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The general purpose of the present study was to analyze the possible interactions between the GABA-benzodiazepine and the
serotonergic (5-HT) systems in the anxiolytic action of diazepam and the 5-HT,, agonists, ipsapirone, indorenate, and
8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT). The effect of the benzodiazepine receptor antagonist, flumazenil (10.0
mg/kg), on the anxiolytic action of ipsapirone (5.0 mg/kg), indorenate (5.0 mg/kg), and 8-OH-DPAT (0.125 mg/kg) was
examined on the avoidance exploratory behavior paradigm in mice. The effect of the 5-HT, blockers, methiotepin (0.31 mg/
kg), pindolol (3.1 mg/kg), and alprenolol (5.0 mg/kg), on the anxiolytic action of diazepam (0.5 mg/kg) was also studied. In
the last part of this work, the putative potentiation between diazepam (0.25 mg/kg) and each of the serotonergic anxiolytics
was investigated. The antianxiety effect of diazepam, ipsapirone, indorenate, and 8-OH-DPAT was prevented by flumazenil.
The serotonergic/S-blocker, alprenolol, partially antagonized the diazepam effect. Finally, a potentiation of suboptimal
doses of diazepam and ipsapirone, but not with indorenate or 8-OH-DPAT, was observed. The findings suggest an interaction
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between both systems on the anxiolytic action of diazepam and the 5-HT,, agonists.

5-HT, .- anxiolytics Diazepam Flumazenil

5-HT,/B-blockers

GABA-5-HT interactions Anxiety

TWO main neurotransmitter pathways have been proposed to
participate in the physiopharmacological regulation of anxi-
ety: the benzodiazepine~-GABA and the serotonergic systems
(25,26,32).

At present, it is widely accepted that the mechanism
through which the already classic anxiolytics, benzodiaze-
pines, produce their antianxiety action involves the interaction
of the benzodiazepine receptor with the GABA, site (22,47).
Recently, serotonin (5-HT) has been implicated in the regula-
tion of anxiety; however, its precise function remains unclear.
In general terms, it seems that the increase of endogenous
5-HT produces proconflict effects, while a reduction or a
blockade of the S-HT transmission results in anxiolytic actions
[for review, see (25,26)1. Conversely, it is generally agreed that
administration of agonists to the 5-HT,, receptor produces
anxiolytic effects in several anxiety models [for review, see
(10)]. These new anxiolytic drugs are structurally unrelated to
benzodiazepines (39), and there is no evidence for a direct
interaction of the serotonergic anxiolytics with the benzodiaz-
epine receptor (9,23,46).

Because benzodiazepines inhibit the firing of serotonergic
neurons in the dorsal raphé nucleus (40,50) and decrease the
5-HT turnover (7,29), it was suggested that benzodiazepines
might produce their anxiolytic effects by acting upon seroton-
ergic neurons. However, Thi¢bot et al. (48) found that even
after lesioning the serotonergic neurons the benzodiazepines
were able to produce their anxiolytic actions.

Although a direct interaction of benzodiazepines with the
serotonergic receptors seems unlikely, several anatomical
(5,21,52), neurophysiological (45), and biochemical (33,34)
data reveal important interactions between the GABA-ben-
zodiazepinic and serotonergic systems. These interactions
have been described in brain areas closely related with the
regulation of anxiety (18,28), and some of them involve the
serotonin receptor subtype, 5-HT,,, most likely implied in the
action of the serotonergic anxiolytics (20,37).

Therefore, the general purpose of the present work was to
analyze the possible relationships between these two neuro-
transmitter systems in the regulation of anxiety. Three specific
objectives were included as follows: a) the putative antago-
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nism of the anxiolytic effect of the serotonergic compounds,
ipsapirone, indorenate, and 8-hydroxy-2-(di-n-propylamino)-
tetralin (8-OH-DPAT) by the selective benzodiazepine antago-
nist, flumazenil; b) the possible blockade of the diazepam
anxiolytic effect by the serotonin antagonists, methiotepin,
pindolol, and alprenolol; and c) the putative potentiation be-
tween diazepam and each of the serotonergic anxiolytics. Ad-
ditional series of control experiments studying the motor ac-
tivity were included.

METHOD

Animals

Male Swiss-Webster mice (20-30 g) were used in these ex-
periments. All mice were housed in groups of five per cage
with food and water freely available. Animals were main-
tained in a room under controlled and inverted light-dark
cycle (12 L : 12 D, lights on at 1000 h) conditions.

