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(3) 465–474, 2000.—Naloxone has
previously been shown to block the effects of benzodiazepines in the Swiss but not in the BALB/c strain. We have also re-
ported that naloxone potentiates subeffective doses of benzodiazepines in Swiss mice. In the present studies we first deter-
mined whether naloxone could block anxiolytic-like effects of meprobamate in Swiss and BALB/c mice. Then we evaluated if
subeffective doses of meprobamate could be potentiated in Swiss as well as in BALB/c mice. The elevated plus-maze test and
the light/dark choice procedure were used. The lowest dose of meprobamate with anxiolytic-like effects was 60 mg/kg in the
BALB/c mice. This dose was effective in both the plus-maze and in the light/dark choice procedure. In Swiss mice the same
dose was effective in the plus-maze, whereas 120 mg/kg was required in the light/dark choice procedure. When an effective
dose of meprobamate was combined with naloxone, 10 mg/kg, no blockade of anxiolytic-like effects was obtained in any
strain in any procedure. To the contrary, when a subeffective dose of meprobamate was combined with naloxone, 10 mg/kg,
an anxiolytic-like effect was obtained in both strains in both procedures. The present series of experiment shows that the abil-
ity of naloxone to block anxiolytic-like drug effects do not apply to meprobamate. However, the naloxone-induced potentia-
tion of subeffective doses previously observed after treatment with benzodiazepines or buspirone was present also after treat-
ment with meprobamate. Moreover, although blockade of anxiolytic-like drug effects with naloxone has not been observed in
BALB/c mice, potentiation was as evident in that strain as in the Swiss. This suggests that the mechanisms behind naloxone’s
blockade of anxiolytic-like effects are independent from those behind its potentiation of such effects. © 2000 Elsevier Sci-
ence Inc.

Meprobamate BALB/c mice Swiss mice Plus-maze test Light/dark choice procedure

 

Anxiolytic Opiates

 

THERE is much evidence showing that anxiolytic-like effects
of benzodiazepines can be blocked by the opiate antagonist
naloxone in humans (26), rats (11,25,38,66) and mice (2,6,73).
Furthermore, the anxiolytic effects of barbiturates are
blocked by naloxone (4). However, the motor relaxant effects
of benzodiazepines and barbiturates are not reduced by the
opiate antagonist (4,73). These observations suggest that opi-
oid systems in some way or another are involved in the anxi-
olytic action of drugs supposed to act at the supramolecular
GABA

 

A

 

 receptor complex but not in the motor actions of
these drugs. We have proposed that opioid systems need to
be activated in order for benzodiazepines or barbiturates to

display anxiolytic effects (1,4). In support of that hypothesis
we have reported that naloxone does not block the anxiolytic-
like effects of diazepam or chlordiazepoxide in BALB/c mice
(2,6). These mice are known to be highly “emotional” in most
stress-inducing environments. They show intense neophobia
(31,54,69,70), strong avoidance of the lit area in the light/dark
choice procedure (31,49), and of the open arm on the ele-
vated plus-maze (2,6). Moreover, they release more cortico-
steroids in response to stress than other mouse strains (63).
However, in nonstressful situations, like a dark open field or a
plus-maze under low ambient light BALB/c mice may even
be less “emotional” than other strains (72). It has been re-
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ported that these mice show a deficient opioid response to
stress (17,20,48), and this may account both for their emotion-
ality and for the inability of naloxone to antagonize the anxi-
olytic effects of benzodiazepines. The notion that opioid re-
lease reduces the emotional impact of stressors is supported
by studies in the human where a negative correlation between
subjective stress and the amount of opioids released in re-
sponse to stress has been found (13,23).

