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BLANCHARD, R. J., K. HORI, D. C. BLANCHARD AND J. HALL. Ethanol effects on aggression of rats selected for
different levels of aggressiveness. PHARMACOL BIOCHEM BEHAYV 27(4)641-644, 1987.—Male rats confronting strange
male intruders into their home cages were divided into nonaggressive, low-to-intermediate aggressive, and highly aggressive
groups. In tests with low (0.3 and 0.6 g/kg) doses of ethanol the nonaggressive rats did not become aggressive; low-
intermediate animals showed a significant increase in frequency and duration of attack behaviors; but highly aggressive rats
displayed a slight (nonsignificant) decline. A higher ethanol dose (1.2 g/kg) consistently led to decreased aggression. This
rate-dependency of the enhancement of aggression by low doses of ethanol is concordant with a view that the mechanism of
this enhancement involves ethanol interference with some mechanism which normally acts to limit or inhibit attack.
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EXPERIMENTAL analyses of the effects of ethanol on ag-
gressive behaviors of laboratory animals have provided a
very complex and varied set of results (see [2] for review).
While there is general agreement that higher ethanol doses,
about 1.0 g/kg and above, decrease aggression, there is less
agreement concerning the possible enhancement of aggres-
sion by lower doses of ethanol. While such an enhancement
has been obtained in both mice and rats [8-10], it is not
consistent, and may depend on specific characteristics of the
test situation, the opponent, and indeed of the subject itself.
Thus, the use of neutral arenas rather than the subjects’
home cages for test encounters appears to facilitate the low-
dose ethanol enhancement of aggression [10]; ethanol
enhancement of female attack on an intruder male is stronger
when the male is the same size as the female, rather than
larger [4]; ethanol enhancement of attack may depend on the
subject’s normal level of aggression [8,9].

This last factor, that ethanol effects may depend on the
rate of pre-ethanol attack or offense tendencies for the indi-
vidual subject, is particularly interesting as it appears to have
some parallel in human behavior: Aggressiveness following
ethanol ingestion in humans appears to be relatively consis-
tent within subjects and quite variable between subjects.
Robbins [11] found that some human males are consistently
nonaggressive when drinking, while others are consistently
hostile, argumentative, or rowdy. Bailey [1] found that
human males showing low levels of aggression before con-
suming alcohol showed an increase after drinking, while
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highly aggressive subjects tended to be unchanged after con-
suming alcohol. This was a subject, rather than a situational
effect: Using the same task, Taylor [12] has consistently
demonstrated that alcohol may interact positively with
provocation or other situational attack potentiating factors.
This possible similarity between human subjects, and labora-
tory rodents, that ethanol increases aggression primarily in
low aggressive individuals, suggests that this phenomenon is
one in which laboratory animals may provide an extremely
useful model for experimental analysis.

METHOD
Subjects

Forty male Long-Evans rats, aged from 111 to 121 days
served as subjects. These animals were maintained individ-
ually in standard 35x30 cm laboratory pan cages with ad lib
access to food and water throughout the course of the tests.
Three animals did not complete the series. The subjects were
run in two replications.

Testing

Each animal was given two preliminary, 10-min tests in-
volving a strange male intruder placed in its home cage. This
provided some fighting experience to reduce the variability
in attack associated with first encounters with a strange male
conspecific {5].
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FIG. 1. Mean frequency (top graph) and duration (bottom graph) of
three offensive behaviors, lateral attack, on-top-of, and chase, dur-
ing 10-min test encounters with a strange intruder, for highly ag-
gressive, low-to-intermediate aggressive and nonaggressive male
residents under saline (0.0 g/kg), or 0.3, 0.6, or 1.2 g/kg ethanol.
both frequency and duration of offense were at or close to zero for the
nonaggressive group.
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These were followed by four additional 10-min tests with
a strange male placed into the subject’s cage. Thirty min
prior to the beginning of each of these tests, an equal volume
IP injection of saline, 0.3, 0.6, or 1.2 g/kg ethanol was given
to the subject. The order of the saline and ethanol doses was
counterbalanced and tests were run 2 days apart. Video re-
cordings were made of the test encounters, and frequencies
and durations (where appropriate) of a number of the sub-
jects’ attack behaviors were scored from these tapes.

Three of these behaviors, lateral attack (subject’s lowered
head is oriented toward the intruder with back and hind legs
arched; its body curves longitudinally toward, and moves
laterally against, the opponent); on-top-of (subject stands
over or on top of its supine opponent); and chase (subject
runs after the fleeing opponent) were summed to produce a
*‘combined offense’’ score for each animal at the different
ethanol doses. These three behaviors all occur as initial
components of the rat attack pattern, not directly harming
the opponent, but enabling the attacker to position itself in
order to bite effectively [3]. Bites, the terminal component of
the attack pattern, were scored and analyzed separately.
This grouping and analysis of scores was based on the results
of a pilot study which suggested that the initial and terminal
portions of the attack pattern are not well correlated in rela-
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tively inexperienced attackers, although the various initial
components of the attack pattern do tend to occur together.