Anxiety Test

The avoidance exploratory behavior shown by mice and
described by Crawley and Goodwin in 1980 (8) and Blumstein
and Crawley in 1983 (3) was used to test anxiety. This method
consisted of placing the animal in a propylene cage (44 X 21
x 21 cm) divided in two compartments. One compartment
(one third of the cage) was completely blackened on all sur-
faces; the other compartment (two thirds of the cage) was
highly illuminated by a fluorescent lamp. An opening of 5 X
13 cm separated the dark from the bright compartment. At
the beginning of the test, the animal was placed in the bright
compartment. The number of transitions from one compart-
ment to the other were recorded in a 10-min session. In these
series of experiments, a balanced Latin square design was
used. Within each series, animals were randomly divided into
four groups, each group receiving different treatments in each
session in such a way that every animal received all treatments.
A 3-day interval was left between the tests. The data were
statistically compared using the Friedman two-way analysis of
variance (ANOVA) followed by the Wilcoxon matched-pairs
signed-ranks test (43).

Activity Test

The motor activity was recorded in a box measuring 43 X
36 x 19 cm that was placed over a sensitive plaque (48 x 40
c¢cm) of an activity meter (Stoelting Co., Chicago, IL) con-
nected to a counter (Stoelting Co.) The animal was placed in
the cage and the number of counts were recorded over a 10-
min period. Between each test, the cage was carefully cleaned.
Data are expressed as number of counts per minute. Because
animals could not be tested more than once, in these series of
experiments an independent group design was used. The data
were statistically analyzed by help of the Mann-Whitney U-
test (43). All combined treatments used in the exploratory
behavior experiments were studied on the motor activity test
(see Table 1).

Drugs

The drugs used in this study were: indorenate (CINVES-
TAV-Miles, México City, México), ipsapirone (Miles Pharma-
ceutical Division, West Haven, CT), 8-OH-DPAT (Research
Biochemicals Inc., Natick MA), pindolol (Sandoz, Basel,
Switzerland), alprenolol (Héssle AB, Mondal, Sweden), meth-

iotepin (Hoffman-La Roche, Basel, Switzerland), diazepam
(Hoffman-La Roche, México City, México), and flumazenil
[(Ro 15-1788) Hoffman-La Roche, México City, México]. All
drugs were injected IP in volumes of 5 ml/kg. Diazepam was
dissolved in propylene glycol 40%. Flumazenil was dissolved
in distilled water with a drop of Tween-80. All other drugs
were dissolved in physiological saline.

Experiment 1: Effect of the Benzodiazepine Antagonist
Flumazenil on the Anxiolytic Action of Serotonergic Agonists

In these series of experiments, the drugs were injected as
follows: a) ipsapirone (5.0 mg/kg) + flumazenil (10.0 mg/
kg), —30 min; b) indorenate (5.0 mg/kg) + flumazenil (10.0
mg/kg), —90 min; and c¢) 8-OH-DPAT (0.125 mg/kg) +
flumazenil (10.0 mg/kg), — 30 min. The proper control groups
for each treatment were included. The doses and the latencies
for each of the serotonergic anxiolytics were established ac-
cording to previous data (13).

Experiment 2: Effect of Various 5-HT/(3-Antagonist on the
Anxiolytic Action of Diazepam

In this experiment, the following treatments were included:
a) diazepam (0.5 mg/kg) + flumazenil (10.0 mg/kg), —30
min; b) diazepam (0.5 mg/kg) + pindolol (3.1 mg/kg), —30
min; ¢) diazepam (0.5 mg/kg) + alprenolol (5.0 mg/kg), — 30
min; and d) diazepam (0.5 mg/kg) + methiotepin (0.31 mg/
kg), —30 min. As for the previous series, the proper control
groups were included for each treatment.

Experiment 3: Possible Potentiation of the Anxiolytic Action
of Diazepam and Serotonergic Anxiolytics

The groups included in these experimental series were: a)
diazepam (0.25 mg/kg) + ipsapirone (2.5 mg/kg), — 30 min;
b) diazepam (0.25 mg/kg) + indorenate (2.5 mg/kg), —90
min; and c) diazepam (0.25 mg/kg) + 8-OH-DPAT (0.0625
mg/kg), —30 min. The low subthreshold doses of the com-
pounds used in these treatments were selected according to
previously established dose-response curves (13).

RESULTS

Experiment 1: Effect of the Benzodiazepine Antagonist
Flumazenil on the Anxiolytic Action of Serotonergic Agonists

Figure 1 shows the results of this experiment. Clearly, ad-
ministration of all three 5-HT,, agonists, ipsapirone, indore-
nate, and 8-OH-DPAT, produced an increase on the explor-
atory behavior in mice evidenced as an increase in the number
of transitions. In addition, the benzodiazepine antagonist, flu-
mazenil (10.0 mg/kg), did not modify the number of transi-
tions per se as compared with its respective control group.
Interestingly, flumazenil completely blocked the anxiolytic ac-
tion of ipsapirone and partially antagonized the effect of in-
dorenate and §-OH-DPAT.

