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Abstract
The urge-to-cough is a respiratory sensation that precedes the cough motor response. Since
affective state modulates the perception of respiratory sensations such as dyspnoea, we wanted to
test whether nicotine, an anxiolytic, would modulate the urge-to-cough and hence, the cough
motor response. We hypothesized that withdrawal from and administration of nicotine in smoking
subjects would modulate their anxiety levels, urge-to-cough and cough motor response to
capsaicin stimulation. Twenty smoking (SM) adults (8F, 12M; 22 ± 3 years; 2.9 ± 2.0 pack years)
and matched non-smoking (NS) controls (22 ± 2 years) were presented with randomized
concentrations of capsaicin (0–200 µM) before and after nicotine (SM only) gum and/or placebo
(SM and NS) gum. Subjects rated their urge-to-cough using a Borg scale at the end of each
capsaicin presentation. Cough number and cough motor pattern were determined from airflow
tracings. Subjects completed State-Trait Anxiety Inventory (STAI) questionnaires before and after
gum administration. SM subjects that withdrew from cigarette smoking for 12 h exhibited an
increase in anxiety scores, a greater number of coughs and higher urge-to-cough ratings compared
to NS subjects. Administration of nicotine gum reduced anxiety scores, cough number and urge-
to-cough ratings to match the NS subjects. There was no effect of placebo gum on any of the
measured parameters in the SM and NS groups. The results from this study suggest that
modulation of the central neural state with nicotine withdrawal and administration in young
smoking adults is associated with a change in anxiety levels which in turn modulates the
perceptual and motor response to irritant cough stimulants.
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1. Introduction
We previously published that the urge-to-cough is a respiratory sensation that is a
component of the cough cognitive motivational system [1,2]. We proposed that the sensory
processes related to initiating a cough project to the brainstem respiratory control centre and
to higher brain centres, in particular the somatosensory area in the cerebral cortex and
affective areas in the cortex and subcortex [2]. Cognitive awareness of an urge-to-cough
precedes the cough motor response when subjects are asked to attend to the cough stimulus
[1,3,4]. It has also been reported that once conscious detection of an urge-to-cough occurs,
the magnitude of the urge-to-cough can be scaled using psychophysical measures [3]. There
is a direct relationship between cough stimulus intensity and the perceptual scaling of an
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urge-to-cough [3]. It has been hypothesized that the urge-to-cough, similar to other
respiratory sensations [5], is gated into the discriminative (somatosensory) and affective
neural systems [2]. Respiratory sensory gating has been demonstrated using airway
obstruction in a paired stimulus paradigm in normal subjects [6]. It has also been suggested
that the central cognitive neural gating systems can be modulated by changes in affect,
attention and experience [5]. We reasoned that if gating respiratory sensations can be
modulated by neural affective mechanisms, then increasing or decreasing a subject’s
affective state will change the perception of an urge-to-cough.

Reflex cough is initiated by sensory stimulation from peripheral afferents [7–9]. These
afferents are known to project to the cerebral cortex, affective and cognitive centres [5,10].
Stimulation of these afferents is the first step in eliciting the cough sensation that precedes
the motor action of cough [7,8,11,12]. Afferents eliciting cough probably have dual
projections to the brainstem for eliciting motor reflex cough action and to higher brain
centres for affective and cognitive awareness of cough [2,5,13]. Cognitive awareness of an
impending cough, an urge-to-cough, means that these afferents activated neurocognitive
pathways which have properties of detection (cognitive awareness), stimulus evaluation and
behavioural responses. The magnitude of the sensory stimulation is directly related to the
stimulus evaluation (magnitude estimation), the number of coughs and the cough intensity
[4,14]. Negative affect has been shown to increase the perception of other respiratory
sensations, such as dyspnoea in normal subjects [15–18]. Anxiety is also associated with an
increased awareness of respiratory sensation [15,18,19]. Thus, we hypothesize that changing
the affective state such as increasing anxiety would increase the cognitive sense of an urge-
to-cough and may increase the cough motor response.

