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(3) 785–791, 1997.—The biological mechanisms behind ethanol-induced aggression
are not known. Because gonadal hormones are linked both to aggression and ethanol, the present study examined relation-
ships among the levels of serum estradiol (E

 

2

 

), testosterone (T), and aggressive behavior in ethanol-treated male mice. We
found that among group-housed male mice, serum E

 

2

 

 levels were significantly elevated 30 min after a single injection of 0.6 g/
kg ethanol. Serum T levels showed a nonsignificant decrease by ethanol. The E

 

2

 

/T ratio, an index of aromatization of T to E

 

2

 

,
was significantly higher in the ethanol-treated animals when compared with the vehicle-treated animals. We also determined
aggressive behavior in the resident-intruder test among isolated male mice at baseline (after a vehicle), and after an injection
of 0.6 g/kg ethanol. The mice were grouped accordingly to those that increased, decreased, or remained nonaggressive in re-
sponse to ethanol administration. We found that at baseline, neither serum T or E

 

2

 

 levels, nor E

 

2

 

/T ratio differed significantly
between the increased or reduced aggressor mice. In contrast to the increase in serum E

 

2

 

 levels seen in the nonaggressive
mice, ethanol significantly reduced circulating E

 

2

 

 levels, but did not affect aromatization of E

 

2

 

 from T in the mice that became
aggressive following an ethanol injection. These data suggest that mice who exhibit a paradoxical decrease in serum E

 

2

 

 levels
by ethanol may be particularly prone to ethanol-induced aggression. © 1997 Elsevier Science Inc.

 

Aggression Estradiol Testosterone Ethanol

 

ALTHOUGH ethanol is clearly linked to violent acts (6,25),
the underlying biological mechanisms explaining this associa-
tion are not known. We have recently shown that transgenic
mice overexpressing transforming growth factor 

 

a

 

 (TGF

 

a

 

)
are highly aggressive and maintain their aggressiveness after
treatment with ethanol (13). Similar results were obtained in
nontransgenic male mice that were made aggressive by im-
planting them with pellets releasing estradiol (E

 

2

 

) (14). The
transgenic TGF

 

a

 

 mice also have high serum E

 

2

 

 levels (12),
possibly because TGF

 

a

 

 stimulates the release of gonadotro-
phin releasing hormone from the hypothalamus (24). These
findings suggest that E

 

2

 

 may play a role in maintaining high
levels of aggression following ethanol administration.

Additional support of the idea that gonadal hormones are
important in ethanol-induced aggression is obtained from the
findings that alcoholism and aggression are more prevalent
among men than women (17), and that treatment with E

 

2

 

 af-
fects both aggression (11,13,28) and ethanol intake (11,14).
Ethanol also affects circulating gonadal hormone levels.

Chronic ethanol administration reduces serum testosterone
(T) levels, by impairing steroidogenesis of androgens (29) and
reducing gonadotrophin release from the pituitary (2,9,15),
and paradoxically by elevating the aromatization of andro-
gens to estrogens (29). Alcoholic men often exhibit endocrine
dysfunctions, including testicular and prostatic atrophy, as
well as impotence, and a loss of sexual interest (29). Due to in-
creased aromatization, ethanol increases plasma estrogen lev-
els (7,8,27), and the number of estrogen receptors in estrogen-
responsive tissues (29).

We studied whether serum T and/or E

 

2

 

 levels as well as the
effect of ethanol on these hormones differ among three dis-
tinct groups of mice: 1) those who become more aggressive in
response to ethanol administration (increased aggressors), 2)
those who reduce aggression after ethanol treatment (reduced
aggressors), and 3) nonaggressive mice that remain un-
changed in reaction to ethanol (nonaggressors). Male mice
exhibit significant interindividual variations in the level of ag-
gressiveness. However, an individual mouse maintains the
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same relative level of aggressiveness throughout several en-
counters with another mouse (19). These baseline levels of ag-
gression can be altered by various pharmacological means, in-
cluding ethanol (21). The data obtained in this study show
that an acute ethanol dose increases serum E

 

2

 

 levels in nonag-
gressive mice. In contrast, the increased aggressors’ E

 

2

 

 levels
are significantly reduced by ethanol.

