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Rationale: Higher doses of benzodiazepines and alcohol induce sedation and sleep; however, in low to
moderate doses these drugs can increase aggressive behavior.
Objectives: To assess firstly the effects of ethanol, secondly the effects of flunitrazepam, a so-called club drug,
and thirdly the effects of flunitrazepam plus alcohol on aggression in mice and rats.
Methods: Exhaustive behavioral records of confrontations between a male resident and a male intruder were
obtained twice a week, using CF-1 mice and Wistar rats. The salient aggressive and non-aggressive elements in
the resident's repertoirewere analyzed. Initially, the effects of ethanol (1.0 g/kg), and secondlyflunitrazepam (0;
0.01; 0.1; and 0.3 mg/kg) were determined in all mice and rats; subsequently, flunitrazepam or vehicle, given
intraperitoneally (0; 0.01; 0.1; and 0.3 mg/kg) was administered plus ethanol 1.0 g/kg or vehicle via gavage.
Results: The most significant finding is the escalation of aggression after a moderate dose of ethanol, and a low
dose of flunitrazepam. The largest increase in aggressive behavior occurred after combined flunitrazepam plus

ethanol treatment in mice and rats.
Conclusions: Ethanol can heighten aggressive behavior and flunitrazepam further increases this effect in male
mice and rats.

© 2010 Elsevier Inc. All rights reserved.
1. Introduction

Gabaergic mechanisms are implicated in several forms of behav-
ioral and physiological disinhibition (Bond and Lader, 1991; Stephens
et al., 2005), impulsivity (Bizot et al., 1999) and heightened aggressive
behavior (Fox and Snyder, 1969, Apfelbach and Delgado, 1974; Krsiak,
1979; Miczek and O'Donnell, 1980; Puglisi-Allegra et al., 1981; Miczek
et al., 2004; Gourley et al., 2005; De Almeida et al., 2008).

Studies on the effect of GABA(A) receptor modulators including
allopregnanolone and pregnanolone, both neuroactive metabolites of
progesterone, as well as benzodiazepines, barbiturates, and alcohol (for
review see Kumar et al., 2009) have shown divergent results. Although
human and animal studies have revealed beneficial properties such as
anaesthesia, sedation, anticonvulsant effects, and anxiolytic effects;
however the reports have also indicated adverse effects such as anxiety,
irritability, and aggression, particularly at lower doses (for review see
Andréen et al., 2009).
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In preclinical studies the administration of low tomoderate doses of
allosteric positivemodulators of the GABAA receptor leads to significant
increases in aggressive behavior (Miczek, 1974; Rodgers and Waters,
1985; Mos and Olivier, 1989; Fish et al., 2001; Miczek et al., 2004; De
Almeida et al., 2004; Gourley et al., 2005). Experiments in humans
and clinical observations confirmed these high levels of aggression in
some individuals after using benzodiazepines (BZDs) (diMascio, 1972;
Ben-Porath andTaylor, 2002) or alcohol intake in low tomoderate doses
(Bondet al., 1998), particularly after tolerance to the sedative effects has
developed.

Alcohol more than any other drug has been associated with
aggressive and violent behavior (Miczek et al., 2004). The development
of an experimental procedure to model heightened aggressive behavior
after consumption of alcohol has facilitated the neurobiologic analysis of
the link between alcohol and aggression (Miczek et al., 1992;Miczek and
De Almeida, 2001). From a pharmacologic perspective, consumption of
low to moderate doses of alcohol engenders heightened aggressive
behavior in a significant number of individuals preceding the circulation
of appreciable amounts of the aldehydemetabolite (Miczek andWeerts,
1998). Ionophoric receptors such as NMDA, 5-HT(3) and GABA(A) have
been identified in the brain asmajor sites of action for alcohol in the dose
range that is relevant for engenderingheightened aggression (Grant and
Lovinger, 1995). Actions at the GABA(A) receptor complex that depend
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on particular GABA(A) subunit composition appear to be necessary for
alcohol-heightened aggression (Miczek et al., 2004).

