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(1) 27–32, 1998.—The general pur-
pose of the present study was to analyze the possible interactions between the GABA–benzodiazepine and the serotonin sys-
tems in the mediation of the antianxiety actions of 5-HT

 

1A

 

 compounds. The anxiolytic effect of buspirone (5 mg/kg),
ipsapirone (5 mg/kg), indorenate (5 mg/kg), and 8-OH-DPAT (0.5 mg/kg) was established in the rat burying behavior test.
Flumazenil (5 mg/kg), but not bicuculline (2.5 mg/kg), effectively counteracted the reduction in burying behavior produced
by buspirone, ipsapirone, and 8-OH-DPAT. These same 5-HT

 

1A

 

 compounds, at subthreshold doses, produced an important
reduction in burying behavior when combined with diazepam (0.25 mg/kg). The effect of indorenate was not altered by any of
the antagonists and, when combined with diazepam it produced large increases in burying behavior latency. Only buspirone
alone and in combination with bicuculline or flumazenil impaired motor coordination as tested in the rota rod. Data are dis-
cussed on the bases of the interaction between the GABAergic and serotonergic systems, stressing species differences and
variations due to the animal model of anxiety. © 1998 Elsevier Science Inc.
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IN the modulation of anxiety, several neurotransmitter sys-
tems have been involved. Among them, serotonin seems par-
ticularly interesting, because various compounds acting at
5-HT

 

1A

 

 receptors possess antianxiety properties both clini-
cally (20,21,33) and in various animal models of anxiety (4,15,
22). The 5-HT

 

1A

 

 compounds, buspirone, ipsapirone, indorenate,
and 8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT)
share with benzodiazepines the ability to reduce anxiety (10,29),
but lack some of their adverse effects such as tolerance, de-
pendence, and motor disruptions (21,24,33).

At present, it is well established that benzodiazepines ex-
ert their anxiolytic actions through the GABAergic system
[cf. (37)]. However, preclinical data show that diazepam also
affects the extracellular levels of serotonin in the ventral hip-
pocampus and that such changes correlate with a reduction in
anxiety (49). Because benzodiazepines inhibit the firing of se-
rotonergic neurons in the dorsal raphe nucleus (40,47) and de-
crease 5-HT turnover (7,28), it was suggested that these com-

pounds might produce their anxiolytic effects acting upon
serotonergic neurons. However, several evidences argue
against this idea. Possibly the most conclusive data were re-
ported by Thiebot et al. (45), who showed that even after le-
sioning the serotonergic system the benzodiazepines are still
able to produce their anxiolytic actions. In spite of all these
facts, it has been recently proposed (17) that benzodiazepines
might directly interact with the serotonergic system (possibly
through the 5-HT

 

1B

 

 receptor) to produce some of their anti-
anxiety actions.

Several results indicate a possible GABA–benzodiazepine
mediation of the anxiolytic action of various serotonergic
drugs. Thus, Söderpalm and Engel, in 1989 (43), showed that
both the benzodiazepine receptor antagonist, flumazenil, and
the GABA

 

A

 

 receptor antagonist, bicuculline, counteracted
the 

 

p

 

-chlorophenylalanine (

 

p

 

-CPA)-induced anticonflict ef-
fect at doses not affecting the behavior per se—10.0 and 2.0
mg/kg, respectively. Additionally, we demonstrated that flu-
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mazenil counteracted the anxiolytic action of ipsapirone, in-
dorenate, and 8-OH-DPAT (29) in mice using an anxiety par-
adigm designed for this species: the black and white transition
test (8). Recently, important species (2,12) and anxiety para-
digms (4,31) differences, particularly for the action of 5-HT

 

1A

 

drugs, have been addressed. Thus, it has been shown that bu-
spirone exhibits anxiolytic actions in rats, but not in mice and
hamsters (10–14). Moreover, it seems that in the anxiolytic ac-
tion of these 5-HT

 

1A

 

 agonists, the noradrenergic system is in-
volved in rats, but not in mice (30). In relation to the differ-
ences in the anxiety paradigms, several authors have found
anxiolysis (10,31), no effect (27,34), and even anxiogenic ac-
tivity (9,26) of the 5-HT

 

1A

 

 compounds, depending upon the
animal model of anxiety used.