In contrast to the above-mentioned observations, there are
also data showing that subeffective doses of anxiolytic agents
can be potentiated by naloxone in the elevated plus-maze test
(7). This was the case for the benzodiazepines chlordiazep-
oxide and diazepam as well as for the partial 5-HT

 

1A

 

 agonist
buspirone. Interestingly, while the anxiolytic-like effects of
the drugs were potentiated by naloxone, their motor effects
were not. The effective doses of naloxone are the same for the
blockade and potentiation of anxiolytic-like effects (1,2,6,7).
This fact is difficult to explain, but it is possible that the mech-
anisms behind potentiation of anxiolytic effects are different
from those involved in its blockade. One possibility is that dif-
ferent opioid receptors are involved. It has been reported that
the 

 

m

 

 and 

 

k

 

 receptors are important for the blockade of anxi-
olytic-like effects (1,73). Perhaps the 

 

d

 

 receptor is material to
the potentiation. Another explanation is that blockade of opi-
oid receptors with naloxone removes inhibitory opioidergic
influences on GABA neurons, thereby reinforcing the effects
of low doses of benzodiazepines. Similarly, opioid/GABA in-
teractions within the nucleus raphe may account for the po-
tentiation of buspirone (7).

In an effort to analyze the opposing interactions between
opioid receptors and anxiolytic-like drug effects we decided to
test a nonbenzodiazepine anxiolytic, the propanediol carba-
mate meprobamate. This drug has effects very similar to those
of benzodiazepines in rats and mice in several behavioral par-
adigms, for example, the staircase test (59,64), different ver-
sions of the Geller–Seifter procedure (29,34,61), place-prefer-
ence conditioning (68), marble burying and grooming (14),
food or water consumption in novel and familiar environ-
ments (65,67), intracerebral self-stimulation (16,43), passive
avoidance learning (42), a kind of light/dark choice test (21)
and in the Vogel procedure (74). However, its mechanism of
action is probably different from that of the benzodiazepines.
The benzodiazepine antagonist flumazenil does not inhibit
the effects of meprobamate (12,52). Moreover, meprobamate
affects the chloride ionophore in a way similar to that of ben-
zodiazepines only at very high concentrations (45). The drug
inhibits diazepam binding, but again, at high concentrations
(53). It is likely, therefore, that at least part of the actions of
meprobamate is independent of the GABA/benzodiazepine
receptor.

With the purpose of further analyzing the complex interac-
tions of the opioid system with anxiolytic drugs, we decided to
determine if naloxone could block the actions of effective
doses of meprobamate in Swiss and BALB/c mice in the ele-
vated plus-maze and the light/dark choice tests. As mentioned
above, naloxone does not block the effects of chlordiazep-
oxide in the BALB/c strain (2,6), and it seemed worthwhile to
determine if this was also the case for meprobamate. In a fur-
ther series of experiments we administered subeffective doses
of meprobamate together with naloxone to evaluate if anxi-
olytic-like effects of this drug could be potentiated in Swiss
and BALB/c mice. If it were in both strains, then we could
conclude that the mechanisms behind potentiation are differ-
ent from those related to blockade. Otherwise, no potentia-
tion would have occurred in the BALB/c mice.

 

METHOD

 

Subjects

 

Male Swiss and BALB/c ByJICo mice were obtained from
Janvier (Le Genest Saint Isle) when 7 weeks old. All subjects
were housed five per standard cage at a constant temperature
of about 22

 

8

 

C under a reversed light/dark cycle (12/12 h, lights
off at 0800 h). Mice are nocturnal animals with peak activity
during the first and last few hours of the dark period. During
the middle part of the dark period activity is at a stable level,
higher than during the light period [e.g., (41)]. Because both
the light/dark choice procedure and the elevated plus-maze
are considered to be ethologically relevant, it seems natural to
test the animals at a time when they normally would be active.
The phase shift of locomotor activity and most endocrine
rhythms is complete within 2 weeks (39,75), i.e., before exper-
iments were initiated. Commercial rodent pellets and tap wa-
ter were freely available. The treatment of the animals was in
accordance with the European Community Council directive
86/609/EEC. Experiments were begun about 3 weeks after the
animals arrived to the laboratory.

