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REDMOND, A. M., J. P. KELLY AND B. E. LEONARD. Behavioural and neurochemical effects of dizocilpine in the
olfactory bulbectomized rat model of depression. PHARMACOL BIOCHEM BEHAYV 58(2) 355-359, 1997.—The activity of
dizocilpine (MK-801; 0.1 and 0.3 mg/kg) administered once daily intraperitoneally (IP) was assessed in the olfactory bulbec-
tomized rat model of depression. Olfactory bulbectomy (OB) is associated with a variety of behavioural abnormalities, such
as hyperactivity in the “open field” test. Previous studies have shown that chronic administration of antidepressants can re-
verse this behavioural deficit. In the present study, chronic treatment with 0.1 and 0.3 mg/kg of dizocilpine (IP) antagonized
the lesion-induced hyperactivity in the “open field” test. Acute treatment with dizocilpine was associated with an increase in
locomotor activity in both sham-operated and OB rats, with a greater response in the sham-operated group. Following
chronic treatment, this hyperactivity was found to be greater in the OB-treated animals compared with the sham-treated ani-
mals. Olfactory bulbectomy reduced serotonin (5-HT), noradrenaline (NA), and dopamine (DA) concentrations in the fron-
tal cortex. Chronic dizocilpine administration did not alter the 5-HT or NA response. In contrast, chronic administration of
dizocilpine to OB animals did attenuate the OB-related deficit in DA. In the OB-operated control animals, there was an in-
crease in DOPAC levels. In conclusion, chronic dizocilpine administration displays antidepressant-like activity in the OB rat
model of depression. However, unlike conventional antidepressants, dizocilpine does not correct the 5-HT and NA neu-

rotransmitter deficits that occur in this model.
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Brain amines

DIZOCILPINE (MK-801; (+)-5-methyl-10, 11-dihydro-5H-
dibenzo [a,d] cyclohepten-5, 10-imine maleate) is a noncom-
petitive N-methyl-D-aspartate (NMDA) receptor antagonist
that blocks the neurophysiological effects of the NMDA re-
ceptor complex by binding to a site in the ion channel of the
receptor, thereby blocking the channel for cations (36). Dizo-
cilpine also inhibits the reuptake of dopamine and noradrena-
line and, to a lesser extent, serotonin into brain slices in vitro
(9,30).

Dizocilpine induces a complex behavioural syndrome in
the rat including lateral head-weaving, body rolling, falling,
hyperlocomotion, and ataxia (1,2,9,21,22). It has been shown
to have anticonvulsive and neuroprotective properties (6,33).
Like many noncompetitive and competitive NMDA receptor
antagonists, dizocilpine has been found to be as effective as
the tricyclic antidepressant imipramine in animal models used
to detect antidepressant activity. Acute dizocilpine treatment
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has been found to be active in the forced swim test (29,34),
which was devised as a rapid screening procedure for acutely
administered antidepressants (24). Chronic dizocilpine ad-
ministration has been found to display antidepressant-like ef-
fects in the chronic mild stress model of depression (19), and
it diminishes the behavioural deficit produced by learned
helplessness (15).

Chronic dizocilpine administration has also been found to
downregulate B-adrenoceptors (20), an effect that is consis-
tent with receptor adaptations for most antidepressant treat-
ments (11,32). Chronic imipramine treatment reduced basal
[*H]MK-801 binding in the neocortex of both mice and rats
(16). Taken together, these findings suggest that the NMDA
receptor complex is involved in the mechanism of action of
antidepressants.

Previous studies have concentrated on the effects of dizo-
cilpine in naive rodents. Because antidepressant drugs do not
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show mood elevating effects in normal healthy human sub-
jects, it is necessary to assess the activity of this compound in
animal models that simulate certain aspects of depression. The
olfactory bulbectomized (OB) rat is one such model (31,35).

