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HILL, T. J., D. J. FONTANA, T. C. McCLOSKEY AND R. L. COMMISSARIS. B-Carboline and pentylenetetra-
zol effects on conflict behavior in the rat. PHARMACOL BIOCHEM BEHAYV 42(4) 733-736, 1992. —The S-carbolines
and the convulsant agent pentylenetetrazol (PTZ) have been reported as “anxiogenic” in several animal models for anxiety.
The present study examined the effects of the 8-carboline noreleagnine (NOR) and PTZ, administered alone and in combina-
tion with the benzodiazepine antagonist, Ro 15-1788, on behavior in the conditioned suppression of drinking (CSD) conflict
procedure. In daily 10-min sessions, water-deprived female SD rats were trained to drink from a tube that was electrified
(0.25 mA). Electrification was signaled by a tone. Acute (20-min) treatment with NOR or PTZ resulted in a dose-dependent
decrease in both punished responding (shocks received) and unpunished responding (water intake). Both NOR and PTZ
decreased punished responding only at doses that also depressed unpunished responding. Coadministration of Ro 15-1788 (2
mg/kg) reduced the effects of NOR on punished, but not unpunished, responding; this Ro 15-1788 cotreatment reduced the
effects of PTZ on both punished and unpunished responding. These data suggest that both PTZ and NOR produce benzodiaz-
epine receptor-mediated anxiogenic-like effects on conflict behavior.
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MEMBERS of the $-carboline chemical family have been
shown to display a wide range of pharmacological actions.
Perhaps the most prominent of these actions is as an “inverse
agonist” at benzodiazepine receptors (29). This inverse agonist
effect is characterized by increased alertness, attentive behav-
ior, and fearfulness in the cat (23), a decrease in punished
responding in rats (2,5,20) and mice (24), and an increase in
anxiety in man (4). Although noreleagnine (NOR) is the parent
compound of the S8-carboline class (18), the inverse agonist
effects of this agent have not been extensively studied. In the
only reports to date, Shekhar and coworkers found NOR to
exhibit a proconflict effect that is blocked by pretreatment
with Ro 15-1788 (28) and Emmanouil and Quock reported
anxiogenic-like effects in mice in a staircase paradigm; this
effect also was blocked by Ro 15-1788 (7).

Pentylenetetrazol (PTZ) has been used as an agent to acti-
vate latent epileptogenic foci in the diagnosis of epilepsy (11).
In subconvulsive doses, PTZ also has been reported to cause
anxiety in man (25,26). Using the discriminative stimulus par-
adigm, Lal and Emmett-Oglesby characterized the interocep-
tive cues of subconvulsive doses of PTZ as an “anxiogenic”
stimulus [for review, see (21)], while Giusti et al. (15) have
shown a proconflict effect with PTZ using Vogel-like (31)
conflict paradigm.
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The conditioned suppression of drinking (CSD) conflict
procedure, a modification of the Geller-Seifter conditioned
conflict test (12-14) and the Vogel acute conflict task (31),
has been shown to be an effective animal model for the study
of anxiety and antianxiety agents in rats (1,10,19,22). Al-
though the CSD procedure has been used in numerous studies
examining different benzodiazepine anxiolytic agents, there
are no reports on the effects of NOR or any other inverse
agonists in the CSD paradigm.

The present studies were designed to determine the effects
of NOR and PTZ on behavior in the CSD paradigm. In addi-
tion, the ability of the benzodiazepine antagonist Ro 15-1788
to antagonize these effects was examined.

METHOD

Animals

Female Sprague-Dawley rats (200-225 g at the start of the
experiment), purchased from Charles River Farms Inc. (Cam-
bridge, MA), were used in these experiments. Rats were
housed two to four/cage in a climate-controlled room with a
12 L: 12 D cycle (lights on 0700-1900 h). Rats were given ad
lib access to food with restricted water (see below).
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Apparatus

Conditioned suppression testing was conducted in an appa-
ratus similar to that described by McCloskey et al. (22). The
testing chamber was a rectangular box with Plexiglas® sides
and a metal floor and top. Recessed in one wall was a metal
drinking tube to which a calibrated (0.5-ml units) length of
polyethylene tubing was attached for measuring the volume
of water consumed. Programming for the test session was
controlled by solid-state modular programming equipment
(Coulbourn Instruments Co., Inc., Lehigh Valley, PA).

General Procedure

For the first few sessions, water-restricted (24 h depriva-
tion) subjects were placed in the experimental chamber and
allowed to consume water freely without the shock contin-
gency. After 1 week of nonshock sessions, the tone/shock
contingency was initiated. The 7-s tone periods were presented
at regular (22 s ISI) intervals to subjects. During the latter S s
of these tone periods, contact between the floor and the metal
drinking tube completed a circuit that resulted in a 0.25-mA
shock to the rat. The duration of the shock was equal to the
duration of the tube contact (less than 200 ms). Shocks were
delivered by a Coulbourn Instruments Two Pole Small Animal
Shocker (Model #E13-02).

