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Effects of anxiolytic drugs on some behavioral consequences in olfactory
bulbectomized rats. J.M. WIEROÑSKA, M. PAPP, A. PILC. Pol. J. Pharma-
col., 2001, 53, 517–525.

The present study was designed to evaluate the effects of bulbectomy
and acute administration of anxiolytic drugs (diazepam, 10 mg/kg; chlordia-
zepoxide, 10 mg/kg) on the behavior of both sham-operated and olfactory
bulbectomized rats in two tests predictive of anxiolytic activity: plus-maze
test and Vogel’s conflict test. We investigated also the effect of flumazenil
(10 mg/kg), a benzodiazepine receptors antagonist, both on control and drug-
treated animals. We also evaluated behavior of animals in conditioned place
aversion procedure. Our results show the decreased level of anxiety in bul-
bectomized animals comparing with sham-operated rats. Anxiolytic drugs
further deepen this effect.

Key words: olfactory bulbectomy, anxiety, diazepam, chlordiazepoxide,
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Abbreviations: BZD – benzodiazepine, CDP –
chlordiazepoxide, CPA – conditioned place aver-
sion, DZP – diazepam, FLU – flumazenil, GABA –

�-aminobutyric acid, OB – olfactory bulbectomy

INTRODUCTION

Different animal models have been developed
to detect antidepressant activity and which attempt
to simulate certain aspects of the disease [37]. The
behavioral despair test, the learned helplessness mo-
del and the chronic mild stress procedure are most
frequently used animal models of depression [24].

Bilateral olfactory bulbectomy (OB) in the rat
is associated with neurochemical, physiological
and behavioral changes which resemble some of
the symptoms observed in depressed patients [13]
and that are reversed by chronic, but not acute,
treatment with antidepressant drugs [3, 16]. Other
classes of psychotherapeutic drugs, such as anxio-
lytics and antipsychotics, do not reverse bulbecto-
my-induced behavioral deficits [28].

The brain neurotransmitter system is deeply
changed after olfactory bulb ablation. The levels
of catecholamines, indoleamines, acetylcholine, as-
partate and glutamate are generally reduced after
bulbectomy [8, 9]. The procedure also causes mar-
ked changes in the metabolism of noradrenaline,
serotonin and GABA in amygdaloid cortex and do-
pamine in the midbrain [12, 25, 26, 31, 32]. Sero-
tonin synthesis in the brain decreases after bulbec-
tomy [17].

Among changes at receptor sites produced by
OB are a reduction in density of cholinergic and
opioid receptors [7], increase in affinity of �-adre-
noreceptors in the hippocampus and amygdala, but
not in the cortex [35], increase in cortical GABA-A
receptor densities and decrease in GABA-B recep-
tor densities [2, 5]. No changes have been found
in total number of �-adrenoceptors [19, 35] and of
5-HT�� receptors [19].

Bilateral OB is also associated with many be-
havioral changes that include hyperactivity in a no-
vel environment such as open field test and in-
crease in locomotor activity [29], increase in emo-
tionality [6], deficit in passive-avoidance learning
[14, 33] and facilitated acquisition of an active
avoidance response [30, 34], increased open arm
entries in the elevated plus-maze [18], anhedonia
[4], increased aggressiveness [16, 15] as well as
abolished conditioned taste aversion [11]. All these

changes observed in bulbectomized rats are not just
a consequence of anosmia, because chemical abla-
tion of the olfactory sensory receptors in control
animals does not result in the same behavioral ef-
fects [1].

As it can be seen, some of the behavioral chan-
ges in olfactory bulbectomized rats are observed
using procedures related to anxiety and anxiolytic
drugs as hyperactivity in an open field test, increas-
ed open arm entries in the elevated plus-maze, im-
pairment in passive-avoidance learning as well as
impaired acquisition in aversive learning. This sug-
gests that removal of olfactory bulbs can reduce or
abolish anxiety in rats as well as diminish aversive
response. Moreover, neurochemical studies revealed
increased density of benzodiazepine (BZD)-GABA
receptors after bulbectomy.