On these bases, the purpose of the present study was to an-
alyze the possible interaction between the serotonergic and
GABAergic neurotransmitter systems in the anxiolytic action
of buspirone, ipsapirone, indorenate, and 8-OH-DPAT in
rats. Such interaction was studied by attempting to counteract
the anxiolytic effects of these drugs with either the selective
benzodiazepine antagonist, flumazenil (25), or the competi-
tive GABA antagonist, bicuculline. A putative synergistic ef-
fect of low doses of the serotonergic anxiolytics with diaz-
epam was also investigated. In the present study anxiety levels
were determined using the rat defensive burying behavior
test. This test was chosen on the basis of the important advan-
tages it offers such as the specificity for detecting anxiolytic
actions produced either by pharmacological (46) or physiolog-
ical (11,38) manipulations, the simple experimental procedure
(39), our laboratory’s ample knowledge and experience in this
test using serotonergic compounds (10,13,30–32), and the pos-
sibility to compare present results with previous data obtained
in the same animal paradigm. A motor coordination test was
conducted in parallel to detect possible unspecific drug ac-
tions.

 

METHOD

 

Animals

 

Male adult Wistar rats (285–300 g b.wt.) were used in this
study. All animals were individually caged in a room under in-
verted and controlled light dark cycle conditions (12 L:12 D—
lights on at 2200 h). Subjects had ad lib access to water and
Purina rat chow throughout the experiment.

 

Drugs

 

The drugs used in the present study were ipsapirone (Miles
Pharmaceutical Division, West Haven, CT), indorenate (Depart-
ment of Pharmacology, CINVESTAV, México City, México),
buspirone (Mead Johnson, México City, México), 8-hydroxy-
2-(di-n-propylamino) tetralin (8-OH-DPAT, Biochemical Re-
search, Natick, MA), flumazenil (Hoffmann–LaRoche, Méx-
ico City, México), bicuculline (Sigma Chemicals, St Louis, MO),
and diazepam (Hoffmann–LaRoche, México City, México).
All serotonergic compounds were dissolved in physiological
saline and IP injected. Flumazenil was dissolved in a drop of
Tween 80 and thereafter in distilled water. Diazepam was dis-
solved in propylene glycol 40%. Bicuculline was dissolved in a
drop of HCl (0.1 N) and saline; NaOH (0.1 N) was used to ad-
just pH to 5.0.

 

Procedure

 

The effect of flumazenil and bicuculline on the anxiolytic
action of 5-HT

 

1A

 

 compounds in the burying behavior test was

studied. In these series of experiments animals were injected
with anxiolytic doses of buspirone (5 mg/kg, 

 

2

 

30 min), ipsa-
pirone (5 mg/kg, 

 

2

 

30 min), indorenate (5 mg/kg, 

 

2

 

90 min),
and 8-OH-DPAT (0.5 mg/kg, 

 

2

 

20 min). For each of these
treatments, flumazenil (5 mg/kg) or bicuculline (2.5 mg/kg)
was administered 5 min before the 5-HT

 

1A

 

 drug. The doses
were selected on the basis of previous reports (11,29,43).

In a subsequent experiment, the effect of suboptimal doses
of diazepam plus the 5-HT

 

1A

 

 anxiolytics on burying behavior
was analyzed. To this purpose animals received subthreshold
doses of buspirone (2.5 mg/kg, 

 

2

 

30 min), ipsapirone (2.5 mg/
kg, 

 

2

 

30 min), indorenate (2.5 mg/kg, 

 

2

 

90 min), 8-OH-DPAT
(0.125 mg/kg, 

 

2

 

20 min), or diazepam (0.25 mg/kg, 

 

2

 

30 min).
In the combined trials, diazepam and the 5-HT

 

1A

 

 compounds
were simultaneously injected and the observations performed
after the respective latency for each 5-HT

 

1A

 

 drug. Doses of
the 5-HT

 

1A

 

 compounds (10,12,32) and of diazepam (29) were
selected based on their inability to produce anxiolytic re-
sponses. Control groups receiving the respective vehicles were
included. In all cases a minimum of 10 animals were tested.

