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The effects of ethanol on EEG activity in males at risk
for alcoholism
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Summary The present investigation examined the effects of placebo (P), low dose (D) and high dose (HD) ethanol on EEG activity in two
groups of males. One group consisted of individuals at high risk for the development of alcoholism (HR, N = 21) while the other consisted of
matched, low risk (LR, N = 21) controls. Only one condition (P, LD or HD) was presented each day and condition order was randomized. For
each subject, both blood alcohol level(s) (BAL) measured via breathalyzer and EEG activity, using the entire 10/20 international system, were
recorded prior to and at intervals of 35, 70, 105 and 140 min after P, LD or HD administration. The Fast Fourier Transform (FFT) was used to
calculate power spectral densities (PSD). Measures of relative area under the power spectral curve were obtained for each of the following
frequency bands: slow alpha (SA, 7.5-10 Hz), fast alpha (FA, 10.5-13.0 Hz), slow beta (SB, 13.5-19.5 Hz) and fast beta (FB, 20-26 Hz) at
electrodes: F3, F4, C3, C4, P3, P4, O1 and O2. The results of repeated measures MANOVA conducted on the normalized values of relative
areas revealed that at each electrode examined, ethanol elicited significant changes only in SA activity. Risk group differences in SA activity were
observed only at electrodes F3, F4 and P4. These differences were the consequence of differential ethanol effects rather than differences in
baseline SA levels. Further analyses indicated that across all 8 electrodes there were significant risk group differences in the magnitude of change
in SA activity as a function of the ascending and descending phases of the blood alcohol curve (BAC). HR individuals manifested significantly
greater increases in SA activity on the ascending curve (acute sensitization) and significantly faster recovery to baseline SA levels during the
descending phase (acute tolerance). Evidence is also presented that genetic factors, rather than differences in drinking history, may account for
risk group differences in the ethanol-induced EEG response.
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Investigations into the electroencephalographic dif-
ferences between individuals at risk for the develop-
ment of alcoholism (high risk = HR) and matched con-
trols (Jow risk = LR) have generally proceeded by com-
paring baseline EEG activity and/or observing the
EEG response to an ethanol challenge. Studies of
baseline EEG activity have generally concluded that
these measures do not effectively discriminate between
HR and LR individuals. Studies by Pollock et al.
(1983), Volavka et al. (1985), Kaplan et al. (1988),
Ehlers and Schuckit (1990) and Cohen et al. (1991),
failed to find significant group differences at any of the
locations or frequency bands investigated. However, in
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contrast, studies by Ehlers and Schuckit (1991) and
Gabrielli et al. (1982) reported significant differences
in the fast alpha and fast beta frequency bands, respec-
tively. The former study (Ehlers and Schuckit 1991)
demonstrated that HR individuals had significantly
more energy in the fast alpha (9-12 Hz) frequency
band than did LR individuals. In the latter study
(Gabrielli et al. 1982), HR individuals manifested sig-
nificantly more activity in the 18-26 Hz and greater
than 26 Hz frequency bands than did LR individuals.
While the authors argued for the heritability of this
pattern, they neither controlled for the psychiatric clas-
sification of either or both parents, nor for the possible
consequences of the pharmacologic treatment of the
parent on the EEG in the offspring.

Ethanol challenge studies have sought to examine
whether the response to acute ethanol ingestion, i.e.,
slowing of the predominant baseline frequency and
increased energy in that frequency band (Davis et al.
1941; Engel and Rosenbaum 1945; Holmberg and
Martens 1955; Begleiter and Platz 1972; Lehtinen et al.
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1981; Lukas et al. 1986; Michel and Battig 1989; Cohen
et al. 1992), differs in HR and LR individuals. The
number of such studies has been limited and the re-
sults have been inconsistent. For example, two studies
(Pollock et al. 1983; Volavka et al. 1985) observed that
following ethanol ingestion, HR individuals had signifi-
cantly greater increases in slow alpha energy than did
LR individuals. In the former study (Pollock et al.
1983), these differences occurred at both 30 and 120
min post ingestion, however, in the latter (Volavka et
al. 1985), while there was an overall risk group differ-
ence, no differences were observed at the intervals
examined. In contrast, another study (Ehlers and
Schuckit 1991) reported no group differences in slow
alpha activity. Two studies comparing risk group differ-
ences in the fast alpha frequency band (Pollock et al.

