[R.B.: 1(84) = 4.01, P < .001; L.EL.:
1(78) = 3,10, P < .001; M.S.. «124) = 9.32,
P < .001] and interocular [R.B.: #87) = 2.28,
P < .025; L.EL.:. «86) =376, P <.00l;
M.S.: #(127) = 9.68, P < .001] adaptation con-
ditions. Subject R.B. showed a significant differ-
ence in the strength of the illusion in the intero-
cular and direct adaptation conditions [R.B.:
1(55) = 2.47, P < .02].

9. D. C. Burr, Vision Res. 20, 391 (1980); K. K.
DeValois, ibid. 17, 209 (1977); L. E. Arend and
R. V. Lange, ibid. 19, 1089 (1979); C. F. Stro-

meyer, A. F. Lange, L. Ganz, ibid. 13, 2345
(1973); L. Maffei and A. Fiorentini, ibid. 13,
1255 (1973).

10. This research was supported by NIH grant
EY01596, NSF grant BNS7817948, a career
development award to R.B., and NIH postdoc-
toral fellowship EY05436to L.E.L. We thank J,
Zacks, A. Arditi, and W. Martens for helpful
comments and assistance and M. Banks for
earlier discussion.

6 November 1980; revised 19 January 1981

Electroencephalographic Tolerance and Abstinence Phenomena

During Repeated Alcohol Ingestion by Nonalcoholics

Abstract. Certain measures of the auditory average evoked response are sensitive
to alcohol and provide evidence for abstinence and tolerance during and after 10
days of alcohol consumption by nonalcoholics. Electroencephalographic techniques
provide a single sensitive measure for the study of the etiology of tolerance and
abstinence with particular reference to a new area of investigation with nonaddicted

humans.

Mendelson (/) proposed that the phar-
macological criteria of alcoholism most
amenable to systematic investigation are
tolerance and physical dependence. The
study of these phenomena and the rela-
tionship béetween them has been exten-
sive, but largely limited to infrahuman
species or to humans already suffering
from a long history of chronic alcohol-
ism. A further restriction on such inves-
tigations has been the relative absence of
techniques whereby both tolerance and
physical dependence are assessed by
comparable response indices. This led
Begleiter and Porjesz to conclude that
“to choose one technique to measure
tolerance and another to assess physical
dependence will continue to produce in-
comprehensible findings” (2, p. 356).
They proposed the use of electroenceph-
alography (EEG) as a remedy, since the
same objective and quantifiable response
measurements can be used to assess the
effects on central nervous system excit-
ability of both exposure to ethanol (3)
and its removal (¢). Our investigation is,
to our knowledge, the first attempt to use
quantitative EEG measures in a study of
both tolerance and withdrawal in nonal-
coholic humans.

Eight male volunteers (5) were in-
formed of the purpose and risks of the
study before consenting to participate.
Subjects remained on our clinical re-
search unit for the 16 days of the study.
A battery of electrophysiological and
psychological tests, administered twice
daily, included spontaneous occipital
EEG; vertex auditory average evoked
potentials (AEP’s) following 0-, 20-, 50-,
and 90-dB tone stimuli; heart rate; hand
tremor; postural sway; smooth pendular
pursuit eye movements; verbal recall;
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and intoxication self-rating in that order.
The order of testing remained constant
throughout the study. The 16 days of the
study were divided into three phases; the
first 3 days were a preliminary baseline
(baseline 1), followed by a 10-day alco-
hol phase, and a 3-day final baseline

(baseline 2). On each day of the investi-
gation, the test battery was administered
twice, once before and once 20 minutes
after the subject drank a beverage. Dur-
ing the baseline periods, the beverage
was 500 ml of orange juice, and during
the alcohol phase, alcohol (1 g per kilo-
gram of body weight) mixed to a 10
percent solution with an orange juice
vehicle. During the alcohol phase, breath
alcohol was tested by a standard breath
analysis machine immediately after the
measurement of the auditory evoked re-
sponses. For six subjects, the beverage
was consumed at 1400 hours, and for
two, at 1000 hours. During the alcohol
phase, after completing the second test
battery, subjects consumed additional al-
cohol (0.9 g/kg) over 2 to 3 hours to keep
blood alcohol concentrations elevated
over a significant portion of each day.
For these days, before-beverage testing
occurred approximately 19% hours after
the completion of the previous day’s
alcohol ingestion.