 

METHOD

 

Seven-week-old male CD-1 mice were obtained from Na-
tional Cancer Institute (Frederick, MD). They had free access
to food and water. The males were housed in a temperature/
humidity-controlled room at the Georgetown University Re-
search Resource Animal Facility under a 12-h light–dark cy-
cle. Upon arrival, the mice were kept in cages containing 10
animals (Experiment 1) or housed individually (Experiment
2). Experiments 1 and 2 were started 1 week after the arrival
of the mice.

 

Experiment 1: Serum E

 

2

 

 and T Levels Following an Acute 
Ethanol Exposure

 

The effect of a single ethanol dose on serum estradiol (E

 

2

 

)
and testosterone (T) levels were assessed in group-housed
male mice by injecting them IP with 1% PBS vehicle or 0.6 g/
kg ethanol (6% v/v) in an injection volume of 0.01 ml/g body
weight. The blood was collected by cardiac puncture under
methoxyflurane inhalant anesthesia 15, 30, or 60 min follow-
ing the ethanol injection. The vehicle-treated animals were
sacrificed at the same time as the ethanol-treated animals, i.e.,
15, 30, and 60 min after the injection (

 

n

 

 

 

5

 

 5–11 mice per
group).

After the blood was drawn, the mice were sacrificed by
cervical dislocation. The blood was placed in vacutainer tubes,
centrifuged, and extracted for serum. Total serum E

 

2

 

 and T
concentrations were then determined from the samples by us-
ing a radioimmunoassay (RIA) kit from ICN Biomedicals,
Inc. (Irvine, CA) according to the manufacturer’s instruc-
tions. The 17

 

b

 

-estradiol kit has the following specifics: 1)
specificity of the antiserum: 100% crossreaction to E

 

2

 

, 20% to
estrone, 1.5% to estriol, 0.68% to estradiol-17

 

a

 

, and less than
0.01% to other compounds; 2) interassay variation, %C.V.:
5.9–11.9%; and 3) intraindividual variation, %C.V.: 4.7–10.6%.
The testosterone kit has the following specifics: 1) specificity
of the antiserum: 100% crossreaction to testosterone, 3.4% to
5

 

a

 

-dihydrotestosterone, 2.2% to 5

 

a

 

-androstane-3

 

b

 

, 17

 

b

 

-diol,
2.0% to oxotestosterone, and less than 1% to other com-
pounds; 2) interassay variation, %C.V.: female 12.7%, male
7.5%; and 3) intraindividual variation, %C.V.: 4.6–9.1%. The
samples were assayed in duplicates, and the intraindividual
variability between the samples in our study for E

 

2

 

 was 0.73–
0.75, and for T, 0.99.

 

Experiment 2: Ethanol-induced Aggression and Serum E

 

2

 

 and 
T Levels

Resident-intruder test of aggression. 

 

To assess baseline lev-
els of aggression, the male mice, housed singly, were injected
IP with 0.01 ml/g of 1% PBS and confronted 30 min later in
their home cage with a group-housed male intruder. The in-
truder and resident had had no previous contact with each
other. During a 5-min test period, an observer, using stop-
watches, monitored and recorded the duration of various ag-
gressive acts, including lateral threat, tail rattle, biting, at-
tacks, and fighting exhibited by the resident. On the following

day, the same animals were injected IP with 0.01 ml/g of 0.6 g/
kg ethanol (6% v/v) 30 min prior to the resident-intruder test.
The intruder was again unfamiliar to the resident.

To confirm that the change in aggressive behavior follow-
ing an ethanol injection was caused by this substance, some
mice were tested a third time in the resident-intruder para-
digm. The third test was performed 2 days after the ethanol-
induced aggressiveness was tested and the animals received
PBS-vehicle 30 min prior to the test.

 

Measurement of hormone levels. 

 

The levels of E

 

2

 

 and T
were measured from male mice whose aggressive behavior
had been assessed following injections of vehicle and 0.6 g/kg
ethanol. The males were assigned to three groups based on
their behavior in the resident-intruder test: 1) increased ag-
gressors: mice who increased their aggression following etha-
nol administration; 2) reduced aggressors: mice who re-
sponded to ethanol by reducing their aggression; and 3)
nonaggressors: mice that were nonaggressive and remained so
after an ethanol injection.

