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Abstract

The purpose of the current study was to evaluate the effects of chronic administration of alcohol
on the olfactory bulbectomy (OBX)-induced mouse-killing behavior (MKB), an animal model for
screening antidepressants.  The rats were divided into three groups, which were given alcohol (0, 0.5, or
1 g/kg/day) orally for 28 days.  MKB was analyzed before and at the end of each week of the alcohol
treatment.  The results showed that chronic alcohol treatment produced a significant increase in the
latency of MKB, implying that alcohol may have an antidepressant-like activity.  This suggests that
alcohol dependence or abuse in depressed patients may result from “self-medication”.  Since it has been
reported that OBX causes a decrease in the density of N-methyl-D-aspartate (NMDA) receptors in the
brain and that alcohol is a potent and selective inhibitor of NMDA receptors, the possible role of NMDA
receptors in this effect is discussed.
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Introduction

In the 21st century, depression, an affective
disorder, has a higher prevalence than other psychiatric
disorders (15).  Elucidation of its pathophysiological
mechanism would be helpful in developing effective
ways to control this important public health issue.
Comorbidity of depression and alcohol dependence is
high (31), suggesting a close relationship (1, 5).
Alcohol drinking may be one way for some depressed
patients to relieve their negative emotions, suggesting
that alcohol might have antidepressant-like activities.
However, this has not yet been tested in animal models.

Olfactory bulbectomy (OBX)-treated rodents have
long been used as an animal model of depression (22,

32, 36, 38), as OBX causes neurological, immunological,
endocrine, and behavioral changes that are similar to
the symptoms in depressed patients (33, 34).  The
mouse-killing behavior (MKB) induced by OBX is
responsive to antidepressant treatment and has been
used as an indicator for screening antidepressants (14,
16).  However, in the original model, only a few parameters
can be used to analyze the MKB, since it occurs very
quickly with an experienced killer rat, which takes only
a few seconds to kill a mouse.  We reported earlier that
cutting the incisors of killer rats does not impair the
expression of MKB, but effectively prolongs attack
duration and results in more attacks towards the mouse
before it is killed (12).  Thus, the incisor cutting method
is ideal for studying the effect of drugs on MKB.
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In this study, MKB induced by OBX was used to
evaluate the effects of chronic administration of
alcohol on this behavior.  This behavior was analyzed
before and at the end of each week of alcohol treatment.

Materials and Methods

Animals

Male Long-Evans rats weighing 300 ± 50 g
(purchased from the Animal Center of the National
Science Council, Taipei, Taiwan, ROC) and ICR mice
weighing 25 ± 5 g (purchased from the Animal Center
of the National Taiwan University, Taipei, Taiwan,
ROC) were used.  All the animals were housed in groups
of 4 in conventional metal cages (31 × 30 × 21 cm)
with wire mesh floors in an animal room with a 12-h
light-dark cycle (lights on at 5:00 a.m.; room temperature
22 ± 1°C; humidity controlled as 55 ± 10%).  Food
and water were provided ad libitum.  All experimental
procedures used conformed to the NIH Guidelines for
the Care and Use of Laboratory Animals.

Surgery and Behavioral Test

OBX.  OBX was performed when the rats were
8- to 10-week-old, as described previously (9, 12).
Briefly, the rat was anesthetized with 3.5% sodium
pentobarbital (10 mg/kg, i.p.), then placed in a stereotaxic
instrument.  Two 2 mm diameter holes were drilled in
the skull (5-7 mm rostral to the bregma and ± 1.5 mm
lateral to the central fissure), then a 27 gauge needle
was used to cut the olfactory tract and the olfactory
bulbs were removed by suction.  Since OBX can also
cause hyperirritability (10), the rats were housed
individually in the metal cages after the surgery.

Screening of MKB and alcohol treatment.  Five
days after OBX, an ICR mouse was placed in the rat’s
home cage to induce and establish the MKB.  Since
not all the rats showed MKB at the first testing, if the
rat did not kill the mouse within 5 min, the mouse was
left in the cage until the next day to see whether the rat
showed muricidal behavior.  The MKB screening was
performed once a day.  Rats that killed mice within 5
min after their introduction into the rat’s home cage in
at least five consecutive tests were defined as “killer
rats”.  Eighty percent of OBX rats met the killer
criterion and were used for further studies, i.e. 6 rats
were discarded from this study.

