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Abstract
The major pharmacological ingredient in tobacco smoke is nicotine, a mild stimulant known to alter
brain electrical activity. The object of this study was to determine if tobacco smoking in humans
produces localized or widespread neocortical dominant alpha electroencephalographic (EEG)
frequency increases consistent with nicotine stimulation of the brainstem activating system in
animals. Twenty-two male volunteer non-deprived tobacco smokers were studied. They were asked
not to smoke for at least 1 hr before the experiment in mid-morning as part of their usual smoking
schedule. In the laboratory, they sham smoked and then smoked their favorite tobacco cigarette. Two
experimental sessions (#1 and #2) were conducted, separated by a one to two month interval. In both
sessions, there were minor statistically significant increases in the dominant alpha frequencies after
sham smoking. In both sessions, after the subjects smoked a favorite tobacco cigarette there was a
significant generalized increase in dominant alpha EEG frequencies in most scalp recording sites.
This study demonstrates that tobacco smoking produces widespread bilateral neocortical increases
in dominant alpha EEG frequencies consistent with the stimulant effects of nicotine on the brainstem
reticular activating system.
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1. Introduction
Both behavioral and electroencephalographic (EEG) studies indicate that nicotine in tobacco
smoking amounts is a mild stimulant. Tobacco smoking/nicotine improves performance on
some, but not all, cognitive tasks (Swan and Lessov-Schlaggar, 2007). Selective attention,
arousal, recognition memory, and working memory have been shown to improve after acute
nicotine administration in some studies (Foulds et al., 1996; Ernst et al., 2001; Smith et al.,
2002; Kumari et al., 2003). There is little to no effect of nicotine on verbal memory, calculation
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(arithmetic), or mental association (letter fluency; Sakuri and Kanazawa, 2002). However,
prenatal and adolescent exposure to nicotine appears to be correlated with hippocampal
changes and a decline in cholinergic activity, resulting in altered visuospatial memory
(Jacobsen et al., 2006). An increasing number of studies have associated tobacco smoking with
a decline in older adults’ verbal memory, visual search speeds (Richards et al., 2003), Mini
Mental State Examination scores (Ott et al., 2004), memory (Reitz et al., 2005), and executive
functioning (Starr et al., 2007). It should be noted that in many EEG studies the degree of
tobacco/nicotine dependence and withdrawal is a critical issue seldom prominently addressed.

EEG bandwidth frequency analysis from different scalp recording sites and their abundance
or power have has been used by many investigators to study the effects of tobacco smoking
because these EEG parameters reflect the state of arousal/sedation. Church (1989) reviewed
earlier qualitative studies on the effects of cigarette smoking on the EEG. The immediate effect
of smoking produces an ‘arousal’ or ‘activated’ EEG profile. Smoking one or two cigarettes
causes a decrease in the delta (1-4 Hz) and theta (4-8 Hz) bands, an increase in the beta (14-30
Hz) band, either an increase or decrease in the alpha (8-13 Hz) band, and a shift to a higher
dominant alpha frequency. Computer advances have resulted in more objective quantitation
analyses of EEG activity. EEG topographic displays indicate important regional spatial
distributions of brain wave changes induced by tobacco smoking.

