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Abstract

Little is known regarding the functional processes underlying the treatment efficacy of antidepressant drugs. Given the close association
between stress, anxiety and depression, distinguishing the common and disparate features of these processes may contribute to our current
understanding. Using the olfactory bulbectomized (OBX) rat, an animal model sensitive to a variety of antidepressant drugs, this study
examined the effects of chronic fluoxetine administration on open-field behavior under different conditions of stressfulness (luminance) and
compared the fluoxetine effects to those evoked by the anxiolytic lorazepam. Sham-operated and OBX rats received 21 daily injections of
fluoxetine (10 mg/kg), one or seven injections of lorazepam (0.1 and 0.5 mg/kg) or vehicle prior to testing in the open field or plus maze.
Time series data were collected and fit with exponential regression models to estimate behavioral reactivity, habituation and residual rate of
responding. Relative to sham controls, OBX rats displayed increased locomotor activity in the high luminance open field but showed
decreased activity in the lower luminance open field. Time series analysis revealed that while sham animals showed increased habituation in
the high compared to lower luminance open field, OBX rats did not significantly modify their responding between the two conditions.
Chronic fluoxetine treatment invoked rectifying effects in OBX animals only in the high luminance open field by increasing the rate of
habituation. Both acute and subchronic administration of lorazepam also reduced OBX hyperactivity but did so only by decreasing the
residual rate of responding. As expected, lorazepam administration significantly increased the ratio of open-to-total arm activity in the
elevated plus maze. These findings suggest that OBX responding in the open field may be maladaptive, reflecting an inability to modify
behavior appropriately in certain environmental contexts. Chronic antidepressant treatment enhances habituation of OBX animals only under
more stressful or aversive conditions and appears to do so in a manner temporally distinct from anxiolytic treatment.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Bilateral olfactory bulbectomy (OBX) in the rat results
in a characteristic behavioral phenotype including disrupted
circadian patterns in sleep (Araki et al., 1980; Sakurada et
al., 1976), feeding (La Rue and Le Magneu, 1972; Meguid
et al,, 1993) and activity (Giardina and Radek, 1991;
Marks et al., 1971) along with increased irritability,
aggression and locomotion when confronted with certain
novel stimuli (Jesberger and Richardson, 1986; Van Riezen
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and Leonard, 1990). As many of the OBX-induced behav-
ioral changes are not seen following destruction of the
nasal mucosa via zinc sulfate (ZnSQO,) irrigation (Alberts
and Friedman, 1972; Edwards, 1974; Sieck and Baumbach,
1974), these changes are believed to result from neuro-
chemical dysfunction in brainstem, limbic and/or cortical
areas (Hirsch, 1980; Leonard and Tuite, 1981). A particu-
larly attractive feature of the OBX model is the attenuation
of most of these behavioral and neurochemical alterations
following chronic, but not acute, antidepressant treatment
(Cairncross et al., 1978, 1979a; Jesberger and Richardson,
1986; Kelly et al., 1997; Van Riezen et al., 1976).

One of the more widely used behavioral indicators of
antidepressant activity in the OBX model is a reduction of
the hyperactivity typically exhibited by OBX animals in the
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open-field test. In rodents, the open field is generally
considered to be an ethological test measuring the behav-
ioral responses to a natural conflict between exploration of
and aversion to open, bright areas. Accordingly, the hyper-
activity of OBX rats is believed to reflect an increased
responsiveness to the aversive nature of the task (Cairncross
et al., 1979b; Kelly et al., 1997; McNish and Davis, 1997,
Primeaux and Holmes, 1999; Van Riezen and Leonard,
1990). Surprisingly, little is known about the nature of the
functional processes underlying the increased responsive-
ness of OBX animals or the attenuation of this responsive-
ness by antidepressant drugs.

Recently, through temporal analysis of open-field
activity, we distinguished two components underlying
OBX hyperactivity: a higher initial reactivity upon intro-
duction to the open field and the lack of a compensatory
increase in habituation to the test (Mar et al., 2000). We
further showed that antidepressants appear to rectify the
OBX hyperactivity by selectively increasing the rate of
habituation. To better interpret these findings, it remains
to be demonstrated whether and to what extent these
antidepressant-induced increases in behavioral habituation
might depend on factors such as test novelty, aversive-
ness or anxiety as well as possible sedative properties of
these drugs.