Initially, the shock inhibited fluid consumption in the test
chamber. After several days, however, all subjects learned to
consume stable volumes of water during the silent periods and
made relatively few and very brief contacts with the tube dur-
ing the tone.

In all experiments, subjects were tested individually in 10-
min sessions at the same time of day (0700-0900 h). All sub-
jects achieved stable control values (day-to-day coefficients
of variation of approximately 30% for individual rats) for
punished and unpunished responding by the end of the second
week of CSD sessions with the alternating tone:no tone peri-
ods. Baseline (i.e., nondrug) CSD testing was continued for 2
additional weeks before drug testing was initiated. For base-
line determinations and throughout each experiment, CSD
testing was conducted 4 days per week (Tuesday-Friday) and
free access to water was provided on nontest days (Friday
p.m.-Monday a.m.).

Following CSD training as described above, the effects of
NOR were determined in the presence or absence of Ro 15-
1788 coadministration. In these studies, subjects received Ro
15-1788 or its vehicle on both the Thursday and Friday test
days, while NOR or its vehicle were administered on alternate
days. Thus, the antagonist or its vehicle treatment was held
constant for a given test week but varied from week to week.
NOR or its vehicle were administered 20 min prior to CSD
testing with Ro 15-1788 or its vehicle being administered 10
min prior to CSD testing (10 min after NOR/Veh). Thus, all
subjects received all combinations of NOR (2.8, 4, 5.6, and 8
mg/kg) +2.0 mg/kg Ro 15-1788 in a randomized manner
across 8 weeks of CSD testing. The results of pilot studies had
suggested that 2.8 mg/kg NOR was an inactive dose on CSD
behavior. Upon examination of the data from the present
experiment, this was found not to be the case. Therefore, the
effects of 2.0 mg/kg NOR alone or following pretreatment
with 2.0 mg/kg Ro 15-1788 were determined in a separate
group of subjects.

In a third group of animals, the effects of various doses of
PTZ alone and following Ro 15-1788 coadministration were
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determined. The procedure used was similar to that described
above, with all subjects receiving all combinations of PTZ
(7.1, 10, 14.2, and 20 mg/kg) +2.0 mg/kg Ro 15-1788 in
a randomized manner across 8 weeks of CSD testing. In
this experiment, Ro 15-1788 or its vehicle were administered
20 min prior to CSD testing with PTZ or its vehicle being
administered 10 min prior to CSD testing (10 min after Ro
15-1788).

Drugs

NOR free base (Sigma Chemical Co., St. Louis, MO) was
suspended in 0.5% methylcellulose. PTZ sodium (Sigma) was
dissolved in distilled water. Ro 15-1788 was received as a gift
from Hoffman LaRoche (Nutley, NJ) and was prepared in a
0.5% methylcellulose suspension. All drugs were injected 1P
in a volume of 1 ml/kg.

Statistical Analyses

The effects of single doses of NOR or PTZ on CSD perfor-
mance were compared to vehicle using ¢-test for paired values.
The effect of Ro 15-1788 (2.0 mg/kg) vs. vehicle coadministra-
tion on the response to NOR or PTZ were analyzed using 2
x 4 factorial analyses of variance (ANOVAs) with repeated
measures (main effects: Ro 15-1788/Veh pretreatment, NOR/
PTZ doses). Post hoc comparisons were made using the least-
significant differences (LSD) test. In all statistical compari-
sons, p < 0.05 was used as the criterion for statistical signifi-
cance (30).

RESULTS

Control (i.e., nondrug) CSD behavior was characterized
by a stable number of shocks accepted (65 + 11) and stable
volume of water consumed (14.6 + 0.3 ml) in each session. It
should be noted that nearly all water intake occurred during
the unpunished periods. Thus, the volume of water consumed
accurately reflects unpunished responding in the CSD.

Figure 1 illustrates the effects of NOR on CSD behavior
when administered alone or in combination with Ro 15-1788.
NOR decreased both punished responding (shocks received)
and unpunished responding (water intake) in a dose-related
manner. The effect of NOR doses (2.8-8.0 mg/kg) on the
change in shocks received was not significant, F(3, 54) =
1.16, n.s., whereas the effect of this range of NOR doses on
the change in water intake was dose dependent, F(3, 54) =
19.10, p < 0.05. At no dose did NOR produce a selective
proconflict effect (i.e., a decrease in punished responding
without a concomitant decrease in unpunished responding).
Ro 15-1788 coadministration significantly antagonized the ef-
fects of NOR on the number of shocks received, F(1, 18) =
10.9, p < 0.05, but not water intake, F(1, 18) < 1, n.s.. The
interaction between NOR and + Ro 15-1788 was not signifi-
cant for either punished responding, F(3, 54) < 1, n.s., or
unpunished responding, F(3, 54) < 1, n.s..

