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The present study was designed to investigate the putative anxiolytic effects of moclobemide (MOC), a reversible inhibitor of
type A monoamine oxidase enzyme (RIMA) antidepressant, in an experimental model of anxiety in mice. The test selected
was the light/dark aversion test. In the present investigation, an anxiogenic-like behavior was induced by light, alone as the
stimulus (standard version of the test) or by pretreatment with a subconvulsant dose of pentylenetetrazole (PTZ) (15 mg/kg
IP) 45 min before testing (“enhanced” version of the test). In mice, the effect of repeated administration for 2 weeks of MOC
(0.5, 1, and 5 mg/kg IP) was compared with those of selegiline (SEL) (5, 10, and 20 mg/kg IP), an irreversible and selective
MAO-B inhibitor. For comparative purpose, the chronic effect of an established reference anxiolytic, such as lorazepam
(LOR) (0.025, 0.05, and 0.10 mg/kg IP), was also evaluated. Results demonstrated that PTZ-treated mice showed a decrease
in the number of transitions as well as in the time spent in the lit area, when compared with vehicle controls, an effect charac-
teristic of an anxiogenic response. This anxiogenic-like behavior was reduced by chronic administration of LOR as well as
MOC, suggesting an anxiolytic-like effect (as shown in the “standard” version of the test). In addition, the increased aversion
of mice for the light compartment of the light/dark box was significantly reduced compared to PTZ-treated mice or vehicle
controls. SEL failed to significantly alter the anxiogenic-like behavior induced by subconvulsant doses of PTZ. These data
provide additional evidence for the anxiolytic-like effects of MOC administered chronically in the mouse. © 2000 Elsevier
Science Inc.
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IN recent years, reversible monoamine oxidase inhibitors
(MAOI) antidepressants have been discovered, and have at-
tracted great interest, as these agents appear to reduce the
risk of. hypertensive crisis and drug interactions (6).
Moclobemide (MOC) is the prototype of reversible inhibitors
of type A monoamine oxidase enzyme (RIMAs) (5,13). In ad-
dition to being effective in depressive disorders (25), MOC
has been shown to be effective in controlled studies for treat-
ing panic disorder with agoraphobia (11), social phobia (16),
and attention-deficit hyperactivity disorder (26). Further-
more, MOC may improve cognition in conditions associated

with cholinergic deficit (29), and in the prophylactic treat-
ment of migraine (20). Recently, it has been used in the treat-
ment of tobacco withdrawal symptoms in smokers (2). How-
ever, given the extensive interest at the present time for
antidepressant drugs that can used in the treatment of anxiety
disorders, especially those in which panic attacks are the ma-
jor symptom, the purpose of the present study was to assess
the putative anxiolytic-like effects of MOC in an experimen-
tal model of anxiety.

The test selected was the light/dark aversion test (1). This
test is based on the aversive properties of light (“standard”
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version), and uses as its index of anxiety the time spent in the
lit area as opposed to the time spent in the dark area. In the
present investigation, anxiogenic-like behavior was induced
by pretreatment with the prototype of anxiogenic drugs, pen-
tylenetetrazole (“enhanced” version of the test) (18). In mice,
the chronic effects of MOC were compared with those of sele-
giline (SEL), an irreversible and selective MAO-B inhibitor
(28). For comparison, it was considered of interest to evaluate
the effects of chronic treatment with a well-established anxi-
olytic drug, i.e., lorazepam (LOR).

METHOD
Animals

Female Charles River CD1 mice, aged 60 days and weighing
22-24 g at the time of experimentation, were used. They were
housed in groups of 10 in opaque polycarbonate boxes (27 X
21 X 14 cm) under standard laboratory conditions, and main-
tained on a controlled lighting cycle (dark period 0700-1900
h) for 14 days prior to the beginning of drug administration.
A reversed light/dark cycle is critical for exploratory behavior
in this model of anxiety, because behavioral changes are af-
fected by plasma corticosterone levels, with the greatest sensi-
tivity occurring during the dark cycle (23).

All testing was performed according to the recommenda-
tions and policies of the U.S. National Institute of Health
guidelines for the use of laboratory animals.

