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Abstract. This study examined the antinociceptive effects
of smoking in nine habitual smokers under deprived (12 h)
and minimally-deprived ( < 30 min) conditions. Pain
threshold for thermal stimuli, heart rate, blood pressure
and ratings of mood, arousal, dominance and well-being
were assessed before and after smoking a cigarette. Over-
all, smoking affected all measured variables in the ex-
pected direction, leading to increased physiological
activity, elevated pain threshold and improved mood.
However, most of these effects depended on the depriv-
ation status of the subjects, such that smoking after
deprivation increased pain threshold whereas smoking
after minimal deprivation did not. Pain threshold beforc
smoking was the same for both groups. Deprived subjects
had lower pre-smoke diastolic blood pressure, heart rate,
and arousal levels, which rose to equal minimally-de-
prived subjects’ scores after smoking.
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The perception of pain seems to be modulated by nicotine
intake. Antinociceptive eflects of nicotine have been reli-
ably shown in animals through the hot-plate and tail-flick
methods (Phan et al. 1973; Tripathi et al. 1982; Aceto et al.
1983; Iwamoto 1989; Yang et al. 1992). However, studies
in humans are rare and less conclusive. Several studies
found no effects of smoking or nicotine intake on pain
threshold or pain tolerance (Waller et al. 1983; Sult and
Moss 1986; Knott 1990). Other results indicate that (a)
deprived smokers exhibit lower pain threshold levels than
nonsmokers or minimally-deprived smokers (Nesbitt
1973; Silverstein 1982) and that (b) smoking a nicotine-
containing cigarette leads to a pain threshold increase in
smokers (Nesbitt 1973; Silverstein 1982; Pomerleau et al.
1984; Fertig et al. 1986).

Pomerleau and coworkers (Pomerleau et al. 1984;
Fertig et al. 1986) also could demonstrate that the anti-
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nociceptive effect of nicotine occurs in minimally-deprived
smokers. They argue that nicotine itself can produce
direct relief from pain and that this reinforcement effect is
independent of the state of nicotine withdrawal. However,
they did not directly compare deprived and minimally-
deprived smokers. Data regarding cardiovascular re-
sponses suggest larger effects of nicotine in deprived com-
pared to minimally-deprived subjects (West and Russell
1987; Benowitz et al. 1990), an effect which can be inter-
preted as a sign of the development of acute tolerance
(Porchet et al. 1988). Thus, it might be that the same
cigarette has a stronger antinociceptive effect in deprived
compared to minimally-deprived smokers. So far, no stud-
y has explicitly compared pain thresholds in deprived and
minimally-deprived smokers.

The present experiment used a within-subject design
to evaluate the interaction between smoking deprivation
and the effect of smoking on pain perception, physio-
logical activity and mood. The following hypotheses were
tested: (1) smoking increases pain threshold and arousal
and improves mood; (2) these changes are especially pro-
nounced after periods of smoking deprivation, leading
to larger net effects than after periods of minimal
deprivation.

Materials and methods

Subjects. Ten healthy, right-handed, male habitual smokers, all
smoking more than ten cigarettes a day for more than 5 years, were
studied. However, one subject was excluded because he failed to
comply with smoking deprivation instructions. The remaining nine
subjects were between 22 and 30 years old (25.1 + 2.3), and had
smoked between 12 and 27 cigarettes a day (21.0 + 5.1) for 5-15
years (8.0 & 3.0). Subjects were recruited through advertisements
and were paid (DM 30) for participation. All were informed prior to
the study that they would receive thermal stimuli at the pain
threshold, and that they could terminate the experiment at any time
without any negative consequences. All subjects signed a consent
document.

Procedure. Al] subjects participated in two sessions. The difference
between the sessions was that one followed a nicotine deprivation
period of 12 h, whereas subjects smoked a cigarette less than 30 min



before the other session. The sequence of sessions was counter-
balanced between subjects. Both sessions were carried out at the
same time (9 or 10am.) within 1 week. To ensure compliance,
subjects were told that nicotine deprivation would be verified with a
urine test, which was in fact not performed.