Around 2 weeks after OBX, the killer rats were
randomly divided into three groups, which were given
alcohol (0.5 or 1 g/kg/day; n = 8 and 6, respectively)
or distilled water (1 ml/kg/day, control group; n = 8)
via oral gavage once a day, for 28 days.  The alcohol
dosage of 0.5 and 1 g/kg used was equivalent to the
alcohol concentration of 23.75% and 47.5% (vol/

vol), respectively.  The concentrations chosen in the
present study were in the range routinely used in rats
for oral alcohol gavage (2, 27).  Previous reports
show that acute administration of alcohol at the
dose of 0.5-2 g/kg via oral gavage has no effects on
motor coordination (27) or the latency to make the
lever-press response in alcohol seeking and self-
administration in rats (4).

Incisor cutting.  Starting on day 6 of alcohol
treatment, incisor cutting was performed on the killer
rats every 7 days (at 6:00-7:00 p.m.) under anesthesia
with 3.5% sodium pentobarbital (10 mg/kg, i.p.).  The
rats’ upper and lower incisors were cut off at the gum
line using a diamond disk.  The rats recovered from
the anesthesia in one hour after the cutting surgery.
The procedures were the same as those in our previous
study, where we found that 28 h after incisor cutting
was suitable for MKB testing and that the incisors
recovered in 4 days (12).  The food pellets were cut
into small pieces for easier chewing.  The body weight
of rats after incisor cutting was monitored and no
changes were observed.

MKB test. The MKB test was performed at 7:00-
10:00 pm one day after the incisor cutting before the
oral gavage for that day.  Before the test, each rat was
placed in an acrylic observational cage (35 × 56 × 19
cm) with sawdust on the floor for 5 min to allow it to
accommodate to the cage.  Then mouse was placed in
the cage and the parameters of MKB were recorded
for 5 min.  If the rat killed the mouse within 5 min,
other mice were sequentially placed in the cage and
observations continued for the full 5 min period.

Parameters of MKB.  To record the parameters
of MKB, a naive mouse was placed in the rat’s cage.
According to the report of Miczek (21), an attack
was defined as continuous body contact between the
rat’s forepaws or snout and any part of the mouse’s
body, including chasing, biting, and pushing the
mouse.  The end of an attack was denoted by the
appearance of non-aggressive behavior, such as
grooming, feeding, or exploration.  Six parameters,
described previously (12), were used to evaluate MKB
in this study: [1] attack latency, the time between the
introduction of the mouse into the rat’s home cage
and the rat’s first attack response; [2] killing latency,
the time for a rat to successfully kill the first mouse
after it was placed in the rat’s cage.  If the rat did not
kill the mouse within 5 min, the killing latency was
recorded as 300 sec; [3] attack frequency, the number
of attacks during the 5 min trial; [4] total attack
duration, the time a rat spent attacking mice during
the 5 min observation period; [5] mean attack duration,
the total attack duration divided by the number of
attacks and [6] number of killed mice, the number
of mice killed by the killer rat during the 5 min
observation period.
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Statistical Analysis

Two-way mixed analysis of variance (ANOVA)
of time (week, 5 levels, 0-4) by treatment (dose, 3
levels, 0, 0.5, and 1 mg/kg) was conducted to analyze
the behavioral data, where time and treatment were
within- and between-subjects factors, respectively.
Scheffé’s test or Dunnett t-test against baseline values
was used as post-hoc test. Experimental data are
presented as the means ± SEM. Statistical significance
was defined when P was < 0.05.