The aim of present study was to determine the
effect of bilateral OB on the behavior in two beha-
vioral paradigms commonly used for detecting anxio-
lytic drugs: in plus-maze test and in Vogel’s test. In
the second part of our experiments, we used condi-
tioned place aversion (CPA) procedure to assess sen-
sitivity of bulbectomized rats to aversive stimuli.

MATERIALS and METHODS

Animals

The experiments were carried out on male Wistar
rats (Gorzkowska, Warszawa) weighing 200–220 g
at the time of arrival. Animals were kept in groups
of 6 under standard laboratory conditions, i.e. 12/12 h
light/dark cycle (lights on at 8 p.m.), room tempe-
rature of 23 ± 1°C and humidity 60%. All animals
had free access to food and water except special
procedure demands.

Surgical procedure

Two weeks after arrival, the bilateral OB was
performed according to the method described by
Leonard and Tuite [16]. The animals were anesthe-
tized with vetbutal (BioWet, Pu³awy, Poland) given
at a dose of 0.65 ml/kg ip. An incision was made in
the skin overlying the skull and after exposure of
the skull the holes 2 mm in diameter were drilled at
the points 7 mm anterior to bregma and 2 mm from
the mid-line on its both sides. Then olfactory bulbs
were removed by suction and holes were filled with
hemostatic sponge in order to stop the bleeding.
Neomycinum (Polfa, Kraków, Poland) was applied
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to the wound and the skin was closed. Sham-ope-
rated animals were treated in the same way except
the bulbs were left untouched. After the surgery
rats were kept 4 per cage (2 sham + 2 bulbectomi-
zed). The animals were given 14 days to recover
following surgery prior to drug administration and
during this period they had daily handling with the
experimenter to eliminate any agressivenes which
could otherwise arise [16].

Drug treatment

Two weeks following surgery drug treatment
began. The following drugs were used in this study:
diazepam (DZP) (Polfa-Kraków, Poland), chlordi-
azepoxide (CDP) (a gift from Tarchomin Pharma-
ceutical Works, Polfa SA, Poland), flumazenil (FLU)
(a gift from Hoffmann-La Roche, Switzerland) and
naloxone (Sigma, RBI, USA). DZP, CDP and FLU
were ultrasonically dispersed in 0.5% methylcellu-
lose, and naloxone was dissolved in 1% NaCl. All
drugs were given in an injection volume of 1ml/kg
(DZP at 10 and 3 mg/kg, CDP at 10 mg/kg, FLU at
10 mg/kg and naloxone at 1 mg/kg). Control ani-
mals received injections of 0.5% methylcellulose
or distilled water in a volume of 1 ml/kg. All drugs
were given ip except naloxone, which was adminis-
trated sc.

Open field test

The apparatus for locomotor activity testing in
open field was a circle made of wood, 90 cm in di-
ameter, divided into 6 triangles by faint white lines.
Two weeks after the surgery each animal was
placed individually into the centre of the open field.
The test was then performed between 9.00 and
12.00 p.m. Time of walking (in s) was measured
during 3 min observation period. Experiments were
performed in the dark room and the apparatus was
illuminated by a 60 W bulb positioned 1 m above
the centre of the circle.

Plus-maze test

Plus-maze test was performed according to the
method described by Pellow et al. [23]. Briefly, the
apparatus was made of wood and consisted of two
open arms (50 × 10 cm) painted in black, and two
closed arms (50 × 10 × 40 cm) painted in white but
wooden walls had their natural color, with an open
roof. The apparatus was elevated 50 cm above the
floor. Two open arms were opposite to each other
and were illuminated by a 40 W bulb positioned

20 cm below each open arm. Each rat was placed
individually in a new cage which was similar to
home cage for 5 min immediately before the test
(this procedure results in an increase in the total
number of arm entries during the test). Each rat was
than placed in the centre of plus-maze facing one of
the open arms. Time spent in open arms was meas-
ured during the five-minute test. The maze was
cleaned with a paper towel after each trial. Experi-
ments were performed between 9.00 and 17.00.

