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Effects of smoking on brain responses induced by

noxious laser stimuli: An event-related potential study
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Effects of smoking on brain responses induced by noxious laser stimuli: An

event-related potential study

Background: The effects of tobacco smoking and nicotine on pain-related brain
activities were investigated in humans. Smoking and nicotine have various
physiological effects in humans. One of the most prominent effects of smoking and
nicotine is an awaking effect, which can be seen as an increase in the amplitude and/or
decrease in the latency of various types of event-related potentials. On the other hand,
non-human studies revealed an antinociceptive effect of smoking and nicotine.
However, the results of human studies on the antinociceptive effect of smoking and
nicotine were not consistent. The present study investigated whether smoking and
nicotine increase or decrease the evoked potentials induced by painful laser
stimulation. Pain-related evoked potentials are shown to reflect the intensity of
subjectively perceived pain in past studies. Painful laser beams were used to stimulate
selectively pain-related nerve fibers without activating tactile-related AB fibers.
Different stimulation paradigms were used to record pain-related EEG responses
specific to A§ (experiment 1) and C fiber (experiment 2) inputs separately.

General Method: Ten healthy male smokers participated in the study. EEG responses
evoked by a painful laser beam (laser evoked potentials; LEPs), and .the plasma
concentration of nicotine were repeatedly measured in two conditions’ Smoking and
Control (non-smoking). A twelve-hour abstinence from smoking preceded each session.
In the Smoking session, subjects smoked a tobacco cigarette with 1 mg nicotine. LEPs
were recorded in five runs: just beforé and 5, 20, 35 and 60 min after smoking. In the
Control session, LEPs were recorded in the same time course, but subjects did not
smoke a cigérette. A blood sample was collected just before each run of LEP
measurement. An electrode placed at Cz referred to linked earlobes was used according
to the International 10/20 system.

Experiment 1: LEPs induced by A8-fiber stimulation were recorded and the two major
components, N2 and P2 were measured. Subjects rated the intensity of perceived pain
after each A§-fiber stimulus using the visual analog scale (VAS). Both the N2 and P2
amplitudes fell to their minimums 5 min after smoking, when the plasma
concentration of nicotine reached its maximum. The P2 amplitude of A§-fiber LEPs
was significantly smaller in the Smoking session than in the Control session (F(4, 36) =
3.1, p = 0.049, two-way (Session and Run) repeated measures ANOVA). A significant
negative correlation was found betwéen the plasma concentration of nicotine and the
amplitude of N2 as well as P2 (r = — 0.29, p < 0.01, and r = — 0.22, p = 0.03,
respectively). No significant effect of smoking or the plasma concentration of nicotine

was found on the N2 or P2 latency, or VAS score. The results of the experiment 1 are in
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consistency with the hypothesis that smoking and nicotine have antinociceptive effect
in humans, but the analgesic effect of one tobacco cigarette might not be enough to
make a considerable change in the intensity of subjectively perceived pain.
Experiment 2: LEPs induced by C-fiber stimulation were recorded and N2/P2
peak-to-peak amplitude was measured. To assess the level of wakefulness, background
EEG was recorded for 20 s just before each run of LEP recording, and the frequency of
background alpha-band activity was calculated. Clear C-fiber LEPs were recorded from
eight of the ten subjects. The data from these eight subjects were used for statistical
analyses. Although there was no significant effect of smoking on the N2/P2 amplitude
(p = 0.11), a significant positive correlation was found on the N2/P2 amplitude and the
plasma concentration of nicotine in the Smoking session (r = 0.32, p = 0.44). The N2/P2
amplitude of the C-fiber LEPs was also correlated to the frequency of the background
alpha-band activity both in the Smoking and Control sessions (r = 0.44, p = 0.0047, and
r = 0.33, p = 0.037, respectively). In addition, the frequency of the background
alpha-band activity was correlated to the plasma concentration of nicotine in the
Smoking session (r = 0.58, p < 0.0001). The results of the experiment 2 suggest that the
C-fiber LEPs were facilitated by nicotine through its awaking effect. An awéking effect
could also take place in the AS-fiber LEPs, but a stronger antinociceptive effect of
nicotine on the A§-fiber LEPs might have concealed this effect in the experiment 1.
Conclusion: The present study showed the differential effect of smoking and nicotine
on AS- and C-fiber related brain activities in humans. This differential effect might
partly explain the inconsistency in the results of past studies on the antinociceptive

effect of smoking and nicotine in humans.
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