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LUKAS, S.E.,J. H. MENDELSON, R. A. BENEDIKT AND B. JONES. EEG alpha activity increases during transient
episodes of ethanol-induced euphoria. PHARMACOL BIOCHEM BEHAYV 25(4) 889-895, 1986.—The effects of acute
ethanol administration were studied in 18 men to determine the electroencephalographic (EEG) correlates of ethanol-
induced behavioral changes. Subjects were instructed to operate an instrumental device to indicate changes in their
subjective mood state while EEG activity and plasma ethanol levels were continuously measured. Three groups of 6
subjects consumed either placebo, 0.347 g/kg ethanol or 0.695 g/kg ethanol over a 15 min period. EEG and behavioral
changes were directly correlated with plasma ethanol levels during the ascending limb of the plasma ethanol curve. Theta
EEG activity increased proportionally as plasma ethanol levels increased during the 2 hr recording session. Alpha EEG
activity increased during the first hour and then returned to control levels. The increased alpha activity was most prominent
when subjects reported feeling intense pleasure or euphoria. Power spectral analysis of discrete samples of EEG activity
revealed that transient increases in alpha activity paralleled the onset of ethanol-induced euphoria. These data suggest that
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ethanol-induced behavioral effects are associated with discrete changes in brain electrical activity.
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THE principal effects of acute ethanol administration on the
adult human EEG are an increase in voltage and a slowing of
the predominant frequency (cf. [5, 9, 10, 13]). Ethanol also
produces numerous behavioral effects ranging from in-
creased alertness to relaxation and a state of well-being or
euphoria [4, 14, 33, 35, 40]. Furthermore, these ethanol-
induced EEG [9, 15, 30] and behavioral [3, 11, 22] effects
occur as plasma ethanol levels are rising.

EEG correlates of the ethanol-induced changes in subjec-
tive mood states have been more difficult to establish. The
early studies of Engel and associates [12,13] suggested that
EEG slowing was related to intoxication and reduced levels
of consciousness after ethanol administration, but was unre-
lated to changes in subjective mood states. Davis et al. [9]
reported only modest EEG changes in spite of gross altera-
tions in mood and behavior after acute ethanol administra-
tion. Thus, direct associations between ethanol-induced
changes in CNS activity and behavioral responses are tena-
ble at best [5].

The reason for the lack of direct concordance between
EEG activity and subjective mood states may be related to
methods for obtaining behavioral measures of drug effects.
Typically, measures of ethanol-induced behavioral changes

are obtained using checklists or rating scales. However, the
spontaneous EEG is very sensitive to movement artifacts as
well as changes in levels of alertness when individuals com-
plete questionnaires or perform psychomotor tasks [25,32].

The aim of the present study was to determine the EEG
correlates of ethanol-induced intoxication. A non-verbal in-
strumental device was used to record changes in subjective
mood states during concurrent measurement of EEG activity
and plasma ethanol levels.

METHOD
Subjects

Eighteen healthy adult male volunteers (57-98 kg) be-
tween the ages of 21 and 35 years were recruited via news-
paper advertisements and provided informed consent for
participation in this study. Subjects were examined by a
specialist in internal medicine and only those with normal
physical examinations, medical and mental health histories
and blood hemogram and chemistry studies were admitted to
the study. Urine specimens were screened for psychoactive
drugs and all results were negative. No subject had a history
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of drug or ethanol abuse, but all subjects were social drinkers
who, on the average, consumed the equivalent of 3 beers per
week.

Pollack er al. [34] showed that men with positive family
histories for alcoholism experienced greater increases in
EEG slow alpha and greater decreases in fast alpha activity
after receiving ethanol than men with no family history of
alcoholism. After the double-blind of the present study was
broken we found that only two subjects had a positive family
history for alcoholism; one had received placebo, and the
other received low-dose ethanol.