The criteria for placing an individual mouse in one of these
categories were the following: 1) increased aggressors—the
time spent in aggression after vehicle was 0–151 s, and after
ethanol 35–279 s. In addition, aggression was increased at
least by 50% by ethanol. 2) Reduced aggressors—the time
spent in aggression after vehicle was 22–120 s, and after etha-
nol 0–17 s, aggression was reduced at least by 50%. 3) Nonag-
gressors—the time spent in aggression after vehicle was 0–18 s,
and after ethanol 0–17 s, the time spent in aggression varied
less than 50% between vehicle and ethanol injections. Seven
days after the last aggression test, representative animals from
each group received either vehicle or 0.6 g/kg ethanol 30 min
prior to their serum collection for hormone analysis, which
was performed as described above.

 

RESULTS

 

Experiment 1

 

Serum E

 

2

 

 levels were assessed in 31 and T levels in 34 male
mice following an acute exposure to vehicle or 0.6 g/kg etha-
nol. We had three to four vehicle-injected animals at each
time point, and because there were no significant differences
in either serum E

 

2

 

 or T levels in the vehicle-treated animals
15, 30, or 60 min after the injection, the vehicle data were
pooled. The data shown in Fig. 1 indicate that serum E

 

2

 

 levels,
when compared with the levels seen in male mice that re-
ceived vehicle, were significantly elevated by ethanol [one-
way ANOVA: 

 

F

 

(3, 27) 

 

5

 

 5.12, 

 

p

 

 

 

,

 

 0.006]. The elevation was
significant 30 min after the ethanol administration (Fishers’
least significance test: 

 

p

 

 

 

,

 

 0.05), and remained high also at 60
min following the exposure. The range of E

 

2

 

 in the vehicle
group was 8.1–31.6 pg/ml (median 19.7 pg/ml), indicating a
relative large interindividual variability. The variations in hor-
mone values (and also in the time spent in aggression) are
mostly due to genetic variability in the outbred CD-1 mice.

There was a nonsignificant trend for a single ethanol expo-
sure to reduce serum T levels, 

 

F

 

(3, 30) 

 

5

 

 2.21, 

 

p

 

 

 

,

 

 0.10 (Fig. 1).
T levels in the vehicle group varied between 0.2 and 35.1 ng/ml,
the median being 1.8 ng/ml. Thus, most of the male mice had
relatively low serum T content, but there were few mice who
exhibited high T levels.

The ratio between E

 

2

 

 and T, an index of aromatization of
E

 

2

 

, could not be determined in all mice due to inadequate
coding (for some serum sample, only group label was used).
The E

 

2

 

/T ratio was significantly increased by an ethanol expo-
sure, 

 

F

 

(3, 18) 

 

5

 

 3.22, 

 

p

 

 

 

,

 

 0.05). Fifteen and 30 min after an in-
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jection, the E

 

2

 

/T ratio was twofold higher in the ethanol-
treated (mean 

 

6

 

 SEM; 29.1 

 

6

 

 16.5, 

 

n

 

 

 

5

 

 5 and 26.6 

 

6

 

 6.2, 

 

n

 

 

 

5

 

6) than in the vehicle-treated mice (12.0 

 

6

 

 6.6, 

 

n

 

 

 

5

 

 5). A sig-
nificant increase was seen 60 min after an ethanol injection
(53.3 

 

6

 

 7.5, 

 

n

 

 

 

5

 

 6, 

 

p

 

 

 

,

 

 0.05).

 

Experiment 2

 

Among 97 male mice, response to an injection of 0.6 g/kg
ethanol relative to baseline aggression levels was as follows:
18 mice (18%) showed a reduction in aggressive behaviors
following the injection of 0.6 g/kg ethanol; 23 mice (24%), an
increase; and 41 mice (42%), relatively unchanged, nonag-
gressive levels. The remaining mice (16%) exhibited high or
moderate baseline aggression levels, but did not exhibit alter-
ations in aggressiveness, which fulfilled the criteria described
above to be assigned into one of the three aggressor groups.
These latter males were not used in this study. The time spent
in aggressive acts in mice used for hormone assays are pre-
sented in Table 1. Body weights of these groups of mice did
not differ from each other (Table 1). To further establish the
reliability of our study, we separately analyzed the time spent
in aggressive behavior following a vehicle on day 1, an ethanol
on day 2, and a second vehicle injection on day 4. These data
can be seen in Fig. 2. In this figure, the animals are divided to
increased, reduced, and nonaggressor mice. In addition, the
times spent exhibiting aggression within each of the aggressor
groups also is given separately to those that in the connection
of serum assays received either saline or ethanol. The figure
shows that male mice that increased their aggressiveness after
ethanol administration returned to lower levels of aggression
after receiving a second vehicle injection. Male mice that were
aggressive after the first vehicle injection, and reduced their