There is evidence to suggest that the hyperactivity of
OBX animals may be sensitive to variations in the testing
apparatus and conditions (Kelly et al., 1997; Primeaux and
Holmes, 1999). For instance, several studies measuring the
activity of OBX animals upon exposure to novel activity
boxes, running wheels or mazes have reported either hypo-
activity (Cain and Paxinos, 1974; Sieck, 1972) or no
significant differences when compared to sham-operated
controls (Van Riezen and Leonard, 1990). Moreover,
reduced locomotion in OBX animals relative to controls
has been observed in a more dimly lit, square open field
(Stockert et al., 1988). Though there is some debate as to
whether direct illumination or the reflective properties of the
apparatus are the critical determinants of OBX hyperactiv-
ity, it is clear that either of these variables can be associated
with increases in measures of stress and/or anxiety (Ader,
1969; Dalley et al., 1996; Igarashi and Takeshita, 1995;
Seliger, 1977; Williams, 1971).

In light of these data, the present experiments were
conducted to further our understanding of the behavioral
systems underlying the effects of chronic antidepressant
administration in OBX animals in the open field. Firstly,
we sought to discern whether the observed increases in the
habituation rates of OBX animals due to chronic antide-
pressant administration were dependent upon the stressful-
ness of the testing conditions. We tested this by evaluating
the effect of chronic fluoxetine on behavioral habituation in
open fields having very different luminance properties. If
antidepressants do increase habituation only in stressful or
aversive conditions, then one would expect smaller
increases in habituation in a low compared to a high

luminance open field. Our second objective was to deter-
mine whether the effects of chronic antidepressants might be
attributed to their known anxiolytic properties. To test this,
we compared the effects of acute and subchronic benzodia-
zepine (lorazepam) treatment on reactivity and habituation
measures in the standard, high luminance open field to those
of chronic fluoxetine. As a positive control for the anxiolytic
properties of lorazepam, animals were also tested in the
elevated plus maze, a validated screen for anxiolytic effects
in the rat (Pellow et al., 1985).

2. Materials and methods
2.1. Animals and housing conditions

Male Sprague—Dawley rats (n=145) (Charles River, St
Constant, Quebec), weighing 325-375 g upon arrival,
were housed two per polycarbonate cage measuring 60 x
30 x 25 cm. They were maintained on a 12:12 h light/
dark cycle (lights on 08:00-20:00 h) in a room of
ambient temperature (19-22 °C). Rats were allowed free
access to food and water for the duration of the experiment
and were given 7-9 days to acclimate to laboratory
conditions before surgeries were performed. All surgical
procedures and behavioral testing procedure complied with
the guidelines of the Canadian Council on Animal Care
and were approved by the McGill University Animal
Care Committee.

2.2. Surgical procedure

Bilateral OBX was performed with rats anesthetized
under xylazine (5 mg/kg im) in combination with ketamine
hydrochloride (50 mg/kg im) 10 min after an injection of
acepromazine (0.5 mg/kg im). A 2 mm hole was drilled
8 mm anterior to bregma on the midline and the olfactory
bulbs were severed using fine forceps and removed by
aspiration. The cagemate of each OBX rat was sham
operated, undergoing identical anesthetic and drilling pro-
cedures as OBX animals, but their bulbs were left intact.
Animals were given 8—10 days to recover following surgery
before chronic antidepressant administration.

Anosmia in OBX animals was assessed after all other
behavioral testing was completed by examining responses
to the presentation of a novel odor. A small cloth soaked
in vanilla or almond extract was presented on the top back
corner of the animals’ home cage while the experimenter
observed from the front. Rats were considered anosmic if
they did not meet at least two of the following criteria
within a the 90 s test session: (1) more than one approach
to the odor source, (2) more than 10 s sniffing the odor
source and (3) a qualitative increase in sniff rate at the
odor source. Two testing sessions were performed to help
control for possible visual cues or activational effects from
an animal’s cagemate.
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2.3. Drugs

Fluoxetine hydrochloride was purchased from Labora-
toires Denis Giroux (Saint-Pierre, Quebec). Sterile, inject-
able Lorazepam (4.0 mg in 0.18 ml polyethylene glycol 400
in propylene glycol with 2.0% benzyl alcohol as preservat-
ive) was purchased from Wyeth-Ayerst (Montreal, Quebec).

2.4. Drug treatment

All drugs were injected intraperitoneally in a volume of
1 ml/kg between 10:00 and 12:00 h. Fluoxetine and lor-
azepam were dissolved using deionized water as vehicle and
were prepared fresh each morning. For chronic antidepres-
sant administration, sham-operated and OBX animals were
given either vehicle or fluoxetine (10/mg/kg) once daily for
21 days. A 48 h washout period was observed after the last
injection to minimize possible acute drug effects (Caccia et
al., 1990; Gardier et al., 1994). For acute anxiolytic drug
treatment, animals (which had received 21 days of vehicle
injections) were given either vehicle or lorazepam (0.1 or
0.5 mg/kg) 30 min prior to behavioral testing. As a single
injection of lorazepam is known to induce some sedative
effects (File, 1981, 1984), a group was included in which
animals were injected with vehicle for 17 days, preceding
six consecutive daily injections with 0.1 mg/kg lorazepam,
including the day of (30 min prior to) behavioral testing.