Benzodiazepines, specifically when associated with alcohol, seem to
facilitate GABAergic transmission, which can be the source for the
disinhibited behaviors (Saïas and Gallarda, 2008). Individuals who
abuse flunitrazepam often commit sexual assaults and violent acts
(Dåderman and Lidberg, 1999). The increasing abuse of MDMA,
flunitrazepam,andketaminehydrochloride, havebeen seenparticularly
by young people in social settings such as clubs. Most of the time they
takeflunitrazepamtogetherwith alcohol andexhibit euphoria, agitation
and amnesia (Druid et al., 2001; Smith et al., 2002). Flunitrazepam is
becoming increasingly abused by the young who use this drug in
combination with alcohol and commit violent crimes (Dåderman et al.,
2002). In addition to the unknown mechanisms via which cultural
factors link flunitrazepam, alcohol and violence, there are common
targets for both drugs on the GABAA receptor thatmay contribute to the
display of increased aggressive behavior.

We assessed the acute effects of alcohol on aggressive behavior in
male resident mice and rats at a previously determined maximally
effective dose, and the effects after administration of flunitrazepam in
combination with alcohol in rats and mice, the former living in
colonies, the latter most often dispersing in territories (Miczek et al.,
2004; Miczek and de Boer 2005). We focused on aggressive behavior
by residents confronting an intruder, as this type of aggression is
heightened by alcohol and BZDs and particularly the combination of
both drugs (Miczek, 1974; Miczek and Barry, 1977; Miczek and
O'Donnell, 1980; Miczek et al., 1992).

2. Methods

2.1. Subjects

Male CF1mice (Musmusculus) (n=28) obtained from (FEPPS, Porto
Alegre, RS, Brazil) were used as residents and as intruders (n=64) in
the experiments. At the start of the experiment, the resident male mice
were 60 days old, weighing 25 g, and housed as breeding pairs. Each
resident was housed in clear polycarbonated cages (28×17×14 cm)
with a female (n=28) from the same strain. Intruders were from the
samestrain,weighting25–40 g, 50 days old andmaintained in groups of
eight, in standard polycarbonate boxes (46×24×15 cm). All micewere
in the samevivariumaccording to a 12:12 h light/dark cycle (lights on at
06:00 h), in a temperature-controlled environment (20±2 °C) with
food andwater available ad libitum. The animals were tested during the
light phase of the photo cycle from 09:00 to 16:00 h in order to avoid
high baseline levels of fighting.

Male Wistar rats, obtained from (FEPPS, Porto Alegre, RS, Brazil),
were established as residents (n=10) confronting intruders (n=30)
(Miczek, 1979). The resident male rats were 150 days old, weighing
between 380 and 450 g and housed as breeding pairs in plastic cages
(www.beiramar.com GK 115, 49×34×21 cm). The animals were
provisioned with food and water ad libitum, and maintained on a
12-h light/dark cycle (lights on at 5:00 a.m.). The intruders weighed
between 350 and 420 g andwere kept in groups of 6 animals per cage
(www.beiramar.com GK 115, 49×34×16 cm). Animals were tested
from 5 pm to 7 pm twice a week with at least 72 h between tests
during the dark-phase of the cycle.

The female cohabitant was removed during the behavioral tests,
and the male rats were repeatedly tested in advance to establish the
aggressive behavior towards a male intruder.

All animals were cared for in accordance with the guidelines of
the National Institute of Health (NIH) and Colégio Brasileiro de
Experimentação Animal (COBEA) and the protocol was accepted.

2.1.1. Resident–intruder confrontations
Resident males were allowed to acclimate for 21 days with their

female cagemate in the laboratory environment. After this period,
each resident was submitted to successive confrontations with a male
intruder (3 times a week with intervals of at least 24 h) to establish
the baseline of aggressive behavior. Before these tests, the female and
pups were removed and a male intruder was placed into the home
cage of the resident. Each behavioral test lasted 5 min and if no attack
bite occurred, the experimental session was terminated after 5 min
(Miczek and O'Donnell, 1978). Only the animals that exhibited more
than 10 bites per 5 min were included in the experiment. In the rare
cases when the resident was attacked, the intruder was substituted
immediately. In confirmation of earlier observations (Winslow and
Miczek, 1984) the levels of aggression from the resident mice were
more variable during the first confrontations than after some six or
seven baseline confrontations with the same intruder.