Removal of the olfactory bulbs in rats results in a series of
neurochemical and behavioural changes that can be reversed
selectively by chronic antidepressant treatment (35). The neu-
rochemical mechanisms underlying the behavioural deficits in
bulbectomized rats are far from clear. Bulbectomy is thought
to cause the behavioural deficits partly through alterations in
the serotonergic system. Destruction of serotonergic terminals
in the olfactory bulbs by intrabulbar injection of 5, 7-dihydrox-
ytryptamine produced behavioural deficits similar to those
caused by olfactory bulbectomy (14). Alterations in the exci-
tatory amino acid receptor system are also possible. Excita-
tory amino acid (glutamate) neurotransmitter concentrations
have been found to be decreased (4,27), whereas that of gly-
cine is slightly increased in the olfactory cortex following ol-
factory bulbectomy (8). NMDA receptor binding sites la-
belled with dizocilpine have been found to be decreased in
discrete regions of the brain following olfactory bulbectomy
(5). The hyperactivity induced in rats by challenge injections
of dizocilpine and phencyclidine has been found to be drasti-
cally attenuated in OB rats compared with sham-operated
controls (5,26).

The aims of the present study were to examine a possible
involvement of the NMDA receptor in the mechanism of ac-
tion of antidepressants in the OB rat model of depression by:
a) looking at the effects of dizocilpine in the “open field” test
following chronic administration in the olfactory bulbecto-
mized rat; b) recording home cage locomotor activity changes
following dizocilpine administration on days 1, 7, 15, and 21 of
treatment; and c) examining indoleamine concentrations in
the frontal cortex of OB- and dizocilpine-treated rats follow-
ing chronic administration.

METHODS
Animals

Male Sprague-Dawley rats weighing 230-250 g were ob-
tained from Harlan Olac (Bicester, Oxon, UK). The animals
were housed four per cage (two shams and two OBs) and
maintained in a room with controlled temperature (20-22°C)
and light (light period 08002000 h) conditions. Food and wa-
ter were given ad lib, apart from the periods of behavioural
measurements.

Olfactory Bulbectomy

After a 1-week acclimation period, bilateral OB was per-
formed in rats anaesthetised with 2.5% (w/v) 2-2-2-tribromo-
ethanol (10 ml/kg IP) essentially as described by Cairncross et
al. (3). Following exposure of the skull, two drill holes of 2 mm
diameter were made 5 mm rostral to the bregma and 2 mm
lateral to the midline at a point corresponding to the posterior
margin of the orbit of the eye. In the case of OB rats, the ol-
factory bulbs were aspirated using a water suction pump. Care
was taken not to damage the frontal cortex. After the opera-
tion, bleeding was controlled by plugging the holes with haemo-
static sponge (Haemofibrine®, Specialites Septodont, France).
Oxytetracycline dusting powder was sprinkled on the wound
prior to closure. Sham-operated animals were treated in the
same way but, although the dura above the bulbs was pierced,
the bulbs were left intact. The animals were allowed to re-
cover for 14 days following surgery; they were handled daily
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throughout the recovery period to eliminate any aggressive-
ness that would otherwise arise (12).

Drug Administration

The following compounds were used in the study: dizo-
cilpine (Research Biochemical Incorporation, Natwick, MA,
USA) and 2-2-2-tribromoethanol (Aldrich Chemical Co., Gil-
lingham, UK).

Two weeks after surgery, drug treatment began. Dizo-
cilpine was dissolved in saline and administered at doses of 0.1
and 0.3 mg/kg IP once daily for 22 days, in an injection volume
of 1 ml/kg. Control animals received saline.

“Open Field” Test

On day 15 of dizocilpine treatment, and before MK-801
administration on that day, each rat was placed singly into the
centre of the “open field” apparatus, as described by Gray
and Lalljee (7). The “open field” consisted of a circular base
90 cm in diameter, which was divided into 10-cm squares by
faint yellow lines. The wall surrounding the base consisted of
a 75-cm-high aluminium sheet. Illumination in the room was
provided by a 60-W bulb positioned 90 cm above the floor of
the apparatus. Ambulation (number of squares crossed) was
recorded over a 3-min observation period for each animal be-
tween 0700 and 0900 h.

