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MENESES, A. AND E. HONG. Modification of the anxiolytic effects of 5-HT,, agonists by shock intensity. PHARMA-
COL BIOCHEM BEHAV 46(3) 569-573, 1993, —Contradictory evidence exists concerning the anxiolytic effects of 5-HT,,
agonists in the conflict test. In the present work, a modification of the Vogel conflict model was used to assess different doses
of diazepam (0.1-5.6 mg/kg), ipsapirone (1.0-17.8 mg/kg), buspirone (1.7-17.8 mg/kg), and indorenate (0.56-17.8 mg/kg)
in rats receiving two different electric shock intensities (0.16 and 0.32 mA). The results show that the three 5-HT,, agonists
had a smaller anticonflict effect than diazepam. The anticonflict effect with each compound was of a greater magnitude at
0.16 mA intensity than at 0.32 mA. This study shows that, using different electric shock intensities, compounds produce a
differential effect: the anticonflict effects were more pronounced with the lower electric shock intensity than with the higher
intensity. The present results suggest that the use of different shock intensities can play distinct roles over the drug’s effect in

the conflict test.
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SEVERAL models of conflict have been used in the search
for new anxiolytic agents (9,12,29,36). Among these models,
the most popular is the test of Geller-Seifter (13). In this para-
digm, the increment in the number of suppressed responses or
electric shocks received is taken as an index of anxiolytic activ-
ity (6). This conflict test has been modified by other investiga-
tors [i.e., instead of the lever press response, licking has been
used (37)]. Another modification consisted in the individual
adjustement of electric shock intensities (30,37). These modifi-
cations improve the conflict test, since they decrease the time
needed for training and allow the establishment of similar
levels of suppressed responses between animals.

The identification and development of specific compounds
for serotonin receptors and subtypes of receptor (5-HT,,, 5-
HT,3, 5-HT,¢, 5-HT,p, 5-HT,, 5-HT,, 5-HT,) (27) has allowed
the study of the role of serotonin in the genesis and therapeu-
tics of anxiety.

Several 5-HT,, agonists have been assessed in different
versions of the conflict test with contradictory results. For
instance, buspirone has shown anticonflict effects (10,17,18,
23,24,26,28) or no effect (2,16,31); ipsapirone has also pro-
duced anticonflict effects (4,15,18,34) or no effects (7). On
the other hand, experiments with pigeons and different 5-
HT,, agents in the conflict test have yielded consistent anti-
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conflict effects; the reasons for the different findings with
pigeons and rats are unknown (15).

The above contrasting results have been discussed in terms
of the anxiolytic properties of those agents (12), but little
attention has been paid to other factors, such as the animal’s
behavioral and pharmacological experiences, particularly drug
administration in either acute or chronic phases of the behav-
ioral suppression or conflict period, and fixed vs. adjusted
intensities.

It has been stated that anxiety is not a unitary phenomenon
(36), and hence it could be expected that several training or
test conditions, and/or different electric shock intensities (34)
could engender different types or levels of anxiety. In the pres-
ent work, we evaluated the anxiolytic activity of three 5-HT,,
agonists (8,20) and diazepam (as an anxiolytic reference drug)
in the Vogel conflict test with two fixed electric shock intensities
(0.16 or 0.32 mA). The administration of compounds was made
during conflict acquisition (acute phase).

METHOD

Animals

We employed naive, male Wistar rats. When the experi-
ment started the animals were 12 weeks old. They were main-
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tained for 1 week with ad lib food and water in a temperature-
and light-controlled room (12L : 12D starting at 7:00 a.m.).
Animals were housed in plastic cages with 10 rats per cage.
Experiments were conducted during the light phase.

Conflict Behavior

Apparatus. Operant chambers were employed; each cham-
ber was enclosed in a sound-attenuating compartment equipped
with a ventilating fan. The inner dimensions of each chamber
were 25 X 29 X 25 cm, with a grid floor of stainless steel
bars and a drinking bottle containing tap water. Two walls of
the chamber were of aluminum and the other two of Plexiglas.
The house light was located in the upper left corner of the
front aluminum wall, and the module of white noise was lo-
cated in the opposing corner. At the center of the same wall
there was an opening 10 cm to the left and to the right contain-
ing a drinking tube attached to a graduated bottle (50 ml). A
photocell was used to detect only the licking response. A
source of electric programmable shocks (model E13-16) was
also employed, with one pole connected to the grid floor and
the other pole to the drinking tube. Two electric shock intensi-
ties were used (0.16 and 0.32 mA). All recording and control
equipment were Coulbourn Instruments (Lehigh Valley, PA).

General Procedure

The experiment consisted of two phases: 1) training to
drink from the drinking tube, and 2) test, which consisted of
administration of the drug plus delivery of electric shocks.

Training. The animals were maintained for 1 week in the
light- and temperature-controlled room with free access to
food and water. They were water deprived for 48 h and then
each animal was placed in the conditioning chamber and was
allowed to drink tap water for 10 min, then the subject was
placed in its home cage. In this phase the number of licks
were recorded.