1983; Volavka et al. 1985) found that HR individuals

had significantly greater decreases in fast alpha energy
at 120 min post ethanol ingestion. Another study
(Ehlers and Schuckit 1988) reported that EEG variabil-
ity as measured by the coefficient of variation was
significantly smaller in HR individuals. However, in
contrast to these studies is one (Ehlers and Schuckit
1991) reporting that at 90 min post ingestion, LR
subjects had larger decreases in fast alpha energy than
did HR subjects.

~ Comparisons of ethanol-induced changes in the pre-
dominant baseline frequency have also been con-
ducted. For example, Pollock et al. (1983) reported

that HR individuals manifested significantly greater

decreases in mean alpha frequency at 30, 60 and 120
min post ingestion at bilateral central and parietal sites
and at right occipital cortex, and at 120 min at left
occipital cortex. While previous studies (Engel and
Rosenbaum 1945; Begleiter and Platz 1972; Lukas et
al. 1986) have demonstrated that the magnitude of the
ethanol-induced frequency decrease varies as a func-
tion of the baseline frequency, i.e., the magnitude of
the decrease will be greater if the baseline frequency is
higher, Pollock et al. (1983) reported no risk group
differences in baseline frequency.

Similarly, risk group differences in both fast and
slow wave activity have been examined. While one
study (Ehlers and Schuckit 1990) demonstrated that
HR individuals. had significantly greater increases in
beta energy than did LR individuals, two studies (Ehlers
and Schuckit 1988; Kaplan et al. 1988) reported no
such differences. Kaplan et al. (1988) found that while
both HR and LR individuals manifested significant
decreases in slow wave (2-4 Hz) activity and corre-
sponding increases in alpha (9-12 Hz) activity, risk
group differences were not significant.

Lastly, a limited number of studies have directly
examined regional differences in risk group responses.
Pollock et al. (1983) reported that the changes in both
slow and fast alpha that most dramatically distin-
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guished between LR and HR individuals tended to be
localized to posterior scalp regions, while the changes
in mean alpha frequency that most distinguished the
two groups also occurred posteriorly, lateralized to the
right hemisphere. Ehlers and Schuckit (1988) observed
that, as measured by the the coefficient of variation
(CV), spectral power in both the slow alpha and fast
alpha frequency bands was more destabilized in LR
than HR individuals. This effect was observed at P4-O2
but not at F4-C4. While Volavka et al. (1985) reported
significant risk group differences in slow alpha activity
in each of central, parietal and occipital regions, the
largest risk group differences, derived from the statisti-
cal significance levels of their results, were in the
parietal and occipital regions (P < 0.01 vs. P < 0.05 for
the central regions). Lukas et al. (1989), using a topo-
graphic mapping procedure, reported that at baseline,
the areal extent of both slow and fast alpha was greater
in HR than LR individuals; following ethanol ingestion
this relationship was reversed. However, this study
used only 6 subjects, 5 LR and 1 HR. In contrast to the
aforementioned studies, Kaplan et al. (1988) examined
EEG activity within 4 frequency bands over 4 cortical
regions and observed no regional differences between
risk groups.

Recently, Newlin and Thomson (1990) proposed a
model that attempts to explain the possible differential
sensitivity of LR and HR individuals to the effects of
ethanol ingestion. This differentiator model (DM) not
only addresses the risk group differences observed in
EEG activity, but in measures such as serum biochem-
istry, autonomic function, motor responses and subjec-
tive responses. It proposes that HR individuals are
more sensitive to the ascending phase of the blood
alcohol curve (BAC) and recover more quickly during
the descending phase. During the ascending phase,
when the slope of the BAC is positive, HR individuals
manifest acute sensitization, that is, an enhanced re-
sponse to ethanol. In contrast, during the descending
BAC, when the slope of the BAC is negative, HR
individuals demonstrate acute tolerance, a more rapid
recovery to baseline response levels.