Some of the major changes in the effects of tobacco smoking are in the alpha EEG range. The
largest increases occur in the occipital cortex (Kadoya et al., 1994; Domino et al., 1995). It is
known that all neocortical recording sites show some alpha activity. Monitoring dominant
alpha activity allows one to determine if only the occipital or if all neocortical recording sites
are affected after smoking. In animals given nicotine, all cortical areas show EEG arousal due
to its stimulant action on the brainstem activating system (Knapp and Domino, 1962). Research
has also shown decreases in alpha frequencies during smoking abstinence with increased
cigarette craving, decreased arousal, and worsened mood (Teneggi et al., 2004). Additional
research is needed to clearly distinguish between nicotine effects in nonsmokers, non-deprived,
and deprived smokers. The recent study by Knott et al. (2009) is a step in that direction. It is
important to clarify if the EEG changes are due to 1) smoking, 2) arousal from a normal resting
state, or 3) a return to a normal resting state after generalized EEG slowing because of tobacco
abstinence. For example, in the brief above list of studies the following types of volunteers
were studied: 1) deprived smokers (Ulett and Itil, 1969; Knott and Venables, 1977; Pickworth,
1986 (gum), 1989; Kadoya et al., 1994; Cook, 1995; Domino et al., 1995; Teneggi, 2004), 2)
non-deprived smokers (Ulett and Itil, 1969; Golding and Mangan, 1982a,b; Cinciripini et al.,
1986; Knott, 1988, 1989a,b; Pritchard et al., 1992; Hasenfratz et al., 1993; Pickworth et al.,
2003; Teneggi, 2004), 3) sham/denicotinized cigarettes (Golding and Mangan, 1982a,b;
Golding, 1988; Pickworth et al., 2003), 4) different levels of tar/nicotine cigarettes (Knott,
1989a,b; Golding and Mangan, 1982b; Hazenfratz, 1993; Pickworth et al., 1986; Domino et
al., 1995), 5) nonsmokers given nicotine (Foulds et al., 1994; Knott et al., 2009a,b on evoked
potentials).

Separating the various components of tobacco smoking, especially psychological vs
pharmacological, is very important. Cook et al. (1995) studied the EEG effects of sham
smoking and actual smoking of a cigarette of the subject’s preferred brand. Denicotinized
cigarettes have other substances including tar and a very small amount of nicotine. Sham
cigarette inhalation only involves room air. The EEG changes due to tobacco smoking varied
with differences in male smokers’ arousal. EEG theta power was decreased when the subjects
smoked their cigarette in an arousal avoidance state. Beta 2 power increased when the subjects
smoked their cigarette in an arousal seeking state. Compared to sham, tobacco smoking
increased the peak alpha frequencies in both genders but more in males in an arousal avoidance
state. Disagreements in the literature exist which may be explained by the types of smokers,

Domino et al. Page 2

Int J Psychophysiol. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



whether or not they are deprived, what they smoke, set and setting differences, etc.. The reports
in both rats and humans by Caggiula et al. (2001, 2002), Rose et al. (2003), Rose and Behm
(2004), Rose (2006), and Donny et al. (2006) are especially pertinent in better defining the role
of nicotine tobacco smoking. Many of these studies highlight the importance of non-nicotine
reinforcers of smoking/nicotine. Cues associated with smoking/nicotine administration are
powerful reinforcers in rats and humans (Caggiula et al., 2001, 2002; Rose and Behm, 2004).
Denicotinzed cigarettes have been shown to reduce craving (Donny et al., 2006) and even
reduce ad libitum smoking more than i.v. nicotine (Rose et al., 2003). Nicotine Replacement
Therapies (NRT) often fall short of expectations because the importance of non-nicotine
components of smoking is ignored (Rose, 2006).

The hypothesis tested in this study was that favorite brand tobacco smoking would have
widespread cortical effects on dominant alpha frequencies. To our knowledge, these have never
previously been tested and reported in the literature. As predicted, smoking produced
widespread bilateral cortical dominant EEG frequency effects. In contrast, there were
significant small right hand hemisphere EEG changes in dominant alpha frequency activity
with sham smoking. Throughout this manuscript, dominant alpha frequency means the one
peak frequency ± 0.2 Hz and not a change in the amount (abundance or power) of the alpha
frequency band.

2. Materials and methods
2.1. Subjects and experimental design

Twenty-two subject volunteers in this study were selected from a group of healthy, right handed
male Japanese volunteers recruited from the Tobacco Science Research Center in Yokohama,
Japan. The inclusion criteria were adult, mentally and physically healthy males from 21 to 40
years of age who were chronic daily tobacco smokers for at least 5 or more years. They were
all habitual tobacco smokers but consumed a wide range of from 5 to 40 cigarettes per day.
They were asked to smoke as usual so they would not be craving to smoke prior to coming to
the laboratory. The only restriction was the subjects were asked not to smoke at least one hr
before arrival to the experimental facility (mean smoking interval time ± SD, 5.6 ± 10.9 hr)
for both sessions.