aggressiveness after ethanol, did not return to the initial level
of aggressiveness following the second vehicle injection. How-
ever, the test-retest correlation between the first and second
vehicle injection concerning the time spent in aggressive be-
havior was significant [Pearson’s correlation test: 

 

r

 

(31) 

 

5

 

 0.48,

 

p

 

 

 

,

 

 0.01]. In our previous studies, this correlation has been
over 0.90 (19).

Serum E

 

2

 

 levels were determined following vehicle or eth-
anol treatments from the three groups as follows: 1) increased
aggressors: 11 vehicle-treated and 12 ethanol-treated mice; 2)
reduced aggressors: 9 vehicle-treated and 8 ethanol-treated
mice (one sample was lost); and 3) nonaggressors: 13 vehicle-
treated and 10 ethanol-treated mice (taken randomly from
the pool of 41 nonaggressor mice). Assay results showed that
circulating levels of E

 

2

 

 did not significantly differ among the
three groups after the animals were injected with vehicle (Fig. 3).
However, serum E

 

2

 

 levels correlated with aggressiveness: the
more aggressive a mouse was at baseline, the higher its E

 

2

 

 lev-
els were, 

 

r

 

(15) 

 

5

 

 0.44, 

 

p

 

 

 

,

 

 0.06. Among the mice that received
ethanol, serum E

 

2

 

 levels did not correlate with ethanol-induced
aggression (

 

r

 

(16) 

 

5

 

 

 

2

 

0.27, NS).
The effect of ethanol on serum E

 

2

 

 levels differed among
the groups (two-way ANOVA: among the moderately aggres-
sive mice, which had exhibited an increase in aggressive be-
havior by 0.6 g/kg ethanol, serum E

 

2

 

 levels were significantly
lower after ethanol administration than at baseline after vehi-
cle administration (

 

p

 

 

 

,

 

 0.05) (Fig. 3). Ethanol slightly, but
nonsignificantly increased serum E

 

2

 

 levels in reduced aggres-
sors and nonaggressors.

Serum T levels also were determined from the same sam-
ples that were used for E

 

2

 

 assays. However, because many of
the samples did not contain enough blood for both E

 

2

 

 and T
assays, the three groups were as follows: 1) increased aggres-

FIG. 1. Serum estradiol (E2) and testosterone (T) levels in male mice 15, 30, and 60 min after an injection of 0.6 g/kg ethanol. Blood from the
mice treated with vehicle also was collected 15–60 after the injection. The means 6 SEM of 5–11 mice per group are shown. Asterisk indicates a
significant difference between ethanol and vehicle.
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sors: seven vehicle-treated and six ethanol-treated mice; 2) re-
duced aggressors: five vehicle-treated and four ethanol-
treated mice; and 3) nonaggressors: six vehicle-treated and six
ethanol-treated mice. No significant differences among the
groups were seen (Fig. 3). There was a trend for T to be in-
creased by ethanol in the reduced aggressor mice, and re-
duced in the two other groups. Serum T levels did not corre-
late with the amount of aggression expressed after a saline
injection, 

 

r

 

(18) 

 

5

 

 

 

2

 

0.07, NS, or after an ethanol injection,

 

r

 

(16) 

 

5

 

 

 

2

 

0.22, NS.
The E

 

2

 

/T ratio was significantly influenced by ethanol
[two-way ANOVA: 

 

F

 

(1, 25) 

 

5

 

 4.3, 

 

p

 

 

 

,

 

 0.05]. This ratio was
similar among the saline-treated groups (mean 

 

6

 

 SEM, in-
creased aggressors: 32.1 

 

6

 

 15.5; reduced aggressors: 44.2 

 

6

 

14.9; and nonaggressors: 34.1 

 

6

 

 22.6), but of the ethanol-treated
groups, the reduced aggressors exhibited a significantly reduced
ratio (2.2 

 

6

 

 0.9, 

 

p

 

 

 

,

 

 0.05; Fisher’s least significant test), while
it was not significantly altered among the increased (12.5 

 

6

 

5.3) and nonaggressor mice (13.5 

 

6

 

 9.8).