Test. After 24 h of water deprivation, drugs were admin-
istred and animals were returned to the conditioning chamber.
When approaching the drinking tube, animals were allowed
to drink until completing 150 licks. Immediately after, electric
shock were delivered for 2 s every 5 s. The lenght of the test
phase was 10 min. The following parameters were measured:
the number of licks during the 2 s of electric shock delivery
(conflict period), and the number of licks during the asbence
of electric shock (licks not suppressed). It is noteworthy that
animals can make several licks per electric shock delivered;
therefore, animals received more than one or two electric
shocks during the 2 s. The two intensity levels were tested with
different doses of each compound and each animal was used
only once.

Drugs. Diazepam (0.1-5.6 mg/kg) (Hoffmann-La Roche,
México) was prepared in 0.5% methylcellulose. Buspirone
(1.7-17.8 mg/kg) (Mead Johnson, México), ipsapirone (1.0-
17.8 mg/kg) (Miles Pharmaceutical Division, West Haven,
CT), and indorenate (0.56-17.8 mg/kg) (CINVESTAV-IPN,
Meéxico) were dissolved in a 0.9% saline solution. All drugs
were injected intraperitoneally (IP) in a volume of 1 mi/kg 30
min before the test, except indorenate, which was administred
90 min before the test.

Statistical Analysis

The effects of single doses of various drugs on the conflict
test performance were examined by one-way ANOVA and
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post hoc comparison with control by Dunnett’s t-test. Dose-
response curves for each drug were compared using a factorial
ANOVA for unpaired samples with two factors to detect the
interaction between drug per electric shock intensities. In all
statistical comparisons, p < 0.05 was used as the criterion for
statistical significance.

RESULTS

The analysis of number of electric shocks received for each
compound showed that these anticonflict effects were greater
at the intensity of 0.16 mA than with 0.32 mA. Diazepam
increased the number of electric shocks received (Fig. 1).
When the ANOVA test was used, the greatest effect in electric
shock intensity was at 0.16 mA in comparison to 0.32 mA, F(1,
9) = 27.86, p < 0.01, and the results with both intensities
were different with respect to the control vehicle group, F(9,
140) = 8.85, p < 0.01. A further analysis, with Dunnett’s
t-test, showed that diazepam increased the number of electric
shocks received in a dose-related fashion. Statistically signifi-
cant effects were observed with doses from 1.0 to 3.1 mg/kg
with both intensities. The number of licks not suppressed were
increased between the doses of 0.31 to 10.0 mg/kg.

Ipsapirone increased the number of electric shocks received
(Fig. 2). The ANOVA for this compound revealed a signifi-
cant effect in the number of electric shocks received in rela-
tionship to shock intensities, F(1, 6) = 34.93, p < 0.01, and
doses tested, F(6, 162) = 6.52, p < 0.01. There was also a
significant interaction between electric shock intensities and
some doses, F(6, 162) = 5.60, p < 0.01. Dunnett’s t-tests
showed that ipsapirone displayed significant anticonflict ef-
fects only with the intensity of 0.16 mA, while it was devoid
of activity at 0.32 mA. Licks not suppressed were significantly
increased in a dose-dependent fashion only when 0.16 mA
intensity was used.

The ANOVA for buspirone (Fig. 3) showed a statistically
significant effect in relationship to treatments, F(7, 127) =
2.73, p < 0.05, but there were no significant differences be-
tween intensities, F (7, 15) = 0.83, NS. Dunnett’s f-tests
showed statistically nonsignificant effects with most of the
doses, which increased the number of electric shocks received
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FIG. 1. Effects of diazepam on the conflict test. Diazepam was in-
jected (IP) 30 min before conflict test. Shown are the mean + SEM
of number of electric shocks received (left panel) and the licks not
suppressed (right panel). Electric shock intensity of 0.16 mA (O) and
0.32 mA (@). *p < 0.05 vs. vehicle-injected controls. n = 8 animals
per group.
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FIG. 2. Effects of ipsapirone on conflict test. Ipsapirone was admin-
istered (IP) 30 min before conflict test. n = 8-16 animals per group.
See details as in Fig. 1.

at the intensity of 0.16 mA and at the intensity of 0.32 mA
except for the dose of 10.0 mg/kg. The number of licks not
suppressed were increased at both intensities.

The ANOVA for indorenate (Fig. 4) revealed statistically
significant effects between the intensities, F(1, 112) = 12.13,
p < 0.01, and doses F(1, 112) = 12.13, p < 0.01. Dunnett’s
t-tests of indorenate show statistically significant increments
in the number of electric shocks received at doses from 3.1 to
10.0 mg/kg at 0.16 mA, and at doses from 5.6 to 10.0 mg/kg
at 0.32 mA. A similar finding was observed with the licks not
suppressed.