The dependent variables were pain threshold for thermal stimuli,
systolic and diastolic blood pressure, heart rale, subjective well-
being and subjective emotional state. Within each session pain
thresholds were assessed before and after subjects smoked one
cigarette of their usual brand. Biood pressure values and heart rate
were measured before and after pain threshold determination,
psychological measures only after pam threshold determination,

Smokmg habits were assessed: in the first session. After the
experiment, subjects Wi about their expectancres regarding
the influence of smok deprlvauon on pam perceptlon

Pain threshold determmatmn Cutaneous heat strmulr were’ applied
with the Path-Teste PL- 100 from Phywe Systeme GmbH,
Géttingen, Germany. The dev1ce controls a Marstock thermode that
functions on the Peltier prmcrp]e and can be both heated and cooled.
The base temperature was 40°C. and the rate of heating and cooling
~ was set to 0.7°C/s."The’ contact surface of the thermode was
~ 1:6.x 3.6 cm?. Technica “details, accuracy -and reliability - of the
. method are descrlbed b Galfe et al. (1990)

hole in the table. SubJeEis
that the thermode’ was |

response key with the
In each trial, the t]
press the response butto
' thermode was then’ ac| jely ¢ cd
’ erght times, so that erght threshold temper-
- atures were determir The mean of the last five trials was ¢on-
sidered to be the actual pa; threshold The first three trials were run
in order to adapt the’ subj 0-the temperature of the thermode.
Addmonally, each session ted with five practice trials. The inter-
trial interval was 10s. Each lal was announced by a beep, and the
temperature started to: rrse after a (pseudorandomly determined)
time perrod between 1 and 3's. The time for heating and cooling the
thermode is dependent on the pain threshold of the subject (ie. to
reach 47°C it takes 2 X lO s to heat'and cool the.thermode; base
temperature was always 40 "C and heatmg and .cooling rate was
0.7°C/s), and therefore th tual trial length varied between sub-
jects. On average, the el n strmulr were delivered within 4 min.

Vl( s,heatcd and the SUb_[CCtS had to

Physiological measures Blood pressure and heart rate were meas-
ured with an automatcd blood-pressure cuff. Measurements were
conducted immediately” before and after the pain threshold deter-
mination, leading to four. values within each session.

Psychological measures. The psychological status of the subjects was
assessed immediately after the pain threshold determination. Sub-
jective well-being was measured with the Befindlichkeits-Skala (BfS)
{von Zerssen 1976), a popular German questionnaire, which asks the
subjects to describe their current well-being in terms of 28 pairs of
adjectives, which together form a single factor of well-being. Subjects
have to choose between three response categories, two of which-are
described by the adjectives, and the third indicating that neither

adjective is relevant for the current state of well-being (e.g. Do you.

now feel: more relaxed, more tense or nejther). Negative answers (e.g.
tense) score two points and indifferent answers one point. The higher
the score, the worse the subject currently feels.

The Self-Assessment Manikin (SAM, paper and pencil version;
Lang 1980; see also Bradley et al. 1993) was used to assess the
subjects’ emotional state. The three dimensions “mood (or valence)”,
“arousal” and “dominance” were measured on nine-point scales, the
different points represented by .different manikins expressing the
related emotional state. Higher values represent worse mood, higher
arousal and less dominance. .

soon- as thcy percelved pain. The
d 1o, the bascline'temperature. This’
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Subjects’ expectancies about pain threshold. Subjects’ expectancies
regarding the effect of smoking or deprivation on pain perception
were assessed by the following two multiple choice questions at the
end of the second session:

(1) When have you been more sensitive for thermal pain?
(a) Before smoking a cigarette.
(b) After smoking a cigarette.
(c) Smoking had no effect on pain sensitivity.

(2) On what experimental day have you been more sensitive for
thermal pain?
(a) On the day when I was not aliowed to smoke for 12 h.
(b) On the day when I smoked before the experiment.
(c) Pain sensitivity was equal on both days.

Data analysis. Repeated-measures’ analysis of variances (ANQVA)
with the two within-factors Deprivation (deprivation versus. no
deprivation) and Smoking (pre-versus post-smoking) were condug-
ted to analyse pain threshold and psychological data. Toanalyse the
physnologrcal measurements, the addmonal thhm-factor Pam-
effects’ were further evaluated with appropriate post hoc ‘means
comparrsons Statistical analysis with the Otder of sessions factor '
(first session deprived versus second:session deprived) revealed. no -

" significant effects for this variable, and therefore these results will not

be reported. Chi?-tests were used to analyse nommal data, Level of
significance was sct at 5%.