2.5. Behavioral testing

In Experiment 1, different groups of rats were tested
either in the high luminance or in the lower luminance open
field. In Experiment 2, rats were tested in both the high
luminance open field and the elevated plus maze in a
counterbalanced design over 2 consecutive days. All testing
was conducted between 10:00 and 16:00 h and each test
apparatus was cleaned thoroughly between animals.

2.5.1. Open-field test

The open-field apparatus consisted of an 85 x 85 x 70 cm
wooden box painted flat black. This apparatus, in conjunc-
tion with normal room lighting (provided by two 40 W
fluorescent tubes in an overhead fixture), comprised the
lower luminance condition (150—200 Ix). For the high
luminance condition, the floor and inner walls were lined
with aluminum foil and lighting was provided by a 100 W
bulb hanging 100 cm directly over the center of the open
field (1500—-2000 Ix). For scoring, the field was divided into
25 squares measuring 17 cm?. A square entry was assigned
whenever a rat placed both front paws into a new square. At
the start of each test, a rat, taken pseudorandomly between
groups, was placed into the center square of the open field.
Each 5 min trial was videotaped by an overhead camera and
was scored later by two independent raters using a home-
made computer program, which enabled instantaneous
encoding of behavior type (square entry, rearing and groom-

ing), square position and time, so that behavioral patterns
could be reconstructed and analyzed.

2.5.2. Elevated plus maze

The elevated plus maze was made of wood covered with
white enamel and had four arms 50 cm long and 10 cm wide
at a height 53 cm above the floor. The two enclosed arms
had 40 cm high walls. The maze was illuminated using
diffuse overhead fluorescent lighting similar to the lower
luminance open field (~ 50 Ix for closed arms and 150-
200 Ix for open arms). At the start of each test, animals were
placed in the center of the maze facing an open arm. Trials
lasted 5 min and were videotaped and encoded as described
for the open field (i.e., in addition to open and closed arm
entries, each arm was divided into four 12.5 x 10 cm
squares to provide a more sensitive index of activity in
each arm. As square size was similar to that in the open
field, it also enabled comparisons between activity levels in
the two tasks).

2.6. Statistical methods

To analyze measures cumulated over the entire duration
of each test, an ANOVA with independent samples was
used with surgery (sham and OBX) and drug treatment
(vehicle, fluoxetine or vehicle, lorazepam) as factors.
Significant interactions were decomposed using simple
main effect F tests. When required, pairwise contrasts of
main effects or simple main effects were conducted using
Dunnett’s test by using the appropriate vehicle-treated
group as controls.

Time series data were extracted by taking totals for each
measure at 20 s intervals. Curves for each group of animals
were constructed and fit with a random effects exponential
regression model (implemented using the NLINMIX macro
within the SAS statistical system v6.12) as indicated below:

Behavior = 4 x exp(BXtime) +C

The A-parameter (y-intercept) was operationally defined
as reflecting the initial behavioral reactivity of the animal
while the B-parameter (nonlinear slope estimate) was de-
fined as the rate of habituation. Various combinations of
random and fixed coefficients were examined for these
parameters, and due to considerable variability between
individual animals within a group, both parameters 4 and
B were included as random effects. The C-parameter re-
flected any residual steady rates of responding that oc-
curred towards the end of the test session (i.e., activity
level observed following habituation) and was included as
a random effect only when likelihood ratio testing (see
below) confirmed that it provided a significant improve-
ment in fit.

To assess goodness of fit, each regression model was also
estimated using a least-squares approach and calculations of
R? values indicated that all models accounted for at least
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70% of the variance on the averaged data from each group
of animals in each test. Linear and quadratic functions were
also calculated using least squares for each data set but in
each case yielded lower R* values than the respective
exponential function.

Statistical comparisons of the regression parameters (4, B
or C) between any two groups were made using a likelihood
ratio test. Briefly, the minimum objective function ( — 2 log-
likelihood) of fits in which the parameters of the curves
were allowed to vary (full model) was compared with the
objective functions of fits in which one of the parameters
was constrained to be equal (reduced models). The differ-
ence between these objective functions has a x> distribution
with the difference in the number of parameters in the full
and reduced models as the degrees of freedom. The accepted
level of significance was a difference in objective functions
associated with a P-value of <.05. In addition, all statistical
comparisons were verified by evaluating the difference
between the parameters against their pooled asymptotic
standard error and assessed for significance employing a
Bonferroni ¢ correction to control for possible inflation of
the « level.