From the spontaneous EEG, power
spectral analysis techniques were used
to derive estimates of the percentage of
alpha, beta, and theta powers in addition

Table 1. Auditory evoked response means and standard deviations associated with 90- and 50-
dB stimulus levels for the three phases of the experiment. Significance levels are for
comparisons of before- and after-beverage scores (analysis of variance).

Baseline 1

Measure (days 1 to 3)

Alcohol
(days 4 to 13)

Baseline 2
(days 14 to 16)

90-dB stimulus

Variance (uv)?

Before 1.13 = 0.52 1.41 = 0.49%*** 1.17 = 0.43

After 1.08 = 0.63 0.98 = 0.40 1.39 = 0.44
ANR (dB)

Before —14.75 = 2.34 —-13.97 = 2.30%** —-14.54 = 2.50

After —15.63 = 3.43 —-15.97 = 2.56 —-14.02 = 2.12
N, latency (msec)

Before 111.25 = 13.38 104.53 = 8.79%** 103.58 = 11.23

After 107.63 = 9.68 109.17 = 10.10 105.00 = 13.26
P, latency (msec)

Before 182.54 = 16.11 176.53 = 15.29* 173.91 = 14.35

After 175.08 = 11.17 172.33 = 14.31 175.67 = 13.74
NP, amplitude (uV)

Before .06 = 2.63 10.20 = 2.46%** 9.13 = 2.74
After 8.71 = 2.82 7.72 = 4.34 87 = 2.88
50-dB stimulus

Variance

Before 0.62 = 0.32 0.71 = 0.32%** 0.64 = 0.26

After 0.67 = 0.33 0.53 = 0.27 0.69 = 0.29
ANR

Before —17.38 = 2.46 —-17.22 = 2.30%** -17.37 = 1.98

After —-17.82 = 2.36 -18.76 = 2.19 -17.18 = 1.92
N, latency

Before 120.58 = 16.55 120.75 = 14.32 118.75 = 14.23

After 121.46 = 11.91 124.81 = 17.72 115.43 = 13.37
P, latency

Before 195.88 = 16.04 191.69 = 15.98 186.42 = 16.05

After 190.71 = 20.81 192.79 = 21.19 188.87 = 22.60
N,P,

Before 5.59 = 1.95 6.34 = 1.87** 6.31 = 1.54

After 5.63 = 2.02 5.01 = 1.89 6.51 = 1.68
*P < 05, **P <01, *EpP < 005, *EEXP < 001,
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Fig. 1. (a) Percentage change
in EEG measures in response
to a 90-dB tone for the 10-day
alcohol administration period
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to alpha peak frequency (6). The audi-
tory AEP was the source of the following
statistics: variance of the AEP,; average-
to-noise ratio (ANR) (7), N, and P, laten-
cies, and magnitude difference (in micro-
volts) between the N, and P, peaks. The
EEG variables were submitted to an
analysis of variance on days, subjects,
and session. The interaction of the main
effect with subjects was used as an error
term.

Before and after measures of sponta-
neous EEG and 0- and 20-dB evoked
EEG did not differ statistically during
either of the baseline periods or during
the alcohol phase. In contrast, signifi-
cant differences were found between be-
fore and after measures of 50- and 90-dB
AEP’s (Table 1). Alcohol is associated
with reductions in N;P, amplitude and
increases in N, latency (3). During the
alcohol period, a number of before-bev-
erage values underwent changes in direc-
tion opposite to that of the after-bever-
age values and were in a diréction con-
sistent for withdrawal (8) or ‘‘offset’
effects (Table 1). The signs of such
changes are adjusted so that offset ef-
fects are positive ih Fig. 1. Except for
the latency of P, (9), changes in the be-
fore-beverage measures were in a differ-
ent direction from those in the after-
beverage measures. This difference in
direction of change was responsible for
significant differences between a number
of before- and after-beverage values dur-
ing the alcohol period (Table 1). The 50-
dB stimulus showed a similar pattern,
although some differences were not sig-
nificant, Therefore, compared with the
before-beverage baseline means (10), be-
fore-beverage variance, ANR; and N,P,
amplitude increased during the alcohol
period, and N latency decreased. These
before-beverage offset effects did not
increase gradually during the éntire alco-
hol ingestion period, but were typically

1176

Ny=P2 ¥
Amplitude

compared with the initial 3-
day baseline period. Before-
beverage changes are with re-
spect to the before-beverage
baseline, and after-beverage
b changes are with respect to

the after-beverage baseline.
Changes have been adjusted
so that the alcohol effect is
negative and offset effect is
positive. (b)  Percentage
change of baseline 2 from
baseline 1.