Drugs

The following drugs and doses were used: lorazapem
(TAVOR, Wyeth, Aprilia, Italy): 0.025, 0.05, and 0.10 mg/kg;
moclobemide (Roche, Milano, Italy): 0.5, 1, and 5 mg/kg;
(—)selegiline hydrochloride (Chiesi Farmaceutici, Parma, It-
aly): 5, 10, and 20 mg/kg; pentylenetetrazole (Aldrich Che-
mie, Steinheim, Germany): 15 mg/kg, The doses are ex-
pressed in terms of base or salt as indicated above, and were
selected on the basis of other preclinical studies or our previ-
ous experiments (7,8,22). LOR solutions were prepared by di-
luting the commercial solutions in distilled water. Appropri-
ate vehicle solutions were used for control injections. In
experiments using vehicle administrations, preliminary stud-
ies indicated that the response of vehicle-injected and non-
treated mice were indistinguishable, and in the following re-
sults only the response of vehicle-treated animals is given. All
drugs or vehicle were administered intraperitoneally (IP) in a
volume of 0.01 ml/g body weight.

Light-Dark Aversion Test

The test was performed according to Belzung et al. (1). The
apparatus consisted of two polycarbonate boxes (27 X 21 X
14 c¢m) with an interconnecting plastic tunnel (7 X 10 cm).
One of these boxes was darkened by black paint and covered
with a black cover. The other box was lit by a 60-W desk lamp
30 cm above the box, which provided the only laboratory illu-
mination. The apparatus was positioned on a bench 1 meter
above the floor.

Procedure

All drugs except PTZ were administered once daily for 14
days. On day 15, an injection of the drug or vehicle was given
30 min before the light/dark aversion test (“standard” version
of the test). An increase in anxiogenic-like behavior was in-
duced by pretreatment with subconvulsant doses of PTZ (15
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mg/kg IP) 45 min before testing (“enhanced” version of the
test). Each mouse was placed into the center of the lit box.
During the 5-min test, the number of transitions between the
lit and dark area and the time spent in the lit area was deter-
mined, minute by minute, by an observer in another room via
a closed-circuit TV camera. A mouse was considered to have
entered the new area when all four legs were in the area.
None of the animals were used on more than one occasion.
All tests were run between 0900 and 1200 h in a room
shielded from laboratory sounds.

Statistical Analysis

Results are expressed as a mean = SEM. Data were subjected
to three-way ANOVA, supplemented where appropriate by
Keul’s test.

RESULTS
Effects of Pentylentetrazole Given Acutely and Singly

Asindicated in Figs. 1, 2, and 3, animals receiving PTZ 15 mg/
kg showed a significantly lower number of transitions (Figs.
1A, 2A, and 3A), as well as significantly less time spent in the
lit area (Figs. 1B, 2B, and 3B) than vehicle controls, thus indi-
cating an increase in anxiety-like behavior.

Effects of Lorazepam Given Chronically, Singly, or in
Association With Acute Pentylentetrazole

The effects of LOR on the number of transition in the light/
dark aversion test are presented in Fig. 1A. Analysis of the
data in a three-way ANOVA revealed a main effect of LOR
on transitions, F(7, 08) = 87.000, p < 0.01, a main effect
of PTZ, F(7, 08) = 25.77, p < 0.01, a main effect of dose,
F(4,98) = 4.96, p < 0.01, and LOR X dose interaction, F(4,
98) = 4.34, p < 0.01. A significant LOR X PTZ interaction
was seen. Further statistical analysis (post hoc Keul’s test) in-
dicated that all doses of LOR differed significantly (p < 0.05)
from PTZ. Mice treated with the association of chronic LOR
and acute PTZ showed no significant difference from mice
treated with chronic LOR.

Comparison of activity scores with regard to the time pa-
rameter (Fig. 1B) indicated a main effect of LOR, F(7, 8) =
82.73, p < 0.01, a main effect of PTZ, F(7, 08) = 22.66, p <
0.01, a main effect of dose, F(4, 98) = 9.16, p < 0.01, and
LOR X dose interaction, F(4, 98) = 8.22, p < 0.01. A signifi-
cant LOR X PTZ interaction occurred. A post hoc Keul’s test
showed that doses of 0.5 and 0.10 mg/kg LOR administered
singly differed significantly (p < 0.05) from PTZ. As with
transitions, no significant difference was observed between
the association of LOR chronic with acute PTZ and LOR sin-
gly administered.

Effects of Moclobemide Given Chronically, Singly, or in
Association With Acute Pentylenetetrazole

Figure 2A shows the effect of MOC on the number of transi-
tions. A three-way ANOVA showed a main effect of MOC,
F(7,8) = 7.77, p < 0.01, and a main effect of PTZ, F(7, 8) =
27.22, p < 0.01. A significant MOC X dose interaction and
MOC X PTZ interaction occurred.