 

Anxiety Test

 

The burying behavior test has been previously described in
detail and validated as a useful and selective model for estab-
lishing experimental anxiety (39). Briefly, this paradigm con-
sists of an acrylic cage (27 

 

3

 

 16 

 

3

 

 23 cm) with a prod (7 cm
long) emerging from one of its walls (2 cm above the bedding
material) and the floor covered with fine sawdust. This exper-
imental cage possesses the same measurements as the home
cage; however, animals were never before the test, presented
to the prod. Through the prod the animal receives an electric
shock of 0.3 mA. The electric source consisted of a constant
current shocker (LaFayette Instruments Co., model 5806).
During the test the animal was placed in the cage and its be-
havior recorded during a 10-min period. Each time the animal
touched the prod it received an electric shock and typically
displayed the burying behavior that consists of a series of
rapid and alternating movements of its forepaws, moving and
pushing a pile of bedding material over the aversive stimulus:
the electrified prod. Two main parameters were registered:
the burying behavior latency (time between the first shock
and the burying behavior display), and the cumulative bury-
ing behavior (cumulative time that the animal spends burying
the prod during a 10-min test). We have observed in our labo-
ratory that around 17% of the rats spontaneously do not dis-
play the burying behavior (unpublished observations). There-
fore, the animals showing burying behavior values of 0 and
latencies of 600 s were eliminated from this study.

It has been considered that burying behavior latency in-
versely reflects the animals’ reactivity, while the cumulative
burying behavior directly denotes the experimental anxiety
levels (39,46).

 

Motor Coordination Test

 

In addition to the anxiety trial, a motor coordination test
was performed in a treadmill apparatus (rotarod). Briefly, this
test consisted in placing the animals upon a cylinder (diameter
7 cm) rotating at a speed of 11 rpm. These animals were
trained to walk on the cylinder on three previous consecutive
sessions, and on the fourth the animals received the pharma-
cological treatments. The number of falls during a 5-min pe-
riod was counted. After a fall the animal was immediately re-
turned to the cylinder.
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Statistics

 

The parameters registered in the burying behavior test
were compared using the Kruskal–Wallis analysis of variance
followed by the Mann–Whitney 

 

U

 

-test. In the motor coordi-
nation test, the number of falls in the experimental day were
compared to those in the previous session (data from the day
before) by means of the Wilcoxon 

 

t

 

-test (42).

 

RESULTS

 

Figure 1 shows the reduction in burying behavior, inter-
preted as an anxiolytic action, produced by buspirone, ipsa-
pirone, indorenate, and 8-OH-DPAT (dark bars). Adminis-
tration of flumazenil effectively reversed the reduction in
burying behavior induced by buspirone, ipsapirone, and
8-OH-DPAT, but not that of indorenate. Conversely, bicu-
culline did not modify the anxiolytic effect of the serotonergic
drugs, except for 8-OH-DPAT. In this case, a partial antago-
nism was found.

Figure 2 shows the burying behavior latency after the same
treatments showed in Fig. 1. Except for indorenate, no other
5-HT

 

1A

 

 compound alone or in combination with flumazenil or
bicuculline, affected this parameter. Clearly, the combined
treatment of flumazenil or bicuculline with indorenate signifi-
cantly prolonged the burying behavior latency.

The interactions between these 5-HT

 

1A

 

 compounds and di-
azepam on the cumulative burying behavior are shown in Fig.
3. Low doses of buspirone, ipsapirone, indorenate, 8-OH-
DPAT (dark bars), and diazepam (dashed bars) did not affect
the burying behavior response. The combined treatment of
diazepam with low doses of all serotonergic compounds
tested, reduced this behavior. Except for indorenate, which
combined with diazepam augmented the burying behavior la-
tency, no other treatment affected this parameter (Fig. 4).

Table 1 shows the effect of the 5-HT

 

1A

 

 compounds 8-OH-
DPAT, ipsapirone, buspirone, and indorenate alone and in
combination with the GABA–benzodiazepine compounds on
motor coordination. In this case, buspirone decreased motor
coordination per se, and in combination with flumazenil or
bicuculline. However, when combined with diazepam, the ef-
fect of buspirone disappeared. No other treatment altered
motor coordination.

 

DISCUSSION

 

In the present study, we analyzed the interactions between
the serotonergic and the GABA–benzodiazepine systems in
the mediation of the anxiolytic actions of the 5-HT

 

1A

 

 com-
pounds buspirone, ipsapirone, 8-OH-DPAT, and indorenate
in the rat.