Results

The effects of alcohol administration on the
parameters of the MKB are shown in Fig. 1.  During
the MKB observation, ANOVA tests showed a significant
overall difference for changes in attack latency between
alcohol-treated groups and control group (F(2,19) =
5.25, P < 0.05), a significant time effect (F(4,76) =
3.73, P < 0.01), and a significant interaction between
time and treatment (F(8,76) = 3.17, P < 0.01).  One-
way ANOVA followed by Scheffé’s post-hoc test showed

Fig. 1. Effects of chronic alcohol administration on the parameters of the mouse-killing behavior: attack latency (A), killing latency (B),
attack frequency (C), total attack duration (D), mean attack duration (E), and number of killed mice (F) during the 5 min
observation period in olfactory bulbectomized rats.  Alcohol (0, 0.5, or 1 g/kg) was administered everyday via oral gavage for
4 weeks.  Behavioral tests were performed weekly.  ***P < 0.001 compared to vehicle control.  The data are expressed as the
means ± SEM.
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that the attack latency was significantly prolonged in
the group treated with 0.5 g/kg alcohol for 3 weeks
when compared to the vehicle control group (F(2,19)
= 15.36, P < 0.001) (Fig. 1A).

As shown in Fig. 1B, ANOVAs revealed a
significant time effect (F(4,76) = 4.10, P < 0.01) for
the killing latency, but no significant treatment effect
or time × treatment interaction.

The attack frequency in all three groups was
attenuated as treatment time progressed (F(4,76) =
14.18, P < 0.001).  Besides, ANOVAs showed also a
treatment effect for the attack frequency (F(2,19) =
4.00, P < 0.05).  Subsequent post-hoc comparison by
Dunnett t-test showed a significant difference in the
attack frequency between the control group and the rats
treated with 0.5 g/kg of alcohol (P < 0.05) (Fig. 1C).

As shown in Fig. 1D, ANOVAs revealed a
significant time effect (F(4,76) = 15.57, P < 0.001),
but no treatment effect (F(2,19) = 3.29, P = 0.059) for
the total attack duration.  In contrast, a significant
time effect (F(4,8) = 5.94, P < 0.001) and treatment
effect (F(2.19) = 4.33, P < 0.05) for the mean attack
duration were detected (P < 0.001).  Subsequent post-
hoc comparison by Dunnett T-test showed a significant
difference in the mean attack duration between the
control group and the rats treated with 0.5 g/kg of
alcohol (P < 0.05) (Fig. 1E).

ANOVA tests showed a significant main effect
of time (F(4,76) = 9.19, P < 0.001) and time ×
treatment interaction (F(8,76) = 3.35, P < 0.01) for
the number of killed mice, but no significant treatment
effect was found (F(2,19) = 2.62, P = 0.099).  Further
analysis of the significant two-way interaction, by
using simple effect under the control of Dunnett t-
test, showed that the treatment of alcohol (0.5 g/kg)
had a trend to decrease the number of killed mice at
2nd and 4th week (both P values < 0.059) (Fig. 1F).

Discussion

Since the alcohol treatment at the dose of 0.5
and 1 g/kg i.p. is neither sedative nor ataxic in rats (3)
and each MKB test was performed before the oral
administration of alcohol for that day, the suppressive
MKB caused by the alcohol treatment in the present
study is unlikely to be due to sedation or ataxia.
Cessation of chronic administration of high dose alcohol
(for example 3 g/kg/day, for 30 days) is reported to be
associated with withdrawal syndrome, including
hyperactivity, tail rigidity, and tremor (18), but, may
be due to tolerance, no such signs were observed in
this study.  If the incisors of killer rats are not removed,
MKB can be over in seconds, as the mouse is rapidly
killed.  In this case, researchers can only analyze this
complicated behavior using a few parameters, such as
attack latency, killing latency, and the number of killed

mice.  In the present study, the incisor cutting method
was used to prolong the attack without disturbing the
attack components (12) and the MKB could be analyzed
in more detail than in previous studies.  Previous studies
reported that only 40% (6) and 67% (11) of male Wistar
rats showed muricidal behavior 2 and 4 weeks after
OBX, respectively.  Since all the rats used in the present
incisor-cutting experiment were selected to be able to
show killing behavior, it implies that the bulbectomy
surgery was adequate.  A histological confirmation
would be helpful for determining the completeness of
the surgery.