Experiment 2: Effect of Various 5-HT/(3-Antagonists on the
Anxiolytic Action of Diazepam

Figure 2 shows the effect of the 5S-HT antagonists, pindo-
lol, alprenolol, and methiotepin, and that of the benzodiaze-
pine antagonist, flumazenil, on the anxiolytic action of diaze-
pam. Clearly, the administration of diazepam (0.5 mg/kg)
produced an increase in the number of transitions in all four
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TABLE 1

EFFECT OF VARIOUS DRUG COMBINATIONS ON
MICE MOTOR ACTIVITY

Motor Activity
Drug (dose, mg/kg) n (counts/min)
Saline control 10 30.40 + 4.31
Diazepam (0.5) + flumazenil (10.0) 10 45.40 £ 5.71
Diazepam (0.5) + pindolol (3.1) 10 29.83 + 3.68
Diazepam (0.5) + alprenolol (5.0) 10 33.50 + 2.81
Diazepam (0.5) + methiotepin (0.31) 10 11.30 + 3.83*
Ipsapirone (5.0) + flumazenil (10.0) 10 22.15 + 2.86
Indorenate (5.0) + flumazenil (10.0) 10 23.48 + 5.38
8-OH-DPAT (0.125) + flumazenil (10.0) 10 29.52 + 3.03
Diazepam (0.25) + ipsapirone (2.5) 10 24.81 + 3.85
Diazepam (0.25) + indorrenate (2.5) 10 33.75 + 4.24
Diazepam (0.25) + 8-OH-DPAT (0.0625) 10 22.84 + 3.10

Results expressed as mean + SE. Statistical comparisons made between the saline-
treated group and experimental groups using the Mann-Whitney U-test.

*» < 0.02.

experiments. The 5-HT antagonists, pindolol (3.1 mg/kg), al-
prenolol (5.0 mg/kg), methiotepin (0.31 mg/kg), and the ben-
zodiazepine antagonist, flumazenil (10.0 mg/kg), did not
modify the exploratory behavior at the doses tested. Particu-
larly interesting is the effect of the combined treatment of
diazepam and the antagonists. Thus, a clear and complete
antagonism of the diazepam anxiolytic action was observed
after flumazenil and alprenolol injection. Methiotepin and
pindolol, by contrast, only produce a partial antagonistic
action.

Experiment 3: Possible Potentiation of the Anxiolytic Action
of Diazepam and Serotonergic Anxiolytics

The results of this experiment are summarized in Fig. 3.
From this figure, it is clear that only the combination of sub-
optimal doses of diazepam (0.25 mg/kg) plus ipsapirone (2.5
mg/kg) synergized to produce an increase in the number of
transitions. The combined treatment of subthreshold doses of
diazepam plus 8-OH-DPAT (0.0625 mg/kg) or diazepam plus
indorenate (2.5 mg/kg) had no effect.

Table 1 shows the effect of the combination of diazepam
plus the 5-HT agonists and antagonists and the combination
of the 5-HT,, agonists plus flumazenil on motor activity. As
can be seen from Table 1, only the combination of diazepam
(0.5 mg/kg) plus methiotepin (0.31 mg/kg) shows a statisti-
cally significant decrease on motor activity.

DISCUSSION
The main findings from the present study were:

1. The 5-HT,, agonists, ipsapirone, indorenate, and 8-OH-
DPAT, and the classic anxiolytic, diazepam, clearly pro-
duced an increase on exploratory behavior in mice, a re-
sponse considered as an anxiolytic effect (8).

2. Administration of the benzodiazepine antagonist, fluma-
zenil, prevented the anxiolytic action of ipsapirone, while
it partially prevented the effect of indorenate and 8-OH-
DPAT.

3. The combination of subthreshold doses of diazepam and

ipsapirone (but not indorenate or 8-OH-DPAT) synergized
in producing antianxiety effects.

4. The 5-HT/B-blocker, alprenolol (but not pindolol or meth-
iotepin), effectively antagonized the anxiolytic actions of
diazepam.

5. Only the combination of diazepam plus methiotepin af-
fected motor activity.

In the present study, the benzodiazepine antagonist, fluma-
zenil, did not produce any change in the exploratory behavior
when administered alone as compared with the control group.
However, it was able to prevent the anxiolytic effect of the
serotonergic anxiolytics, ipsapirone, indorenate, and 8-OH-
DPAT. Flumazenil has been reported to be a specific benzo-
diazepine receptor antagonist (4,24) without actions on the
serotonergic receptor. Therefore, it appears that the benzodi-
azepine receptor complex is involved in the mediation of the
anxiolytic effect of the 5-HT,, agonists.