 

Apparatus and Procedure

Elevated plus-maze. 

 

The mazes, made of yellowish polyvi-
nylchloride, were elevated to a height of 38.5 cm and placed in
a dark room. The open arm (59 

 

3

 

 5 cm) were lit by 60-W trans-
parent bulbs hanging 50 cm above each end. Light intensity on
the arm’s surface was about 550 lx. The closed arm (59 

 

3

 

 5 cm)
had 15 cm-high walls (also made of polyvinylchloride), and
was covered with dark paper during the tests. At the intersec-
tion of the arms there was an open platform measuring 5 

 

3

 

 5
cm. This experimental setup assured a low proportion of en-
tries onto the open arm, and has been shown to reliably detect
anxiolytic drug effects with a minimum confound of drug ac-
tions on ambulatory activity (1,2,6,7).

Tests began with the mouse being placed on the central
platform with its head facing the open arm. Arm entries were
registered on a hand-held computer (Psion Organiser) for 5
min. The mouse was considered to be on an arm when the
four paws were on it. Consequently, it was considered to be
on the central platform whenever it had at least one paw on it.

 

Light/dark choice procedure. 

 

The apparatus consisted of
two boxes (20 

 

3

 

 20 

 

3

 

 14 cm high) connected with a tunnel (10 

 

3

 

7 

 

3

 

 5 cm high). One box and the tunnel were made of opaque
polyvinylchloride, whereas the other box was made of trans-
parent Plexiglas. A desk lamp with a 100-W bulb placed
about 20 cm above the Plexiglas lid provided intense illumi-
nation.

At the beginning of a test the mouse was placed in the mid-
dle of the light compartment with its head facing the tunnel.
Behavioral recording started when the subject had entered
the tunnel with its four paws and continued for 5 min thereaf-
ter. The number of transitions between compartments and the
time spent in the lit compartment were registered with the
help of a Psion Organiser.

All tests were performed between the sixth and the ninth
hour of the dark phase.

 

Design

 

A parallel groups design was used, i.e., all doses of a drug
and/or combinations of drugs included in a particular experi-
ment were run at a single session in each strain. The order of
drug treatments within a session was counterbalanced. There
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were 8 to 14 mice per group, and they were all experimen-
tally naive.

 

Drugs

 

A commercial preparation of meprobamate (Equanil

 

®

 

)
was used. The solution was diluted to appropriate concentra-
tion with hot distilled water. At the time of injection, the solu-
tion was at room temperature. Naloxone HCl was purchased
from Sigma (St. Louis, MO) and dissolved in physiological sa-
line. Saline was also injected into control animals. The drugs
were injected intraperitoneally in a volume of 1 ml/100 g body
weight. Meprobamate was administered 30 min before test
and naloxone 15 min before. Drug doses refer to the form of
the compound stated above.

 

Statistics

 

The total number of arm entries (a measure of ambulatory
activity) and the proportion of entries on the open arm (num-
ber of open arm entries/total number of entries, a measure of
anxiolytic-like effects) as well as the number of transitions
and the time spent in the lit box were analyzed with the non-
parametric Kruskall–Wallis ANOVA. A posteriori compari-
sons were made with the Mann–Whitney 

 

U

 

-test. Parametric
tests were not employed because of a nonnormal distribution
of the data and nonhomogenous error variances in some
cases. It may be noted that most of the saline-treated BALB/c
mice made 0 entries on the open arm on the plus-maze and
remained in the tunnel during the entire test in the light/dark
choice, procedure thereby assuring a highly skewed distribu-
tion. Although data from the Swiss mice could have been ana-
lyzed with parametric tests, we considered it important to use
the same analysis for all data. Probabilities given are always
two tailed.