Experimental Design and Setting

Effects of two doses of ethanol were compared with
placebo in a group design (n=6 per group) under randomized
double-blind conditions. The studies were conducted within
the context of a multidisciplinary program designed to assess
EEG, physiologic, endocrine and behavioral responses fol-
lowing acute ethanol administration. Results obtained using
the instrumental device were previously validated and com-
pared with verbal reports of subjective mood states [23].

Subjects were told that they could receive either
‘‘placebo, a low dose of alcohol (about 1 shot) or a high dose
of alcohol (about 3 shots).”” Six subjects received placebo
(350 ml of concentrated grapefruit juice plus 3 ml of ethanol
“primer’’ as described below), six subjects received 0.347
g/kg of ethanol (1.1 ml/kg of 80 proof vodka in 350 ml of fruit
juice) and six subjects received 0.695 g/kg of ethanol (2.2
ml/kg of 80 proof vodka in 350 ml of fruit juice).

Studies were conducted in an electrically shielded,
sound-and-light-attenuated double-walled chamber (IAC,
Bronx, NY). The chamber was equipped with a wired inter-
com and a one-way glass window for maintaining auditory
and visual contact with the subjects. Subjects sat in a com-
fortable reclining chair and were instructed to relax and keep
their eyes closed, but to remain awake.

Electrophysiologic Recording Procedures

Electroencephalographic and physiologic activity were
recorded on a Model 78D polygraph (Grass Instrument Co.,
Quincy, MA). Scalp EEG electrodes (C3, C4, P3 and P4)
were referenced to linked earlobes and were applied using
the International 10-20 System {17]. Temporalis muscle elec-
trodes were used to record muscle tension, a Grass TC-1
thermocouple electrode was attached to the subject’s nostril
via a plastic clip to record respiratory rate and a Grass
PTTL-F photoelectric transducer was attached to a finger to
record the subject’s pulse. The EEG activity was also re-
corded on FM magnetic tape for off-line power spectral
analysis using a Pathfinder Signal Averaging Microprocessor
(Nicolet Instrument Co., Madison, WI). A digital time-code
was also recorded on one channel of the magnetic tape to
facilitate identification of specific epochs of EEG activity
during off-line computerized power spectral analysis.

Blood Sampling Procedures

Blood samples for analysis of integrative plasma ethanol
concentrations were withdrawn continuously during the
entire study. A 183 cm Kowarski-Cormed Thromboresistant
Blood Withdrawal Butterfly Needle and Tubing Set (Cormed
Inc., Medina, NY) was used for blood sampling. The extra
long Iength was necessary so that blood could be drawn from
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outside the chamber without disturbing the subject. The tub-
ing was attached to a 10 ml syringe mounted on a withdrawal
syringe pump (Harvard Apparatus, Cambridge, MA) and ad-
justed to withdraw blood at a rate of 1 ml/min; syringes were
changed every 5 min. Plasma samples were immediately
prepared and frozen for subsequent ethanol concentration
analysis by the spectrophotometric method of Leric et al. [19].

Behavioral Measures of Subjective Mood States

A custom-designed manipulandum resembling a joystick
device was placed next to the subject’s left hand [24].
Movement of the joystick produced a corresponding deflec-
tion of an event pen on the polygraph. A button located on
the top of the joystick activated a second event pen. The
joystick could be moved either forward, backward. or to one
side. The joystick was spring-loaded so that it returned to the
center position once it was released. Less than 1 Newton of
force was required to move the joystick to one of the three dif-
ferent positions.

All subjects were read the following instructions regard-
ing the definition of ethanol-related effects: **You may use
any of the following terms to describe alcohol effects or in-
toxication: giddy, light-headed, buzz-on, high, drunk, or
euphoria.” Subjects were then instructed to operate the
Joystick as follows: Forward—**when you feel intoxicated or
under the influence of alcohol’’; Side—'‘when you feel that
these effects are getting stronger’’; Backward—*"when the
alcohol effects disappear’”; Button—**when you experience
a feeling of intense well-being or euphoria.’” Self-reports of
intoxication were obtained from the subjects with both an
instrumental response and a questionnaire. A previous study
comparing instrumental and verbal responses reported that

. dose-related ethanol-induced changes in mood states were

detected using an instrumental response but not with the
self-rating questionnaire [23]. Consequently, only data ob-
tained with the instrumental device will be presented here.