The present investigation examined ethanol-induced
changes in EEG activity in both the alpha and beta
frequency bands, in a carefully defined population of
both high risk (HR) males and low risk (LR) controls.
Furthermore, as a test of the DM, we assessed whether
the ethanol-induced EEG responses in the LR and HR
groups were differentially sensitive to the ascending
and descending phases of the blood alcohol curve
(BAQ). Each of the above relationships was assessed at
8 electrodes. Additionally, while most previous investi-
gations have typically used a placebo and a single
ethanol dose, the subjects in this investigation received
placebo, low dose and high dose ethanol in a random-
ized order using a repeated measures design.
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Methods

Subjects

The subjects were 42 males ranging from 19 to 39
years of age. Low risk (LR, N =21, X = 22.7) subjects
were recruited either through newspaper ads or via
notices posted in the Health Science Center. In con-
trast, high risk (HR, N = 21, X = 22.8) individuals had
a father undergoing treatment for alcohol dependency
(DSM III-R criteria). The initial screening procedure
required each prospective subject to fill out a question-
naire detailing alcohol and drug use and the medical
and psychiatric histories for both himself and his first
and second degree relatives. Participation in the study
depended upon the responses to the questionnaire.
The requirement for an individual’s inclusion in the
HR group was that his father be classified as alcohol-
dependent (DSM III-R) and a high incidence of alco-
holism in the first and second degree relatives of these
individuals. Inclusion in the LR group required that
none of the candidate’s first or second degree relatives
be diagnosed as alcoholic. Exclusion criteria for either
group included an alcoholic mother, major medical
problems, a current requirement for medication that
affected the CNS or a history of psychiatric problems
and/or drug abuse in himself and his first and second
degree relatives. Upon meeting the aforementioned
criteria, each subject was invited to the laboratory
wherein he underwent a detailed psychiatric interview
(BP and HB) that focused on questions of drug and
alcohol use, and the medical and psychiatric history for
both himself and his first and second degree relatives.
Table I summarizes the subject characteristics for each
group. They were matched on the basis of age, weight,
education, smoking history and marijuana use. The two
groups were almost identical in mean age (LR =22.7;
HR = 22.8) and had similar educational backgrounds
(LR = 15.8 years; HR = 13.8 years) but they differed

TABLE I

Characteristics of the individuals in the low risk and high risk groups
(N = 21 per group).

Low risk High risk
Age Mean 22.7, S.D. 4.51 Mean 22.8, S.D. 2.94
(years) Range 19-39 Range 19-29
Education Mean 15.8, S.D. 2.43 Mean 13.8, S.D. 1.48
(years) Range 12-20 Range 12-16
Drinks per Mean 2.38, S.D. 1.20 Mean 4.56, S.D. 3.0
occasion Range 1-5 Range 1-10
Days per Mean 4.05, S.D. 3.32 Mean 9.11, S.D. 8.82
month Range 1-14 Range 1-30
Drink Index  Mean 9.62, S.D. 9.19 Mean 53.1, S.D. 67.55
Range 1-40 Range 2-260
Number of Individuals in this group  Mean 4.10, S.D. 2.05
alcoholic could not have any Range 1-8
relatives alcoholic relatives
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significantly in their drinking histories. Each measure
of drinking habit as well as the Drink Index (the
product of the number of drinking days per month by
the number of drinks per occasion) was significantly
higher in the HR group than in the LR group
(days/month, =230, P <0.03; drinks per occasion,
t =2.87, P <0.009; Drink Index, r =2.71, P < 0.01).