The data from the 22 smokers were grouped together for purposes of dominant EEG
frequency analyses. Exclusion criteria included any neurologic or psychiatric diseases and drug
or substance abuse including alcohol. Caffeinated beverages were permitted with a light
breakfast. Their mean ±SD age was 27.6 ± 2.6 yr. This narrow age range with at least five years
of smoking was used since onset was controlled. Each subject smoked his own brand of
commercial cigarettes (mean nicotine ± SD, 0.91 ± 0.24 mg; mean tar ± SD, 10.7 ± 2.7 mg;
mean daily cigarette consumption ± SD, 24.1 ± 17.6 cigarettes). In view of the hypothesis to
be tested, this lack of control for duration since the last cigarette was deemed not critical. The
subjects were studied twice, experiment 1 was in winter/spring. An EEG only replicate
experiment 2 was done in the spring/summer. There were four dropouts and two replacements
of similar demographic characteristics. Hence, the same subjects were studied twice, separated
by a month or more. This replication was necessary to be confident we could confirm our first
findings. During the month plus interval, the smokers conducted their usual work schedule and
behaviors. Subjects were each asked to close their eyes and try to relax but not sleep. The
experiments began at 9:00 or 10:30 a.m., about 1/2 hr after reporting to the laboratory. A
counterbalanced design was not used because the effects of smoking the tobacco cigarette first
could confound the sham condition. Hence, sham smoking always preceded the smoking
condition. The volunteers were always tested in the morning. The schedule phases were: 1)
pre-sham EEG, 2) sham smoking, 3) post-sham EEG, 4) pre-tobacco EEG, 5) tobacco smoking,
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6) post-tobacco EEG. Different baselines were used for the analyses of sham and tobacco
smoking

2.2. Cigarettes
The cigarettes used in this study were commercial brands available in Japan. The subjects
selected each brand according to their preference. The mean ± SD nicotine and tar yield of the
cigarettes were 0.9 ± 0.3 mg and 10.5 ± 3.3, respectively, for the subjects of this report.

2.3. Procedures
The entire experiment was carried out in a soundproof, electrically shielded room over a period
of about one hr. The subjects sat relaxed in an adjustable armchair. Room illumination was 45
lux. The EEGs were recorded during the eyes closed quiet resting state for about 5-10 min per
each experimental phase. Subjects were requested to perform two kinds of smoking: sham
(simulated) smoking and real smoking. In sham smoking, the subject ‘smoked’ an unlit
pseudocigarette made of a cellulose acetate filter plug and cigarette wrapping paper. The sham
cigarettes purposefully differed from the usual obvious control of which the subject would
sham-smoke an unlighted preferred brand. The latter would give the smoker strong
psychological and sensory smoking cues (own cigarette from own cigarette pack, “flavor” of
the taste and smell of tobacco, etc.) and are worthy of a future study. The sham procedure
chosen was done to examine only the effects of smoking behavior such as deep inhalation,
expiration and cigarette smoking type manipulations. During real tobacco smoking, the
subjects smoked their favorite brand of cigarettes in their accustomed manner.

2.4. Physiological recordings
EEGs were recorded on a 16 channel electroencephalograph from 20 spaced electrodes placed
on the surface of the scalp and head in accordance with the standard positions of the
International EEG 10/20 system. Ag/AgCl electrodes were applied with conductive paste at
scalp sites Fp1, Fp2, F3, F4, C3, C4, P3, P4, O1, O2, F7, F8, Fz, Pz, T5 and T6. Monopolar recording
was used with a linked-mastoid reference. An electrode placed on the forehead was used as a
ground. The impedances of all the electrodes were kept below 5k Ω and tested only at the
beginning of each study. The EEGs were recorded at a 5.0-60 Hz band pass to minimize
extraneous artifacts for different analyses, of which the present study reports only the alpha
frequency effects. When artifacts were detected, those portions of the recordings were deleted.
Two methods were used. The first was the San-ei automatic programmed artifact detection
system which has its own notch filter and slope filter settings with a sampling rate to reduce
aliasing artifact in the data. The second was visual inspection of EEG data included for analyses.
The electrocardiogram (EKG) was recorded from an electrode placed on the left shoulder with
a ground electrode of the forehead. Acquired EEG and EKG data were stored on a VHS-
magnetic tape for further off-line analysis. Only clean artifact free data were used in the
analyses.