In the first part of this work, the experiments show that the
GABA–benzodiazepine antagonist, flumazenil, is able to pre-
vent the anxiolytic action of ipsapirone, buspirone, and 8-OH-
DPAT, but not that of indorenate. These results are in line
with previous data showing that flumazenil effectively blocks
the anxiolytic actions of serotonergic drugs in other anxiety
paradigms: the black and white transitions test (29) and the
modified Vogel conflict paradigm (43). By contrast, the
GABA antagonist bicuculline fails to block the anxiolytic ac-
tion of the serotonergic drugs. Such lack of action cannot be
interpreted on the basis of the dose level used, because similar
concentrations of bicuculline have proven to be effective in
antagonizing pharmacological (43) and physiological (11)
anxiolytic effects. Thus, these data suggest that the benzodiaz-

epine, rather than the GABAergic, receptor is involved in the
anxiolysis observed with 5-HT

 

1A

 

 ligands.
To date, it is well established that the 5-HT

 

1A

 

 compounds
8-OH-DPAT, indorenate, ipsapirone, and buspirone neither
stimulate nor inhibit [

 

3

 

H]benzodiazepine binding, do not af-
fect the influence of GABA on benzodiazepine binding, and
do not interfere with GABA binding or uptake (44). Further-

FIG. 1. Effect of flumazenil or bicuculline (dashed bars) on the
reduction of burying behavior produced by various 5-HT1A
compounds (dark bars). The figure shows mean  6 SE cumulative
burying behavior expressed in seconds. Asterisks over columns
represent comparisons vs. control vehicle-treated group (clear bars).
Other comparisons are shown by brackets. Mann–Whitney U-test,
*p , 0.05; **p , 0.02; ***p , 0.01.

FIG. 2. Effect of various 5-HT1A compounds administered alone
(dark bars) or in combination with either flumazenil or bicuculline
(dashed bars). The figure shows mean  6 SE burying behavior
latency expressed in seconds. Asterisks over columns represent
comparisons vs. control vehicle-treated group (clear bars). Mann–
Whitney U-test, *p , 0.05; ***p , 0.01.
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more, buspirone, by contrast with diazepam, does not potenti-
ate GABA inhibition at benzodiazepine-linked GABA recep-
tor sites (41), or does not potentiate or block the effects of
iontophoretically applied GABA (48). Additionally, flumaze-
nil is well known to be a specific antagonist of benzodiazepine
receptors that lacks serotonergic activity (25). These data in-
dicate that serotonergic compounds and benzodiazepines do

not share the same receptor. However, because flumazenil
blocked the antianxiety actions of the 5-HT

 

1A

 

 compounds, a
possible interaction between the GABAergic and the sero-
tonergic neurotransmitter systems can be proposed. Indeed,
we and others (29,43) have previously posed the nature of
such interaction.

Nevertheless, there are also reports indicating that fluma-
zenil is unable to prevent the anxiolytic actions of the seroto-
nergic compounds in other anxiety paradigms. For example, it
has been demonstrated that the increase in punished respond-
ing, produced by buspirone (2) or ipsapirone (50), is not af-
fected by this benzodiazepine antagonist. The reasons under-
lying these discrepancies, at present, remain unclear. The
main differences between these studies and present data are
the animal models used (conflict tests), and in one case, a dif-
ferent species (pigeons). Previous studies have reported that
both factors may importantly influence the results observed
[cf. (4,15,22)]. Thus, variations in the anxiolytic profile of
these 5-HT

 

1A

 

 compounds among mice, rats, hamsters, and pi-
geons have been shown (2,10–14).

In the second part of our work, a reduction in burying be-
havior after the combined administration of subthreshold
doses of diazepam and the 5-HT

 

1A

 

 anxiolytics was observed.
These data agree with clinical studies showing that buspirone
and diazepam potentiate in their anxiolytic action, and that
small doses of buspirone do not cause any additional decre-
ment in the psychomotor performance induced by diazepam
(33). It has been shown that coadministration of buspirone
and diazepam does not alter the disposition of these agents or
their demethylated metabolites (19). Therefore, the potentia-
tion observed after the combined administration of these drugs
could not be explained on the bases of changes in pharmaco-
kinetic parameters, suggesting instead a central interaction.