Recently, Soderpalm and Engel (44) reported that the
GABA-benzodiazepine receptor complex could be involved
in the anticonflict effect of parachlorophenylalanine (pCPA).
These authors found that pCPA produced an anticonflict ac-
tion in a modified Vogel’s conflict model. This effect was
completely counteracted by both flumazenil and bicuculline
in doses not altering the behavior per se. In explaining their
data, these authors included as one possibility that 5-HT nor-
mally exerts an inhibitory action on GABA release. Therefore,
the abolishment of this inhibition (with pCPA pretreatment)
would result in an increased GABAergic neurotransmission,
which tentatively leads to an anxiolytic action. Following this
line of thought, these series of results would suggest that stim-
ulation of the 5-HT,, receptor produces an inhibition of the
serotonergic transmission that in turn causes an increased GA-
BAergic transmission. It has been reported that the 5-HT,,
receptors are located both postsynaptically (on target cells of
serotonergic neurons), and presynaptically on the cell bodies
and/or dendrites of serotonergic neurons within the dorsal
raphé nucleus (19,52). Because it has been demonstrated (2,53)
that the stimulation of somatodendritic receptors results in a
decreased serotonergic transmission, it seems possible that the
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FIG. 1. Effect of the benzodiazepine antagonist flumazenil (10.0 mg/kg) on the anxiolytic action of ipsapirone
(5.0 mg/kg), indorenate (5.0 mg/kg) and 8-OH-DPAT (0.125 mg/kg). Mean + SE number of transitions. Statistical
comparisons made between control and experimental groups (asterisks over columns) and between 5-HT,, and 5-HT,,
plus flumazenil groups (brackets) by means of the Wilcoxon matched-pairs signed-rank test (**p < 0.02; ***p <

0.01).

serotonergic receptors involved in the anxiolytic effect of the
5-HT,, agonists are located somatodendritically. Although
this idea remains as a reasonable possibility (vide infra), a
postsynaptic interaction (probably at the hippocampus) is also
feasible.

Recently, we demonstrated that the integrity of the sero-
tonergic somas is not essential for the action of the serotoner-
gic anxiolytics, ipsapirone, indorenate, and buspirone (14). In
this study, it was found that the 5-HT,, agonists still produced
their anxiolytic effect on the burying behavior test in animals
in which the serotonergic neurons were lesioned with 5,7-
dihydroxytryptamine (5,7-DHT, 150 ug) (14). According to
these results, it was concluded that the 5-HT,, agonists pro-

duced their anticonflict effect by the stimulation of postsynap-
tic neurons. These data are in accordance with those reported
by Shimizu et al. (42). However, as previously suggested (12),
we also found that the serotonergic somatodendritic receptors
could be involved in the antianxiety effects of 8-OH-DPAT
because in §5,7-DHT-lesioned rats 8-OH-DPAT does not pro-
duce an anxiolytic action (14). From these findings, it can be
seen that the 5-HT,, agonists exert their anxiolytic effects
after the stimulation of either somatodendritic or postsynaptic
receptors. However, the question regarding the site at which
the GABA-benzodiazepine receptor complex interacts with
the serotonergic system in producing an anxiolytic effect re-
mains open.
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The 5-HT,, receptors appear particularly concentrated in
limbic regions such as the hippocampus, septum, and amyg-
dala (31,38,52). It is interesting to note that the hippocampus
has been particularly implicated in the modulation of anxiety
(18). For example, Kostowski et al. (27) reported that intrahip-
pocampal injection of the 5-HT, , receptor agonist, buspirone,
produces an anxiolytic effect on the open-field and elevated
plus-maze tests. In addition, it is important to note also that
GABAergic neurons have been detected in the hippocampal
area (30,36) and that Campbell et al. (6) found that local
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microinjection of diazepam into this brain region induced an
anxiolytic effect on a conflict behavior paradigm. These data
point out the hippocampus as an anatomic site where the sero-
tonergic and GABAergic systems interact in the regulation of
anxiety.