3. Results

Of the 145 rats, 5 died during or in the days following the
surgical procedures. After all behavioral testing, histology
confirmed the extent of OBXs. Two animals showed con-
siderable damage to frontal cortical areas and their data were
excluded from further analyses. Few animals showed a
small amount of residual tissue beyond the olfactory
tubercle. However, their weights and behavioral data
remained consistent with those of other OBX animals.
The extent of olfactory impairment was evaluated using
observational criteria of olfactory behavior (see Materials
and methods) upon two separate presentations of a novel
odor (vanilla or almond extract) over the home cage. None
of the OBX rats met the criteria over both presentations
while only five sham animals failed to meet them, func-
tionally corroborating, at least grossly, the histological
results. As, histologically, these five sham animals appeared
normal and the behavioral results did not differ greatly in
their presence or absence (not shown), their data were
included in all analyses.

3.1. Experiment 1: effects of OBX and chronic fluoxetine
treatment in open fields with different luminance

3.1.1. High luminance open field

Fig. 1A presents the total locomotor activity scores of
vehicle-treated and fluoxetine-treated sham and OBX rats
exposed to a 5 min session in a novel, high luminance open
field. A two-factor (surgery and drug) independent-groups
ANOVA revealed a significant Surgery x Drug interaction
[F(1,31)=4.50, P<.05]. Simple effects tests revealed that

vehicle-treated OBX rats exhibited increased locomotion
relative to vehicle-treated sham controls. Fluoxetine
appeared to rectify this hyperactivity, as no differences were
observed between fluoxetine-treated sham and fluoxetine-
treated OBX animals.

Fig. 1B shows the time course of the mean locomotor
activity for vehicle-treated sham and OBX animals as well
as for fluoxetine-treated OBX animals, with activity scores
totaled at 20 s intervals. The fitted exponential random
effects models, estimated for each group, are also displayed.
Qualitatively, vehicle-treated OBX animals appeared to be
initially more responsive than sham controls but appeared to
habituate at a parallel rate. Furthermore, fluoxetine treat-
ment seemed to rectify OBX hyperactivity not by lowering
initial reactivity but by increasing habituation rate (i.e., a
greater decrement in activity over the first 20—60 s) to reach
activity levels comparable to that of shams. We statistically
assessed these observations by conducting likelihood ratio
tests on the parameters estimated from the fitted exponential
models (Table 1). Compared to vehicle-treated sham ani-
mals, both vehicle-treated and fluoxetine-treated OBX ani-
mals displayed a significantly increased [x*(1)=10.6,
P<.01] initial reactivity (4-value) upon introduction into
the novel, high luminance open field. Fluoxetine-treated
OBX animals also showed a significantly increased
[x*(1)=6.0, P<.05] habituation rate (B-value) relative to
vehicle-treated OBX animals.

3.1.2. Lower luminance open field

Fig. 1C presents the number of square crosses of vehicle-
treated and fluoxetine-treated sham and OBX rats exposed to
a 5 min session in a novel, lower luminance open field. A
two-factor ANOVA revealed only a significant main effect of
surgery [ F(1,31)=9.97, P<.01], in which, in contrast to the
high luminance open field, OBX animals showed decreased
locomotor activity as compared to sham controls.

Fig. 1D presents the time course of the mean locomotor
activity for vehicle-treated sham and OBX animals as well
as for fluoxetine-treated OBX animals, with activity scores
totaled at 20 s intervals. The fitted exponential models for
each group are also displayed. The estimated parameters
(initial reactivity and habituation) are shown in Table 1.
Note that, in contrast to the high luminance open field,
initial locomotor responses in vehicle-treated and fluoxe-
tine-treated sham animals approached those of OBX and no
significant differences were observed [x*(1)=0.2 and 1.1,
P’s>.05]. Furthermore, both vehicle-treated and fluoxetine-
treated sham animals habituated at a slower rate [x*(1)=3.6
and 7.6, P=.058 and <.01] than their respective OBX
animals. Finally, in the lower luminance open field, fluox-
etine did not alter any of the parameters relative to those of
vehicle-treated animals. For both the high and the lower
luminance open fields in this experiment, adding a para-
meter to account for residual rates of responding (C-value)
did not significantly improve the fits and was therefore
not included.