Results
Pazn threshold

The ANOVA revealed srgmﬁcant Smokmg [F(l 8) = 13 9
P = 0.006] and Deprivation by Smoking [F(1,8) = 9. l P
= 0.02] effects (Fig. 1). Before smoking a cigarette, sub-
jects showed about the same pain threshold in the de-
prived and the minimally-deprived condition. However,
smoking had differential effects depending on the pre-
smoke nicotine level. Smoking a cigarette after 12h of
deprivation led to a significant pain threshold increase of
about 1°C (post-hoc comparison: F = 22.7, P = 0.001).
On the other hand, smoking a cigarette under minimally-
deprived conditions did not lead to pain threshold
changes. This differential effect led to a significantly higher
post-smoke threshold in the deprived compared to the
minimally-deprived session (F = 14.5, P = 0.005).

Cardiovascular responses

For diastolic blood pressure, the ANOVA indicated a
marginally significant Pain-stimulus effect [ F(1,8) = 4.8
P = 0.08], a significant Smoking by Pain-stimulus inter-
action [F(1,8) = 6.1, P = 0.04], and a highly significant
Deprivation by Smoking interaction [F(1,8) = 13.0, P
= 0.007]. As can be inferred from Fig. 2, deprived sub-
jects exhibited in the pre-smoke condition significantly
lower diastolic blood pressure levels than minimally-
deprived subjects (F =26.0, P =0.0009). Smoking a
crgarettc was associated with s1gmﬁcant blood pressure
increases (F = 42.7, P = 0.0002) in deprived subjects,
whereas this effect did not reach significance in minimaily-
deprived subjects (F = 2.1, P = 0.18). After smoking, both

* groups’ diastolic blood pressure was practically identical.

The significant Smoking by Pain-stimulus interaction can

ey e e =
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degrees centigrade [°C)

deprived

minimally-deprived

Fig. 1. Pain thresholds (means + SEMs; N =9) depending on
deprivation status at the beginning of the experiment and smoking
during the experiment. (J) Pre-smoke; (M) post-smoke

be traced back to the fact that only the first post-smoke
measurement indicated a significant higher diastolic
blood pressure than in the pre-smoke condition (F = 22.8,
P =0.001). The second post-smoke recording was not
significantly different from the pre-smoke levels (F = 0.1,
P =0.38).

For systolic blood pressure, no significant main or
interaction effects were found (Fig. 2).

The ANOVA for heart rate revealed highly significant
Smoking [F(1,8) =200, P =0.002], Deprivation by
Smoking [F(1,8) =17.7, P =0.003] and Smoking by
Pain-stimulus [F(1,8) = 19.2, P = 0.003] effects (Fig. 3).
Post-hoc means comparisons for the Deprivation by
Smoking effect mirrored the effects for diastolic blood
pressure. Deprived smokers’ heart rates were lower at the
pre-smoke (F = 18.3, P = 0.003) but equal at the post-
smoke measurements (F = 2.8, P =0.13) compared to
minimally-deprived smokers. The Smoking by Pain-
stimulus interaction is related to the fact that heart rate,
like diastolic blood pressure, decreased from the first to
the second post-smoke measurements (F = 18.1, P
= 0.003), whereas similar changes between the two pre-
smoke measurements did not occur. However, heart rate
remained significantly higher in both post-smoke com-
pared to the pre-smoke measurements (F = 65.0,
P < 0.0001; F=144.6, P < 0.0001), whereas diastolic
blood pressure decreased to the pre-smoke level,

Psychological responses

Smoking a cigarette led to a significant improvement of
mood [pre-smoke: 4.6 4 0.97; post-smoke: 4.1 + 0.90;
F(1,8) =60, P =004]. Additionally, smoking led to
a trend toward better subjective well-being [pre-
smoke: 14.3 + 8.1; post-smoke: 11.7 + 6.2; F(1,8) = 3.6, P
= 0.09] and increased dominance [pre-smoke: 4.6 + 1.1;
post-smoke: 42 + 1.0; F(1,8) =4.0, P =0.08). For ar-
ousal, a significant Deprivation by Smoking interaction
was found [F(1,8)=5.3, P=0.05]. Under deprived
conditions subjects’ pre-smoke arousal was lower than
under minimally-deprived conditions (pre-smoke: 3.1
+ 1.1 versus 44 + 1.8; F =10.7, P = 0.01). However,