Cigarette smoke and nicotine are known to modulate both peripheral afferent activity and
central neural afferent activity [20–24]. Nicotine delivered to the airways stimulates lung
afferents [22]. However nicotine also acts on central neural mechanisms as an anxiolytic
[25,26]. Withdrawal from smoking is accompanied by increased measures of anxiety [27].
Non-smokers, when exposed to cigarette smoke, cough vigorously; however individuals
who have a history of smoking seldom cough when similarly inhaling cigarette smoke [28].
If nicotine is a stimulant of airway afferents, then the question arises as to why inhalation of
nicotine in cigarette smoke fails to stimulate cough or potentiate cough in individuals with
chronic exposure to cigarette smoke. One possibility is that nicotine acts on higher brain
central neural systems to decrease cough responsiveness and a sense of urge-to-cough in
smokers. We hypothesize that withdrawal from smoking for 12 h in individuals with a
history of one pack per day or less of cigarette smoking would increase their anxiety state,
enhance their cough response to capsaicin and increase their sense of an urge-to-cough. We
further hypothesize that acute systemic (oral) administration of nicotine would inhibit the
capsaicin-induced reflex cough response and decrease their sensation of an urge-to-cough.

2. Methods
2.1. Subjects

Twenty healthy non-smoking (NS) subjects (8F, 12M; age: 22 ± 2 years) and 20 healthy
smoking (SM) subjects (8F, 12M; age: 22 ± 3 years) with no history of chronic respiratory
or neurological disease participated in this study. SM subjects reported smoking for 2.9 ±
2.0 pack years and were not actively taking nicotine replacements or medications to quit
smoking. All subjects consented to participating as per the regulations set forth by the
Institutional Review Board at the University of Florida.
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2.2. Procedure
2.2.1. Cardiopulmonary measurements—Before each experimental day, subjects
performed pulmonary tests (forced expiration and impulse oscillometry) to ensure they met
the inclusion criteria. An FEV1/FVC greater than 80% of predicted and a blood pressure less
than 140/90 mmHg were required for the subjects to remain in the study. Only one subject
was excluded based on these criteria.

2.2.2. Capsaicin administration—After the subject was instrumented, the subject was
seated comfortably in a chair and a facemask was placed over their nose and mouth. The
nebulizers containing the capsaicin solutions were kept in the airflow fume hood to prevent
premature exposure to capsaicin. For capsaicin delivery, the nebulizers were inserted into
the inlet on the facemask, and the subjects were coached by the experimenter to inspire
deeply through their facemask which triggered aerosolization of the capsaicin solution.

Seven capsaicin concentrations (5, 10, 25, 50, 100, 150 and 200 µM capsaicin in 80%
physiological saline, 10% Tween 20, and 10% ethanol) plus one placebo (0 µM capsaicin)
were presented to the subject in a blinded-randomized order. Each capsaicin presentation
was separated by approximately 1 min.

2.2.3. Nicotine administration—One piece of nicotine gum (Nicorette, 4 mg nicotine)
was administered to the smoking subjects only. Both smoking and non-smoking subjects
received placebo gum (generic mint gum). Smoking subjects were blinded to the gum they
received.

2.2.4. Psychophysical measurements
2.2.4.1. Urge-to-cough ratings: At the end of each capsaicin presentation, subjects were
asked to rate their urge-to-cough [3]. This sensation was described to the subjects as the
intensity of their need to cough, regardless of whether a cough was produced or not. Scores
ranged from 1 (no urge-to-cough) to 10 (maximum urge-to-cough).

2.2.4.2. State-Trait Anxiety Inventory (STAI): A subset of SM (4F; 6M) and NS (5F; 6M)
subjects were asked to complete an STAI questionnaire assessing the level of state and trait
anxiety before and after nicotine and/or placebo gum. Data were analyzed following the
STAI test manual [29].