 

RESULTS

 

Effects of Meprobamate

 

As shown in Fig. 1, a meprobamate dose of 30 mg/kg was
ineffective while a dose of 60 mg/kg was sufficient to increase
the proportion of open arm entries in both strains. A larger
dose, 120 mg/kg, also increased the proportion of open-arm
entries and, in the BALB/c strain, the total number of entries
as well.

Dose–effect relationships were somewhat more complex
in the light/dark choice test. Here, a dose of 30 mg/kg enhanced
the number of transitions between the light and the dark com-
partment in the Swiss strain without modifying the time spent
in the lit compartment. A dose of 60 mg/kg increased the num-
ber of transitions in both strains. It also increased the time
spent in the lit compartment in the BALB/c strain. This time
was increased in both strains at a dose of 120 mg/kg. The num-
ber of transitions was only increased in the BALB/c mice at
this dose. As in the procedure employed, an anxiolytic effect
corresponds to an increase in the time spent in the lit box the
minimum effective dose was 60 mg/kg in the BALB/c and 120
mg/kg in the Swiss mice. Data are illustrated in Fig. 2.

 

Effects of Naloxone

 

Complete dose–effect curves for the interaction between
naloxone and benzodiazepines have been reported previously
(4). The 10 mg/kg dose used in the present studies efficiently
antagonizes the effects of suprathreshold doses of diazepam,
chlordiazepoxide, and pentobarbital. As can be seen in Figs. 3

and 4, this dose of naloxone had no intrinsic anxiolytic or anx-
iogenic activity. However, in the elevated plus-maze it tended
to decrease the total number of arm entries in Swiss mice
(Fig. 3A). The effect was of borderline significance (

 

p

 

 

 

5

 

0.051).

 

Naloxone Combined With an Effective Dose of Meprobamate

 

When the least effective dose of meprobamate was com-
bined with naloxone, 10 mg/kg, in the elevated plus-maze test
there was no inhibition of anxiolytic-like effects. To the con-
trary, the effect of meprobamate, 60 mg/kg, 

 

1

 

 naloxone was
significantly larger than the effect of meprobamate 

 

1

 

 saline
in the BALB/c strain. In this experiment meprobamate in-
creased the total number of arm entries in both strains, an ef-

FIG. 1. Total number of arm entries (open bars; left ordinate) and
(number of entries onto the open arm/total number of entries) 3 100
(striped bars, right ordinate) in Swiss (A) and BALB/c (B) mice
treated with varying doses of meprobamate and tested on the ele-
vated plus-maze. Data are mean 1 SEM. The meprobamate dose is
expressed in mg/kg. Kruskal–Wallis H was 5.76, NS for the Swiss
mice, and 14.94, p 5 0.002 for the BALB/c mice with regard to the
total number of arm entries and 9.61, p 5 0.02 for the Swiss mice, and
15.78, p , 0.001 for the BALB/c with regard to the proportion of
open arm entries. **Different from control, p , 0.01; ***p , 0.001 as
determined by the Mann–Whitney U-test.
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fect that was not seen in the first experiment reported above.
Interestingly, this increase was blocked by naloxone in both
strains (see Fig. 5). None of them differed from control on
this parameter when meprobamate was combined with nalox-
one, and in the BALB/c strain the difference between mep-
robamate 

 

1

 

 saline and meprobamate 

 

1

 

 naloxone was signifi-
cant. It seems, then, that naloxone is unable to block
meprobamate’s anxiolytic-like effects while its motor stimu-
lating actions are reduced. These observations were not con-
firmed in the light/dark choice procedure. Just as in the plus-
maze, naloxone did not block the increase of the time spent in
the lit box produced by meprobamate in any strain. Again,
the effect of meprobamate 

 

1

 

 naloxone was significantly

larger than that of meprobamate 

 

1

 

 saline in the BALB/c
strain. However, the meprobamate-induced increase in the
number of transitions between boxes was blocked in Swiss
but not in BALB/c mice. Data are summarized in Figure 6.