Experimental design

Each subject was tested once under each of 3 condi-
tions: placebo (P), low dose (ILD) ethanol and high
dose (HD) ethanol. Condition order was randomized
and there was a minimum interval of 1 day between
conditions. In the LD and HD conditions the subject
received a volume (ml) of 100% ethanol equal to 0.5
times and 0.8 times his weight in kg, respectively,
dissolved in a volume of ginger ale equal to 3 times
that number. In the P condition, the subject drank a
volume (ml) of ginger ale equal to twice his weight in
kg so that the total volume equaled that of the LD day.
Under each condition the subject ingested the drink
over a 10 min period. A specially designed container
(Mendelson et al. 1984) was used to provide an equally
strong odor for both placebo and alcohol conditions.
Within the container a small trap held 3 ml of a
solution consisting of 3 parts ethanol dissolved in 7
parts ginger ale; this insured that under each condition
the subject’s first taste was ethanol. However, the small
amount of ethanol ingested did not produce a measur-
able blood alcohol level (BAL).

Five EEG recordings were made under each of the
3 conditions; the first, approximately 2 min before the
placebo or ethanol (LD or HD) was administered, the
second through fifth at intervals of 35, 70, 105 and 140
min post ingestion.

A breathalyzer (Alco-Sensor I1I, Intoximeters, Inc.)
was used to monitor the subject’s BAL initially upon
arrival at the laboratory and then immediately preced-
ing each EEG recording subsequent to the placebo or
drink.

Recording methods and parameters

The subject was seated comfortably in a dimly lit,
temperature regulated, sound-attenuated chamber (In-
dustrial Acoustics Corp.). He was told to close his eyes
and relax but not fall asleep. Each subject wore a fitted
electrode cap (Electro-Cap International, Inc.) using
the entire 10/20 international system. The nasion
served as reference and the forehead as ground. Both
vertical and horizontal eye movements were moni-
tored.

EEG activity was amplified 20 k (bandpass 0.1-100
Hz) with a Grass Neurodata Acquisition System. The
data were sampled continuously for 2 min, at a sam-
pling rate of 128 Hz, with a buffer size of 128 data
points. Artifact rejection (EMG, EOG, and saturation
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artifact) was performed off-line by both the first author
and a highly trained technician.

Data analysis

A program was written to display continuous, 4 sec
epochs of 21-channel EEG activity. Each epoch was
examined for the presence of the aforementioned arti-
facts. Following inspection of the entire recording, the
program was run a second time, and the 12, most
artifact-free, epochs were selected for summation, av-
eraging and analysis by Fast Fourier Transform (FFT).
This procedure was repeated for each of the 5 EEG
recordings made under the P, LD and HD conditions.
A second program was written both to measure the
area under the power spectral curve and to determine
the relative area (area under the curve/bandwidth)
within 4 frequency bands: slow alpha (SA, 7.5-10.0
Hz), fast alpha (FA, 10.5-13.0 Hz), slow beta (SB,
13.5-19.5 Hz) and fast beta (FB, 20-26 Hz). Determi-
nation of relative areas within these frequency bands
was made at electrodes: F3, F4, C3, C4, P3, P4, O1 and
O2. Statistical analyses consisted of repeated measures
MANOVA (SAS/STAT, v. 6) performed on normal-
ized, relative area values. Group differences were as-
sessed at each electrode, for each combination of the
aforementioned electrodes and frequency bands, across
the P, LD and HD conditions.

Results

Fig. 1 presents the blood alcohol curves (BAC) for
both the LR and HR groups under the LD and HD
conditions, as a function of time (min) post ingestion. !
Time zero is the point immediately following ingestion
of the drink. The results of independent group ¢ tests
(significant at P < 0.05) under both the LD and HD
conditions, revealed no statistically significant differ-
ences between the two groups at any time point.

Next, we observed that at each of the 8 electrodes
examined, acute ethanol ingestion elicited significant
changes only in the slow alpha (SA, 7.5-10 Hz) fre-
quency band. In contrast, significant risk group differ-
ences in SA activity were observed only at electrodes
F3 (F=31.03, df = 1, P <0.0001), F4 (F = 24.89, df 1,
P <0.0001) and P4 (F =540, df 1, P<0.025). To
determine whether the differences observed at these
electrodes were induced by ethanol or were due to risk

1 Some individuals in each group, under both the low dose and high
dose conditions, were excluded from the calculations of the mean
blood alcohol levels. These subjects had a blood alcohol concentra-
tion that reflected a problem with the intoxicometer. Thus, under the
low dose condition, LR =17 and HR = 16. Under the high dose
condition, LR =15 and HR = 15.