A. Mar et al. / Pharmacology, Biochemistry and Behavior 73 (2002) 703—712 707

High Luminance Open Field
A

150 - OSham
HOBX
- #
o
a
3 100 A
| .
o
0
o
& 50 -
3
o
(/2]
0 |
Veh Fluox
B
16 - —O—Sham-Veh
—/— OBX -Veh
g —@— Sham-10 Flu
» 12 - —&— OBX-10 Flu
7]
(o]
)
n 8 -
4]
| =
S 4
(=2
(/)]
O T T T T 1
0 60 120 180 240 300
Time (s)

Low Luminance Open Field
Cc

150 - O Sham
W OBX
© *%
7]
n
8 100 A *k
| 9
(&)
n
o
© 50
-]
»
9 8
0 |
Veh Fluox
D
16 - —O—Sham-Veh
—4— OBX-Veh
o} —&— Sham-10 Flu
Q —&— OBX-10 Flu
n 12 - ®
7]
(]
)
w 8
o
S
T 47
/2]
0 T T T T 1
0 60 120 180 240 300
Time (s)

Fig 1. (A) Mean = S.E.M. number of squares crossed over 5 min in a high luminance open field for sham and OBX rats treated for 21 days with either vehicle or
fluoxetine (10 mg/kg). The number of animals per group is shown at the base of each column. (B) Time course of mean squares crossed in a high luminance
open field for vehicle-treated and fluoxetine-treated sham and OBX animals, with crossings summed over consecutive 20-s periods. Smooth lines represent

fitted exponential models Behavior=4 x exp® * tim®

with parameters 4 and B estimated as random effects. (C) Mean £+ S.E.M. number of squares crossed over

5 min in a lower luminance open field for sham and OBX rats treated with either chronic vehicle or fluoxetine. (D) Time course of mean squares crossed in a
lower luminance open field for vehicle-treated and fluoxetine-treated sham and OBX animals. * * Significant main effect at P<.01 relative to sham controls.
*Significant interaction and simple effect at P<.05 relative to vehicle-treated sham controls.

3.1.3. Comparisons between open fields

To compare between the two open-field conditions, we
performed a three-factor ANOVA, including luminance as
one of the factors. There was a significant Luminance x Sur-
gery interaction [ F(1,62)=8.98, P<.01], in which sham
animals showed significantly different activity scores be-
tween the two luminance conditions. Shams were signific-
antly less active in the high luminance open field (Fig. 1 A vs.
Fig. 1C). The activity of OBX animals was comparable
across open-field conditions.

Statistical examination of the time courses of locomotor
responses across both open-field conditions revealed that
initial reactivity levels were similar for all groups (Table 1).

In terms of habituation rates, however, all groups were
similar except for vehicle-treated sham animals, which
showed significantly increased habituation rates [x*(1)=
6.2, P<.05] in the high relative to the lower luminance
open field.

3.2. Experiment 2: effects of acute lorazepam treatment in
the high luminance open field and the elevated plus maze

3.2.1. High luminance open field

Fig. 2A shows the total locomotor activity scores of sham
and OBX animals treated with vehicle, acutely with 0.1 or
0.5 mg/kg lorazepam or subchronically with 0.1 mg/kg
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Table 1
Reactivity +asymptotic S.E. and habituation +asymptotic S.E. parameter
estimates in both high and lower luminance open-field conditions derived

from exponential random effects model fit Behavior=4 x exp® * ™), with
parameters 4 and B estimated as random effects
Reactivity S.E. Habituation S.E.
High luminance open field
Sham-Veh 8.95 1.410 —0.0063 0.0017
OBX-Veh 16.18* * 1.210 —0.0066 0.0012
Sham-Flu 10.57 1.460 —0.0055 0.0017
OBX-Flu 15.35% 1.510 —0.0112% *fT 0.0017
Lower luminance open field
Sham-Veh 11.16 1.17 —0.0015 0.0013
OBX-Veh 12.48 1.30 —0.0059 * 0.0014
Sham-Flu 11.66 1.28 —0.0025 0.0014
OBX-Flu 14.57 1.40 —0.0078%* * 0.0015

Likelihood ratio tests were performed to compare parameters between
the groups within each open-field condition.

* Significant effect relative to vehicle-treated sham controls at P <.05.

** Significant effect relative to vehicle-treated sham controls at P<.01.

ft Significant effect relative to vehicle-treated OBX rats at P<.01.

lorazepam upon 5 min exposure to the high luminance open
field. A two-factor (surgery and drug) independent-groups
ANOVA revealed both significant main effect of surgery
[F(1,60)=22.08, P<.01], demonstrating that OBX animals
were hyperactive relative to sham controls. The drug main
effect was also significant [ F(3,60)=3.96, P<.05], but no
Surgery x Drug interaction was found. Dunnett’s tests
revealed that the drug main effect was mainly attributable
to the finding that acute administration of 0.1 and 0.5 mg/kg
lorazepam significantly decreased locomotor activity
(P<.01) relative to vehicle treatment. The more modest
reduction in activity observed in rats administered sub-
chronic lorazepam (0.1 mg/kg) was not significant.