Based on the total frequency of offense during the saline
test, subjects were divided into three groups: Those animals
displaying more than 15 offensive behaviors (lateral attack,
on-top-of chasing) during the 10-min test period formed the
high aggression group; those displaying between 1 and 15
offensive behaviors became the low-to-intermediate aggres-
sion group, and those displaying no offensive behaviors were
the zero aggression group.

Statistics

Differences between each subject’s score during the
saline test and tests made at each dose level were computed
for subjects of the three groups. For the high and low-
intermediate groups, difference scores for the combined of-
fense measure, and the bite measure were subjected to a
two-way analysis of variance, with initial level as a between
subjects factor, and the different dose levels as within-
subject factors.

RESULTS

Of the 37 subjects completing the series, 8 showed no
aggression during the saline test and were classified as the
zero aggression group. Of the remaining 29 subjects, 12 had
offense frequency scores higher than 15 (range: 19 to 123),
and constituted the high aggression group, while the remain-
ing 17 displayed 1 to 15 offensive behaviors during the saline
test and were placed into the low-intermediate aggression
group.

The zero aggression group could not, of course, show
decrements from the saline condition to the various dose
levels, but it is of interest to note that they did not show
increases either: Only 3 of the 8 animals in this group showed
any offensive behaviors during any test. All of these were at
the 0.3 g/kg ethanol level and involved brief chasing of the
intruder. Because these data, with 21 of 24 scores at zero,
clearly did not meet the assumptions necessary for paramet-
ric analysis, they were not directly compared to those of the
high and low-intermediate groups in the following analyses.

Figure | presents differences between the frequency of
offense during the saline test, and, at the 0.3, 0.6, and 1.2
g/kg ethanol doses for subjects of the high, and low-
intermediate, aggression-level groups. As this figure
suggests, the patterns of change across dose level tended to
be very different for animals showing high, as opposed to
low-intermediate levels of offense during the saline tests. At
each dose level the high aggressive groups’ scores decreased
substantially, while those of the low-intermediate aggressive
group increased at both the 0.3 and the 0.6 levels, declining
to slightly below the base level at the 1.2 dose. Change
scores (subject score at a given level minus subject score
under saline) at the different levels were significantly differ-
ent for the two groups, F(1,27)=23.50, p<0.001. The main
effect of alcohol was also statistically significant,
F(2,54)=11.76, p<0.001. The interaction of group and dose
level was not significant, F(2,54)=0.17, p>0.05.

Individual rs for correlated measures were used to test
differences between the saline, and 0.3 and 0.6 dose levels,
for the high and low-intermediate groups. For the high ag-
gressive group, frequency of offense declined for all ethanol
doses. For the 0.3 and 0.6 levels this decrease approached,
but failed to reach, an acceptable level of statistical signifi-
cance, #(11)=2.10 for the 0-0.3 dose level comparison, and 1.83
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for the 0-0.6 dose level comparison, 0.10<p>0.05 for each.
Wilcoxon Ts were used to test the significance of differences
between the saline and 1.2 dose level, because of the high
proportion of zero scores at 1.2 g/kg ethanol. The decline
seen at the 1.2 dose level was statistically significant,
T(12)=0, p<0.001.

For the low-intermediate aggression group, the increases
seen in frequency of offense at the 0.3 and 0.6 dose levels
were both statistically significant, 1(16)=2.40 and 2.22, re-
spectively, p<0.05 for each. The decline seen at 1.2 g/kg
ethanol was also significant, Wilcoxon T(17)=31.5, p<0.05.

Duration of offense presented a very similar pattern to the
frequency of offense data. These data are also presented in
Fig. 1. Analysis of variance on the change scores indicated
that the group difference was significant, F(1,27)=11.99,
p<0.001, as was the dose level effect, F(2,54)=14.08. As
with the frequency of offense, the interaction of group and
dose level was not significant, F(2,54)=0.25, p>0.05. Subse-
quent ¢s indicated that the decreases in duration of offense
for the high aggressive group at the 0.3 and 0.6 dose levels
were not significant, 7(11)=0.71 and 0.88, respectively,
p>0.0S, but that the decline seen with the 1.2 g/kg dose was
significant, T(12)=0, p<0.001. For the low-intermediate ag-
gressive group, the increases seen at the 0.3 and the 0.6 dose
levels were statistically significant, ¢(16)=2.22 and 2.54, re-
spectively, p<0.05 for each. The decline seen for this group
at the 1.2 dose level was also significant, Wilcoxon
T(17)=27, p<0.01.