371

0.05
= céi LOW DOSE
> 0.04 1o
[EN]
-~
a3 g 003
g
39 0.02
<?» HR
a & o001
O ~
O
D 0 L—A——————————————
m —r—t—

0 30 60 90 120 150
TIME ( minutes )

008 T
o HIGH DOSE
u 0.07 -
W . 006 A
5 E 005 -
53 o004 A gl
Q —
éa 0.03 4
o & 002 A
8~ o001
-
m 0 Ll : T : T T T T T L) : : T T L] T L}

TIME ( minutes )

Fig. 1. Mean blood alcohol level (mg,/100 ml) as a function of time

(min) for both LR (black squares) and HR (white squares) groups.

The data points are mean values; the error bars, standard errors

(S.E.M.). The upper panel presents the low dose condition; the lower
panel, the high dose condition.

group differences in baseline SA levels, an individual
repeated measures ANOVA was conducted at each
electrode (F3, F4 and P4) on baseline SA activity
measured on the P, LD and HD days. The results
revealed no statistically significant risk group differ-
ences in baseline SA activity. Individual repeated mea-
sures ANOVA at electrodes F3, F4, and P4 were also
performed within each risk group in order to assess the
stability of baseline SA activity across the P, LD and
HD days. No statistically significant differences in SA
activity were found for either the LR or HR groups.
Because the risk group differences in SA activity at
these electrodes were attributable to the effects of
ethanol, ¢ tests were then used to determine at which
post-ingestion time intervals, under both the LD and
HD conditions, these differences existed. At electrode
F3, differences were found at 140 min under the LD
condition and at 70 and 140 min under the HD condi-
tion; at electrode F4, at 70, 105 and 140 min under the
LD condition and at 70 and 105 min under the HD
condition. At P4, while there was an overall risk group
difference, there was no significant difference at indi-
vidual time points under either the LD or HD condi-
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Fig. 2. Risk group differences in relative slow alpha (SA, 7.5-10.0
Hz) activity in arbitrary units (a.u.) as a function of time (min) at
electrode F4. The upper panel compares low risk (LR, black squares)
and high risk (HR, white squares) individuals under the low dose
condition; the lower panel under the high dose condition. The data
points are mean values; the error bars, standard errors (S.E.M). The
asterisks indicate significant (P < (.05) risk group differences in
relative SA activity at those time intervals.

tion. Fig. 2 presents.the changes in SA activity at
electrode F4.

In addition to the aforementioned results were sev-
eral significant main effects and interactions which
tended to occur more frequently at anterior rather
than posterior locations. For example, a significant
Dose effect was observed at electrodes F4 (F = 7.69,
df=2, 39, P<0.002) and C4 (F=329, df 2, 39,
P <0.048); a significant Trial effect at electrode F3
(F=3.69, df 3, 29, P<0.012). Significant Trial X
Group interactions occurred at electrodes F3 (F = 2.85,
df 4,37, P <0.037), C3 (F=3.677, df 4,37, P < 0.013),
C4(F =3.94, df 4,37, P<0.009) and O1 (F =3.11, df
4, 37, P <0.026); Frequency X Group interactions at
electrodes F3 (F=17.86, df 3, 38, P <0.0003) and F4
(F=491, df 3,38, P<0.006).