Another site where an interaction between the GABAergic
and the 5-HT,, systems might take place is the dorsal raphé
nucleus. As aforementioned, there is evidence showing that
the stimulation of somatodendritic 5-HT,, receptors can pro-
duce antianxiety effects and that these receptors are located
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FIG. 2. Effect of the benzodiazepine antagonist, flumazenil (10.0 mg/kg), and the 5-HT/S-antagonists, pindolol
(3.1 mg/kg), alprenolol (5.0 mg/kg), and methiotepin (0.31 mg/kg), on the anxiolytic action of diazepam (0.5 mg/kg).
Mean + SE number of transitions. Statistical comparisons made between control and experimental groups (asterisks over
columns) and between diazepam and diazepam plus antagonists groups (brackets) by means of the Wilcoxon matched-pairs

signed-rank test (**p < 0.02; ***p < 0.01).
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on the dorsal raphé nucleus (51). Several authors have sug-
gested that GABA acts as an inhibitor transmitter in the dorsal
raphé nucleus (15,16). In addition, Thitbot et al. (49) reported
that GABA and benzodiazepines applied to the doral raphé
nucleus produced antianxiety effects while administration of
B-carbolines to the same site produced anxiogenic actions.
Furthermore, it has been demonstrated that benzodiazepines
inhibit the firing of serotonergic neurons in the dorsal raphé
nucleus (40,50) and decrease the 5-HT turnover (7). These
results suggest an interaction of the GABAergic and seroton-
ergic systems on the dorsal raphé nucleus. According to this
idea, the inhibition of the serotonergic transmission produced
by the stimulation of both the 5-HT,, and GABA receptors
in the somas of the serotonergic neurons would produce an
anxiolytic effect and would also explain the present finding

showing a potentiating action of the combined administration
of diazepam and ipsapirone.

Other authors have reported a possible interaction of the
5-HT,, agonist buspirone with the benzodiazepine receptor in
other brain areas besides the raphé nucleus and the hippocam-
pus. Thus, Garattini et al, in 1982 (17) reported that buspirone
increases the binding of diazepam and GABA in the rat cere-
bellum. Following this idea, Oakley and Jones (35) found that
buspirone dose dependently increased the amount of [*H]flun-
itrazepam bound. These authors also showed that the thresh-
old dose of buspirone that increased [*H}flunitrazepam bind-
ing was the same required to produce an anxiolytic action on
the Vogel’s test. In addition, they reported that flumazenil
was unable to prevent the anxiolytic action of buspirone.
From these data, they concluded that the antianxiety effect of
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this serotonergic anxiolytic does not depend upon the func-
tional interaction of buspirone with benzodiazepine receptors
and that the increase in [*H}flunitrazepam binding might be
related to the anxiolytic effect of buspirone mediated at some
other site. Another evidence for interaction between buspirone
and the GABAergic neurotransmission is that reported by Ei-
son (11). This study showed that buspirone was able to reduce
the convulsant threshold of the GABA antagonists, bicuculine
and picrotoxin, when orally administered. It is worth mention-
ing that the exploratory behavior test in mice was not sensitive
to the actions of buspirone (Lépez-Rubalcava and Fernandez-
Guasti, unpublished data). Therefore, the possible inter-
actions between buspirone and the GABA-benzodiazepine
system cannot be explored in this particular test. Other experi-
mental anxiety paradigms should be used to study such inter-
action.

From the present results, it can be hypothesized that the
antianxiety effects seen in the present study are taking place by
the stimulation of at least three different neurons connected
linearly. The first neuron is serotonergic, having its origin on
the dorsal raphé nucleus and providing 5-HT innervation to
the hippocampus (1). This neuron, in addition to possessing
the serotonergic somatodendritic receptors, would receive
GABAergic information from an interneuron located in the
raphé nucleus. The second neuron is of GABAergic nature,
located in the hippocampus and probably innervated by the
serotonergic fiber. Finally, there should be a third neuron that
would be innervated by the GABAergic neuron. If this was
the case, the 5-HT,, agonists could produce their anxiolytic
effect by stimulating postsynaptic 5-HT,, receptors located in
the hippocampal GABAergic neuron, while benzodiazepines
would produce their anxiolytic action through postsynaptic
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stimulation of the third neuron. On the basis of this hypothe-
sis, it would be explained why the benzodiazepine antagonist,
flumazenil, counteracted the anxiolytic effect of the 5-HT,,
agonists. However, it is important to state that, to our knowl-
edge, there is no anatomic evidence for such an interaction in
the hippocampus, and thus further studies should be done to
confirm these suppositions.

In the present study, it was found that alprenolol was able
to block the anxiolytic effect of diazepam. Alprenolol is a
nonselective 5-HT,, receptor antagonist that also interacts
with the B-adrenergic receptor but that, to our knowledge,
does not interact with the benzodiazepine receptor. Other au-
thors have reported interactions between 5-HT,,/8-blockers
and benzodiazepines. For example, Sepinwal et al. (41) found
that a high dose of propanolol potentiated the actions of
chlordiazepoxide on a drinking conflict paradigm; however,
the mechanism of action for this effect was not discussed.