2.2. Experimental procedure

Firstly, the mice and rats were administered with ethanol (1.0 g/
kg) or vehicle via gavage (mice, n=28 and rats, n=10) before the
behavioral test. Each animal received ethanol three times at 1.0 g/kg
and three times or more the vehicle, ensuring stable fighting after
vehicle control treatment.

Secondly, a flunitrazepam dose–effect determination (0.01; 0.1
and 0.3 mg/kg) was performed in male mice (n=28) and in male rats
(n=10), each dose given in a counterbalanced sequence to the
individual animals intraperitoneally (ip).

Thirdly, the mice and rats were administered ip with flunitrazepam
(0.01; 0.1 and 0.3 mg/kg) plus ethanol (1.0 g/kg) via gavage (mice,
n=28 and rats, n=10). The animals were injected with flunitrazepam
or vehicle ip 30 min and with alcohol or vehicle (water) via gavage
15 minbefore thebehavioral test for aggression towards amale intruder.

2.3. Drugs

Ethanol was prepared by diluting 95% ethanol to 10.0% (w/v) with
distilled water and was administered orally via gavage 15 min before
the behavioral test. The 1.0 g/kg dose of ethanol was chosen because it
is themaximally effective low dosewhich escalates aggression inmice
and rats (see Miczek et al., 1992; Miczek and Weerts, 1998; Miczek
and De Almeida, 2001; Van Erp and Miczek, 2007).

Flunitrazepam was prepared in a 5% Tween 80 water solution.
Drug doses were counterbalanced between subjects. The drug or
vehicle was injected ip in a volume of 1.0 ml/100 g in mice, and
1.0 ml/kg in rats, 30 min prior to the confrontation with the intruder.

2.4. Resident–intruder confrontations in mice

Resident males were allowed to acclimate for 21 days with their
female cagemate in the laboratory environment. After this period, each
resident was submitted to successive tests (3 times a week, each test
separated by at least 24 h) to establish a stable baseline of aggressive
behavior. Before each test, female and pups were removed and a male
intruder was placed into the home cage of residents. Each behavioral
test lasted 5 min and if no attackbite occurred, the experimental session
was terminated after 5 min (Miczek and O'Donnell, 1978). Only the
animals that delivered more than 10 bites per 5 min were included in
the experiment. In the rare cases when the resident was attacked, the
intruderwas substituted immediately. After six or seven confrontations
the level of aggressive behavior toward the intruderbecamemore stable
(Winslow and Miczek, 1984). The behaviors were analyzed blind with
regard to the treatment condition.

2.5. Resident–intruder confrontations in rats

The behaviors of the male resident towards a male intruder were
recorded on videotape during the 10 min confrontations twice a week
during the dark-phase. A trained observer used the “Observer” program
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Fig. 1. A. Frequency of aggression in male mice (n=28) and B. frequency of aggression
in male rats (n=10) administered 3 times with vehicle or 1.0 g/kg ethanol each.
Vertical bars represent the mean±SEM and asterisks indicate the statistical difference
between the groups, p≤0.05.

Fig. 2. Histogram rank-ordering the bars according to the frequency of aggressive
behavior after water (clear bars) vs. ethanol (grey bars) in individual male mice
(n=28) in A, and male rats (n=10) in B.
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(Noldus,Wageningen, TheNetherlands) to analyze the following salient
aggressive behaviors: attack bites, sideways threats, aggressive pos-
tures, pursuits, pins and nips, and non-aggressive elements such as:
walking, rearing, autogrooming, anddigging. These behavioral elements
are operationally defined and illustrated byMiczek and de Boer (2005).
The frequency and the duration of these behavioral acts and postures
were analyzed. In rats, themeasure of total aggressionwas calculated as
the sum of the frequency counts for bites+sideways threats+pin+
nip. This approach reduced the impact of large individual differences in
the display of these four elements of aggressive behavior (de Almeida
et al., 2008). The behaviors were analyzed blind with regard to the
treatment condition.

2.6. Statistical analysis

Durations and frequencies of all salient aggressive and non-
aggressive behaviors were recorded. All data were expressed as
mean±SEM. Regarding non-aggressive motor behaviors, the data
from all groups were compared with those from their respective
controls using ANOVA. When significant differences were found,
Bonferroni post hoc tests were performed. Firstly, the effects of
ethanol were analyzed and compared between vehicle (water) and
1 g/kg ethanol. Ethanol data were analyzed comparing treated and
control (vehicle) group. Post hoc analyses were carried out using the
Student t Test, with the level of significance set at pb0.05.