 

DISCUSSION

 

Efforts to understand the link between ethanol and aggres-
sion using animal models have been hindered by the fact that
ethanol does not consistently induce aggressive behavior. In
accordance with the observations that moderately aggressive
male mice and rats often become aggressive by low doses of
ethanol (10,18), moderately aggressive male mice in the
present study increased their aggressive acts by an ethanol
treatment. However, some moderately to highly aggressive
mice showed a reduction in aggressiveness postethanol treat-
ment. This variance suggests that the mechanisms determin-
ing baseline levels of aggression may be different from the
mechanisms that determine the response to ethanol.

Gonadal hormones are linked to aggression (3). Consistent
with the observations that E

 

2

 

 increases aggressive behavior in
male mice (11,13,28), we found a positive correlation between
aggressive behavior and serum E

 

2 

 

levels. No correlation was
seen between aggressive behavior and T. In addition, there
were no significant differences in serum E

 

2

 

 or T levels at base-

TABLE 1

 

THE TIME SPENT IN AGGRESSIVE BEHAVIOR DURING A 5-MIN
RESIDENT-INTRUDER TEST IN MICE TREATED WITH VEHICLE

AND 24 H LATER WITH 0.6 G/KG ETHANOL, AND WHICH
RESPONDED TO ETHANOL BY EITHER REDUCING THEIR
AGGRESSIVENESS, INCREASING THEIR AGGRESSIVENESS,

OR NOT ALTERING THEIR RELATIVELY
LOW LEVELS OF AGGRESSION

Aggression (s)

Vehicle Ethanol

 

Mice which reduced aggression
b.wt. 30.7 

 

6

 

 0.4 g

 

n 5 18 62.8 6 6.7 5.6 6 2.2 t 5 8.07, p , 0.0001
Mice which increased aggression

b.wt. 31.1 6 0.5 g
n 5 23 43.7 6 9.4 121.6 6 15.0 t 5 4.40, p , 0.0001

Non-aggressive mice
b.wt. 30.1 6 0.4 g
n 5 25 5.1 61.1 4.1 6 1.5 t 5 0.59, NS

Means 6 SEM are given.

FIG. 2. The time spent in aggressive behavior in the resident-
intruder test 30 min after the male mice were treated with vehicle
(day 1), 0.6 g/kg ethanol (day 2), and again with vehicle (day 4). The
mice were grouped to those that increased aggressiveness following
ethanol injection (increased aggressors), reduced aggressiveness fol-
lowing ethanol injection (reduced aggressors), and were nonaggressive
both after a vehicle and ethanol injections (nonaggressors). The first
three bars in each group (increased, decreased, and nonaggressors)
represent the times spent in aggression among those mice that, 30 min
prior to the serum hormone assays, were injected with vehicle, and
the last three bars represent the data obtained from mice that were
injected with 0.6 g/kg ethanol prior to sacrificing them for hormone
assays. Means 6 SEM of four to five mice per group are shown.
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line among the mice that were observed to increase or reduce
their aggressive behavior by ethanol. This may reflect the fact
that the mean aggression after a vehicle injection between the
increased and reduced aggressors did not significantly differ
from each other. Thus, the baseline levels of E2 or T do not
determine which animals exhibit an ethanol-induced increase
in aggressive behavior.

Acute and chronic ethanol exposure alters circulating go-
nadal hormone levels (2,27,29). Plasma E2 levels are reported
to be elevated in men consuming 0.9–2.1 g/kg ethanol, when
measured 5–10 h after cessation of drinking (7). After a lower
ethanol exposure (0.3 g/kg), unconjugated estrogen levels are
not altered (determined 0–180 min subsequent to acute inges-
tion), while conjugated levels are significantly increased (1).
We found a significant increase in circulating E2 levels 30 min
after an administration of 0.6 g/kg ethanol in group-housed
male mice that were not tested in the resident-intruder para-
digm of aggression. To our knowledge, this is a first time etha-
nol has been reported to be able to alter circulating E2 levels
and aromatization of E2 from T, within 30 min after an acute
administration. Our observation strongly suggests that E2 may
be involved in controlling behavioral alterations induced by
ethanol.