 

Naloxone Combined With a Subeffective
Dose of Meprobamate

 

On the elevated plus-maze a dose of meprobamate that
had no effect by itself (30 mg/kg) on the proportion of open
arm entries was potentiated by naloxone, 10 mg/kg, in both
strains. In fact, the proportion of open arm entries was en-
hanced when compared to control, and also when compared
to meprobamate 

 

1

 

 saline in the BALB/c strain. There was no
effect on the total number of entries. Data are shown in Fig. 7.

In the light/dark choice test, meprobamate, 30 mg/kg, was
also potentiated by naloxone in both strains. Indeed, mep-

FIG. 2. Number of transitions between boxes (open bars, left axis)
and the time spent in the lit box (striped bars, right axis) in Swiss (A)
and BALB/c (B) mice treated with varying doses of meprobamate and
tested in the light/dark choice procedure. Data are mean 1 SEM. The
meprobamate dose is expressed in mg/kg and the time spent in the lit
box is in seconds. Kruskal–Wallis H was 13.21, p 5 0.004 for the Swiss
and 24.60, p , 0.001 for the BALB/c mice with regard to the number
of transitions and 22.59, p , 0.001 for the Swiss mice and 26.37, p ,
0.001 for the BALB/c with regard to the time spent in the lit compart-
ment. **Different from control, p , 0.01; ***p , 0.001 as determined
by the Mann.–Whitney U-test.

FIG. 3. Total number of arm entries (open bars; left ordinate) and
(number of entries onto the open arm/total number of entries) 3 100
(striped bars, right ordinate) in Swiss (A) and BALB/c (B) mice
treated with naloxone, 10 mg/kg, and tested on the elevated plus-
maze. For further details, see text to Fig. 1. The Mann–Whitney U
statistic for the total number of entries was 50.5, p 5 0.051 for the
Swiss and 20.0, NS for the BALB/c mice. With regard to the propor-
tion of open arm entries corresponding values were 19.5, NS, and
41.0, NS, respectively.
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robamate 

 

1

 

 naloxone was not only significantly different
from control but also from meprobamate 

 

1

 

 saline in both
strains. In contrast to the elevated plus-maze, ambulatory ac-
tivity was also increased by the combination of drugs (Fig. 8).
As in the dose–effect experiment reported above, meproba-
mate 

 

1

 

 saline augmented the number of transitions in Swiss
mice. This effect was not modified by the addition of nal-
oxone.

 

DISCUSSION

 

Present data show that meprobamate is an efficient anxi-
olytic in Swiss and BALB/c mice. This is not surprising, be-
cause the drug has been reported to have robust anxiolytic-
like effects in rats of several strains and in several procedures
(14,29,34,52,59,61,64,74). The doses needed for significant ef-
fects in those studies (30–128 mg/kg) are similar to those
needed in the present ones. It is most unlikely that the in-
crease in the proportion of open-arm entries and in the time
spent in the lit box can be explained solely as a consequence

of drug-induced stimulation of ambulatory activity. In the
Swiss strain, there was a clear-cut separation between effects
on the parameters supposed to reflect anxiolytic-like actions
and on those reflecting ambulatory activity, i.e., the total
number of arm entries on the plus-maze and the number of
transitions in the light/dark choice procedure. Such a clear-cut
separation between effects on ambulatory activity and on
anxiolytic-like effects was not obtained in the BALB/c strain.
Here, effects on parameters sensitive to anxiolytic-like effects
were frequently, but not always, associated with effects on pa-
rameters sensitive to effects on ambulatory activity. The ex-

FIG. 4. Number of transitions between boxes (open bars, left axis)
and the time spent in the lit box (striped bars, right axis) in Swiss (A)
and BALB/c (B) mice treated with naloxone, 10 mg/kg, and tested in
the light/dark choice procedure. The Mann–Whitney U statistic for the
number of transitions was 109, NS, for the Swiss, and 74, NS, for the
BALB/c mice. Corresponding values for the time spent in the lit com-
partment were 76, NS, and 71, NS, respectively.