Fig. 2B shows the time course of the mean locomotor
activity for vehicle-treated and lorazepam (0.5 mg/kg)-
treated sham and OBX animals, with activity scores totaled
at 20 s intervals. Note that in this experiment there were more
pronounced differences in the residual rate of responding in
the later minutes of the test. Accordingly, we found that a
three-parameter model, obtained by including the C-value to
account for residual responding, provided significantly better
fits than did the two-parameter model. The estimated param-
eters are presented in Table 2. Vehicle-treated OBX animals
were initially more reactive than sham controls [x*(1)=6.4,
P <.05] but habituated at a comparable rate. Moreover, no
significant differences between lorazepam (acute or sub-
chronic)-treated and vehicle-treated sham or lorazepam-
treated and vehicle-treated OBX animals were observed for
initial reactivity or habituation [x?’s(1)<1.90, P’s>.05].
However, as compared to vehicle-treated OBX rats, acute
administration of both 0.1 and 0.5 mg/kg lorazepam sig-
nificantly decreased the residual response rate estimate
[x*(1)=4.5 and 8.2, P<.05 and .01, respectively]. Sub-
chronic lorazepam administration to OBX animals did not
influence this parameter relative to vehicle-treated OBX
animals [x*(1)=0.6, P>.05]. In sham animals, only the

acute 0.5 mg/kg dose of lorazepam significantly reduced
the residual response parameter [xX(1)=5.1, P<.05].

3.2.2. Elevated plus maze

One sham and two OBX animals treated with acute 0.5
mg/kg lorazepam fell off the maze before the end of the
testing session. The data from these animals, therefore, were
excluded from all analyses assessing performance in the
plus maze.

Fig. 3A shows the total locomotor activity of vehicle-
treated and lorazepam-treated sham and OBX animals
exposed to a 5 min session of the elevated plus maze. A
two-factor ANOVA revealed a significant Surgery x Drug
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Fig 2. (A) Mean £ S.E.M. number of squares crossed over 5 min in a novel,
high luminance open field for sham and OBX rats treated 30 min prior with
either vehicle, acute (0.1 or 0.5 mg/kg) lorazepam or subchronic lorazepam
(0.1 mg/kg). The number of animals per group is shown at the base of each
column. (B) Time course of mean squares crossed in a high luminance open
field for vehicle-treated and lorazepam-treated sham and OBX animals,
with crossings summed over consecutive 20-s periods. Smooth lines
represent fitted exponential models Behavior=4 x exp® > ™9+ C with
parameters A, B and C estimated as random effects. * * Significant main
effect at P< .01 relative to sham controls. "/TSignificant main effect relative
to vehicle controls at P<.05 and <.01, respectively.
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Table 2

Reactivity + asymptotic S.E., habituation+asymptotic S.E. and residual
responding + asymptotic S.E. parameter estimates in the high luminance
open field derived from the exponential random effects model fit
Behavior=A x exp® * im + C

Reactivity S.E. Habituation S.E.

Residual S.E.

Sham-Veh 14.97 322 —0.0250  0.0067 2.12 0.80
Sham-Lor 11.84 273 —0.0160  0.0053 1.09 0.86
(0.1) acute

Sham-Lor 8.74 248 —0.0132  0.0050 0.28 0.87
(0.5) acute

Sham-Lor 9.55 250 —0.0086  0.0047 0.05 1.30
(0.1) chronic

OBX-Veh 28.16%*  3.04 —0.0251  0.0045 4.61*  0.75

OBX-Lor 2551%*%  3.05 —0.0224  0.0044 1.141 0.81
(0.1) acute

OBX-Lor 25.67%*% 258 —0.0161  0.0037 0.157 081
(0.5) acute

OBX-Lor 24.82%% 273 —0.0196  0.0040 1.91 0.77

(0.1) chronic

All parameters were estimated as random effects. Likelihood ratio tests
were performed to compare parameters between the groups.

* Significant effect relative to vehicle-treated sham controls at P<.05.

™ Significant effect relative to vehicle-treated sham controls at P<.01.

T Significant effect relative to vehicle-treated OBX rats at P<.05.