As can be observed in Table I, the Drink Index
indicates that the HR group ingested significantly more
ethanol than did the LR group. Thus, it was possible
that any risk group difference in the ethanol-induced
EEG response reflected differences in drinking histo-
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ries. To test this hypothesis, individuals in the HR
group were assigned to either a “light drinker” or
“heavy drinker” group based upon their Drink Index
scores. The “light drinkers” (N = 11) had a mean index
of 6.54, S.D. 3.93. In contrast, the “heavy drinkers”
(N =28) had a mean index of 110.6, S.D. 65.2. Two
individuals who had abstained from drinking over the 6
months prior to the study were excluded from the
calculations. Repeated measures ANOVA, one for each
of the 8 electrodes, were used to compare EEG differ-
ences between the two groups. The results indicated
that in the HR group, drinking history had no signifi-
cant effect on the ethanol-induced EEG response.
Additionally, analyses of covariance (SAS /STAT, v. 6),
using the Drink Index as a covariate, were performed
at each electrode in order to examine the relationship
between current levels of ethanol consumption and the
ethanol-induced EEG responses of the HR and LR
groups. Again, there were no statistically significant
effects.

Next, we tested the hypothesis that risk group differ-
ences in the SA response would reflect the ascending
and descending phases of the blood alcohol curve. The
percent change in SA activity was calculated from 0 to
35 min post ingestion (which corresponds to the as-
cending BAC) and from 35 to 70 min post ingestion
(which corresponds to the descending BAC) under
both LD and HD conditions. These percentages were
calculated at electrodes F3, F4, and P4, where risk
group differences in SA activity had been observed, as
well as at electrodes C3, C4, P3, O1 and O2, where no
differences existed. Independent group ¢ tests were
then used to determine the presence of significant risk
group differences. Fig. 3 presents the results of these
analyses. During the ascending phase of the BAC,
under both the LD and HD conditions, increases in SA
activity were observed in both the HR and LR groups.
These increases, under both conditions, were signifi-
cantly greater in HR than LR individuals (LD, ¢ = 3.18,
df 14, P<0.007; HD, t=4.74, df 14, P <0.0003).
During the descending phase of the BAC, changes in
SA activity reflected dose differences as well as risk
group differences. Under the LD condition, SA activity
decreased in both groups; the decrease was signifi-
cantly greater in the HR group (t =7.72, df 14, P<
0.0001). In contrast, under the HD condition, SA activ-
ity continued to increase in the LR group but de-
creased in the HR group. This difference in the direc-
tion of change in SA activity was significant at ¢ = 6.24,
df 14, P <0.0001.

Discussion

Initially, we observed that following acute ethanol
ingestion the BACs generated by both the HR and LR
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Fig. 3. Mean percent change in slow alpha activity as a function of
time (min) for low risk (LR, empty bars) and high risk (HR, filled
bars) individuals across all § electrodes. The left panel presents the
low dose condition; the right panel, the high dose condition. Under
each condition, the interval from 0 to 35 min corresponds to the
ascending phase of the blood alcohol curve; the interval from 35 to
70 min to the descending phase. The data are mean values; the error
bars, standard errors (S.E.M.). The asterisks indicate significant risk
group differences at P < 0.05.

groups, under both the LD and HD conditions, mani-
fested no statistically significant differences. Typically,
there are large individual variations in both the rate,
latency and peak of the BAC (Porjesz and Begleiter
1985) that may reflect differences in factors such as
ethanol metabolism, rate of tolerance, or the amount
of food eaten prior to ethanol ingestion (Schuckit 1981).
However, most studies comparing the BACs of HR and
LR individuals have typically found no differences
(Schuckit 1981; Pollock et al. 1983; Kaplan et al. 1988;
Schuckit et al. 1987; Schuckit and Gold 1988; Ehlers
and Schuckit 1990, 1991).

Next, we demonstrated that acute ethanol ingestion
elicits EEG changes in the slow alpha (7.5-10.0 Hz)
frequency band that effectively discriminate between
high risk (HR) and low risk (ILR) individuals. In our
study, acute ethanol ingestion was followed by an in-
crease in SA activity in both the LR and HR groups.
This effect has often been described as the primary
EEG response to ethanol and has been reported in
previous investigations (Davis et al. 1941; Engel and
Rosenbaum 1945; Begleiter and Platz 1972; Lehtinen
et al. 1981; Lukas et al. 1986; Cohen et al. 1992). In
general, those studies which compared the responses of
LR and HR individuals reported that HR individuals
had significantly greater increases in both SA (Pollock
et al. 1983; Volavka et al. 1985) and beta activity
(12-20 Hz) (Ehlers and Schuckit 1990), as well as a
significantly more stable EEG post-ethanol ingestion
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than did LR individuals (Ehlers and Schuckit 1988,
1991).