128

126 4

124 4

122 4

120 1

118 4

116

114 4

‘I12'J

systolic blood pressure {mmHg]

80 7
78 1
76
74
724
70

GBJ

66

diastolic blood pressure [mmHg]

64 T T T T
pre-pain post-pain pre-pain post-pain

pre-smoke post-smoke

Fig. 2. Systolic and diastolic blood pressure {means + SEMs;
N =9) depending on deprivation status at the beginning of the
experiment and smoking during the experiment. (O) Deprived;
(M) minimally-deprived

95 1
90
85 1
804
754

704

heart rate [bpm}

65 4

60

SS T T

L] 1
pre-pain post-pain pre-pain post-pain

pre-smoke post-smoke

Fig. 3. Heart rate (means + SEMs; N = 9) depending on depriv-
ation status at the beginning of the experiment and smoking during
the experiment. (O) Deprived; (IB) minimally-deprived

post-smoke arousal was practically the same under both
conditions (post-smoking: 3.8 + 1.2 versus 3.8 1+ 1.9), be-
cause smoking under deprived conditions led to an in-
crease, whercas smoking under conditions of minimal
deprivation led to a decrease in arousal. No other signific-
ant main or interaction effects were found for the psycho-
logical variables.



Expectancies

There was no significant relationship between subjects’
expectancies and objective pain threshold. Three subjects
expected pain threshold to be lowest before smoking, two
after smoking, and four were indifferent. However, only
one subjects’ pain threshold (mean for deprived and min-
imally-deprived conditions) was lower before compared to
after smoking a cigarette (Chi® = 1.4, P = 0.5). Regarding
the effect of deprivation, two subjects expected to be more
sensitive to pain stimuli after the deprivation period, three
when they smoked before the experiment, and four were
indifferent. For four subjects these expectancies corres-
ponded with the: real pain thresholds on the 2 experi-

 mental days; however, the statlstxcal test did not reach"
significance (Chi® = 2 2, P'= 0 3) .

“Dlscussmn

‘Our results clearly-indicate that the effect of smoking a
cigarette on the psychologlcal and physiological status of
a sub]ect depends on their deprivation status. There is an

overall increase in heart rate and blood pressure, mood’
improvement, and elevation of pain threshold. However, -

the changes in pain-threshold, diastolic blood pressure,
heart rate and arousal were clearly more pronounced
when' subjects. smoked a. cigarétte after:a deprivation
period of 12 h. Lookmg at baseline measures (pre-smoke),
_deprivation' was’ ociated. with: lower diastolic blood

‘pressure, 1ower heart’ 'rate and lower subjectlve arousal .

but nét with lower paln thresholds or 'worse mood. .,
. This study conﬁrms the prev1ously observed inter-

actlon between deprlvatlon status and heart rate changes
due to smoking (West and Russell 1987; Benowitz 1990,
Russell 1990). Additionally, similar ef’fects were observed
for changes in diastolic blood pressure. West and Russell
(1987) found reports of subjective changes due to smoking
only in deprived smokers, which would fit with our finding
that smoking under deprived conditions leads to in-
creased arousal. However, they found no calming effects
of smoking, as we did under minimally-deprived condi-
tions. West and Russell’s question whether subjects had
“felt anything from the cigarette” may not be entirely
appropriate to assess calming effects. Pain threshold
changes -due to smoking also depend on the smoking
deprivation status. In contrast to the cardiovascular and
the arousal data, the deprivation had no effect on pre-
smoke pain thresholds. The pre-smoke pain thresholds
(under deprived and minimally deprived conditions) are in
agreement with the normative data for normal subjects for
the Path-Tester MPI-100 (46.3 °C versus 46.1 °C; Lauten-
bacher et al. 1989). Interestingly, no significant relation-
ship between objective pain threshold changes and sub-
jects’ expectancies about the effect of smoking were found.
The latter findings support the conclusion that the results
reported above are physiological in nature and do not
constitute expectancy-placebo effects.