A similar trend for an increase in E2 levels by ethanol was
noted among reduced aggressor and nonaggressor male mice.
The lack of significance in the mice used in the aggression
tests may reflect complex interactions among hormones, so-
cial isolation, and the resident-intruder test. Ethanol ap-
peared to reduce serum T levels, but the effect failed to reach
statistical significance. Studies in humans have shown that
nonalcoholic men who consume 0.3 to 2.1 g/kg of body weight

ethanol during a single drinking session, do not exhibit a con-
sistent pattern of change in plasma T levels (1,7).

In support of the findings obtained after chronic ethanol
exposure (29), the index of aromatization of E2 from T (E2/T
ratio) was significantly increased by an acute ethanol adminis-
tration among the group-housed mice. A slight increase was
seen already 15 min after ethanol, and the difference reached
statistical significance 60 min following the ethanol adminis-
tration. None of the groups whose aggressiveness was evalu-
ated in the resident-intruder test before studying the effect of
ethanol on serum gonadal hormones, exhibited ethanol-induced
increase in E2/T ratio. On the contrary, the mice that lost their
aggressiveness by ethanol exhibited a lower aromatization in-
dex when injected with ethanol than when injected with vehi-
cle. However, the decreased ratio was not caused by a low-
ered E2 after ethanol (E2 levels were slightly increased), but
nonsignificant, increase in serum T levels by ethanol.

In contrast to the increase in serum E2 levels seen in the
group-housed male mice, increased aggressor mice had lower
serum E2 levels when treated with ethanol than when treated
with vehicle. The mechanisms contributing to this decrease re-
main unknown. Because E2/T index was not altered by etha-
nol in this group, changes in aromatization might not have
contributed. An alternate metabolic pathway for T is that of
being hydroxylated to dihydrotestosterone (DHT). One pos-
sibility is that among the increased aggressor group, ethanol
administration favored the DHT pathway of testosterone me-
tabolism. In humans, an acute ethanol administration results
in the concentrations of DHT to be reduced (7). DHT is the
biologically active androgen ligand that binds to androgen re-
ceptors, and the inhibition of androgen receptor activation re-

FIG. 3. Serum estradiol (E2) and testosterone levels in male mice that were previously found to reduce or increase their aggressiveness by 0.6 g/
kg ethanol, or in nonaggressive mice. Means 6 SEM of 8–13 mice per group are shown in the E2 study and four to seven mice per group in the
testosterone study. *p , 0.05.
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duces aggressiveness (4). However, we did not measure serum
DHT levels in the present study and, thus, the role of this metab-
olite in ethanol-induced aggression remains to be determined.

It also is possible that the increased aggressiveness, and
perhaps the significantly reduced serum E2 levels, in male
mice following ethanol administration are caused by another
biological system, besides gonadal hormones, which is acti-
vated/inhibited by ethanol. Expression of a variety of genes,
including those of neurotransmitters, signaling proteins, mo-
lecular chaperones, and oncogenes, is altered by ethanol
(22,23). Although most of these alterations cannot occur
within 30 min of the ethanol injection, when the increase in
aggression is observed, there is evidence to suggest that an in-
crease in the release of neurotransmitters, such as dopamine
and serotonin, may happen relatively soon after an ethanol
administration (5,30). E2 also influences the concentrations,
turnover, and binding density of these neurotransmitters
(16,20,26). It is, therefore, possible that simultaneous changes

in circulating levels of E2 and neurotransmitters could be re-
sponsible for the increased aggressiveness in some ethanol-
treated male mice. However, the present study did not investi-
gate whether the lowered E2 levels in increased aggressor
mice contributed to the ethanol-induced aggression and, thus,
the causality of the events is not known.

In conclusion, a reduction in serum E2 levels is characteris-
tic of those male mice that increase their aggression by etha-
nol. These data suggest that mice who exhibit a paradoxical
decrease in serum E2 levels by ethanol may be particularly
prone to ethanol-induced aggression.
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