Secondly, the effects of flunitrazepam (0.01–0.3) were separately
analyzed using a one-way analysis of variance (ANOVA). When there
were statistically significant F values (p≤0.05), Bonferroni post hoc
tests compared drug treatments with the corresponding vehicle group.
And thirdly, the effects of flunitrazepam plus alcohol on aggression in
mice and rats were assessed. The interaction between ethanol and
flunitrazepam effects was analyzed, particularly, the comparison of
flunitrazepam and ethanol by itself and with the combined treatment,
using an ANOVA and when a statistically significant effect was present
post hoc Tukey tests were used to compare individual drug doses to
vehicle baseline. The level of significance was set at pb0.05.

3. Results

3.1. Ethanol effects on aggression in mice and rats

Oral administration of the 1.0 g/kg ethanol dose significantly
increased aggressive behavior in male mice as compared to the values
after vehicle treatment (t(27)=3.92; pb0.001; Fig. 1, part A). And the
same dose increased the aggression in the male rats as compared to
the values after vehicle treatment, (t(9)=2.55; pb0.02; Fig. 1, part B).
In Fig. 2 the frequency of aggressive behavior by each individual
mouse and rat are rank-ordered according to their size after treatment
with water vs. ethanol.

3.2. Ethanol effects on non-aggressive behavior in mice and rats

After the administration of ethanol (1.0 g/kg) in mice and rats
none of the elements of non-aggressive behavior such as walking,
rearing and grooming revealed any significant effects as compared to
the vehicle treatment condition.

3.3. Flunitrazepam effects on aggression

The low 0.01 mg/kg dose of flunitrazepam increased significantly
aggressive behavior in resident mice and rats relative to vehicle
values [F(7,164)=6.28, pb0.00004] (Fig. 3, part A). By contrast, after
administration with 0.3 mg/kg flunitrazepam, the resident rats
displayed less aggressive behavior [F(7,164)=5.42 (pb0.000006)]
relative to the values in the vehicle condition (Fig. 3, part B).
3.4. Flunitrazepam plus ethanol effects on aggression

The low 0.01 mg/kg dose of flunitrazepam plus 1.0 g/kg ethanol sig-
nificantly increased aggressive behavior [F(7,164)=7.82, pb0.00003]



Fig. 3. A. Frequency of aggression in resident male mice (n=28) and the right side of
the figure shows the effects of flunitrazepam (0.01–0.3 mg/kg) and the left side the
effects of ethanol 1.0 g/kg plus flunitrazepam (0.01–0.3 mg/kg). B. Frequency of
aggression in resident male rats (n=10). The frequency of attack bites towards the
male intruder is depicted. Vertical bars represent the mean±SEM and * statistical
difference from vehicle; ## statistical difference from all other groups, p≤0.05.
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in male mice as compared to the measures after vehicle treatment.
However, the higher dose of flunitrazepam 0.3 mg/kg plus 1.0 g/kg
ethanol decreased aggression in mice [F(7,164)=1.71, pb0.01 (Fig. 3).
Also, the lower dose of 0.01 mg/kg of flunitrazepam plus ethanol 1.0 g/
kg significantly increased aggressive behavior [F(7,164)=5.20
(pb0.0001)] in male rats as compared to vehicle group. This increase
in aggressive behavior was significantly larger than that in the group
treated with 0.01 mg/kg flunitrazepam only. An overall two-way
ANOVA analysis (treatments versus doses) compared the data from all
groups treated with flunitrazepam (0.0; 0.01; 0.1 and 0.3 mg/kg) and
ethanol 1.0 g/kg and water vehicle [F(7,164)=6.28, pb0.000004]. As
Table 1
Frequency of aggressive behaviors and duration of non-aggressive behaviors (in seconds) by
are expressed as mean±SEM.