Because none of the treatments tested affected the mice
motor activity (except for the combination of diazepam plus
methiotepin, which decreased the activity), the results of the
present work support the idea of an interaction between the
benzodiazepine and serotonergic systems in the mediation of
the anxiolytic effect of both diazepam and the 5-HT,, ago-
nists.

ACKNOWLEDGEMENTS

The authors thank Victor Flores Montoya for animal caring and
technical support and Gabriela Rodriguez-Manzo for language check-
ing. The present work was partially supported by a grant to A.F.-G.
from the Consejo Nacional de Ciencia y Tecnologia (Grant 0362-
N9107). C.L.-R. received a doctorate fellowship from the Consejo
Nacional de Ciencia y Tecnologia.

REFERENCES

1. Azmitia, E. C.; Segal, M. An autoradiographic analysis of the
different ascending projections of the dorsal and median raphe
nuclei in the rat. J. Comp. Neurol. 179:641-668; 1981.

2. Blier, P.; De Montigny, C. Differential effects of gepirone on
presynaptic and postsynaptic serotonin receptors: Single-cell re-
cording studies. J. Clin. Psychopharmacol. 10:135-208; 1990.

3. Blumstein, L. K.; Crawley, J. Further characterization of a sim-
ple automated exploratory model for the anxiolytic effects of
benzodiazepines. Pharmacol. Biochem. Behav. 18:37-40; 1983.

4, Bonetti, E. P.; Pieri, L.; Cumin, R.; Schaffner, R.; Pieri, M.;
Gamzu, E. R.; Muller, K. M.; Haefely, W. Benzodiazepine an-
tagonist RO 15-1788: Neurological and behavioral effects. Psy-
chopharmacology (Berl.) 78:8-18; 1982.

5. Bowery, M. N.; Hudson, A. L.; Price, G. W. GABA, and
GABAj receptor site distribution in the rat central nervous sys-
tem. Neuroscience 20:365-383; 1987.

6. Campbell, J. L.; Sherman, A. D.; Petty, F. Diazepam anxiolytic
activity in hippocampus. Comm. Psychopharmacol. 4:387; 1980.

7. Chase, T. N.; Katz, R. I.; Kopin, I. J. Effect of diazepam on fate
of intracisternally injected serotonin-c'*. Neuropharmacology 9:
103-108; 1970.

8. Crawley, J.; Goodwin, F. Preliminary report of a simple animal
behaviour model for the anxiolytic affects of benzodiazepines.
Pharmacol. Biochem. Behav. 13:167-170; 1980.

9. Dompert, W. V.; Glaser, T.; Traber, J. CH)-TVX Q 7821: Identi-
fication of 5-HT, binding sites as a target for a novel putative
anxiolytic. Naunyn Schmiedeberg’s Arch. Pharmacol. 328:467-
470; 1985.

10. Dourish, C. T. Brain 5-HT,, receptors and anxiety. In: Dourish,
C. T.; Ahlenius, S.; Hudson, P. H., eds. Brain 5-HT, , receptors:
Behavioural and neurochemical pharmacology. Chichester, UK:
Ellis Horwood; 1987:261-277.

11. Eison, M. S. Use of animal models: Toward anxioselective drugs.
Psychopathology 17(suppl. 1):37-44; 1984.

12. Engel, J. A.; Hjorth, S.; Svensson, K.; Carlsson, A.; Liljequist,
S. Anticonflict effect of the putative serotonin receptor agonist
8-hydroxy-2-(di-#-propylamino tetralin) (8-OH-DPAT). Eur. J.
Pharmacol. 154:365-368; 1984.

13. Fernandez-Guasti, A.; Lopez-Rubalcava, C. Evidence for the
involvement of 5-HT,, receptors in the anxiolytic action of indor-
enate and ipsapirone. Psychopharmacology (Berl.) 101:354-358;
1990.

14. Fernandez-Guasti, A.; Lopez-Rubalcava, C.; Pérez-Urizar, J.;
Castafleda-Herndndez, G. Evidence for a postsynaptic action of
the serotonergic anxiolytics: Ipsapirone, indorenate and buspir-
one. Brain Res. Bull. 28:497-501; 1992.

15. Gallager, D. W. Benzodiazepines: Potentiation of a GABA inhib-
itory response in the dorsal raphé nucleus. Eur. J. Pharmacol.
49:133-143; 1978.

16. Gallager, D. W.; Aghajanian, G. K. Effect of antipsychotic drug
on the firing of dorsal raphé cells. IT Reversal by picrotoxin. Eur.
J. Pharmacol. 39:357-364; 1976.