Comparison of the activity scores on time (Fig. 2B) indi-
cated a main effect of MOC, F(7, 08) = 100.17, p < 0.01, a
main effect of PTZ, F(7, 08) = 14.83, p < 0.01, a main effect
of dose, F(7,08) = 13.07, p < 0.01, and a significant MOC X
dose interaction.
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Fig. 1. Chronic effects of lorazepam (LOR) 0.025, 0.05, and 0.10 mg/
kg IP in the light/dark aversion test in mice. All drugs, except pentyle-
netetrazole (PTZ), were administered once daily for 14 days. On day
15, an injection of the drug or vehicle was given 30 min before the
light/dark aversion test. An anxiogenic-like behavior was induced by
pretreatment with subconvulsant doses of PTZ (15 mg/kg IP) 45 min
before testing. The number of transitions (A) and the time spent in
the lit area (B) were scored over 5 min. Data are expressed as the
mean * SEM (n = 6 mice per group); tp < 0.05, post hoc Keul’s test,
significantly different from vehicle controls (0); *p < 0.05, post hoc
Keul’s test, significantly different from PTZ controls.

A post hoc Keuls’ test showed that doses of 0.5, 1, and 5
mg/kg MOC differed significantly (p < 0.05) from PTZ.
There was no significant difference between the association
of doses of 0.5, 1, and 5 mg/kg MOC with acute PTZ and
MOC singly administered.

Effects of Selegiline Given Chronically, Singly, or in
Association With Acute Pentylentetrazole

Figure 3A shows the effect of SEL on the number of transi-
tions. A main effect of PTZ was seen, F(7, 08) = 31.15, p <
0.01. No significant interaction was seen as regards SEL X
dose and SEL X PTZ. Further statistical analysis indicated
that mice treated with doses of 20 mg/kg SEL differed signifi-
cantly (p < 0.05) from groups treated with PTZ.
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Fig. 2. Effects of moclobemide (MOC) 0.5, 1, and 5 mg/kg IP in the
light/dark aversion test in mice. All drugs, except pentylenetetrazole
(PTZ), were administered once daily for 14 days. On day 15, an injec-
tion of the drug or vehicle was given 30 min before the light/dark
aversion test. An anxiogenic-like behavior was induced by pretreat-
ment with subconvulsant doses of PTZ (15 mg/kg IP) 45 min before
testing. The number of transitions (A) and the time spent in the lit
area (B) were scored over 5 min. Data are expressed as the mean *
SEM (n = 6 mice per group); Tp < 0.05, post hoc Keul’s test, signifi-
cantly different from vehicle controls (0); *p < 0.05, post hoc Keul’s
test, significantly different from PTZ controls.

With respect to the time spent in the lit area (Fig. 3B),
three-way ANOVA showed a main effect of PTZ, F(7, 8) =
55.21, p < 0.01. No significant SEL X PTZ interaction oc-
curred. A post hoc Newman—Keul’s test showed that doses of
5 and 20 mg/kg SEL differed significantly from PTZ. The as-
sociation of doses of 20 mg/kg SEL with acute PTZ indicated
a significant difference vs. SEL singly administered.

DISCUSSION

This study confirms and extends our previous data on the
anxiolytic-like effects of MOC given acutely in the open field
and light/dark aversion test. In particular, the present experi-
ments provide evidence that, like the reference anxiolytic
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Fig. 3. Chronic effects of selegiline (SEL) 5, 10, and 20 mg/kg IP in
the light/dark aversion test in mice. All drugs, except pentylenetetra-
zole (PTZ), were administered once daily for 14 days. On day 15, an
injection of the drug or vehicle was given 30 min before the light/dark
aversion test. An anxiogenic-like behavior was induced by pretreat-
ment with subconvulsant doses of PTZ (I 5 mg/kg IP) 45 min before
testing. The number of transitions (A) and the time spent in the lit
area (B) were scored over 5 min. Data are expressed as the mean *
SEM (n = 6 mice per group); Tp < 0.05, post hoc Keul’s test, signifi-
cantly different from vehicle controls (0); *p < 0.05, post hoc Keul’s
test, significantly different from PTZ controls; -p < 0.05, post hoc
Keul’s test, significantly different from SEL 20+PTZ 15.

LOR, 0.5, 1, and 5 mg/kg of MOC, given chronically, signifi-
cantly reduced anxiogenic-like behavior in the “standard”
version of the test (with light alone as the stimulus) and in the
“enhanced” version (with pretreatment with the anxiogenic PTZ
15 mg/kg). More precisely, our mice showed reduced aversive
behavior for the light area in the light/dark aversion test.