2.3. Protocol
One trial consisted of three presentations of each capsaicin and placebo solution in a
randomized order, for a total of 24 presentations per trial. NS subjects completed 2
experimental days, whereas SM subjects completed 3 experimental days. On day 1, both NS
and SM subjects completed only one trial to help them get accustomed to the experimental
apparatus and procedure, and to establish their perceptual rating scale. On day 2, the NS
subjects completed one trial (pre-trial), chewed placebo gum for 30 min, then completed a
second trial (post-trial). SM subjects followed the same protocol as the NS subjects with the
exception that they were blinded to the gum they received (i.e. placebo vs nicotine gum). On
day 3, SM subjects followed the same protocol as day 2, except that they were given the
gum that they did not receive on day 2. Smoking subjects were asked to refrain from
cigarettes for at least 12 h before the experiment.

2.4. Data analysis
2.4.1. Cough number—The number of expulsive events was counted for 30 s following
the presentation of each capsaicin and placebo solution. C2 and C5 indices of cough
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sensitivity were determined for the NS and SM subjects during the pre- and post-trials using
the mean capsaicin concentration that generated two and five expulsive events respectively.

The average of the number of total expulsive events was plotted over capsaicin
concentration for the NS and SM subjects during the pre- and post-trials. Cough threshold
was determined as the minimum capsaicin concentration that generated one or more
expulsive events. Data points were fitted with a two-compartment polynomial curve.

2.4.2. Cough type—Airflow recordings were used to differentiate between the two major
airway reflexes studied: cough reaccelerations (CR; inspiration followed by one or more
expulsive events) and expiration reflexes (ER; one or more expulsive events without a
preceding inspiration). Examples of a CR and ER airway reflex are illustrated in previous
papers [4,14,30]. The CRs and ERs were categorized based on the number of expulsive
events (i.e. CR1, CR2, CR3, CR4 and ER1, ER2, ER3, etc.) and the total number of each
airway reflex was plotted over the capsaicin concentration for NS and SM subjects during
the pre- and post-trials.

2.4.3. Psychophysical measurements—The average of the urge-to-cough ratings was
first plotted over capsaicin concentration for NS and SM subjects during the pre- and post-
trials to determine the minimum capsaicin concentration that elicited an urge-to-cough
sensation greater than 1 (i.e. threshold). Ratings were then plotted against capsaicin
concentration on a log–log scale and a linear regression was used to fit the data. The slope of
the line was used as a measure of the sensitivity of the urge-to-cough to capsaicin, and
compared between trials (pre vs post), subjects (NS vs SM) and treatment (placebo vs
nicotine).

The average state and trait anxiety scores before and after nicotine and/or placebo gum
administration were compared for within and between group differences.

2.4.4. Statistics—The results were compared using a paired-t test, repeated measures
ANOVA and post-hoc between group analyses performed with Student–Newman–Keuls
method for paired multiple comparisons where appropriate. The significance criterion was
set at p < 0.05.

3. Results
3.1. Subjects

The physical parameters (age, gender, and BMI) for the smoking (SM) subjects and their
matched non-smoking (NS) controls, and the baseline cardiopulmonary measurements
(FEV1, FVC, MAP) taken prior to each experimental day are listed in Table 1.

3.2. Cough response
The average number of expulsive events generated for each capsaicin concentration before
(pre-trial) and after (post-trial) treatment (placebo and/or nicotine gum) for the NS and SM
subjects was fitted with a second order polynomial equation (Fig. 1). There was no effect of
placebo (i.e. mint) gum on the number of expulsive events generated in the NS and SM
group (Fig. 1, top and middle panels); however there was a significant decrease in the
average number of expulsive events generated in the SM group following nicotine gum
administration at capsaicin concentrations above 100 µM (Fig. 1, bottom panel). When post-
trials for the NS and SM groups were compared, SM subjects who withdrew from cigarette
smoking for 12 h generated more expulsive events at a given capsaicin concentration
compared to NS subjects; however, following nicotine administration (i.e. Nicorette gum)
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the number of expulsive events generated was reduced to equal the NS cough response (Fig.
2).