At first glance, our data are at variance with results
indicating that deprived smokers exhibit lower pain
endurance levels than minimally-deprived smokers
(Silverstein 1982), and that smoking a nicotine-containing
cigarette leads to a pain threshold increase even in minim-

475

ally-deprived smokers (Pomerleau et al. 1984; Fertig et al.
1986). The divergent results could be attributed to meth-
odological differences regarding the pain stimuli (cold
pressure, electrical stimuli, thermal pain), the control con-
dition (no smoking, no-nicotine cigarette, pre-smoking
measurement) and the experimental design (between-
subjects or within-subjects design). However, close scru-
tiny of prior studies reveals that these differences are not
critical.

Silverstein (1982) compared smokers who were not
allowed to smoke for the whole experiment (lasting about
1h) with smokers who smoked low- and high-nicotine
cigarettes at the beginning of the experiment and during

- the delivery of electrical shocks (about 45 min later), Only

the high-nicotine group differed from the other groups,.

:and the nicotine-deprived and the low-nicotine group

exhibited approximately the same pain threshold. Thus,
no clear cut difference between deprived and minimally-
deprived subjects was found. Additionally, it is not known
when Silverstein’s deprived subjects smoked their last

" cigarette.

Pomerieau et al. (1984) found even in mmlmally de-

_prived smokers, a higher pain threshold after smoking a

nicotine-containing compared to a no-nicotine cigarette.
However, as a consequence of the design, it was unclear
whether the pain threshold increased due to smoking a
nicotine-containing cigarette, or whéther the pain thres-

" hold actually decreased as a consequence of the’ no-
‘njcoting c1garette Fertlg et al. (1986) in-fact found ‘the
Towest pain threshold in subjects performmg sham smok-
‘ing, somewhat higher thresholds in subjects smokmg a

zero-nicotine cigarette, and the highest pait thresholds in
subjects smokmg high-nicotine cigarettes or taking nico-

tine snuffs. It is possible that classically conditioned com-

pensatory effects (Siegel 1983) or the frustration related to
the zero-nicotine cigarette or the sham smoking proced-
ure were responsible for the decrease in pain threshold.

Our study confirms acute tolerance for cardiovascular
responses (heart rate and blood -pressure), and demon-
strates acute tolerance effects for pain perception. Porchet
et al. (1988) developed a pharmacodynamic model of
nicotine tolerance based on the empirical observation of
heart rate changes following successive nicotine infusions
separated by different time intervals, which may explain
our results. Receptor down-regulation, presumably by a
nicotine metabolite, is assumed to be the physiological
basis for tolerance development.

In our data, smoking deprivation was not associated
with reduced pain thresholds. This would fit with the
approach of Pomerlcau et al. (1984), who argue that the
antinociceptive effect of nicotine is mediated by release of
beta-endorphin, and that this effect is independent of the
state of withdrawal. Following this assumption, our re-
sults suggest that smoking after a deprivation peried is
related to increased beta-endorphine release, or that beta-
endorphine under these circumstances has an especially
powerful effect, or both processes may occur. It may be
speculated that under conditions of nicotine deprivation
fewer endorphine receptors are occupied, and therefore
the released endorphine has more powerful effects. Our
results are also consistent with the findings of West and
Russell (1987) and others summarized in Warburton
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(1990), that acute tolerance and withdrawal effects of
nicotine are found in some dimensions of behaviour, but
not in others.

One limitation of this study is the lack of a direct
measure of nicotine intake. West and Russell (1987) used a
very similar design and found heart rate changes similar
to ours, both under conditions of nicotine deprivation and
under minimally deprived conditions. Additionally, West
and Russell (1987) measured carbon monoxide (CO) as a
measure of cigarette smoke inhaled over the preceding few
hours. They found that the CO increase was somewhat
greater after 24-h deprivation than during a normal smok-
ing day. However, CO increase was significant under both
conditions, and a considerable correlation (r = 0.53) be-
tween CO changes under the two conditions was found.
Additionally, the post-cigarette CO after 24-h abstinence
was considerably lower than the pre-cigarette CO on the
normal smoking day. Therefore, it seems unlikely that the
differences we found between the deprived and minimally
deprived conditions can be totally attributed to differ-
ences in nicotine intake or nicotine levels.
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