-

Alcohot ' Offset

effect

Offset
effect

apparent by the second or third day of
the alcohol phase and remained fairly
stable throughout the remainder of this
phase. Compared with the after-bever-
age baseline, after-beverage variance,
ANR and NP, amplitude decreased
while N, latency increased. The size of
the before-beverage change was greater
than that of the after-beverage change
for all measures (Fig. la). During the
final 3-day baseline period all measures
tended to charge in the offset direction
(Fig. 1b). A set of typical responses is
shown in Fig. 2.

Although offset effects opposite to al-
cohol effects were readily apparent (Fig.
1), tolerance associated with the after-
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Fig. 2. Typical evoked responses.

beverage responses during the alcohol
period was not demonstrated when strict
criteria were applied to each evoked
EEG measure (11). We considered toler-
ance present for a particular index if
there was, over the alcohol period, a
statistically significant trend or slope,
indicating a progressive reduction of the
alcohol effect relative to the before-bev-
erage responses. Such a significant trend
was found for verbal recall indices (12)
but not for other measures (/3), includ-
ing AEP variables. For a number of
measures, there was an apparent trend
for the reduction of the alcohol response
with repeated alcohol administration;
but the slopes were not statistically sig-
nificant. Slopes were greatest for the
measures that showed the greatest initial
alcohol effect; verbal recall indices were
associated with the largest initial alcohol
effect. Such an observation is consistent
with the suggestion (/4) that the rate of
development of tolerance is related to
the size of the alcohol-induced distur-
bance. Under such a hypothesis, only
when responses are large would the
trend due to tolerance be large enough
to be detected by conventional sta-
tistical techniques. For smaller effects
with the same variability, tolerance
would develop more gradually and the
trend would not likely be statistically
significant, ‘

To test the hypothesis that a relation-
ship exists between the size of the initial
effect of alcohol and the rate tolerance
develops, 15 measures derived from the
entire battery of electrophysiological and
behavioral tests [except P, latency (9)]
for both 50- and 90-dB stimuli were se-
lected for a regression analysis of the
slope of recovery and the initial size of
the alcohol effect (75). Consistent with
the hypothesis, the slopes of the various
functions toward baseline over the 10-
day alcohol period were significantly (16)
related to size of the initial alcohol effect
(r= —.87,d.f. = 14, P < .008). More-
over, the slope toward baseline was
steeper for the EEG measures obtained
with the 90-dB than with the 50-dB stim-
ulus; the initial alcohol effect was greater
with the louder stimulus. What was true
for individual measures was paralleled
among individual subjects; subjects with
the greatest initial response to alcohol
also tended to return to the before-alco-
hol baseline most rapidly. (For variance

at 50 dB, »r = —.83; at 90 dB, r =
—.77, P < .05. For N; latency at 90
dB, r = —.94, P < .001. For ANR at

90 dB, P < .10; N,P, amplitude, 90 dB,
P < .10)
In summary, larger initial alcohol ef-
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fects were associated with more rapid
adaptation to these effects. This result
with human subjects is consistent with
the general hypothesis of Kalant et al.
(I4) and in line with the view that toler-
ance had developed. Therefore, the ab-
sence of statistically significant tolerance
in EEG measures, may not reflect a
refractoriness of the alcohol-induced dis-
turbance to the development of toler-
ance, but rather the small alcohol effect
on the EEG at the dose studied.

The observation of both abstinence
and tolerance in the EEG’s of nonalco-
holic volunteers supports the proposal of
Begleiter and Porjesz (2) that EEG tech-
niques are sufficiently sensitive to pro-
vide an assessment of the effects of both
alcohol and its removal on brain activity.
More important, however, the results
suggest the possibility that human toler-
ance and abstinence can be studied in an
experimental setting where severe physi-
cal dependence (as evidenced by the
appearance of an acute withdrawal syn-
drome) need not be produced. The regi-
men of alcohol ingestion in this investi-
gation was intermediate between a single
exposure and long-term exposure associ-
ated with the development of depen-
dence. Whether the tolerance and offset
phenomena produced by this much ex-
posure lie at the lower end of a continu-
um for their expression, or whether the
events recorded are unigue to subclinical
exposure, cannot be answered without
further investigation.

DuaNE H. ZiLM*
HowARrD L. KAPLAN
HowaRD CAPELLT
Human Responses and Biomedical
Engineering Laboratory,
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Toronto, Ontario, Canada M5S 251
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