Figure 2 illustrates the effects of PTZ on CSD behavior
when administered alone or in combination with Ro 15-1788.
PTZ decreased both punished and unpunished responding.
The effect of PTZ doses on the number of shocks received
was significant, F(3, 30) = 6.65, p < 0.05, as was the effect
of PTZ doses on the change in water intake, F(3, 30) = 12.40,
p < 0.05. Similar to the effects of NOR, PTZ treatment
failed to produce a selective proconflict effect at any dose
administered. Although there was considerable variability
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FIG. 1. Effects of noreleagnine (NOR) alone and with Ro 15-1788
coadministration on conflict behavior. Plotted are the mean + SEM
(n = 19) change in shocks received (top panel) and water consumed
(bottom panel) produced by NOR alone following a 20-min pretreat-
ment (O) or NOR with coadministration of Ro 15-1788, 10 min after
NOR (@®). Note that when SEM bars are not apparent the SEM falls
within the confines of the symbol. *NOR significantly different from
vehicle control at the indicated dose, ¢-test for paired values, p <
0.05. Ro 15-1788 coadministration significantly antagonized the ef-
fects of NOR on the change in shocks received, but not on the change
in water intake (see text for details).

across the different PTZ doses, Ro 15-1788 coadministration
significantly antagonized the effects of PTZ on the number of
shocks received [F(1, 10) = 3.40, p < 0.05, one-tailed] and
water intake, F(1, 10) = 15.25, p < 0.05. The PTZ dose X
+ Ro 15-1788 interaction effect was not significant for pun-
ished responding, F(3, 30) < 1, n.s.; however, for the PTZ-
induced change in water intake there was a significant PTZ
dose X + Ro 15-1788 interaction, F(3, 30) = 3.61, p <
0.0s.

DISCUSSION

As expected, acute treatment with either the 8-carboline
NOR or PTZ resulted in a decrease in punished responding in
the CSD. These data are consistent with the findings of other
investigators suggesting that these compounds produce anxio-
genic-like effects (9,20,27). Although the benzodiazepine an-
tagonist Ro 15-1788 has no effect on CSD behavior when
administered alone (6), this agent antagonized both the de-
crease in punished and unpunished responding produced by
PTZ. In contrast, Ro 15-1788 selectively antagonized the ef-
fects of NOR only on punished responding.

The fact that the anxiogenic-like effects of PTZ can be
blocked by anxiolytic compounds such as diazepam and phe-
nobarbital is well documented (21,27). However, the effects
of Ro 15-1788 on the anxiogenic-like response produced by
PTZ are not as well understood. The Ro 15-1788 antagonism
of this PTZ-induced anxiogenic-like response can be ad-
dressed in the following manner. The decrease in punished
and unpunished responding caused by PTZ may be mediated

in part through a benzodiazepine receptor. Ro 15-1788 has
been reported to have weak intrinsic activity (3,8), which may
cause a decrease in the anxiogenic effects of PTZ. Further
support for this hypothesis is provided in the work of Han-
traye and coworkers (16), who reported that administration
of 20-30 mg/kg PTZ induced an immediate increase in Ro
15-1788 binding.

The finding that NOR produces a decrease in both pun-
ished and unpunished responding and that Ro 15-1788 antago-
nizes only the effect on punished responding is consistent with
the behavioral profile of Ro 15-1788 when administered in
combination with other compounds in this class. Koob et al.
(20) reported that Ro 15-1788 reversed the effects of FG-7142
on punished but not unpunished responding in a conflict pro-
cedure. In addition, Hindley et al. (17) showed that microin-
jections of Ro 15-1788 into the dorsal raphe blocked the de-
crease in social interaction produced by intraperitoneal methyl
B-carboline-3-carboxylate; however, this Ro 15-1788 treat-
ment did not antagonize the decrease in locomotor activity
caused by methyl S-carboline-3-carboxylate. Together, these
findings suggest that the effects of the g8-carbolines on pun-
ished and unpunished responding can be selectively identified
and studied using the coadministration of Ro 15-1788. Alter-
natively, it has been proposed that the impairment of unpun-
ished responding produced by the 8-carbolines is actually a part
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FIG. 2. Effects of pentylenetetrazole (PTZ) alone and with Ro 15-
1788 coadministration on conflict behavior. Each value represents the
mean + SEM obtained from 11 subjects. Plotted are the mean +
SEM (n = 11) change in shocks received (top panel) and water con-
sumed (bottom panel) produced by PTZ alone following a 10-min
pretreatment (O) or PTZ with coadministration of Ro 15-1788, 10
min prior to PTZ (@). *PTZ significantly different from vehicle con-
trol at the indicated dose, ¢-test for paired values, p < 0.05. Ro 15-
1788 coadministration significantly antagonized the effects of PTZ
on the change in shocks received and the change in water intake (see
text for details).
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of the anxiogenic-like effect of these agents (24). According to
this hypothesis, Ro 15-1788 is able to only partially antagonize
the anxiogenic-like effects produced by the -carbolines.

In summary, acute treatment with NOR or PTZ resulted

in an anxiogenic-like effect on conflict behavior. Further-
more, the anxiogenic-like effect of either agent was at least
partially antagonized by Ro 15-1788, suggesting that the effect
is benzodiazepine receptor-mediated for both NOR and PTZ.
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