Ethanol Administration

Placebo and drug solutions were placed in an inverted 1V
bottle and attached to a Masterflex peristaltic pump (Cole
Parmer Co., Chicago, IL). Tubing from the pump entered
through the wall of the experimental chamber. A disposable
mouthpiece was attached to the end of the tubing and was
supported by a flexible metal arm located near the subject’s
mouth. For all three treatments (two doses of ethanol and
placebo) a 10 ml reservoir located between the pump and the
subject’s mouthpiece was filled with 3 ml of vodka (i.e.,
~‘primer™") and 7 ml of juice to provide a strong initial taste of
ethanol. This procedure for disguising the solution’s taste
has proven useful as an effective ethanol placebo control.
The small amount of ethanol in the placebo solution does not
produce any measurable plasma ethanol levels [27].

Procedure

Baseline EEG, physiologic and behavioral data were re-
corded during the first 30 min of the study. During this con-
trol period subjects were asked to move the joystick and
press the button while the EEG was observed for
movement-related artifacts. The EEG during these re-
sponses was analyzed as described below. After the 30 min
baseline period, the subject was instructed to place the drink-
ing tube mouthpiece comfortably into his mouth and the
peristaltic pump was activated to deliver 350 ml of solution
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FIG. 1. Time course of behavioral changes, plasma ethanol levels
and EEG activity in one subject after drinking 0.695 g/kg ethanol.
Behavioral measures were obtained continuously using a joystick
device. Two minute artifact-free EEG epochs were analyzed every
15 min using power spectral analysis techniques. Control values
represent mean=SD of five 2-min samples obtained during the 30
min control session.

over a [5 min time period. Continuous measures of EEG,
physiologic and behavioral responses and blood samples
were obtained for the next 2 hours.

Data Analysis

Pulse rate, muscle tension and respiratory rate were
measured each min during the first 60 min after drinking and
at 5-min intervals for the subsequent 60 min. Movements of
the joystick indicating ethanol detection and episodes of
euphoria were directly recorded on the polygraph. Discrete,
2 min artifact-free epochs of EEG activity were selected
every 15 min for power spectral analysis using Frequency
Analysis Software developed by Nicolet Instrument Co. The
process digitized the analog waves at a rate of 256 Hz, per-
formed a Fast Fourier Transformation on the sample and
then generated a compressed spectral array representing
EEG power as a function of frequency. The corresponding
power (uV%Hz) and peak frequency (Hz) in the 0.25-4 Hz,
4-8 Hz, 8-13 Hz and 13-30 Hz were quantified and printed
for 20 sec epochs of EEG activity.

Statistical analysis was performed on an Apple lle mi-
crocomputer using software developed by Human Systems
Dynamics (Northridge, CA). Analysis of variance with re-
peated measures followed by Dunnett’s significant differ-
ence test, linear regression, and correlation and covariance
tests were utilized as necessary. Tests for parallelism were
conducted using the method of Tallarida and Murray [37].

RESULTS

Acute ethanol administration produced obvious changes
in behavioral states. These effects were not accompanied by
gross changes in physiological measures, but were related to
alterations in EEG activity and plasma ethanol levels.