2.5. Data reduction
The stored EEG data were transferred into a data processing computer (DP 1100, NEC San-ei
Instrument Inc.). EEG epochs that contained excessive artifacts induced by blinking or other
body movements were omitted from further analysis. A fast Fourier transform cosine algorithm
processed a five-sec EEG epoch (1,024 points) for all 16 channels, which computed a 0.2-30
Hz power spectrum with a 0.2 Hz frequency resolution of 1 min for each phase for a variable
artifact free dominant alpha. Edge effects during FFT conversion were reduced. The dominant
alpha frequency in the 8-12.8 Hz range was determined for each of 16 EEG channels for each
subject and each phase condition and separate baselines. Artifact-free EEG epochs before and
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after sham smoking and after tobacco smoking were obtained for the different conditions blind
to the subjects’ experimental phase.

2.6. Statistical analysis
Statistical computations were carried out on each condition (baseline, sham and cigarette
smoking) for both experiments 1 and 2. The two way analysis of variance (ANOVA) with
repeated measures was performed to test for significant differences among different conditions
and between the two experiments. A post hoc test was run to indicate the locations of the
differences. Since there were multiple tests for each channel of the EEG, a conservative method
was chosen. The Bonferonni correction for multiple testsing was used to generate the p-value
cut point (alpha = .05/7 = .00714) for the multiple comparisons. Univariate test degrees of
freedom using Greenhouse Geisser Epsilon were also used to prevent the violation of
sphericity. Sham or cigarette smoking 1 refers to the first experiment and 2 refers to the second
experiment done a month plus later. Multiple analyses for the two experiments were performed:
1) Control baseline 1 vs control baseline 2. 2) Sham 1 vs sham 2. 3) Cigarette smoking 1 vs
cigarette smoking 2. 4) Baseline 1 vs sham 1. 5) Baseline 2 vs sham 2. 6) Baseline 1 vs cigarette
smoking 1. 7) Baseline 2 vs cigarette smoking 2. 8) Interaction effect experiments 1 and 2.
Inasmuch as only one group of subjects served for all levels, it reduced but did not eliminate
the error component. Subjects were still likely to respond differently over repeated measures
due to changes in motivation, practice effects, etc.

3. Results
3.1. Smoking behavior, expiratory CO level, and heart rate

These were measured only in experiment 1. The chronic daily smokers did not change their
habits during the period between the two experiments. The results were similar to those
previously described by Shikata et al. (1995a,b). The mean ± SD number of puffs was 7.7 ±
2.4 and mean ± SD butt length was 5.3 ± 0.7 cm during the accustomed tobacco smoking mode
for the subjects. The mean ± SD CO level in subjects’ expiratory air was 20.3 ± 9.7 ppm before
the experiment, and after the experiment 24.6 ± 8.2 ppm. Heart rate was 63.2 ± 7.4 (presham),
63.0 ± 7.5 (postsham), and 71.1 ± 10.1 (post tobacco smoking).

3.2. Effects of sham smoking on dominant alpha EEG frequency
For purposes of clarity, dominant EEG alpha results refer to the EEG frequency and not the
EEG abundance or power. Fig. 1 represents the effects of sham smoking on the dominant EEG
alpha frequency in experiment 1 and replicated in experiment 2. The two way ANOVA with
repeated measures (Pillai’s trace test) indicated that sham smoking in experiment 1 produced
an increase in alpha in Fp2 (F (2, 20) = 10.85, p < .001, the post hoc test p = .002, F4 (F (2,
20) = 18.42, p < .0001, post hoc test p = .008), F8 (F (2, 20) = 14.87, p < .0001, the post hoc
test p = .022), and Fz (F (2, 20) = 21.12, p < .0001, the post hoc test p = .050). Some of these
recording sites are in the right hemisphere. In experiment 2, sham smoking produced an
increase in dominant alpha in F4 (F (2, 20) = 18.42, p < .0001, post hoc test p = 0.49) and Fz
(F (2, 20) = 21.11, p < .0001, post hoc test p = 0.41).