FIG. 5. Total number of arm entries (open bars; left ordinate) and
% open arm entries (striped bars, right ordinate) in Swiss (A) and
BALB/c (B) mice treated with the least effective dose of meproba-
mate in combination with naloxone and tested on the elevated plus-
maze. The meprobamate dose (in mg/kg) is given to the left of the 1
sign and the naloxone dose to the right. For further details, see Fig. 1.
Kruskal–Wallis H was 6.47, p 5 0.039 for the Swiss mice and 9.44, p 5
0.009 for the BALB/c with regard to the total number of arm entries
and 6.71, p 5 0.035 for the Swiss and 10.07, p 5 0.006 for the BALB/c
with regard to the proportion of open arm entries. *Different from
control, p , 0.05; **p , 0.01. Patched circle is different from mep-
robamate 60 mg/kg 1 saline, p , 0.01 according to the Mann–Whit-
ney U-test.
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ception was meprobamate, 60 mg/kg, in the plus-maze, where
the proportion of open-arm entries was increased without any
concurrent effect on the total number of arm entries. One ex-
planation for the association between anxiolytic-like and lo-
comotor stimulating effects is that the BALB/cs’ high emo-
tionality (see introduction) has a suppressing effect on all
kinds of exploratory behaviors in novel, stress-inducing envi-
ronments, and that anxiolytic drugs relieve that suppression.
The brightly lit plus-mazes and light/dark choice apparatuses
used here can certainly be considered stress inducing, as
shown by the fact that the BALB/c mice spent no time on the
open arm of the plus-maze and very little in the light box after
saline treatment.

Naloxone had no intrinsic anxiolytic-like effect in these
procedures, in agreement with some previous reports (2,40).

There are studies, though, where naloxone at a dose of 5 mg/
kg has been found to have an anxiolytic-like action in mice,
tested in the light/dark choice procedure (6,51). In the latter
study, no larger dose was tested, but in the former one a dose
of 10 mg/kg was ineffective. It is possible that naloxone has an
inverted U-shaped dose–effect curve in this procedure. Nev-
ertheless, the effect was of small magnitude in both studies,
and it is most unlikely that it could account for the effects ob-
tained in the present studies.

FIG. 6. Number of transitions between boxes (open bars, left axis)
and the time spent in the lit box (striped bars, right axis) in Swiss (A)
and BALB/c (B) mice treated with the least effective dose of mep-
robamate in combination with naloxone and tested in the light/dark
choice procedure. For further details, see Fig. 2. Kruskal–Wallis H
was 4.57, NS for the Swiss mice and 9.47, p 5 0.009 for the BALB/c
with regard to the number of transitions and 8.07, p 5 0.02 for the
Swiss mice and 14.58, p 5 0.001 for the BALB/c with regard to the
time spent in the lit box. *Different from control, p , 0.05; **p ,
0.01. Patched circle is different from meprobamate 120 mg/kg 1
saline, p , 0.05; Closed circle is different from 60 mg/kg, p , 0.01 as
evaluated with the Mann–Whitney U-test.