Data from physical dependence to benzodiazepines also
reveal interactions between buspirone and diazepam. Thus,
Mizoguchi et al. (35) showed that coadministration of bu-
spirone, but not mianserin (5-HT

 

1C

 

 antagonist) or ketanserin
(5-HT

 

2

 

 antagonist), with diazepam potentiated the hypersen-
sitivity to the anxiogenic betacarboline, FG 7142, following
chronic treatment with diazepam. This potentiation was not
ascribable to pharmacokinetic interactions between diazepam
and buspirone, suggesting that the coinjection of buspirone
and diazepam may potentiate the development of physical de-
pendence on diazepam and that both drugs may be interacting

TABLE 1

 

EFFECT OF THE 5-HT

 

1A

 

LIGANDS ALONE AND IN
COMBINATION WITH THE GABA/BENZODIAZEPINE

COMPOUNDS ON THE MOTOR COORDINATION TEST

Compound C, T

 

1

 

 Flumazenil
C, T

 

1

 

 Bicuculline
C, T

 

1

 

 Diazepam
C, T

 

8-OH-DPAT
(0.5 mg/kg) 1, 3 1, 2 2, 2 1, 2

Indorenate
(5.0 mg/kg) 0, 0 1, 1 1, 1 1, 1

Ipsapirone
(5.0 mg/kg) 0, 1 1, 1 1, 2 1, 1

Buspirone
(5.0 mg/kg) 0, 6* 1, 5* 1, 6* 1, 1

Table shows median numbers of falls: C—control; T—treated;
Wilcoxon’s 

 

t

 

-test: *

 

p

 

 

 

,

 

 0.001.

FIG. 3. Potentiative actions of combining subthreshold doses of
various 5-HT1A compounds (dark bars) with diazepam (dashed bars)
on the cumulative burying behavior. The figure shows mean  6 SE
cumulative burying behavior expressed in seconds. Asterisks over
columns represent comparisons vs. control vehicle-treated group
(clear bars). Mann–Whitney U-test, **p , 0.02; ***p , 0.01.

FIG. 4. Effect of subthreshold doses of various 5-HT1A compounds
administered alone (dark bars) or in combination with diazepam
(dashed bars) on the burying behavior latency. The figure shows
mean  6 SE burying behavior latency expressed in seconds. Asterisks
over columns represent comparisons vs. control vehicle-treated group
(clear bars). Mann–Whitney U-test, ***p , 0.01.
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in this effect. Moreover, Andrews and File (1,16) have dem-
onstrated that buspirone significantly reverses the anxiogenic
effects of diazepam withdrawal, also suggesting that 5-HT

 

1A

 

receptors may be partially involved in the development of
physical dependence to diazepam.

Taken together, from these data, it can be concluded that
both neurotransmitter systems (GABA and 5-HT) interact in
the mediation of the anxiolytic action of the 5-HT

 

1A

 

 com-
pounds. The nature of such interaction is yet unknown; how-
ever, possible models including connections between seroto-
nergic and GABAergic neurons have been previously proposed
(29,43). Furthermore, several anatomical studies show that
these two neurotransmitter systems are associated in brain
areas related with the modulation of anxiety (18,23,36).

Present results also show that indorenate follows a dissimi-
lar pharmacological profile from that observed for the other
5-HT

 

1A

 

 compounds, i.e., its action is neither potentiated by di-
azepam nor inhibited by flumazenil. The reasons underlying
these differences may include the particular pharmacological
characteristics of indorenate compared with the other 5-HT

 

1A

 

compounds, such as the lack of noradrenergic and 5-HT

 

2

 

 ac-
tivity, as well as, with exception of 8-OH-DPAT, full agonism
at both pre- and postsynaptic 5-HT

 

1A

 

 receptors (3,5,6,29). In-
terestingly, the only treatments that prolonged the burying
behavior latency involved indorenate combined either with
diazepam, flumazenil, or bicuculline. These results suggest an
impaired reactivity towards the aversive stimulus (46) and

could denote motor deficiencies not affecting, however, mo-
tor coordination as tested in the rotarod.

As previously reported (32), among all treatments in-
cluded in this study only buspirone alone and in combination
with flumazenil or bicuculline seems to affect the motor coor-
dination of the rats. However, it is important to mention that
the animals “jump off” the cylinder rather than fall down
from the rotarod, a behavior that cannot be considered as an
evidence of motor coordination impairment. Interestingly, di-
azepam concomitantly administered with buspirone prevents
this particular behavior. Further experiments employing other
motor coordination tests should be undertaken to fully char-
acterize buspirone actions on motor activity.

The present series of experiments showing (a) a complete
blockade of the anxiolytic action of buspirone, ipsapirone,
and 8-OH-DPAT after flumazenil injection; and (b) a reduc-
tion in burying behavior after combining subthreshold doses
of the serotonergic drugs with diazepam, suggest an interac-
tion between the serotonergic and GABA–benzodiazepine
systems in the anxiolytic action of 5-HT

 

1A

 

 compounds.
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