Vogel’s conflict test

The test was performed by the method described
earlier by Vogel et al. [36] with small modifications.
The test box (50 × 12 × 40 cm) was made of plexi-
glass, had grid floor of stainless steel and contained
drinking bottle with water (Anxio-Meter, Model
102; Columbus, USA). Electric shock (0.4 mA, 1 s
duration) was applied between the grid floor and
the drinking spout. The animals received the first
shock after 30 s of drinking. During the subsequent
3 min test period shocks were delivered every 20th
lick. The number of shocks accepted was recorded
and the procedure was controlled by a microcom-
puter. Rats were deprived of water for 2 days before
the test. After the first 22 h of water deprivation
each rat was placed individually in the test box and
was allowed to drink water for 10 min without an
electric shock. Then rats were given water ad libi-
tum in their home cage for 2 h. After another 20 h
of water deprivation each rat was placed once again
into the test cage and animals which did not start to
drink during the first 2 min or which did not drink
continuously for 2 min were excluded from further
experiment. Again animals had free access to water
for 2 h in their home cage. On the third day, after
another 20 h of water deprivation the test was per-
formed. DZP and CDP were administered acutely
1 h before the test. FLU was injected 15 min before
the test. The effects of each drug in all experiments
were measured in groups of 8–10 animals. Experi-
ments were performed between 9.00 and 17.00.

Conditioned place aversion

Place aversion was tested with the procedure
similar to the method described previously by Papp
[21] and Papp et al. [22]. Ten identical wooden
chambers divided into two compartment (30 × 20 ×
25 cm) were used. The compartments had different
colors of walls (white or black) and different floor
textures (plain wood in the white compartment or

���� ���& '&&� 519

()*�+�,-�� .,��)/0)�.)� ,1 ��2�,�34�.� �� ,�1�.4,-3 (0�().4,5�6)� -�4�



wire mesh in the black compartment). The gray cen-
tral area (12 × 20 × 25 cm) constituting a ‘neutral’
compartment (corridor) was grey. Experiments were
carried in the darkened room with white noise.

The CPA procedure consisted of an adaptation
period (2 days), pre-test, an acquisition of a condi-
tioned response and post-test period. The animals
were allowed to explore the whole test chamber for
15 min for the first two days. On the 3rd day, the
time spent in each compartment by individual ani-
mals was measured in the 10 min pre-conditioning
test. Previous studies have shown that almost all
animals preferred the black compartment over the
white one. Animals which spent 5–8 min in black
compartment and less than 2 min in white compart-
ment were taken to further experiment. On the 4th
day, each animal was placed in the white chamber
for 45 min, 10 min after injection of saline (sc). On
the 5th day, the animals were placed in the black
compartment for 45 min, 10 min after injection of
saline (control groups) or naloxone. The changes in
side preference were measured on day 6th when
neither naloxone nor saline was given in a 10-min
post-conditioning test.

The effects of drugs were measured in groups
of 8 animals. In acute experiment, DZP was injec-
ted 60 min before the post-conditioning test. Ex-
periments were carried between 10.00 and 16.00.

Lesion verification

Rats were sacrificed after experimental proce-
dure. Their brains were rapidly removed and exami-
ned for signs of cortical damage or incomplete re-
moval of olfactory bulbs. Such animals were exclu-
ded from the data analysis.

Statistical analysis

Differences between groups were assessed using
Student’s t-test or two-way analysis of variance
(ANOVA) followed by LSD test. Data were deemed
significant when p < 0.05.