OBX-induced MKB in control animals did not
change over the time of this experiment.  After chronic
administration of alcohol, the attack latency in killer
rats was significantly prolonged, but the attack
frequency and total attack duration decreased.  In
addition, killing latency was increased, while the number
of killed mice decreased.  These results show that
chronic alcohol treatment attenuated MKB, indicating
that alcohol may have an antidepressant-like activity.
In some cases of drug effects, the dose-response curve
is biphasic or inversely U-shaped (8).  It is possible
that the effects of alcohol on OBX-induced MKB may
have such phenomenon because the lower but not higher
dose showed behavioral effects.  Although acute but
not chronic administration of anxiolytics can diminish
MKB with several hours of duration (35), the MKB
suppression seen in the present study is unlikely due
to acute anxiolytic effects of alcohol because the drug
was chronically administered and that the behavioral
test was performed one day after the last gavage.

Since the olfactory system in the rat is involved
in the emotional components of behavior, OBX causes
a major dysfunction of the neuronal circuit that
underlies the behavioral and other changes.  Several
studies have demonstrated that OBX results in changes
not only in behavior, but also in the endocrine, immune,
and neurotransmitter systems, which simulates many
of those seen in patients with major depression (34).
Chronic rather than acute treatment of antidepressants
largely corrects most of these changes that occur after
OBX (16).  Thus, the OBX-treated rat has been used
for an antidepressant screening assay.  When one
considers the role of MKB in behavioral neuroscience,
it should be noticed that there is a distinction between
being a model of depression per se vs. being a test for
assessing antidepressant activity (22, 32, 36, 38).
MKB is the most unique and complex behavior in
OBX rats, whereas other behavioral, neuronal, and
endocrine parameters should also be taken into account
in the future study.

The nature of the relationship between depression
and alcohol dependence is still controversial.  Some
results imply that depression causes alcohol dependence
or abuse (26, 28), while another study suggests that
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depressed patients may try to “self-medicate”, using
alcohol to relieve their symptoms (17).  Moreover,
some data suggest that depression and alcohol abuse
are mutually independent diseases and that the
comorbidity of these two diseases is due to their relatively
high prevalence (37).  Our result which demonstrates
that chronic alcohol treatment significantly attenuated
OBX-induced MKB shows that alcohol may induce
an antidepressant-like activity.  In addition, the fact
that the amount of alcohol intake correlates with the
depression-like symptoms (25) suggests that alcohol
dependence or abuse in depressed patients may result
from “self-medication”.

Several lines of research have provided evidence
for the hypothesis that deficits of neurotransmission,
similar to the pathophysiological changes in depression,
may underlie OBX-induced MKB.  Administration of
antidepressants suppresses MKB in OBX-treated rats
(19, 36, 38).  This result is consistent with the present
result which shows that chronic alcohol administration
attenuated MKB.  Furthermore, MKB is related to a
decrease in noradrenergic and/or serotonergic function
in the rat’s brain (14).  Some antidepressants diminish
MKB by raising the concentration of monoaminergic
transmitters in the rat’s brain (13).  On the other hand,
our previous study showed that the glutamatergic system
is involved in OBX-induced neuronal and behavioral
changes in the rats (9-11).  OBX causes a decrease in
the density of N-methyl-D-aspartate (NMDA) receptors
in the cortex and amygdala (10).  OBX-induced MKB
and hyperactivity are suppressed by MK-801, an NMDA
receptor antagonist (11, 29, 30).  Based on the fact
that alcohol is a potent and selective inhibitor of NMDA
receptors (23) and that blockade of NMDA receptors
can alleviate depressive behavior in a chronic mild
stress model (24), it deserves pharmacological manipu-
lation, for example, by using selective agonist or
antagonist, to address the role of NMDA receptors in
the current result.  The participation of many other
neurotransmitters certainly cannot be ruled out (7, 20).

In summary, chronic alcohol administration
suppresses OBX-induced MKB. Since the behavioral
and biochemical changes seen after OBX are similar
to those in depressed patients and since MKB is used
to screen antidepressants, we suggest that chronic alcohol
treatment may have an antidepressant-like activity and
that NMDA receptors may be involved in the mechanism.
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