The bite frequency data was very similar to the pattern
obtained with the combined offense measure; there was an
increase, though considerably smaller than with the com-
bined offense measure, for the low-intermediate aggression
group, and a decrease for the high aggression group, at 0.3
and 0.6 doses, with both groups showing a substantial de-
cline at the 1.2 g/kg dose level. For the bite frequency data,
however, only the main effect of ethanol was significant,
F(2,54)=15.51, p<0.001. The group effect was not signifi-
cant, F(1,27)=1.04, p>0.05, nor was the interaction of group
and dose level, F(2,54)=0.40, p>0.05.

DISCUSSION

The findings of the present study appear to be relatively
straightforward on a descriptive level. Low doses of ethanol
differentially affect the aggression of rats selected on the
basis of initial aggression levels, somewhat reducing those of
highly aggressive males, increasing attack in males with a
low to intermediate level of initial aggression, but having no
detectable effect (i.e., producing no increase) for those ini-
tially displaying no aggression.

While these data are in general agreement with other
studies of ethanol effects on animals with varying attack ten-
dencies, specific correspondences between the earlier find-
ings and those of the present study are more difficult to
establish: Miczek and Barry [9] used a more elaborate
attack-training test, and dominant-subordinate, or
dominant-naive pairs, with one animal of each pair receiving
ethanol. The dominant animals showed a significant increase
in frequency of biting attacks, and duration of ‘‘aggressive
postures’’ at the 0.5 g/kg dose level. The Krsiak [8] study
using mice, found a low dose enhancement in aggressive
mice (level of aggression not specified) with a somewhat
higher dose of ethanol enhancing attack in timid mice. The
latter, however, had shown low levels of chasing and other
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attack-related behaviors under saline and thus would better
correspond to the present ‘‘low-intermediate’’ aggression
group, than to the nonaggressive group. A ‘‘sociable’’ group
showing no initial aggression failed to demonstrate increased
aggression with ethanol.

These studies are thus consistent in suggesting that low
doses of ethanol do promote attack in at least some animals
showing attack before ethanol was given. The present study
is consonant with this view, but adds to it, suggesting that
only the low to intermediate aggressive animals show this
effect. Alternatively, since both of the earlier studies in-
volved tests in a neutral arena, while the present tests were
in the subjects’ home cages, it is possible that the present
conditions were less optimal for the ethanol enhancement
effect [2]. If this less optimal test situation contributed to a
decline in attack for the high attacking rats, it might have
sharpened the differences of the two groups, with one show-
ing a rise, and the other, a drop, under low ethanol doses.
However, in the absence of any reason to believe that the
home cage vs. neutral arena variable differentially influenced
the two groups, the present finding of a substantial difference
in change scores for rats differing in initial attack tendencies
should also hold for the neutral arena situation, although an
actual decline (which was here nonsignificant as well) for the
high attacking group might not be apparent.

The Krsiak [8] study is consistent also with the present
findings in suggesting that low doses of ethanol are ineffec-
tive in promoting attack in initial nonattackers. DeBold and
Miczek [7] have recently reported that castrated male mice
not receiving testosterone replacement also fail to show an
ethanol enhancement of attack, while castrates receiving
high levels of testosterone show a very pronounced ethanol
enhancement, even at ethanol levels which decrease attack
in intact mice. This suggests that some male rodents showing
no attack tendencies under saline may be relatively deficient
in testosterone, a possibility which is consonant with an un-
published finding from this laboratory, that male rats
selected on the basis of nonaggressiveness show much lower
rates of successful breeding than do aggressive males.
Whether testosterone is a mediating factor or not, it seems
likely that animals showing no aggression in a rather effec-
tive aggression-eliciting procedure such as was used in the
present study do have some deficiency in the process or
system leading normally to attack in male rats. This finding is
consonant with the principle that drugs do not create behav-
ior though they may act to alter strength or probability of
ongoing behavior processes.

In fact, the results of all three of the present groups are
consonant with a view that ethanol enhancement of attack is
mediated, not by a direct enhancement of attack tendencies,
but by interference with an inhibition system which is irrele-
vant in the nonaggressive rats, but acts to suppress aggres-
sion in the low aggressive animals: It might reasonably be
assumed that this putative aggression-inhibiting factor was
minimally effective in the highly aggressive animals.

The present results, then, suggest that the procedure of
dividing animals with equivalent aggressive experience into
highly aggressive, low-to-intermediate aggressive, and
nonaggressive groups may provide a robust differentiation of
some factor or factors mediating the effects of low doses of
ethanol on attack behaviors. If so, then this procedure may
provide a valuable tool for analyses leading to identification
and characterization of the factors involved in the effects of
ethanol on aggression.
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