Flunitrazepam (mg/kg)

V+V V+0.01 V+0.1 V+0

Frequency
Sideways threat 20.6±1.9 26.6±6.8 25.7±2.8 25.1±
Sniff 6.3±1.4 12.6±2.5 14.3±2.7 11.7±
Tail rattle 11.8±1.5 5.1±2.0 8.1±2.0 9.5±

Duration
Groom (s) 6.6±1.3 2.3±1.2 4.1±0.8 3.2±
Rear (s) 13.9±4.7 5.6±1.5 9.0±2.6 3.0±
Walk (s) 69.2±11.7 74.2±5.4 81.2±20.1 57.6±

V=Vehicle; E=Ethanol.
expected, the ethanol 1.0 g/kg dose increased aggression. The lowest
dose of flunitrazepam tested increased aggression in both species. For
the combinations, the lowest dose of flunitrazepamplus ethanol further
increased significantly aggression.

3.5. Flunitrazepam effects on non-aggressive behavior

In mice, ip administration of flunitrazepam did not alter the
display of the elements of non-aggressive behavior such as walking,
rearing and grooming as compared to vehicle treatment (Table 1). In
rats, the high 0.3 mg/kg dose of flunitrazepam decreased the duration
of walking [F(7,164)=3.29, (pb0.009) and increased the duration of
lying [F(7,164)=2.69, pb0.02] indicative of sedative effects (Table 2).
The other individual elements of non-aggressive behavior did not
show any significant effects after flunitrazepam administrations as
compared to vehicle control.

3.6. Flunitrazepam plus ethanol effects on non-aggressive behavior

After the administration of flunitrazepam plus ethanol (1.0 g/kg)
in mice (Table 1) and rats (Table 2) none of the elements of non-
aggressive behavior such as walking, rearing and grooming revealed
any significant changes relative to those after vehicle treatment.

4. Discussion

The most significant finding of the current experiments is the very
high level of aggressive behavior after the combined treatment with a
moderate dose of ethanol plus a low dose of flunitrazepam in mice
and rats. Also, the present experiments confirmed that the 1.0 g/kg
dose of ethanol can significantly increase aggressive behavior in male
mice and male rats as compared to the values after vehicle treatment,
although this latter effect is usually only seen in a subgroup of
subjects.

Administration of flunitrazepam and ethanol did heighten aggres-
sion, both in rats and mice. One type of drug interaction occurs at low
doses of both of these drugs. Acute low doses of both drugs can exert
pro-aggressive effects, and these interactive effects may be due to
positive modulation of the GABA(A) receptor.

A second type of drug interaction occurred at the highest dose of
flunitazepam when combined with ethanol. The suppression of
aggressive behavior and walking at the highest dose of flunitrazepam
was apparently reversed in rats when combined with ethanol.
Similarly, the highest dose of flunitrazepam decreased aggression in
mice relative to vehicle only when combined with ethanol. In drug
interaction studies it is important to compare shifts in dose response
functions for the drugs used in combination.

In preclinical studies, low doses of BZDs show so-called paradox-
ical effects like insomnia, agitation and heightened aggression
(Miczek, 1974; Ben-Porath and Taylor, 2002; Gourley et al., 2005;
the resident mice (n=28) towards a male intruder during 5 min behavioral tests. Data

Ethanol+Flunitrazepam (mg/kg)

.3 E+V E+0.01 E+0.1 E+0.3

1.4 30.2±3.7 26.6±3.8 14.5±2.9* 24.8±3.8
2.9 11.1±3.2 4.7±0.8 13.5±3.6 6.4±3.1
2.6 14.5±3.4 17.1±4.1 20.9±4.0 23.5±6.7

0.9 17.1±4.3 21.3±5.2 26.3±7.2 13.0±4.4
0.8 20.3±7.1 22.1±10.5 12.2±3.0 40.7±21.0
12.2 75.2±3.4 74.3±5.4 72.7±5.1 64.3±15.3



Table 2
Frequency of aggressive behaviors and duration of non-aggressive behaviors (in seconds) by the resident rats (n=10) towards a male intruder during 10 min behavioral tests. Data
are expressed as mean±SEM.