3.3. Effects of tobacco smoking on dominant alpha frequency
The effects of smoking each volunteer’s favorite cigarettes are illustrated in Fig. 2. There was
a much greater increase in the dominant alpha frequency in many neocortical brain areas. In
experiment 1, cigarette smoking produced a large increase in electrodes Fp2 (F (2, 20) = 10.85,
p < .001, post hoc test p < .001, F3 (F (2, 20) = 19.84, p < .001, post hoc test p = .005), F4 (F
(2, 20) = 18.42, p < .001, post hoc test p = .015), C4 (F (2, 20) = 2.91, p > .05, but post hoc
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test p = .010), O1 (F (2, 20) = 7.04, p < .01, post hoc test p = .012), and T6 (F (2, 20) = 8.39,
p < .01, post hoc test p = .051).

In experiment 2, all electrode sites except F4, C4, P2, and T5 showed a significant increase
(see Fig. 2). The magnitude and variability of the frequency shifts produced by sham and regular
smoking are given in both figures as mean ± S.E. The two way ANOVA with repeated measures
analysis also indicated that cigarette smoking produced more dominant alpha frequency
changes in experiment 2 than in experiment 1. Interaction effects of cigarette smoking between
experiments 1 and 2 were not quite statistically significant, although 14 of 16 cortical sites of
experiment 2 showed an interaction. The major dominant alpha frequencies were obtained
from the occipital brain sensors in both experiments 1 and 2, confirming what is well described
in the literature.

In experiment 1, there were no significant correlations between Δ dominant alpha frequency
and times from last smoking, nicotine content, and tar content. There were slight correlations
between Δ dominant alpha frequency at frontal sites and daily consumption of cigarettes (F8;
r= −0.280, p < 0.05), between Δ dominant alpha frequency at electrode O2 and Δ heart (r=0.422,
p < 0.01, but not between Δ dominant alpha frequency at electrode O2 and estimated (Kadoya
et al., 1994) Δ plasma nicotine (r=0.245, p < 0.1). In both experiments, there were no differences
in the nicotine and tar content of cigarettes between smoking groups.

4. Discussion
Sham smoking slightly increased dominant alpha frequency in Fp2, Fz, F4, F8 sensors. In
contrast, cigarette smoking increased dominant alpha EEG frequencies throughout many of
the cerebral cortical sensors, indicating a more general effect. Dominant alpha waves are of
particular interest in regard to their changes with brain activity.

Over the years, the role of Pavlovian (classical) and Skinnerian (operant instrumental)
conditioning in tobacco smoking has been studied. After all, smoking a pack of 20 cigarettes
per day for 365 days per year involves 7,300 reinforcing sessions per year multiplied by the
number of years smoked. Clearly, tobacco smoking is an overlearned drug taking behavior.
Bindra (1974), and Robinson and Berridge (1993, 2000, 2001, 2003, 2008) have proposed an
incentive salience theory involving Pavlovian contingencies between specific stimuli and drug
reinforcement. Incentive salience learning in human tobacco smoking is well documented by
the data of Hogarth et al. (2003) as well as their review of the literature. The very act of
mimicking smoking behavior by inhaling only environmental air is apparently a sufficient
conditioned stimulus to have physiological consequences.

The present research findings regarding both heart rate and EEG alpha frequency are both
unexpected and expected. The fact that the mean heart rate after sham smoking air did not
change is expected. However, the slight but significant increase in the dominant alpha
frequency in the right brain hemisphere (Fp2, Fz, F4, and F8) was not expected. The subjects
obviously knew they were simply inhaling air during the sham pseudosmoking session. This
is not a true placebo effect because it lacks a cognitive basis. It is probably is due to a
conditioned brain response to motor smoking behavior such as holding the sham cigarette,
sucking, and inhaling air. The EEG effects were obtained after sham smoking when the motor
movements ceased. This finding was replicated a month plus later in experiment 2. The
predominant parietal-occipital distribution of dominant alpha frequency is consistent with a
large literature that alpha EEG abundance predominates in these brain regions. The data for
cigarette smoking minus the baseline controls indicate that tobacco smoking increases the
dominant alpha frequency in almost all scalp recording sites. Nicotinic cholinergic receptors
are located in both the thalamus and cortex. Hence, one would predict that the thalamocortical
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generators of alpha activity projecting to different cortical sites would be altered, as described
in this report.