The median capsaicin concentrations that generated two and five expulsive events (i.e. C2
and C5, respectively) for all groups and conditions are listed in Table 2. There was no
difference in the C2 values between subjects or conditions. C5 was the same between NS
and SM subjects during pre- and post-placebo conditions; however C5 increased in SM
subjects following nicotine administration.

Airway reflexes for all groups and conditions were categorized as cough reaccelerations,
CR1, CR2, CR3, CR4 and CR5+ (containing five or more expulsive events), or expiratory
reflexes, ER1+ (containing one or more expulsive events). The total numbers of airway
reflexes for each CR and ER category at 100, 150 and 200 µM capsaicin were summed for
each trial since the difference in the total number of airway reflexes generated did not vary
much between the three highest concentrations of capsaicin. Fig. 3 illustrates the total
number of airway reflexes generated by the NS and SM groups before (pre-trial) and after
(post-trial) nicotine and/or placebo gum administration. The most common airway reflex in
all groups was CR2. Placebo gum did not have a consistent effect on the type of airway
reflex generated. Following nicotine administration, the number of CRs and ERs decreased,
with more prominent decreases in CRs with a greater number of expulsive events (i.e. CR4
and CR5+) and more subtle decreases in CR2.

3.3. Urge-to-cough
The average urge-to-cough scores at each capsaicin concentration before (pre-trial) and after
(post-trial) treatment (nicotine and/or placebo gum) for the NS and SM subjects were fitted
with a linear regression equation and plotted on a log–log plot to determine the urge-to-
cough sensitivity (i.e. slope). There was no effect of placebo gum on the sensitivity of the
urge-to-cough response in either the NS group (pre vs post: 2.4 and 2.1 au/100 µM
capsaicin, r2 = 0.96 and 0.97, respectively) or the SM group (pre vs post: 2.6 and 2.3 au/100
µM capsaicin, r2 = 0.96 and 0.98). Following nicotine administration in the SM group, there
was no difference in the urge-to-cough sensitivity (pre vs post: 2.8 and 2.3 au/100 µM
capsaicin, r2 = 0.95 and 0.98). The curve that best fit the urge-to-cough scores (i.e. r2 = 0.99
for all curve fits) was a second order polynomial equation (Fig. 4). There was no significant
effect of placebo gum on the urge-to-cough ratings in the NS and SM groups (Fig. 4, top and
middle panels); however, after nicotine administration the urge-to-cough scores were
significantly lower at higher capsaicin concentrations in the SM group (Fig. 4, bottom
panel). When post-trials for the NS and SM groups were compared, SM subjects who
withdrew from cigarette smoking for 12 h reported higher urge-to-cough scores for a given
capsaicin concentration compared with NS subjects; however, following nicotine
administration the scores decreased to equal the NS response (Fig. 5).

The relationship between the average number of expulsive events and the urge-to-cough
scores demonstrates a strong linear relationship (r2 = 0.99 for all curves) (Fig. 6). The urge-
to-cough scores increased by one increment every one to two expulsive events for both
groups. Comparing the post-trial results for the NS and SM groups, nicotine did not affect
this relationship; however it decreased the magnitude of this relationship at a given capsaicin
concentration (Fig. 7).

The minimum capsaicin concentration (i.e. threshold) required to elicit one or more
expulsive event(s) or an urge-to-cough score of 1.5 or greater is illustrated in Fig. 8. There
was no difference in threshold values between subjects or conditions; however, the urge-to-
cough threshold was consistently lower than the cough threshold in all cases.
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3.4. State-trait anxiety
There were no differences in state anxiety scores before or after nicotine and/or placebo gum
administration in the SM and NS groups, although the SM subjects tended to score higher
than the NS subjects. Trait anxiety scores before and after placebo gum administration were
not different in either the NS or SM groups; however, there was a significant effect of
nicotine on the trait anxiety scores in the SM group. Nicotine gum decreased trait anxiety
scores from 36.3 ± 3 to 34.3 ± 3 (p = 0.03). When the SM and NS groups were compared,
SM subjects generated consistently higher trait anxiety scores than NS subjects before (37.0
± 2.4 and 32.7 ± 2.2 for SM and NS, respectively, p <0.05) and after (37.7 ± 2.4 and 31.7 ±
2.2 for SM and NS, respectively, p <0.05) placebo gum administration.