RESULTS

Effects of olfactory bulbectomy in open

field test

The rats were tested on 15th day after the surgery.
Bulbectomized animals showed a typical increase
in time of walking and number of rearings and peep-
ings compared to sham-operated controls (Fig. 1).
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Effects of acute administration of diaze-

pam, chlordiazepoxide and flumazenil,

alone or in combination, in Vogel’s

conflict test

In this experiment, an increase in punished drin-
king was seen two weeks after bulbectomy in bul-
bectomized animals injected with saline. Both BZD
receptor agonists, DZP and CDP, increased punish-
ed water intake in control and bulbectomized ani-
mals. FLU, when injected alone, had no behavioral
effect in control animals and diminished effect of
bulbectomy. Similarly as in other studies, FLU
abolished behavioral effects of DZP and CDP in
control and bulbectomized animals (Fig. 2, 3).

Effects of acute administration of diaze-

pam, chlordiazepoxide and flumazenil,

alone or in combination, in elevated

plus-maze test

Bulbectomized animals spent more time in
open arms of the maze in comparison with sham-
operated rats. Both DZP and CDP increased time

spent in open arms of the maze in sham-operated
and bulbectomized animals comparing to their
vehicle-treated controls. FLU had no effect on any
parameter tested in control animals and failed to re-
verse the effect of bulbectomy. FLU abolished or
diminished effects of the drugs both in sham-ope-
rated and bulbectomized animals (Fig. 4, 5).

Effects of acute administration of diaze-

pam on place aversion conditioning

Sham-operated rats injected with naloxone in
the black (initially preferred ) compartment demon-
strated a strong aversion for this compartment dur-
ing drug-free post-test. The difference in time spent
in this compartment between pre- and post-condi-
tioning test in this group was 122.9 s. This effect
was not seen in bulbectomized rats, in which this
difference was only 7.1 s. Single administration of
DZP abolished naloxone-induced place aversion in
sham-operated animals (difference between pre-
and post-conditioning test was 26.9 s) and had no
effect on bulbectomized rats (Fig. 6).
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DISCUSSION

Our results demonstrated an abolished anxiety
in olfactory bulbectomized rats, one of the animal
models of depression. This effect was observed
in two typical tests, used to detect an anti-anxiety
activity of drugs: in the Vogel’s conflict test and in
the plus-maze procedure. The behavior of bulbec-
tomized animals was the same as in the animals
which received typical anxiolytic drugs, DZP or
CDP. Moreover, in the Vogel’s conflict test, a BZD
receptor antagonist FLU abolished anti-anxiety ef-
fect in both bulbectomized and drug-treated ani-
mals. This effect was not observed in plus-maze
test, where FLU reversed only the effects of drugs.

The anti-anxiety effect of bulbectomy can be
explained in two possible ways: first of all bulbec-
tomy causes behavioral disinhibition, which is sup-
posed to be caused mainly by destruction of GABA-
ergic and serotonergic outputs [10], which project
from olfactory bulbs to limbic system, mainly to
the hippocampus and amygdala [27]. This behavio-
ral disinhibition can be observed in different beha-
vioral situations, including novel, stressful environ-
ment such as open field [12], in neophobic situation
in the plus-maze apparatus [18], in marble burying

test [20] or in passive avoidance learning [33]. We
are the first to show that similar situation can take
place in conflict procedure in Vogel’s test and in
CPA.

Some previous works have suggested that sur-
gical amygdala lesion decreases anxiety level in
animals, when measured in Vogel’s test [36]. It may
be connected with the increased level of BZD re-
ceptors in the brain, which is observed after the le-
sion, as well as after olfactory bulb ablation [2, 5].
This can be an explanation why BZDs had stronger
effect in bulbectomized animals than in sham-treat-
ed rats and why FLU abolished effect of bulbecto-
my in Vogels’ conflict procedure.

In the CPA procedure, we observed no aversive
reaction in bulbectmized rats after naloxone expo-
sure as in the controls. DZP abolished aversive ef-
fect in control animals and this effect is in agree-
ment with other studies [21]. It had no effect on
bulbectomized rats. Similar insensivity of bulbec-
tomized rats on aversive stimuli was observed in
marble burying test [20] or taste aversion test [11].

In conclusion, we can speculate that bulbecto-
mized animals exhibit signs of behavioral disinhi-
bition consisting in abolished anxiety and dimin-
ished sensitivity to aversive stimuli.
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