T Significant effect relative to vehicle-treated OBX rats at P<.01.

interaction [ F(3,57)=4.08, P<.05]. Simple effects tests
indicated that vehicle-treated OBX animals showed signific-
antly higher total locomotor activity as compared to sham
controls (P<.01) and that these levels of activity were not
affected by subchronic administration of 0.1 mg/kg loraze-
pam ( P>.05). Acute lorazepam significantly reduced overall
activity at the 0.5 mg/kg dose in shams (P <.01) and at both
the 0.1 and 0.5 mg/kg doses in OBX animals (P’s<.01).
Fig. 3B and C show the time spent in the open arms and
the percent open-to-total squares crossed in the elevated plus
maze, respectively. For open arm time, there was a signific-
ant main effect of surgery [ F(1,57)=5.18, P<.05], as OBX
rats tended to spend more time in the open arms relative to
shams. Although lorazepam-treated rats tended to spend
more time on the open arms, this trend was not reliable, as
the main effect of drug and the Drug x Surgery interaction
were not significant (F’s<1.0). For percent open-to-total
squares crossed, there was both a significant main effect of
surgery [F(1,57)=10.90, P<.01] and a significant main

Fig 3. (A) Mean=S.E.M. number of squares crossed over 5 min in the
elevated plus maze for sham and OBX rats treated 30 min prior with either
vehicle, acute (0.1 or 0.5 mg/kg) lorazepam or subchronic lorazepam
(0.1 mg/kg). The animals were the same as those used in Fig. 2 (see
Materials and methods). (B) Mean+S.E.M. time spent in the open arms
over 5 min for sham and OBX rats treated with either vehicle or lorazepam.
(C) Mean £ S.E.M. percent open-to-total squares crossed for sham and OBX
rats treated with either vehicle or lorazepam. **Significant interaction and
simple effect at P<.01 relative to vehicle-treated rats. *** * Significant
main effect relative to sham controls at P<.05 and <.0l, respectively.
T’“Signiﬁcant Dunnett’s test effect relative to vehicle-treated rats at P <.05
and <.01.

effect of drug [F(3,57)=3.04, P<.05] but no interaction
[F(3,57)=1.03, P>.05]. The surgery main effect indicated
that OBX animals had a higher open-to-total square entry
ratio than sham animals. Dunnett’s tests revealed that the
dose main effect occurred because acute (both 0.1 and
0.5 mg/kg) and subchronic (0.1 mg/kg) lorazepam admin-
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istration significantly increased the ratio of open-to-total
arm activity relative to vehicle administration (P’s <.05).

4. Discussion

The observation that OBX animals are hyperactive rel-
ative to sham-operated animals in a high luminance open
field is an old and well-established finding (Kelly et al.,
1997; Leonard and Tuite, 1981). The present results, how-
ever, suggest that the OBX-induced hyperactivity may be a
misnomer, in large part dependent on how the behavior of
sham controls varies across environmental conditions. While
we found vehicle-treated OBX animals showed increased
activity in the high luminance open field, they had reduced
activity scores in the lower luminance open field relative to
sham-operated controls. Interestingly, the differences
between OBX and sham-operated animals across luminance
conditions appeared to emerge because sham-operated ani-
mals were considerably less active in the high relative to the
lower luminance open field. The activity counts were
roughly equivalent in vehicle-treated OBX rats across the
luminance conditions. The lower activity observed in sham-
operated animals in the high luminance (and presumably
more aversive) open field might be viewed as an adaptive
response. Unlike sham-operated animals, however, vehicle-
treated OBX rats appear unable to modify their behavior
according to changing environmental circumstances. In the
context of the standard high luminance open field, OBX
animals seem incapable of inhibiting their behavior to the
same extent as shams under aversive conditions.

Indeed, the ‘““hyperactivity” observed in OBX animals
has been proposed to arise from increased sensitivity (Jes-
berger and Richardson, 1986; Van Riezen and Leonard,
1990) or impaired habituation to novelty or stress (Leonard
and Tuite, 1981). Using regression modeling, the present
results directly examined these proposals and replicated our
previous report (Mar et al., 2000) that in the high luminance
open field, vehicle-treated OBX rats display a higher level
of initial reactivity, but equivalent habituation rates, in
comparison to sham-operated animals. However, the react-
ivity and habituation rate estimates for vehicle-treated OBX
rats in the lower luminance condition were comparable to
those observed in the high luminance condition. In contrast,
reactivity was slightly elevated and habituation rate was
greatly reduced in sham-operated animals tested in the lower
luminance relative to the high luminance condition. This
pattern of results suggests that OBX rats suffer from neither
an increased sensitivity nor an impaired rate of habituation
to stressful environments. Rather, as suggested above, the
behavioral impairment consequent to OBX appears to
reflect a failure to adapt appropriately to changing envir-
onmental conditions.