FIG. 7. Total number of arm entries (open bars; left ordinate) and
% open arm entries (striped bars, right ordinate) in Swiss (A) and
BALB/c (B) mice treated with a subeffective dose of meprobamate in
combination with naloxone and tested on the elevated plus-maze. For
further details, see Fig. 3. Kruskal–Wallis H was 5.19, NS, for the
Swiss mice and 2.78, NS, for the BALB/c mice with regard to the total
number of arm entries and 9.47, p , 0.009 for the Swiss mice and
9.93, p 5 0.007 for the BALB/c with regard to the proportion of open
arm entries. **Different from control, p , 0.01. Patched circle is dif-
ferent from meprobamate 30 mg/kg 1 saline, p , 0.05; Closed circle,
p , 0.01 according to the U-test.
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Naloxone did not block or even reduce the effects of mep-
robamate in any strain in any procedure. In fact, the opposite
effect was obtained in the BALB/c strain. Here, naloxone en-
hanced the anxiolytic-like effects of meprobamate both in the
elevated plus-maze and in the light/dark choice procedure. It
might be argued that the lack of inhibitory effect of naloxone
is a consequence of an inadequate dose. However, the dose
employed in the present study has been shown to effectively
block the anxiolytic-like effects of benzodiazepines in mice
and rats (2,4,6). It can, therefore, be concluded that opioid
systems are not essential for the actions of meprobamate, al-
though they seem to be so for the anxiolytic-like effects of
drugs acting at the GABA/benzodiazepine receptor (2,4,6).
In this context it could be mentioned that preliminary studies

from our laboratories have shown that naloxone does not
block anxiolytic-like effects of buspirone (9). It has also been
reported that naloxone fails to block anxiolytic effects of alco-
hol in rats tested on the plus-maze (5). It is possible, then, that
opioid receptor antagonists interfere with the anxiolytic ef-
fects of drugs acting at the GABA/benzodiazepine receptor
but not with those of drugs acting elsewhere.

It could be argued that the ability of naloxone to block the
anxiolytic action of drugs interacting with the GABA

 

A

 

 recep-
tor is due to naloxone’s purported GABA antagonist proper-
ties (24). These properties were inferred from data showing
that extremely large doses of naloxone induced convulsion
and high concentrations reduced GABA binding in vitro.
However, later studies have shown that blockade of the opi-
oid system induces convulsions (27,37,55), and the former ef-
fect may, therefore, be due to naloxone’s opioid antagonist
action. Furthermore, there are more recent data demonstrat-
ing that naloxone does not bind to the GABA

 

A

 

 receptor to
any significant degree (30). Affinity for the serotonin1

 

A

 

 re-
ceptor is also insignificant (46). It may also be observed that
naloxone does not block the motor incoordination produced
by benzodiazepines or pentobarbital, whereas this is readily
blocked by GABA antagonists (3,4). It seems, therefore, that
there is little reason to attribute the effects of naloxone ob-
served in the present studies to blockade of GABA

 

A

 

 recep-
tors or of any other receptor involved in the regulation of
anxiety-like behaviors.

We have repeatedly shown that naloxone does not reduce
the anxiolytic effects of benzodiazepines in the BALB/c strain
(2,7). The data obtained here with meprobamate coincide with
these observations. However, naloxone not only failed to block
the actions of meprobamate but also enhanced them. This lat-
ter effect was not obtained in the Swiss mice. Present data con-
firm the proposal that the role of opioid systems in anxiolytic
processes is different in BALB/c and in Swiss mice. A complete
explanation of this difference must await further studies.

The inability of naloxone to block the effects of mep-
robamate is at difference to a study in rats where naloxone ef-
ficiently reduced the anticonflict effect of meprobamate in the
Vogel procedure (25). It is unlikely that species (rats vs. mice)
or procedural (Vogel vs. plus-maze) differences can account
for this contradiction. We have obtained very similar results
in rats and mice using either the Vogel procedure or the ele-
vated plus-maze with regard to antagonism of benzodiazepine
effects by naloxone (2,4,6). Moreover, the doses used were
within the same range in both studies. Nevertheless, it is not
entirely impossible that subtle procedural differences could
account for the discrepancy between present data and those
of Duka et al. (25).