Figure 1 shows the temporal relationship between the be-
havioral responses, plasma ethanol levels and EEG activity
of one subject who had received 0.695 g/kg of ethanol. This
subject detected ethanol effects 14 min after drinking had
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FIG. 2. Time course of heart rate, muscle tension (EMG) and respira-
tory rate changes after drinking placebo, low-dose ethanol or high-dose
ethanol. Values represent means=SE of the change from baseline
control values for 6 subjects. *Denotes values significantly different
from placebo values at p<0.05.

begun when his plasma ethanol level was about 42 mg/dl.
The subject subsequently alternated between a mildly and
strongly intoxicated state for the rest of the recording ses-
sion. Between 25 and 80 min after the onset of drinking, the
subject experienced multiple paroxysmal episodes of
euphoria. Five out of six subjects that received this dose of
ethanol reported euphoria while only one subject in the 0.347
g/’kg dose group reported euphoria—and this was a single
episode that lasted 70 sec. None of the subjects who received
placebo reported euphoria. The duration of behavioral ef-
fects (mean=s.d.) following placebo, low-dose ethanol and
high-dose ethanol was 41.6+8.8, 96.8+7.1 and 103.2+8.2
minutes, respectively.

Changes in theta and alpha EEG activity also followed a
particular time course. Alpha energy increased and then re-
turned to control levels by 60 min after drinking. The pre-
dominant peak frequency in the alpha band decreased from
11 Hz to 9 Hz in three of the six subjects who received 0.695
g/kg of ethanol. The other three subjects had a relatively
slow (8-9 Hz) control alpha frequency which remained un-
changed after ethanol administration (data not shown). No
changes in peak theta frequency occurred, but theta energy
gradually increased during the course of the recording session.

Figure 2 shows the time course of effects of ethanol on
pulse, muscle tension and respiratory rate for all subjects.
Except for four exceptions (indicated by asterisks) ethanol-
induced changes in physiological activity were not signifi-
cantly different from placebo-treated subjects.

Figure 3 depicts the temporal pattern of EEG changes
from the P4 lead in theta (4-8 Hz) and alpha (8-13 Hz)
power, plasma ethanol levels, and the incidence of episodes
of euphoria for all ethanol-treated subjects. No changes in
either the theta or alpha EEG band occurred during the re-
cording session after placebo administration (data not
shown). The 0.347 g/kg dose of ethanol did not affect alpha
power but significantly increased power in the theta band
60-90 min after drinking began. The 0.695 g/kg dose of
ethanol produced significant increases in theta power which
paralleled the plasma ethanol curve. This relationship was
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FIG. 3. Time course of changes in theta (-8 Hz) and alpha (8-13
Hz) EEG activity, plasma ethanol levels and reported episodes of
euphoria after low dose (O) and high dose (@) ethanol administra-
tion. Control EEG data was obtained as described in Fig. 1. Values
represent means+ SE for 6 subjects except for the reported episodes
of euphoria which are plotted as actual episodes. The single episode
produced by low dose ethanol is indicated by the small white block
at 30-31 min.

confirmed by linear regression analysis (y=0.34x—11.70;
r?=0.93) and the correlation coefficient (r) was calculated to
be 0.97. Alpha power was significantly increased by high
dose ethanol at 15, 30 and 45 min after drinking while the low
dose ethanol did not alter alpha power. Alpha power de-
clined to control levels by 45 min after subjects had finished
consuming high-dose ethanol. The incidence of euphoria
episodes paralleled this bimodal change in alpha power
(y=0.49x+5.61; r?=0.89) and was highly correlated
(r=0.95). Only a single short episode of euphoria was re-
ported by one subject who had received low dose ethanol.
While the absolute plasma ethanol levels after both doses
were not significantly different up to 45 min after drinking
began, the slopes were significantly different during the
25-50 min period when the greatest incidence of reported
euphoria occurred. The slopes and 95% confidence intervals
for high dose- and low dose-induced plasma ethanol curves
were 0.599 (0.432-0.767) and 0.153 (0.091-0.214) mg/dl/min,
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FIG. 4. Individual power spectral plots from one subject during
high-dose ethanol-induced euphoria. Each plot represents 20 sec of
EEG activity from 4 electrode sites. Shaded area indicates the dura-
tion of euphoria as indicated by pushing the button on the joystick
device. Time elapses from top to bottom.

respectively, which were not parallel (calculated 7(8)=6.943,
p<0.01).