As has been reported frequently with a variety of anti-
depressants (Kelly et al., 1997; Van Riezen and Leonard,
1990), we found that the hyperactivity observed in OBX

animals in the high luminance open field can be attenuated
by chronic administration of 10 mg/kg fluoxetine (see also
Mar et al., 2000). Of interest, these effects were not
mediated through a reduction in the initial reactivity estim-
ate but rather through an increase in the rate of habituation.
Additionally, fluoxetine administration did not alter overall
activity or the reactivity and habituation estimates of OBX
rats in the lower luminance condition. These findings
suggest that the level of aversiveness or stress of the open
field may play an important role both in uncovering a
“deficit” in OBX animals and in determining the impact
of chronic antidepressant treatment. Antidepressant treat-
ment provided selective beneficial effects by allowing more
rapid habituation to a stressful situation. It did not inhibit
habituation in the less stressful condition. Accordingly,
these results suggest that chronic fluoxetine administration
promotes the function of response inhibition mechanisms
normally activated by aversive conditions.

Given the close conceptual associations between stress,
anxiety and depression intrinsic to most animal models and
testing paradigms and the fact that many antidepressants
also serve as effective anxiolytics, a reasonable hypothesis
emerges whereby antidepressants may be exerting their
rectifying effects in OBX animals through anxiolytic mech-
anisms. We tested this hypothesis using both acute and
subchronic administration of the benzodiazepine lorazepam
and comparing its effects to that of fluoxetine. We found
that although both acute and subchronic lorazepam effec-
tively reduced OBX hyperactivity in the high luminance
open field, they did so not by increasing the rate of
habituation but by decreasing the residual activity that
occurs towards the end of the testing session. In short,
although both classes of drugs appeared to promote the
adaptive effect of inhibiting the activity of OBX animals in
the high luminance open field, the distinct times at which
they exerted their effects confirm the operation of different
mechanisms of action.

Acute lorazepam administration dose-dependently
increased the open-to-total arm ratio in the elevated plus
maze. However, whether the increase in open-to-total square
ratios can be attributed to an anxiolytic action is unclear. It is
well known that lorazepam has sedative properties when
administered acutely (File, 1981, 1984), and in the present
experiments, this compound dose-dependently reduced the
total number of square crossings in the open field and the
elevated plus maze in both OBX and sham-operated ani-
mals. Accordingly, it is difficult to say whether the reduction
in residual responding induced by acute lorazepam is
attributable to its anxiolytic or sedative effect. It has been
reported that subchronic administration of the benzodiaze-
pine diazepam, which promotes the development of tol-
erance to the sedative, but not the anxiolytic, effect of
benzodiazepines (File, 1981), does not influence open-field
activity of OBX rats (O’Connor and Leonard, 1984). We
tested this possibility using sham and OBX rats subchroni-
cally administered (6—7 days) 0.1 mg/kg lorazepam. We
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found that this treatment also increased the ratio of open-to-
total square entries (albeit to a lower extent than that observed
following acute administration) and yet did not significant
reduce overall activity (i.e., total square entries) in the plus
maze or the open field. Thus, subchronic lorazepam admin-
istration permitted at least a partial dissociation between
sedative and anxiolytic effects. Of interest, although sub-
chronic lorazepam administration also tended to reduce the
residual response estimate (C-parameter), the magnitude of
this reduction was smaller than that observed following acute
administration (and not statistically significant). Thus, it may
be that the reduction in the residual response rate observed
following acute lorazepam may be the result of a sedative
effect or a combined sedative/anxiolytic effect. It is worth
noting that, independent of whether the effects of lorazepam
are the result of an anxiolytic or sedative action, the mech-
anism mediating the activity-reducing effect of fluoxetine in
the high illumination open field was temporally distinct
from the mechanism underlying that provoked by lorazepam
(i.e., both acute and subchronic lorazepam did not affect
habituation rate).

In conclusion, chronic administration of fluoxetine (10 mg/
kg) promoted a more rapid habituation to a novel open field
in OBX animals that was dependent upon the degree of
aversiveness of the open field. This effect was likely not the
result of an anxiolytic action, as the effects evoked by
lorazepam were temporally distinct from those induced by
fluoxetine. Exposure to stress has been associated with the
onset, severity and susceptibility to relapse of a depressive
episode (Anisman and Zacharko, 1990; Post, 1992). Accord-
ingly, the presentresults suggest that antidepressants may exert
their therapeutic effects and/or protect against relapse by
promoting more adaptive coping responses to stress.
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