The neurophysiological basis of the alpha rhythm, its possible source, and modulation in the
thalamus have been described (Andersen and Andersson, 1968; Schreckenberger et al.,
2004). Although the alpha rhythms have been well studied, their genesis is still unknown. Two
hypotheses have been proposed. The first involves endogenous cortical or thalamic neurons
that fire rhythmically to recruit additional partners. The second hypothesis is that synaptic
coupling of various populations of neurons oscillate because of their time constants and
nonlinear gain properties of the system. A limit cycle, chaos, or noise are involved in all brain
rhythms, not only alpha. The present research measuring only the dominant alpha frequency
in 16 channels with 20 electrodes spaced bilaterally on the scalp surface supports previous
research on the existence of different neuronal generators. Whether the alpha frequency shifts
are due to an increased number of neuronal generators is unknown. What has been
demonstrated in this study are differences between conditions in which a greater number of
scalp sensors recorded changes compared to sham smoking. Their brain source localizations
have not been identified. Most of the neocortical areas were affected by real tobacco smoking
to increase their peak alpha oscillating frequency or increase their abundance so as to be better
detected. In contrast, sham inhalation of air produces relatively minor changes. Tobacco smoke
must be affecting most of the alpha generators by stimulating nicotinic cholinergic receptors
that, in turn, may release many different substances throughout the diffuse corticothalamic
networks. It should be stressed that sham smoking air is very different from smoking a
denicotinized versus an average nicotine tobacco cigarette. In the former, the smoker is aware
that he is or she is inhaling only air, whereas in the latter the smoker is unsure whether
denicotinized or nicotine cigarettes are smoked. After smoking denicotinized cigarettes,
overnight abstinent smokers show greater increases in heart rate in contrast to the negligible
blood levels of nicotine measured (Scott et al., 2007). Behavioral effects of smoking depend,
in part, on the time interval or degree of abstinence since the last smoked cigarette as described
by Fant et al. (1995) Schuh and Stitzer (1995). Robinson et al. (1992) found no EEG effects of
smoking denicotinized cigarettes in overnight abstinent smokers. Similarly, Pickworth et al.
(1989) found 3 hr abstinent smokers had no EEG effects after denicotinized cigarettes.
Pickworth et al. (2003) subsequently compared the effects of average nicotine to denicotinized
cigarettes in a spaced smoking schedule. In contrast to smoking average nicotine cigarettes
which increased spectral edge EEG frequency, smoking denicotinized cigarettes decreased it.
The EEG spectral edge refers to the highest frequency measured in the entire spectral range.
Hasenfratz et al. (1993) raised the question whether the tar content of denicotinized cigarettes
was responsible for some of the effects. An important difference in results is that the present
study used a 0.2 Hz measure of a shift in the dominant alpha frequency.

Humans normally show EEG brain asymmetry (both abundance and frequency) related to
individual differences in emotional responses. Functional asymmetry in mentally normal
persons also occurs with emotional interventions (Davidson et al., 1990,1999,2000,
2002;Sobotka et al., 1992;Sutton and Davidson, 1997;Sutton et al., 1997). It is also present in
persons with anxiety and depressed mood (Bruder et al., 1997;Davidson, 2004; Arranus and
Pavlov, 2005; Blackhart et al., 2006). Tobacco smokers have EEG hemispheric asymmetry in
relation to depressed mood and its normalization by nicotine/tobacco smoking (Gilbert et al.,
1994,1999). The present study indicates that just mimicking smoking behavior causes a slight
predominant right hemisphere increase in dominant alpha frequency. Artifactual lateralization
may be a factor, but this appears to be unlikely.