17. Garattini, S.; Caccia, S.; Mennini, T. Notes on buspirone’s mech-
anisms of action. J. Clin. Psychiatry 43:19-22; 1982.

18. Gray, J. A. The neuropsychology of anxiety: An enquiry into the
functions of the septo-hippocampal system. Behav. Br. Sci. 5:
469-534; 1982.

19. Hall, M. D.; El Mestikawy, S.; Emrit, M. B.; Pichat, L.; Hamon,
M.; Gozlan, H. (*H) 8-Hydroxy-2(di-n-propylamino) tetralin
binding to pre- and postsynaptic 5-hydroxytryptamine sites in
various regions of the rat brain. J. Neurochem. 44:1685-1696;
1985.

20. Hamon, M.; Emrit, M. B.; El Metiskawy, S.; Vergé, D.; Daval,
G.; Marquet, A.; Gozlan, H. Pharmacological, biochemical and



440

21.

22.

23.

24,

25.
26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

LOPEZ-RUBALCAVA, SALDIVAR AND FERNANDEZ-GUASTI

functional properties of 5-HT,, receptor binding sites labelled by
(*H) 8-hydroxy-2-(di-n-propylamino) tetralin in the rat brain. In:
Dourish, C. T.; Ahlenius, S.; Hudson, P. H., eds. Brain 5-HT,,
receptors: Behavioural and neurochemical pharmacology. Chich-
ester, UK: Ellis Horwood; 1987:34-51.

Harandi, M.; Aguera, M.; Gamrani, H.; Didier, M.; Maitre, M.;
Calas, A.; Belin, M. F. Gamma-amino butyric acid and 5-
hydroxytriptamine. Interrelationship in the rat nucleus dorsalis:
Combination of radiographic and immunocytochemical tech-
niques at light and electron microscopy levels. Neuroscience 21:
237-251; 1987.

Heafely, W. E. Benzodiazepines mechanism of action. In: Levy,
R.; Mattson, R.; Meldrum, B.; Penry, J. K.; Dreifuss, F. E., eds.
Antiepileptic drugs. New York: Raven Press; 1989:721-733.
Hoyer, D.; Engel, G.; Kalman, H. O. Molecular pharmacology
of 5-HT, and 5-HT, recognition sites in rat and pig membranes:
Radioligand binding studies with CH) 5-HT, (*H) 8-OH-DPAT,
(-) (*Diodocyanopindolol, (H)mesulergine and (H)ketanse-
rine. Eur. J. Pharmacol. 118:13-23; 198S.

Hunkeler, W.; Méhler, H.; Pieri, L.; Polc, P.; Bonetti, E. P.;
Cumin, R.; Schaffner, R.; Haefely, W. Selective antagonists of
benzodiazepines. Nature 290:514-515; 1981.

Iversen, S. D. 5-HT and anxiety. Neuropharmacology 23:1553-
1560; 1984.

Johnston, A. L.; File, S. E. 5-HT and anxiety: Promises and
pitfalls. Pharmacol. Biochem. Behav. 24:1467-1470; 1986.
Kostowski, W.; Plaznik, A.; Stefanski, R. Intrahippocampal
buspirone in animal models of anxiety. Eur. J. Pharmacol. 168:
393-396; 1989.

Kuhar, J. M. Neuroanatomical substrates of anxiety: A brief
survey. Trends Neurosci. 9:307-311; 1986.

Lidbrink, P.; Carrodi, H.; Fuxe, K.; Olson, L. The effects of
benzodiazepines, meprobamate and barbiturates on central
monoamines neurones. In: Garattini, S.; Mussini, E.; Randal, L.
0., eds. The benzodiazepines. New York: Raven Press; 1973:
203-224.

McCabe, R. T.; Wamsley, J. K. Autoradiographic localization of
subcomponents of the macromolecular GABA receptor complex.
Life Sci. 39:1937-1945; 1986.

Marcinkiewicz, M.; Vergé, D.; Gozlan, H.; Pichot, L.; Hamon,
M. Autoradiographic evidence for the heterogeneity of 5-HT,
sites in the rat brain. Brain Res. 291:159-163; 1984.

Martin, I. L. The benzodiazepines and their receptors: 25 years
of progress. Neuropharmacology 26:957-970; 1987.

Nishikawa, T.; Scatton, B. Inhibitory influence of GABA on
central serotonergic transmission. Raphé nuclei as the neuroana-
tomical site of the GABAergic inhibition of central serotonergic
neurons. Brain Res. 331:91-103; 1985.

Nishikawa, T.; Scatton, B. Neuroanatomical site of the inhibitory
influence of anxiolytic drugs on central serotonergic transmission.
Brain Res. 337:123-132; 1986.