Home Cage Activity

Home cage locomotor activity was measured on days 1, 7,
15, and 22 of treatment. On the day prior to monitoring loco-
motor activity, animals were singly housed. Locomotor activity
was measured by placing the cage, which was similar to the
home cage, into a compartment on top of which a passive infra-
red sensor was attached. This sensor was fitted with a frensel
lens that split the infrared beam into 16 zones that radiated
across the floor of the cage. Each sensor was then connected to
an IBM computer and the data stored (as counts per minute)
(17). The monitoring of home cage locomotor activity com-
menced 30 min before the IP injection of dizocilpine for that
day. Activity was monitored continuously over a period of 6 h.

Determination of Brain Biogenic Amine Concentrations

On day 23 of the study, rats were killed by decapitation,
the brains removed, and the frontal cortex dissected (23).
Concentrations of serotonin, noradrenaline, dopamine, and
DOPAC were measured by high-performance liquid chroma-
tography with electrochemical detection (28). The brain re-
gion was homogenized by sonication in 1.0 ml elution buffer
(pH 2.8) containing 0.1 M citric acid, 0.1 M sodium dihydro-
gen phosphate, 1.4 mM octane-1-sulphonic acid, and 0.1 mM
EDTA. This differed from the mobile phase in that it was
“spiked” with 20 ng/50 pl N-methyl dopamine as an internal
standard. Homogenates were centrifuged at 15,000 rpm in a
Hettich Mikro/K refrigerated centrifuge for 15 min. A 50-pl
sample of the supernatant was injected directly into a reverse-
phase column (RP 18,25 cm X 4 mm internal diameter, parti-
cle size 5 pm) for separation of indoles and catecholamines
(flow rate 1 ml/min). The neurotransmitters were quantified
using a Merck-Hitachi D-2000 integrator.

Statistical Analysis of Data

The data from the behavioural tests were examined with
the Kruskal-Wallis test followed by the Mann—Whitney
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TABLE 1

EFFECT OF CHRONIC DIZOCILPINE ADMINISTRATION ON
AMBULATION SCORES IN THE OPEN FIELD TEST
FOLLOWING OLFACTORY BULBECTOMY

Treatment n Ambulation
Sham + vehicle 8 61 (55-68)
Sham + dizocilpine (0.1 mg/kg) 7 52 (37-65)
Sham + dizocilpine (0.3 mg/kg) 8 52 (37-66)

OB + vehicle 9 90 (84-116)%**
OB + dizocilpine (0.1 mg/kg) 7 59 (51-90)F
OB + dizocilpine (0.3 mg/kg) 7 55 (51-92)%

Data are expressed as median values, with interquartile ranges
shown in parentheses. n# = number of animals in group. ***p < 0.001
vs. sham + vehicle. fp < 0.05 vs. OB + vehicle.

U-test. Physiological data were analyzed by two-way analysis
of variance followed by Student’s #-test. Probabilities less than
0.05 were considered statistically significant.

RESULTS

Mean body weight in the sham-operated and bulbecto-
mized control groups increased by 7% and 4%, respectively,
during the period of drug administration [F(5, 42) = 2.67,p <
0.05]. Body weight gain in the OB controls was significantly
reduced compared with sham-operated controls (p < 0.05)
during the period of drug treatment. Chronic dizocilpine ad-
ministration at either dose had no effect on body weight gain
of either the sham-operated or OB rats compared with con-
trols.

In the “open field” test, a typical increase in ambulation
scores was found in the OB group compared with the sham-
operated group [H = 18.46, df = 5, p < 0.05] (Table 1). This
hyperactivity was significantly attenuated in the groups
treated with 0.1 and 0.3 mg/kg dizocilpine (p < 0.05).

On day 1 of drug treatment, there was an increase in activ-
ity scores of sham and OB animals after administration of 0.3
mg/kg dizocilpine, with a significant elevation in the sham-
treated group (p < 0.05 vs. sham + vehicle) (Table 2). The
hyperactivity induced by dizocilpine was slightly lower in the
OB-treated animals compared with the sham-operated ani-
mals, but this difference did not reach significance [H = 13.96,
df =5, p <0.03].