The main findings of these experiments are the doses with
a statistically significant anticonflict effect and the doses pro-
ducing maximal effects for each of the four drugs. In this
sense, the order of anticonflct effects observed in the intensity
of 0.16 mA were: diazepam > buspirone > ipsapirone >
indorenate; and for the intensity of 0.32 mA were: diazepam
> indorenate > buspirone.
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FIG. 3. Effects of buspirone on conflict test. Buspirone was adminis-
tered (IP) 30 min before conflict test. n = 8-16 animals per group.
See details as in Fig. 1.
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FIG. 4. Effects of indorenate on conflict test. Indorenate was admin-
istered (IP) 90 min before conflict test. n = 8 animals per group. See
details as in Fig. 1.

DISCUSSION

The results with diazepam confirm the sensitivity and relia-
bility of the conflict test version used in the present study.
The antianxiety effects obtained with diazepam in a very wide
range of doses with both electric shock intensities (0.16 and
0.32 mA) have clarified this point. The anticonflict effects of
the 5-HT,, agonists were weaker than diazepam. On the other
hand, the number of licks not suppressed by diazepam and
indorenate were increased in a dose-dependent manner, while
they was increased irregularly by ipsapirone and buspirone
with the two shock intensities. These results do not rule out
the possibility that the drugs employed here increased water
intake in addition to their ability to increase the number of
electric shocks received, since evidence exists that some 5-
HT,, agonists (8-OH DPAT and gepirone) increase postinjec-
tion water intake (14). However, in the cases of buspirone and
ipsapirone, such effect did not reach statistically significant
levels (14) nor increase water intake in normal, deprived, or
presatiated animals (3,17,21). Therefore, licks not suppressed
can be independently affected in conflict tests, at least during
conflict acquisition.

There are contradictory findings related to the anxiolytic
effects of 5-HT,, agonists in several animal models of anxiety
(9,12). This seems to be particulary true in the case of buspir-
one (2,10,16-18,22,24,26,28,30) and ipsapirone (4,7,17,18,
35). Such discrepancies may be due to methodological differ-
ences used by each author.

In the conflict test, the procedures usually employ the de-
livery of chronic electric shocks to controll or eliminate the
engendered effects by the compounds that increase intake.
However, it has been found that compounds decreasing 5-HT
transmission, such as 5,7-DHT, pCPA, methysergide, or ci-
proheptadine, are inactive in a chronic conflict test but they
are active during conflict acquisition or an acute conflict [see
(33) for review].

Experiments carried out with 5-HT,, agonists in conflict
test, using either chronic or acute procedures, have been em-
ployed with either adjusted or fixed electric shock intensities.
It is important to emphasize that from experiments in which
chronic and adjusted electric shock intensities were used
(2,7,16,28), only one author reported anticonflict effects with
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buspirone (28); on the other hand, from those experiments
employing acute administration and fixed shock intensities,
only one (31) was unable to find anticonflict effects with
buspirone, while others found anticonflict effects with buspir-
one or ipsapirone (4,10,18,23-26), but always to a lesser de-
gree than with benzodiazepines. It is important to point out
that when 8-OH-DPAT was tested using a fixed intensity of
0.16 mA for supression of lick responses, an effective and
dose-related anticonflict effect was found (11), as observed in
the present experiments.

It has been reported that rats trained with gradual incre-
ments in electric shock intensity showed less anxiolytic effects
than those trained with a fixed intensity (1). The present re-
sults show that three 5-HT,, agonists were active with a low
shock intensity, while at the higher intensity, their anticonflict
effects were of lesser degree or were absent (ipsapirone). It
was recently reported (19) that buspirone showed inconsistent
anticonflict effects in the Geller-Seifter conflict test when in-
creasing shock intensities were used in a wide range of experi-
mental conditions. The individual adjustment of the electric
shock intensity allows the establishment of similar suppression
levels in the response output, but this by no means attains the
same level of anxiety between animals. The present results
constitute an evaluation of this phenomenon, since in rats
trained with the electric shock intensity of 0.16 mA, the four
drugs were active; with the higher intensity (0.32 mA), the
anticonflict effects were smaller or absent. These results sug-
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gest that the electric shock adjustment in the conflict test is
difficult for the proper pharmacological evaluation of 5-HT,,
agonists with anxiolytic properties.

The antianxiety effects of 5-HT,, agonists in other animal
models of anxiety are conflicting (5,9,19,34). However, there
is at least one paper reporting that 5-HT,, agonists are active
on social interaction test, potentiated startle response, two-
compartment test, and passive avoidance response, and these
agonists have no effect on elevated plus-maze, shock probe,
and conditional emotional response (5,9,19,34).

Several factors can be related to inconsistencies, since 5-
HT,, agonists alter diverse behavioral aspects [see (22) for
review], such as consummatory respones, activity, pain per-
ception, etc. Besides, it is noteworthy that a given behavioral
test can activate specific 5S-HT pathways. Therefore, it is nec-
essary to take into account if the drug is acting at a pre- or
postsynaptic level, as agonist or antagonist, and its possible
interactions with diverse neurotransmission systems. On the
other hand, it is necessary to take into account what kind of
behavioral responses an animal needs to deal with a specific
anxiety test, and what structures and neurotransmission re-
sponses are active in the behavioral test per se.
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