4. Discussion
The results of the study support the hypothesis that withdrawal from smoking enhances the
cough response to capsaicin. Smokers that withdrew from smoking for 12 h had a greater
cough response in terms of both the urge-to-cough and the number of coughs elicited by
capsaicin compared with the control subjects. In addition, the urge-to-cough and number of
coughs in smokers after 12 h of nicotine withdrawal were reduced when the smokers were
administered nicotine orally. Administration of oral nicotine also resulted in the urge-to-
cough and cough motor response in smokers to equal non-smokers. The results of this study
suggest that modulation of the central neural state by nicotine withdrawal, associated with
increased anxiety, modulates the motor and perceptual response to irritant cough stimulants.

Inhalation of nicotine aerosol has been reported to sensitize airway afferents [20–22]. In
addition, inhalation of smoke was reported to stimulate airway afferents [20–24] and to elicit
cough [28]. Inhalation of smoke in naïve subjects appears to elicit a greater cough response
than inhalation of smoke in chronic smokers suggesting that there is a cough response
accommodation in smokers to smoke and nicotine stimuli in the airway. It has also been
reported that smokers withdrawing from nicotine have increased cough response [31]. The
fact that individuals with a history of smoking have an increased cough response when
nicotine is withdrawn suggests a central modulation of brainstem cough motor output. In the
present study, 12 h of nicotine withdrawal is approximately four to six half-life decreases in
blood nicotine levels [32]. This means that the central neural nicotine levels are very low,
decreasing the central effect of nicotine on central motor and cognitive affective
mechanisms. When the smoking subjects in the present study were initially exposed to
increasing concentrations of capsaicin, the motor cough response showed a significantly
greater number of coughs than for the non-smokers (Fig. 2), particularly at capsaicin
concentrations greater than 100 µM which elicited cough in all subjects, smokers and
nonsmokers. When non-smokers were administered placebo gum there was no change in the
cough motor response. Similarly when smokers were administered nicotine-free placebo
gum, there was no change in the cough motor response that remained greater than the cough
motor response in non-smokers. However, when nicotine gum was presented to the smokers
there was a significant decrease in the cough motor response that reduced the number of
coughs to equal non-smokers. The non-smoker post-placebo and smoker post-nicotine cough
trials showed similar cough responses (Fig. 2). However if the smokers did not have oral
nicotine the post-trial placebo smokers retained a significantly elevated cough motor
response greater than their post-trial nicotine gum cough response. These results
demonstrate that oral administration of nicotine modulates the cough motor response in
smokers suggesting a central nicotine modulation of cough neural mechanisms.

We have previously reported that administration of graded concentrations of capsaicin elicits
a corresponding increased cognitive sense of an urge-to-cough [3,4]. Similar to the cough
motor response, when smokers withdrew for 12 h from smoking, administration of capsaicin
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elicited a significant increase in the sense of an urge-to-cough that was greater than with
non-smokers. Administration of placebo gum did not change the sense of an urge-to-cough
for either smokers or non-smokers; the post-trial placebo gum urge-to-cough response in
smokers remained significantly greater than the post-trial placebo gum non-smoker urge-to-
cough response. However, when oral nicotine gum was administered to the smokers there
was a significant decrease in the urge-to-cough, similar to the decrease in the cough motor
response at concentrations above 100 µM capsaicin. Again, the urge-to-cough response
post-trial paralleled the cough motor response such that smokers after oral nicotine
administration had similar urge-to-cough sensations elicited by capsaicin as non-smokers.
However, smokers administered placebo gum had an increased post-trial urge-to-cough that
was significantly greater than both non-smokers and nicotine treated smokers (Fig. 5). Thus,
the effect of nicotine administered orally in smokers after nicotine withdrawal shows
parallel effects on both the cough motor and cognitive urge-to-cough responses. These
results support the hypothesis that nicotine is acting on central neural mechanisms to
decrease both the cough motor response and the cognitive urge-to-cough. This conclusion is
further supported when the motor and urge-to-cough responses are correlated (Figs. 6 and
7). There is a direct relationship, as we reported previously, between the cough motor
response and the urge-to-cough [1–4]. Neither placebo gum nor oral nicotine changed the
sensitivity (slope) of this relationship. The effect of nicotine withdrawal is to extend the
relationship to a higher urge-to-cough and the corresponding cough motor response portion
of the curve (Fig. 7). Thus, the effect of nicotine and smoking history is not on the
sensitivity relationship between the cough neural response in the urge-to-cough sensitivity
but on the magnitude of that response. This is further evidenced by the fact that there was no
difference between 12 h smoking withdrawal, placebo gum, and nicotine administration on
the threshold for eliciting either the urge-to-cough or the cough motor response (Fig. 8).