In fact, consistent with the present data, studies (30) have
showed that, in mice, the best way of measuring the effect of
anxiolytic agents is the time spent in the lit area, while a de-
crease in the time spent in the lit area as well as in the number
of transitions are characteristic of an anxiogenic response
(7,18). In the present study, this response was reduced after
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TABLE 1

ACUTE EFFECTS OF MOCLOBEMIDE (MOC) 05, 1,
AND 5 mg/kg ON THE BEHAVIOR OF MICE IN
THE LIGHT/DARK AVERSION TEST

Treatment Number of Transitions/5 min Time(s) Lit Area/5 min
Ct 8.20 = 0.72 78.01 = 5.70
MOC

0.5+ 6.08 = 0.98 82.39 = 10.39

1% 9.80 = 0.93 139.91 = 12.77*

5% 8.87 £ 0.31 114.13 = 10.12*

MOC or vehicle (C) were administered IP 30 min before testing.
Data are expressed as the mean = SEM.

*p < 0.05 significantly different from C.

tde Angelis (unpublished data).

tFrom (9).

MOC and LOR chronically administered, suggesting an anxi-
olytic effect.

In particular, the following aspects of these findings de-
serve some comment. First, the anxiolytic-like effects of
MOC were virtually the same after single (Table 1) and multi-
ple (Fig. 2A and 2B) treatment, suggesting that no tolerance
has developed as a result of the chronic treatment.

Other studies have proposed the anxiolytic-like properties
of MOC. More precisely, in the mouse defense-test battery,
chronic treatment with the same range doses of our experi-
ments showed a behavioral profile consistent with an anxi-
olytic-like effect, although weaker than that of classical anxi-
olytic-drugs (12).

With respect to SEL, an irreversible inhibitor of MAO-B,
our data show that chronic treatment with SEL at all doses
given in association with PTZ, led to nonsignificant varia-
tions in activity in both measures to the anxiogenic PTZ or
vehicle controls (with the exception of SEL 20 mg/kg in time
spent in the lit area). Only doses of 5 and 20 mg/kg adminis-
tered chronically singly were able to increase the time spent
in the lit area of the light/dark aversion test, when compared
to PTZ controls, but not when compared to vehicle controls.
In summary, these data suggest a lack of anxiolytic-like ef-
fects for SEL.

In this connection, it is pertinent to compare the present
results with those obtained by other authors (4). More pre-
cisely, in the rat, it was reported that, acute or chronic treat-
ment with a MAO-A (chlorgyline) or MAO-B selective irre-
versible inhibitors (selegiline) failed to exert an anxiolytic
effect (i.e., an anticonflict effect). Therefore, it is suggested
that chronic inhibition of either isoenzyme alone is ineffective
in reducing anxiety-like behavior, and that inhibition of both
MAO-A and MAO-B is necessary to bring about the anxi-
olytic-like effects resulting from chronic IMAO treatment.

In other experiments using doses selective for MAO-B,
SEL failed to bring about any change in activity in mice or
rats, except when used in combination with phenylethylamine
(3,27). On the contrary, other studies in the rat reported an
increase in behavioral activity. It should be pointed out that
this increase was evident only at high doses (10 mg/kg or
higher) (3,17). Also, in a dog model, chronic oral studies (21)
showed no significant effects on open-field scores, while acute
oral studies showed a dose-dependent effect (increase in loco-
motion at 2 mg/kg or higher, but not increased exploratory
behavior) (14).

Some comments should also be made about the metabo-
lism of SEL and MOC. SEL is metabolized to L-amphetamine
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and methamphetamine, and therefore, produces its effects on
behavior mainly through its formation of these active metab-
olites (10,15).

Regarding MOC, it was found in a rat model that one of
the metabolites of MOC (Ro 16-6491) exhibits selective
MAO-B inhibitory activity (24), suggesting that the anxiolytic
activity is due to the inhibition of MAO-B activity. But the
fact that SEL, which is a selective inhibitor of MAO-B, has no
significant anxiolytic profile, supports the hypothesis that the
anxiolytic-like effects of MOC are a result of MAO-A inhibi-
tion, i.e., MOC itself.

Clearly, because the metabolism of MOC in rats is differ-
ent in quantitative the following observations must be made.
In humans, two of the other metabolites of MOC appear in
plasma, namely Ro 12-5637 and Ro 12-8095. Most impor-
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tantly, Ro 12-5637, present in trace concentrations, retains
some MAO-A activity, while Ro 12-8095 is inactive (19). It
may, therefore, be argued that the anxiolytic-like properties
of MOC in humans may be correlated mainly to MOC itself
and its metabolite that inhibits MAO-A enzyme.

In conclusion, these findings in the “standard” version of
the light/dark aversion test with only light as the stimulus or
the “enhanced” version with the pretreatment with the anxio-
genic PTZ, provide additional evidence for the anxiolytic-like
profile of MOC administered chronically in the mouse.
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