The electrophysiological correlates of ethanol-induced
euphoria were more precisely measured by subjecting 20 sec
epochs of EEG activity to power spectral analysis. Figure 4
shows a representative series of power spectra from one
subject during euphoria (shaded area) 34 min after consum-
ing 0.695 g/kg of ethanol. Little or no increases occurred in
the central leads C3 and C4, but pronounced alpha activity
appeared during the onset of euphoria in leads P3 and P4.
The increased alpha activity persisted 1-2 min after the joy-
stick was released. This increase in alpha power was not ob-
served during simulated, control joystick responses obtained
during the first 30 min of the study (data not shown).

Group EEG data from leads C4 and P4 recorded before,
during the first 40 seconds, and after reported episodes of
euphoria are shown in Fig. 5. Data are from all episodes re-
ported by the 5 subjects who reported euphoria. Each histo-
gram represents 20 seconds of EEG activity and is divided
into the amount of power in the 0.25-4, 4-8, 8-13 and 13-30
Hz frequency bands. Alpha power in lead P4 was signifi-
cantly increased during euphoria and returned to pre-
euphoria levels after the joystick button was released.

DISCUSSION

Acute administration of ethanol produced EEG and be-
havioral changes which were most prominent during the as-
cending limb of the plasma ethanol curve. The EEG changes
were limited to the theta and alpha bands and were positively
correlated with plasma ethanol levels and discrete episodes
of ‘euphoria.

Exhilaration, elation or euphoria after consuming ethanol
have been measured with questionnaires and described as
increased talkativeness, raised spirits, higher pitched voice
and increased feelings of contentment and relaxation [1, 2, 6,
16, 18, 33, 40]. In the present study, subjects were required
to move the instrumental device when they detected ethanol
effects and to signal euphoria by depressing a button located
on top of the joystick. Thus, they could report detection of
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Hz) EEG activity 20 seconds before, the first 40 seconds of euphoria and 40
seconds after high dose ethanol-induced euphoria (indicated by vertical bar). Data
represent mean= SE of 20 second epochs of EEG activity recorded from C4 (top 5
histograms) and P4 (bottom 5 histograms) electrode sites. *Denotes values signifi-
cantly different from pre-euphoria values at p<0.05.

ethanol effects independently from experiencing euphoria.
However, no subject reported euphoria without first detect-
ing an ethanol effect.

Heart rate and muscle tension increased after both
ethanol and placebo intake. These measures returned to
baseline levels within 30 minutes after drinking. Except for
the decrease in respiratory rate while drinking the low dose
of ethanol, significant differences in these physiological pa-
rameters occurred during the last 30 minutes of the session.
It is unlikely that these changes contributed to the EEG or
hehavioral responses to ethanol.

Previous studies have demonstrated that ethanol pro-
duces increased alpha activity and a slowing of the alpha
frequency [9, 10, 13]. There is considerable variation in EEG
activity following acute ethanol administration, but this may
be associated with different degrees of tonic inhibition of the
desynchronizing ascending reticular activating system result-
ing in different baseline EEG frequencies. This explanation
evolved from the work of Engel and Rosenbaum [13] and
Varga and Nagy [39] who showed that ethanol produced a
slower, more ‘‘normal’’ rhythm in subjects with relatively
fast EEG activity. These authors have argued that the rela-
tive change in EEG activity is more important than the abso-
lute levels.

Naitoh and Docter [29] hypothesized that individuals
drink alcohol to become more alert and sociable. They noted
that these behavioral changes were accompanied by in-
creased alpha activity and alpha slowing. This interpretation,
however, is not consistent with the established relationship
between increased levels of alertness and decreased or
“‘blocked” alpha activity [25,32]. There are reports that

ethanol also induces EEG activation (i.e., low voltage, fast-
frequency) particularly after lower doses or during the early
ascending limb of the plasma ethanol curve {21,39].