Furthermore, we observed significant risk group dif-
ferences in SA activity at electrodes F3, F4 and P4.
The difference obtained at P4 is in accord with those
studies reporting that risk group differences in
ethanol-induced EEG responses are more common in
posterior regions (Pollock et al. 1983; Volavka et al.
1985; Ehlers and Schuckit 1988). Our novel findings of
risk group differences at anterior electrodes F3 and F4
may reflect the fact that cortical recordings at a spe-
cific locus may represent afferent volleys originating in
distant cortical and /or subcortical sites. Further, there
is evidence from studies of event-related potentials
(Salamy and Williams 1973; Porjesz and Begleiter 1985)
that association cortex, possibly because of its complex,
polysynaptic structure (Himwich and Callison 1972;
Kalant 1975), may be more sensitive to the effects of
ethanol than sensory cortex; F3, F4 and P4 each over-
lies association cortex (Homan et al. 1987).

In order to verify that the risk group differences we
observed reflected differential ethanol effects rather
than baseline EEG differences, we first established
that there were no statistically significant differences in
baseline EEG activity between HR and LR individuals.
This finding confirms a previous report from our labo-
ratory (Cohen et al. 1991) and has been documented by
others (Pollock et al. 1983; Kaplan et al. 1988; Ehlers
and Schuckit 1990). It indicates that baseline EEG
measures do not reliably discriminate between LR and
HR individuals.

The aforementioned discussion indicates that in
general, our results confirm many previously docu-
mented observations concerning risk group differences
in the ethanol-induced EEG response. However, most
uniquely, our results give strong evidence for a signifi-
cant risk group difference in the relationship between
ethanol-induced EEG changes and the ascending and
descending phases of the BAC, thus supporting Newlin
and Thomson’s (1990) differentiator model (DM). As
can be observed in Fig. 3, during the ascending phase
of the BAC, SA activity increased in both the LR and
HR groups under both the LD and HD conditions; the
increases in the HR group were significantly greater.
During the descending phase of the BAC, changes in
SA activity reflected both dose differences as well as
risk group differences. Under the LD condition, SA
activity decreased in both groups; the decrease was
significantly greater in the HR group. In contrast,
under the HD condition, between 35 and 70 min after
ethanol ingestion, while SA activity decreased in the
HR group it increased in the LR group. These findings
of greater acute sensitization (an enhanced ethanol
response when the slope of the BAC is positive) and
greater acute tolerance (an attenuated ethanol re-
sponse when the slope of the BAC is negative) in HR
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individuals, demonstrate that the ethanol-induced EEG
responses of HR and LR individuals are differentially
sensitive to the ascending and descending phases of the
BAC. Furthermore, these findings are important to the
differentiator model in another respect, the ability to
demonstrate both acute sensitization and acute toler-
ance in the same experiment.

