ducting discrimination training and testing across multiple sessions.

Finally, improvements in the procedures for testing nicotine dis-
crimination may have wider applicability in similar research, perhaps 
including that to guide regulation policy. They may be effective with 

many of the other methods of administering nicotine in fairly rapid 
fashion, if dosing can be carefully controlled. Given the proliferation 
of diverse tobacco products (eg, small cigars, hookah, snus, other 
smokeless52) and nontobacco nicotine products (especially e-cig-
arettes) in the marketplace, nicotine discrimination behavior may 
vary across and within these products. Such procedures may also be 
appropriate for use in testing other responses to acute nicotine per se 
administered repeatedly, particularly via research cigarettes differing 
in nicotine content. Moreover, if results for nicotine discrimination 
are shown to closely predict those for nicotine reinforcement (eg, 
via choice behavior), it is conceivable that cigarettes with nicotine 
contents too low to be discriminated may also be too low to support 
reinforcement. Such an outcome could impact policy decisions to 
minimize risks of reinforcement and onset of dependence from regu-
lated tobacco products approved for sale in the marketplace.39,53,54
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