Arousal/sedation components to the EEG effects of tobacco smoking have been described by
Ashton et al. (1973) and Golding and Mangan (1982a,b). The EEG analysis herein did not
separate tobacco smokers into different types. Instead, it is concerned only with the regional
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brain generators of the dominant alpha EEG frequency with awake smokers with eyes closed.
After sham smoking, some right frontal neocortical alpha frequency sensors detected a higher
frequency, whereas after tobacco smoking most neocortical alpha sensor frequency increased.
Clearly, sham smoking behavior like gum chewing, pencil chewing, lip smacking, etc. involves
physiological as well as psychological components.

The U.S. Surgeon General’s 1988 report emphasized that tobacco smoking involves both
psychological as well as pharmacological components. Additional published studies have
shown that smoking denicotinized cigarettes has significant psychological and physiological
effects. Butschky et al. (1995) found that smoking without nicotine temporarily reduces
withdrawal. Rose et al. (2000) showed that smoker craving for a cigarette is reduced after
smoking a denicotinized cigarette. Individual smoker types, as described by Shikata et al.
(1995a,b) are another factor that makes the relationship between tobacco smoking and many
resulting EEG changes complicated. It is of note that Cook et al. (1995) reported that tobacco
smoking resulted in greater alpha peak frequencies in men who were goal oriented.

This study has several limitations. The first is that only Japanese males were studied. Although
a greater percentage of Japanese smokers are male, obviously females as well as different races
must be studied. Another limitation is the potential for order effects. A counterbalanced design
was not used. Counterbalancing could have confounded the sham condition in the design used.
Subjects could have been tested on two consecutive days (one sham, one actual) in
counterbalanced order. Inasmuch as the smokers were specifically requested to abstain from
smoking for at least 1 hr prior to the experiment, this would require at least 1 hr and preferably
much longer between the sham and favorite nicotine cigarette in a counterbalanced design. A
future study using a counterbalanced design on separate days for sham and favorite cigarette
smoking in male vs. females should be done. A factor not well controlled in this study was the
large average period since the last cigarette (5.6 ± 10.9 hr). This suggests that some of the
smokers were experiencing nicotine withdrawal at the time of the study. However, for some
this was their usual time interval for smoking. Although the present results were statistically
significant, variability could have also been reduced by controlling the manner of puffing and
inhalation. Because sham smoking was a control for cigarette smoking, and the findings
associated with sham smoking were less expected, there was no control condition for it
including the psychological factors of one’s own non-smoked personal choice cigarette.
Without such controls, it is unclear whether the observed results would occur with similar
movements unassociated with smoking (e.g., deep inhalation alone) or in nonsmokers.
Smoking behavior, CO, and heart rate were not measured at the second session. EEG alpha
power measures would also have been very useful. However, in spite of these limitations,
resting baseline measures compared to smoking conditions provided positive results.

Conclusions
1. Sham smoking by inhaling air increased the dominant EEG alpha frequency slightly

more in the right brain hemisphere.

2. Smoking a favorite brand of tobacco cigarette significantly increased dominant
alpha frequency more generally in both brain hemispheres, especially when replicated
1-2 months later.

3. The results in human tobacco smokers are consistent with known effects of nicotine
on the brainstem activating system in animals to produce generalized cortical
activations.
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Fig 1.
Effects of sham smoking on dominant EEG alpha frequency.
In this and the subsequent figures, the scalp electrode placements are shown on the x-axis and
the mean ± SE dominant alpha frequency (in Hz) on the y-axis. A. Data obtained from
experiment 1. B. Data obtained from experiment 2. In this and subsequent figures: *p <.05,
**p<.01, ***p<.001 indicated the significant alpha level that is produced by the two way
ANOVA with repeated measures. Note that sham smoking increases selective right hemisphere
neocortical dominant alpha frequencies. Slide file numbers are listed in the lower right hand
corner.
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Fig 2.
Effects of smoking ones favorite brand cigarette on dominant EEG alpha frequency.
Note that tobacco smoking increases dominant alpha frequencies in most neocortical areas in
contrast to sham air smoking.
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