We previously proposed a model of the cough motor response and the urge-to-cough that
suggests a central modulation of cough and sensory gating mediated by the affective nervous
system [1,2]. In the present study we determine that trait anxiety was increased in smokers
after 12 h smoking withdrawal. This suggests that the affective state changed such that after
nicotine withdrawal, the smokers were more anxious, consistent with what has been reported
previously for smoking withdrawal [25]. If, as we have previously proposed, the urge-to-
cough is part of a motivation to action neural mechanisms for respiratory protection reflexes
[1,2], and smoking withdrawal causes an increased anxious state mediated by the affective
nervous system, then modulation of the affective state may be a gain-setting modulation of
the gate for the sense of an urge-to-cough and the cough motor gate controlling the motor
response. Increased affective drive, such as increased anxiety, decreases the gating out of
stimuli into higher brain cognitive centres. This results in an increased sensation from the
stimulus (capsaicin) due to a greater transmission through the gate into higher brain centres.
Application of an anxiolytic substance such as nicotine increases the gating out of stimuli
thus decreasing the cognitive sensation elicited by a cough stimulus such as capsaicin. The
results of this study also suggest that affective state also modulates the cough motor gate.
Increasing the affective state (in this study increased anxiety), decreases the gating out of the
capsaicin stimulus increasing the cough motor response regulated by brainstem cough neural
mechanisms. Oral administration of nicotine, similar to the cognitive response, decreases
affective related anxiety and decreases the cough motor response. These results support the
hypothesis that smoking withdrawal enhances the cough motor response by changing the
gain of central neural mechanisms mediating both cognitive and motor cough behaviours.
Administration of nicotine inhibits cognitive and motor cough responses in a parallel fashion
that is consistent with the central neural anxiolytic effect of nicotine. It will be important to
determine in future studies the relationships between ascending peripheral and descending
central regulation of brainstem cough motor behaviour.
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Fig. 1.
Average number of expulsive events in the NS (top) and SM (middle) groups before (closed
squares) and after (open circles) placebo gum administration, and following nicotine gum
administration in the SM group (bottom). Symbols indicate significant differences: €
significantly different from 0, 5, 15, 25, 50, 100 µM capsaicin (pre- and post-trials); *
significantly different from 0, 5, 10, 25, 50 µM capsaicin (pre- and post-trials); #
significantly different from 0, 5, 10, 25 µM capsaicin (pre- and post-trials); & significantly
different from 0, 5, 10 µM capsaicin (pre- and post-trials); § significantly different from 0,
5, 10, 25 µM capsaicin (pre-trial only); ¥ significantly different from the corresponding pre-
trial value.
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Fig. 2.
Comparison of post-trial expulsive events following placebo gum administration in NS
(open triangles) and SM (closed squares) groups, and in the SM group following nicotine
gum administration (closed circles). * indicates significant differences from the
corresponding post-trial nicotine (SM) and post-trial placebo (NS) values. There were no
differences between post-trial nicotine (SM) and post-trial placebo (NS) values.