Evidence that the phenomena of acute sensitization
and acute tolerance are enhanced in HR individuals
comes from numerous observations. That the re-
sponses of HR individuals are greater during the as-
cending phase of the BAC (acute sensitization) has
been obtained from measures of EMG activity
(Schuckit et al. 1981), psychomotor performance
(O’Malley and Maisto 1985), autonomic function, i.e.,
skin temperature, skin conductance and pulse ampli-
tude (Newlin and Thomson 1990) and from subjective
measures (lower anxiety levels in HR) (Savoie et al.
1988). Similarly, HR individuals have reportedly shown
greater decrements in response than LR individuals
during the descending phase of the BAC (acute toler-
ance) in, for example, the return of P300 latencies to
control levels (Schuckit et al. 1988; Porjesz and Be-
gleiter 1990) and N1 amplitudes (Porjesz and Begleiter
1990). Acute tolerance has also been documented in
rats genetically bred to prefer (P) or not prefer (NP)
ethanol (Li et al. 1987; Lumeng et al. 1989; McBride et
al. 1991). It has presented as more rapid recovery in
both behavioral measures (foot shock avoidance, Lu-
meng et al. 1982; Waller et al. 1983; and reacquisition
of the righting reflex, Kurtz et al. 1990, 1991) and
autonomic responses, e.g., hypothermia (Froehlich et
al. 1989), following a single sedative hypnotic dose of
ethanol (Lumeng et al. 1992). In P rats, the tolerance
following a single ethanol dose may persist for 10 days,
compared with 3 days.in NP rats (Gatto et al. 1987).
Murphy et al. (1990) reported that in rats with a high
voluntary ethanol consumption rate there is an in-
creased likelihood of developing acute tolerance. Inter-
estingly, our HR group had an ethanol consumption
rate (as measured by the Drink Index) approximately 5
times that of the LR group. One possible explanation
for the heightened level of ethanol consumption comes
from the observations of Lukas et al. (1986, 1988) who
reported that acute ethanol ingestion produced in-
creased alpha activity in conjunction with episodes of
subjective euphoria, usually within 10-15 min post
ingestion (Lukas et al. 1988). These episodes of subjec-
tive euphoria were associated with transient increases
in alpha activity above the already elevated alpha activ-
ity; increases in all of the aforementioned measures
paralleled the ascending BAC. Lukas et al. (1986,
1988) as well as others, e.g., Propping (1977), reported
that the early, abrupt increases in alpha activity were
associated with pleasant sensations and the feelings of
comfortable relaxation that may act to positively rein-
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force increased ethanol ingestion.

One might argue that the electroencephalographic
differences we observed between the LR and HR
groups may, in fact, reflect differences in their drinking
histories. However, by dividing the HR group into
“light” and “heavy” drinkers and demonstrating that
there were neither baseline, nor ethanol-induced EEG
differences between the groups, we have indirect evi-
dence that the risk group differences in EEG activity
were not due to differences in drinking history, but
may reflect the contribution of genetic factors. Evi-
dence derived from both twin studies and from com-
parisons of EEG patterns in alcoholics and their non-
alcoholic relatives (Propping 1977; Propping et al. 1981)
supports the possibility of a genetic contribution to the
EEG. In the former study (Propping 1977), both base-
line EEG activity and the EEG response to an ethanol
challenge were found to be more similar in MZ than in
DZ twins. In the latter study (Propping et al. 1981),
more similar EEG variants were observed both in
alcoholics and their non-alcoholic first degree relatives
than between the alcoholics and matched controls.
Additional evidence for a genetic contribution to the
EEG, as well as to event-related potentials, comes
from studies (Morzorati et al. 1988; Ehlers et al. 1991)
demonstrating that both at baseline and under a vari-
ety of experimental conditions, there may be significant
differences in the responses of P and NP rats.

Thus, in conclusion, our findings demonstrate the
presence of significant differences in the ethanol-in-
duced EEG responses of LR and HR individuals.
These differences stand in contrast to baseline EEG
measures which do not effectively discriminate be-
tween the two groups. The observed ethanol-induced
EEG changes parallel the ascending and descending
phases of the BAC and demonstrate that HR individu-
als manifest significantly greater response increments
during the ascending phase (acute sensitization) and
significantly faster recovery to baseline levels during
the descending phase (acute tolerance). These risk
group differences do not appear to reflect differences
in drinking history, but rather the influence of genetic
factors in the response to ethanol. This influence may
manifest itself as an electrophysiological response that
is an index of the reinforcing properties of ethanol,
which may be higher in HR individuals and may act to
positively reinforce a high frequency of ethanol inges-
tion.

The authors gratefully acknowledge the technical assistance of
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Wu-Li and Guowang Zhang.
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