Flunitrazepam (mg/kg) Ethanol+Flunitrazepam (mg/kg)

V+V V+0.01 V+0.1 V+0.3 E+V E+0.01 E+0.1 E+0.3

Frequency
Lateral threat 10.6±1.9 6.6±2.8 5.7±2.8 5.1±1.4 13.0±3.7 16.6±4.1 17.5±3.5* 14.8±3.8
Sniff 16.8±4.6 22.7±5.5 24.8±5.3 21.9±6.1 21.4±5.4 24.6±5.2 23.8±4.9 26.2±5.4

Duration
Groom (s) 6.6±1.3 2.3±1.2 4.1±0.8 3.2±0.9 17.1±4.3 21.3±5.2 26.3±7.2 13.0±4.4
Rear (s) 13.9±4.7 5.6±1.5 9.0±2.6 3.0±0.8 20.3±7.1 22.1±10.5 12.2±3.0 40.7±21.0
Lying (s) 47.2±11.4 48.5±14.4 58.8±19.1 97.8±23.8* 34.3±5.4 32.7±5.1 34.3±5.3 34.3±5.3
Walking (s) 70.1±6.9 75.8±7.5 68.8±3.9 48.3±10.2* 79.2±7.3 69.3±4.5 71.8±5.7 64.5±15.4

V=Vehicle; E=Ethanol; *pb0.05.
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de Almeida et al., 2008) and alcohol can increase aggression in a
significant minority of individuals (Miczek et al., 1992; Miczek and
Weerts, 1998; van Erp and Miczek, 1997, de Almeida et al., 2004, van
Erp and Miczek, 2007; Fish et al., 2008).

The BZDs have been reported to disinhibit behavior in conflict
models in numerous studies ( e.g., Geller et al., 1960; Vogel et al.,
1971; Millan, 2003) and these effects extend to flunitrazepam
(Svensson et al., 2003). Different effects of allosteric positive
modulators of GABAA receptors may be explained by targeting
different subunits of the GABAA receptor complex. The α1 subunit
protein and its role in aggressive behavior was investigated
pharmacologically due to the availability of α1-preferring agonists,
such as zolpidem and antagonists such as β-CCt and 3-PBC (Cox et al.,
1995; Huang et al., 2000). The α1 subunit appears relevant in the
aggression-heightening effects of midazolam and alcohol, since these
effects can be attenuated by the alpha1 subunit-preferring antagonists
(de Almeida et al., 2004; Gourley et al., 2005). However, future studies
possibly with the recently developed point-mutated animals need to
determine which subunit composition is required for flunitrazepam
and alcohol to heighten aggressive behavior.

For the mediation of escalated aggressive behavior, important
evidence points to the prefrontal cortex as a critical site which controls
impulsive aggression (Blair, 2004). We hypothesize that flunitrazepam
plus alcohol may impair the neural circuit that includes in part BZD
binding sites in the prefrontal cortex and which in turn leads to
inhibitory dysregulation in this specific brain area (de Almeida et al.,
2008). Further studies with measurements of GABA and glutamate and
their receptors in theprefrontal cortexwouldprovide a direct test of this
hypothesis.

Recently Sustková-Fiseová et al. (2009) studied neurochemically
individually-housed male mice which behaved aggressively during
encounters with strange males, while others were timid or sociable in
the samesituation.Oneweekafter the categorization as aggressive, timid
or sociable, by means of the social conflict test, levels of glutamate,
aspartate, and GABA were measured by in vivo microdialysis of the
medial prefrontal cortex (mPFC) of the isolated and group-housedmice.
The results showed that sociable mice had almost triple the levels of
GABA in their mPFC than aggressive or timid mice. No significant
differences in aspartate and glutamate levels were found in these three
types of individually-housedmice. Forebrain chemistry of group-housed
mice did not differ from that of individually-housed mice with the
exception of levels of glutamate and GABA which were significantly
lower in group-housed mice than in sociable individually-housed mice.
These results suggested that GABA might play a role in the shift from
aggressive behavior to sociable behavior, and it corroborates other
findings indicating that the corticolimbic GABAergic system, interacting
with serotonin, represents an important molecular and neural substrate
for theselectiveattenuationof aggression (Sustková-Fiseováet al., 2009).

In conclusion, flunitrazepam at low doses and flunitrazepam plus
alcohol engender very high levels of aggression when administered in
mice and rats. We postulate that flunitrazepam in combination with
alcohol causes impulsive behavior due to the loss of control and the
benzodiazepines reduce 5-HT neurotransmission, which precipitate
aggressive behavior.
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