Davenport et al. Page 11

Pulm Pharmacol Ther. Author manuscript; available in PMC 2011 June 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
Cough motor patterns before (solid) and after (hatched) placebo gum administration in NS
subjects (top), SM subjects (middle) and after nicotine gum administration in SM subjects
(bottom). The total number of cough reaccelerations (CR) and expiratory reflexes (ER) at
100, 150 and 200 µM of capsaicin was summed for each group and condition.
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Fig. 4.
Average urge-to-cough ratings before (closed squares) and after (open circles) placebo gum
administration in the NS (top) and SM (middle) groups, and following nicotine gum
administration in the SM group (bottom). Symbols indicate significant differences: €
significantly different from 0, 5, 15, 25, 50, 100 µM capsaicin (pre- and post-trials); *
significantly different from 0, 5, 10, 25, 50 µM capsaicin (pre- and post-trials); #
significantly different from 0, 5, 10, 25 µM capsaicin (pre- and post-trials); & significantly
different from 0, 5, 10 µM capsaicin (pre- and post-trials); § significantly different from 0,
5, 10, 25 µM capsaicin (pre-trial only); ¥ significantly different from the corresponding pre-
trial value.
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Fig. 5.
Comparison of post-trial expulsive events following placebo gum administration in the NS
(open triangles) and SM (closed squares) groups, and in the SM group following nicotine
gum administration (closed circles). * indicates significant differences from the
corresponding post-trial nicotine (SM) and post-trial placebo (NS) values. There were no
differences between post-trial nicotine (SM) and post-trial placebo (NS) values.
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Fig. 6.
Relationship between the average number of expulsive events and the average urge-to-cough
ratings before (closed squares) and after (open circles) placebo gum administration in the NS
(top) and SM (middle) groups, and following nicotine gum administration in the SM group
(bottom). For every incremental increase in the urge-to-cough ratings, approximately one
expulsive event was produced. There were no differences in this relationship (i.e. slope)
between groups (SM vs NS) or treatment (nicotine vs placebo).
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Fig. 7.
Relationship between the average number of expulsive events and the average urge-to-cough
ratings following placebo gum administration in the NS (open triangles) and SM (closed
squares) groups, and in the SM group following nicotine gum administration (closed
circles). Nicotine withdrawal or administration did not change the sensitivity (i.e. slope) of
the cough response to urge-to-cough ratings. However, nicotine withdrawal increased the
magnitude of this relationship such that SM subjects rated higher urge-to-cough sensations
and produced a greater number of coughs at high capsaicin concentrations compared with
NS subjects. Administration of nicotine reduced this effect so that the SM response was the
same as that for the NS subjects.
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Fig. 8.
Capsaicin concentration at the urge-to-cough and the cough thresholds before and after
placebo gum administration in the NS (solid bars) and SM (hatched bars) groups, and in the
SM group before and after nicotine gum administration (open bars). The urge-to-cough
threshold occurred at a lower capsaicin concentration compared with the cough threshold.
There were no differences between groups (NS vs SM), treatments (nicotine vs placebo) or
trials (pre- vs post-trial). * indicates a significant difference from the corresponding urge-to-
cough threshold.

Davenport et al. Page 17

Pulm Pharmacol Ther. Author manuscript; available in PMC 2011 June 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Davenport et al. Page 18

Table 1

Physical and baseline cardiorespiratory parameters for smoking (SM) and non-smoking (NS) subjects.

SM subjects NS subjects

Age (years) 22 ± 2 22 ± 3

Gender (F, M) 8, 12 8, 12

BMI (kg/m2) 27.2 ± 5.5 24.2 ± 3.7

FEV1/FVC (% predicted) 93 ± 12 100 ± 8

Systolic (mmHg) 117 ± 8 115 ± 10

Diastolic (mmHg) 70 ± 6 69 ± 7

HR (bpm) 78 ± 11 77 ± 9

Pack years 2.9 ± 2.0 –
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