Oakley, N. R.; Jones, B. J. Buspirone enhances [*H)flunitra-
zepam binding in vivo. Eur. J. Pharmacol. 87:499-500; 1983.
O’Connor, L. H.; McEwen, B. S. Autoradiographic localiza-
tion of GABA-regulated chloride ionophore binding sites using
(CH)t-butyl bicyclorthobenzoate. Eur. J. Pharmacol. 120:141-
142; 1986.

Palacios, J. M.; Pazos, A.; Hoyer, D. Characterization and map-

38.

39.

41.

42,

43.

45.

47.

48.

49,

50.

51.

52.

53.

ping of 5-HT,, sites in the brain of animals and man. In: Dourish,
C. T.; Ahlenius, S.; Hudson, P. H., eds. Brain 5-HT, receptors:
Behavioural and neurochemical pharmacology. Chichester, UK:
Ellis Horwood; 1987:186-198.

Pazos, A.; Palacios, J. M. Quantitative autoradiographic map-
ping of serotonin receptors in the rat brain. I. Serotonin-1 recep-
tors. Brain Res. 346:205-230; 1985.

Peroutka, S. J. Selective interaction of novel anxiolytics with
5-hydroxytryptamine,, receptors. Biol. Psychiatry 20:971-979;
1985.

. Pratt, J.; Jenner, P.; Reynolds, E. H.; Marsden, C. D. Clona-

zepam induces decreased serotonin activity in mouse brain. Neu-
ropharmacology 18:791-799; 1979.

Sepinwal, J.; Grodsky, F. S.; Sullivan, J. W.; Cook, L. Effects
of propranolol and chlordiazepoxide on conflict behavior in rats.
Psychopharmacologia 31:375-382; 1973.

Shimizu, H.; Tatsuno, T.; Tanaka, H.; Kumasaka, Y.; Yaka-
mura, M. The role of central serotonergic neuron system in the
mechanism of action of SM-3997. Jpn. J. Pharmacol. 46:238P;
1988.

Siegel, S. Nonparametric statistics for the behavioral sciences.
New York: McGraw-Hill; 1956.

. Soderpalm, B.; Engel, J. A. Does pCPA induced anticonflict

effect involve activation of GABA/benzodiazepine chloride iono-
phore receptor complex? J. Neural Trans. 76:145-153; 1989.
Sprouse, J. S.; Aghajanian, G. K. (—)-Propranolol blocks the
inhibition of serotonergic dorsal raphé cell firing by 5-HT, selec-
tive agonists. Eur. J. Pharmacol. 128:295-298; 1986.

. Stanton, H. C.; Taylor, D. P.; Riblet, L. A. Buspirone, an anxio-

selective drug with dopaminergic actions. In: Chronister, R. B.;
De France, J. F., eds. The neurobiology of the nucleus accum-
bens. Brunswick: Haer Institute; 1981:316.

Study, R. E.; Baker, J. L. Cellular mechanisms of benzodiazepine
actions. JAMA 247:2147-2151; 1982.

Thi¢bot, M. H. Are serotonergic neurons involved 1n the control
of anxiety and in the anxiolytic activity of benzodiazepines. Phar-
macol. Biochem. Behav. 24:1471-1477; 1986.

Thi¢bot, M. H.; Jobert, A.; Soubrie, P. Chlordiazepoxide and
GABA injected into the raphé dorsalis release the conditioned
behavioural suppression induced in rats by a conflict procedure
without nociceptive component. Neuropharmacology 19:633-
641; 1980.

Trulson, M. E.; Preusler, D. W.; Howell, G. A.; Frederickson,
C. J. Raphé unit activity in freely moving cats: Effects of benzo-
diazepines. Neuropharmacology 21:1050-1082; 1982.

Van der Maelen, C. P.; Matheson, C. K.; Wilderman, R. C.;
Patterson, L. A. Inhibition of serotonergic dorsal raphé neurons
by systemic and iontophoretic administration of buspirone, a
non-benzodiazepine anxiolytic drug. Eur. J. Pharmacol. 129:123-
130; 1986.

Vergé, D.; Daval, G.; Marcinkiewicz, M.; Patey, A.; El Mesti-
kawy, S.; Gozlan, H.; Hamon, M. Quantitative autoradiography
of multiple 5-HT receptor subtypes in the brain of control or
5,7-dihydroxy-tryptamine treated rats. J. Neurosci. 6:3474-3482;
1986.

Yocca, F. D. Neurochemistry and neurophysiology of buspirone
and gepirone: Interactions at presynaptic and postsynaptic 5-
HT,, receptors. J. Clin. Psychopharmacol. 10:68-128; 1990.