On day 7 [H = 3.05,df = 5, p = 0.692], day 15 [H = 7.77,
df = 5, p = 0.170], and day 21[H = 9.95, df = 5, p = 0.078],
the 0.3-mg/kg dose of dizocilpine elevated locomotor activity;
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this response was found to be slightly higher in the OB-oper-
ated groups compared with the sham-operated group. Activ-
ity in the OB control group was also higher than in sham con-
trols on days 15 and 21 of treatment.

In the frontal cortex, there was a significant decrease in the
concentration of noradrenaline [F(5, 45) = 3.79, p < 0.05] and
serotonin [F(5, 45) = 3.16, p < 0.01] in the OB group com-
pared with sham controls (Table 3). Dizocilpine administra-
tion significantly elevated the dopamine concentration in both
sham and OB-operated animals compared with their respec-
tive controls [F(5, 45) = 0.85, p < 0.05]. There was a decrease
in the concentration of dopamine in the OB group compared
with sham controls, an effect that was reversed by chronic di-
zocilpine (0.3 mg/kg) treatment (p < 0.05). DOPAC levels
were slightly increased in the OB control group compared
with sham controls, but this did not reach statistical signifi-
cance. The DOPAC concentration was increased by dizo-
cilpine (0.3 mg/kg) in the sham group compared with controls
[F(5,45) =3.79,p < 0.05].

DISCUSSION

Surgical removal of the olfactory bulbs in the rat was asso-
ciated with increased locomotor activity in the open field test.
These results are consistent with the findings in previous stud-
ies (25,35). In the “open field” test, chronic administration of
dizocilpine did not result in any behavioural changes in the
sham-operated groups. However, it was found to attenuate
the hyperactive response found in the OB control group com-
pared with sham controls. The attenuation of this behavioural
response is a property shared by a variety of typical and atypi-
cal antidepressants (34).

In a study carried out by Panconi et al. (18), it was sug-
gested that the apparent antidepressant effects of dizocilpine
in the tail suspension test and forced swim test did not result
from the activity of the compound at the NMDA receptor
complex but may be due to dopamine-related motor stimulant
effects of dizocilpine. In contrast, in our study, dizocilpine did
not affect ambulation scores in the sham-treated groups but de-
creased ambulation scores in the OB group. The fact that
chronic dizocilpine did not alter the ambulation scores in sham-
treated animals indicates that the effect of dizocilpine in the
OB rat is not due to a stimulant or a sedative effect of the drug.

Previously it was found that OB animals showed a blunted
hyperactive response following a dizocilpine challenge and a
phencyclidine (PCP) challenge (5,25). The results of the
present study indicate that acute dizocilpine (0.3 mg/kg) (day
1) increased home cage locomotor activity in both sham and
OB-operated treated animals, this response being greater in

TABLE 2
TOTAL HOME CAGE LOCOMOTOR ACTIVITY COUNTS OVER A 5-h PERIOD FOLLOWING DIZOCILPINE ADMINISTRATION

Treatment n Day 1

Day 7 Day 15 Day 21

Sham + vehicle
Sham + dizocilpine (0.1 mg/kg)
Sham + dizocilpine (0.3 mg/kg)

125 (46-355)
187 (71-224)
693 (191-1,051)*

198 (104-315)
123 (65-233)
437 (190-578)

OB + vehicle
OB + dizocilpine (0.1 mg/kg)
OB + dizocilpine (0.3 mg/kg)

0 0 L 0 L o

223 (151-405)
294 (177-635)
226 (100-520)

189 (104-389)
205 (100-330)
312 (195-635)

135 (83-251)
115 (41-296)
200 (141-274)

213 (130-332)
175 (126-217)
327 (198-579)

100 (61-160)
132 (67-204)
142 (113-322)

178 (90-206)
104 (81-121)
226 (148-351)

Data are expressed as median values, with interquartile ranges shown in parentheses. n = number of animals in group. *p < 0.05 vs. sham +

vehicle.
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TABLE 3

NEUROTRANSMITTER CONCENTRATIONS IN THE FRONTAL CORTEX OF OB AND SHAM-OPERATED
ANIMALS FOLLOWING CHRONIC DIZOCILPINE ADMINISTRATION