These discrepancies in previous reports of ethanol’s EEG
effects may be clarified from the results obtained in the pres-
ent study. Theta power increased gradually as plasma
ethanol levels rose. This progression of increased theta ac-
tivity may have been perceived as a slowing of alpha or
overall frequency when the raw EEG records were visually
analyzed in many previous studies. In the present study,
power spectral analysis of discrete EEG epochs revealed
that the predominant alpha frequency was unaffected by
0.347 g/kg of ethanol. The higher dose of ethanol slowed the
predominant alpha frequency only in those individuals who
began the study with a relatively faster alpha frequency dur-
ing the control period. Yet, an increase in spontaneous EEG
alpha power occurred during the first 60 minutes after drink-
ing high dose ethanol which was when most episodes of
euphoria were reported. This observed increase in alpha ac-
tivity is consistent with a more relaxed but awake state typi-
cal of the subjects’ behavior in the isolated chamber. It is
likely that alterations in neuronal function induced by
ethanol influences changes in behavior and spontaneous
EEG activity concurrently. Thus, fluctuations in behavioral
and subjective mood states must be measured continuously
to detect correlations with brain wave activity.

In addition to the gradual increase in spontaneous alpha
activity after 0.695 g/kg of ethanol, the discrete episodes of
euphoria were associated with transient increases in alpha
activity which exceeded the already elevated alpha levels.
This is the first demonstration of such a relationship between
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brain electrical activity and ethanol-induced euphoria. The
discovery of this relationship was possible because subjects
reported euphoria with a non-verbal instrumental response
that required minimal muscle activity. The relatively brief
duration of episodes of euphoria is consistent with the notion
that substances that produce relatively rapid transitions be-
tween behavioral states are efficacious reinforcers [26].

Episodes of euphoria were most often reported 25-50 min
after the high dose of ethanol. The appearance of euphoria
was clearly related to a minimal plasma ethanol level that
was rapidly rising (Fig. 3). However. the relatively brief na-
ture of the actual euphoric episodes is difficult to explain on
the basis of chuanges in plasma ethanol levels alone. The
present study employed an integrative blood sampling tech-
nique which attenuates or smooths differences between con-
secutive S min samples: this procedure makes it impossible
to determine if the 1-2 min episodes of euphoria were tem-
porally related to rapid. but small, transitions in plasma
cthanol levels. This does not preclude the possibility that
rapidly changing levels of ethanol in the brain produced the
observed changes in behavioral state and on brain electrical
activity. It is likely that euphoria results when a threshold
plasma ethanol level is attained at a sufficiently rapid rate.
This is consistent with the finding that all subjects who re-
ceived low-dose ethanol developed plasma ethanol levels in
excess of 45 mg/dl: but the slope was only 0.15 mg/dl/min
versus 0.6 mg/dl/min for the high-dose group.

An alternative explanation for the rapid appearance of
euphoria may be that acetaldehyde or tetrahydroiso-
quinolines (T1Q) may have produced the EEG and behav-
ioral changes. These products appear very soon after
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ethanol administration to in vitro preparations |8, 20, 31], but
the evidence for in vivo formation is sparse [36.38}. In rats.
acute. but not chronic IV administration of acetaldehyde in-
duces EEG changes similar to those produced by ethanol
[28]. Thus. while there is no conclusive evidence to support
the theory that ethanol metabolites or condensation products
produce EEG and behavioral effects. definitive studies have
not been conducted to completely rule out this possibility.

In conclusion, acute administration of ethanol produces
multiple. short episodes of euphoria during the ascending
limb of the plasma ethanol curve. Further, these paroxysmal
episodes of instrumentally-reported euphoria were associ-
ated with transient increases in EEG alpha activity—a
rhythm normally associated with a free-floating. relaxed
state. This study is the first report of an association between
specific ethanol-induced changes in mood state and spon-
taneous electrophysiological activity suggesting that ¢n-
hanced alpha activity is related. at some level, to drug-
induced elevated mood states.
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