A subeffective dose of meprobamate was potentiated by
naloxone in both strains. This coincides with earlier observa-
tions showing that subeffective doses of the benzodiazepine
chlordiazepoxide as well as the 5-HT

 

1A

 

 agonist buspirone are
potentiated by the opiate antagonist (7,8). With regard to the
mechanism of action, we have previously proposed that re-
moval of the opioidergic inhibition of GABAergic neurons
(19,36,44) with naloxone would reinforce the stimulatory ef-
fects of benzodiazepines on these neurons (7). In the case of
buspirone, we suggested a similar although indirect mecha-
nism. It is not evident that the potentiation of meprobamate
can be explained by such an hypotheses. Although the pro-
panediol carbamate has behavioral effects most similar to
those of the benzodiazepines (see introduction), it is unlikely
that these effects are mediated by the GABA/benzodazepine
receptor. There is, however, a report suggesting that mep-

FIG. 8. Number of transitions between boxes (open bars, left axis)
and the time spent in the lit box (striped bars, right axis) in Swiss (A)
and BALB/c (B) mice treated with a subeffective dose of meproba-
mate in combination with naloxone and tested in the light/dark
choice procedure. For further details, see Fig. 4. Kruskal–Wallis H
was 9.36, p 5 0.009 for the Swiss mice and 10.38, p 5 0.006 for the
BALB/c with regard to the number of transitions and 11.26, p 5 0.004
for the Swiss mice and 9.19, p 5 0.01 for the BALB/c with regard to
the time spent in the lit compartment. *Different from control, p ,
0.05; **p , 0.01. Patched circle is different from meprobamate 30 mg/
kg 1 saline, p , 0.01 as determined by the U-test.
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robamate may act at the barbiturate binding site on the
GABA/benzodiazepine receptor (60). The importance of this
is difficult to determine, particularly because meprobamate
and barbiturates do not always have similar effects (10,32).

It seems, therefore, that some other site of action common
to benzodiazepines, meprobamate, and ideally also to bus-
pirone is involved in the process of potentiation. One such site
is the adenosine receptors. Just as is the case with benzodiaz-
epines (15,47,56,58), meprobamate potentiates the depressant
actions of adenosine at concentrations within the therapeutic
range (57). It appears that both benzodiazepines and mep-
robamate inhibit adenosine uptake (18,22). There are recent
data suggesting that A1 receptor agonists have anxiolytic-like
effects in the elevated plus-maze and in the light/dark choice
test (28,35), and an inhibitor of adenosine uptake is anxiolytic
in the former procedure (76). Activation of the A1 receptor is
negatively coupled to adenylylcyclase whereas opioids may
stimulate or inhibit this enzyme (62). In case they stimulate
adenylylcyclase in brain regions important for anxiolytic ef-
fects, they would have an action opposite to that of A1 recep-
tor stimulation. Blockade of opiate receptors would, there-
fore, remove the opposing opioid action, and that could
potentiate activities at the A1 receptor. This explanation could
also account for the effects of buspirone, because 5-HT1A ago-

nists inhibit adenylylcyclase (33,50,71) in a way similar to that
of A1 agonists. Obviously, much work remains to be done be-
fore this hypothesis can be substantiated by experimental fact.

Although an increasing amount of data show that there are
intricate relationships between the opioid systems and the ac-
tions of several kinds of anxiolytic drugs, there is no compre-
hensive and experimentally verified hypothesis able to explain
the data. The multiple actions of opioids at the cellular level,
including blockage of calcium entry and activation of potassium
channels [see (62)], in addition to the already mentioned ef-
fects on adenylylcyclase make it extremely difficult to delimit
possible mechanisms of action. Nevertheless, the potentiation
of anxiolytic effects shown to occur after treatment with nalox-
one could have substantial clinical interest. So far, it seems that
anxiolytic-like effects are potentiated but not motor or seda-
tive effects. Thus, subeffective doses of benzodiazepines, bus-
pirone, or meprobamate, with virtually no side effects, could be
rendered effective anxiolytics through combination with nalox-
one or other opiate antagonists. Obviously, clinical trials are
needed before this proposal can leave the stage of speculation.
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