Treatment NA DA DOPAC 5-HT
Sham + vehicle 5,518 =578 4,491 + 549 961 + 69 10,999 + 471
Sham + dizocilpine (0.1 mg/kg) 4,938 =+ 344 6,465 * 1,720 1,340 = 255 10,588 = 580
Sham + dizocilpine (0.3 mg/kg) 4,631 = 141 6,916 = 991 1,457 + 163* 10,037 = 367
OB + vehicle 4,038 * 144* 3,162 = 785 1,327 + 245 8,984 * 446%*
OB + dizocilpine (0.1 mg/kg) 3,771 = 392 7,154 = 1,034+ 1,263 = 176 9,300 * 646
OB + dizocilpine (0.3 mg/kg) 3,273 = 504 6,554 = 1,685 1,186 * 217 8,077 = 967

Data are expressed as means = SEM, in units of ng/g. *p < 0.05. **p < 0.01 vs. sham + vehicle. {p < 0.05 vs. OB + vehicle.

the sham than in the OB group, thus showing a response simi-
lar to previous findings. The blunted hyperactive effect seen
in OB rats following acute dizocilpine administration may be
due to alterations in the NMDA receptor complex following
bulbectomy.

In the present study, dizocilpine administration resulted in
a hyperactive response that was enhanced in the OB-treated
animals on days 15 and 21 compared with sham-treated ani-
mals. Repeated treatment with dizocilpine has been found to
cause a reduction in the density of glutamate binding sites on
NMDA receptors, but dizocilpine binding sites are not af-
fected (13). In support of this hypothesis, cortical slices re-
moved from rats repeatedly treated with MK-801 show a re-
duced response to NMDA, suggesting a downregulation of
NMDA receptors. Thus, it is possible that readaptation in the
functioning of the NMDA receptor complex in the OB rat oc-
curs following chronic dizocilpine treatment.

It is thought that the dizocilpine-induced locomotor hyper-
activity may be mediated by indirect facilitation of dopami-
nergic transmission caused by inhibition of the NMDA recep-
tor and subsequent release of dopamine neurons from the
inhibitory control of the glutamatergic system (9). In addition,
it has been found that there is an increase in dopamine metab-
olism 30 min after dizocilpine administration in the medial
prefrontal cortex (10). In the present study, we found a decrease
in dopamine in the OB rats compared with the sham controls
after chronic dizocilpine administration. The DOPAC/DA ra-
tio was found to be constant in sham-control and MK-801-
treated animals. OB resulted in an increase in the DOPAC/DA
ratio compared with sham controls. The increase in the OB
control group was attenuated by chronic MK-801 treatment.

This indicates that the behavioural response in OB rats maybe
a result of alterations in dopamine and indirectly possibly
glutamatergic transmission in the OB rat.

It is interesting that chronic MK-801 administration in the OB
rat does not decrease locomotion in the nonstressful environ-
ment of the home cage but does in the stressful “open field” ap-
paratus. Chronic MK-801 decreases “open field” behaviour par-
allel to the decrease in dopamine turnover (DOPAC/DA ratio).

In the present study, there were decreases in the concen-
trations of noradrenaline and serotonin in the frontal cortex
in the OB groups. These findings are similar to those of previ-
ous studies [for a review, see (30)]. However, chronic dizo-
cilpine administration, unlike antidepressant treatment, did
not reverse these neurotransmitter changes in the OB rat.

It may be concluded that chronic dizocilpine treatment re-
duced the OB deficits in the “open field” test. The deficit in
DA seen in the OB rat was reversed by chronic dizocilpine
administration. This indicates that the reversal of the OB-re-
lated hyperactivity in the “open field” test by MK-801 may be
as a result of adaptations in the dopaminergic system in this
model of depression. It was found that the hyperactive re-
sponse induced by dizocilpine is reduced following bulbec-
tomy. However, this response is enhanced in OB animals
compared with sham animals following chronic dizocilpine ex-
posure, thus suggesting that abnormalities in the glutamater-
gic system that may indirectly result in changes in the dopam-
inergic system may underlie some of the behavioural changes
that occur in the OB rat. It would therefore appear that dizo-
cilpine, a noncompetitive antagonist at the NMDA receptor
complex, exhibits antidepressant activity in the preclinical be-
havioural test examined here.
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