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ELLIS, D. M., D. J. FONTANA, T. C. McCLOSKEY AND R. L. COMMISSARIS. Chronic anxiolytic treatment effects on conflict
behavior in the rat. PHARMACOL BIOCHEM BEHAYV 37(1) 177-186, 1990. —The present studies examined the effects of chronic
posttest treatment with the antipanic agent alprazolam (ALP) or the traditional anxiolytic agents chlordiazepoxide (CDP) and
phenobarbital (PhB) on conflict behavior. In daily ten-minute sessions, water-deprived rats were trained to drink from a tube which
was occasionally electrified (0.25 or 0.5 mA). Electrification was signalled by a tone. Chronic ALP (10 mg/kg/day), CDP (40
mg/kg/day), PhB (80 mg/kg/day) or vehicle were injected IP after conflict testing (in some experiments again 12-16 hours later) for
a minimum of 6 weeks. Chronic ALP (but not CDP or PhB) resulted in a time-dependent increase in punished responding, with a
latency to onset of 3—4 weeks; this effect was nor antagonized by the benzodiazepine antagonist Ro15-1788. These data support the
hypothesis that conflict paradigms may serve as animal models for the study of antipanic agents. Moreover, these data suggest that

not all anxiolytics will exhibit antipanic efficacy.
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PANIC disorder and Generalized Anxiety Disorder (GAD) are
classified as distinct anxiety neuroses by the Diagnostic and
Statistical Manual for Psychiatric Disorders (1). Treatment re-
sponse profiles also support this distinction between panic disorder
and GAD. Traditional anxiolytics (e.g., chlordiazepoxide, phe-
nobarbital) are effective in alleviating the symptoms of GAD;
moreover, the symptoms of GAD are effectively reduced with a
single administration (14,20). In contrast, antidepressant agents
have been used frequently to treat patients suffering from panic
disorder; clinical improvement with antipanic treatment often
exhibits a considerable (up to 3—4 weeks) delay to onset (5, 13,
16-18, 20, 22, 33).

Recent reports have indicated that rat conflict paradigms,
perhaps the ‘‘gold standard’’ for assessing anxiolytic drug effects,
may be effective models for studying the effects of chronic
antipanic drug treatment. For example, chronic treatment with the
antipanic agents imipramine (IMI), desipramine (DMI) or phenel-
zine (PHEN) results in a time-dependent increase in punished
responding in the Conditioned Suppression of Drinking (CSD)
conflict paradigm (11,12). The 3—4-week delay in onset of the
anticonflict effects of these agents is consistent with the time
course for the antipanic effects of these agents in man (see above).
A similar time-dependent anticonflict effect also has been reported
by Bodnoff et al. (3) for chronic DMI treatment in the novelty-
suppressed feeding task.

Recently, the second generation benzodiazepines alprazolam
and clonazepam have been reported to exert antipanic effects in
man (2, 4, 6, 24, 26, 27, 29, 32). Whether these agents are unique
among benzodiazepines or whether relatively high doses of tradi-
tional benzodiazepines might also be effective in the treatment of
panic disorder (10,26) remains to be determined. The present
study was designed to determine whether chronic posttest treat-
ment with the benzodiazepines would exhibit anticonflict effects
in the CSD conflict paradigm. The benzodiazepine agents selected
were the second generation antipanic benzodiazepine alprazolam
and the traditional benzodiazepine chlordiazepoxide. In addition,
the effects of chronic posttest treatment with phenobarbital on
CSD behavior were determined.

GENERAL METHOD
Animals

Female Sprague-Dawley rats (Charles River Farms, Cam-
bridge, MA; 250-300 grams at the start of the experiments) were
housed in groups of four or five in a climate-controlled room with
a 12-hour light:12-hour dark cycle (lights on 0700—-1900 hours).
Initially, food and water were available continuously. Following a
two-week accommodation period and continuing throughout the
period of behavioral assessment, all animals were maintained on a
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restricted water schedule (see below). Food continued to be
available in the home cage.

Apparatus

Conditioned Suppression testing was conducted in an apparatus
similar to that described by Fontana et al. (11). The testing
chamber was a rectangular box with Plexiglas® sides and a metal
floor and top. Protruding from 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.,
Lehigh Valley, PA).

General Procedure

For the first few sessions, water-restricted (24-hr deprivation)
subjects were placed in the experimental chamber and allowed to
consume water freely without the shock contingency. After one
week of nonshock sessions, the tone/shock contingency was
initiated. The 7-sec tone periods were presented at regular (22-sec
ISI) intervals to the subjects. During the last 5 sec of these tone
periods, contact between the floor and the metal drinking tube
completed a circuit that resulted in the delivery of a shock (0.25 or
0.5 mA) to the rat. Shocks were delivered by a Coulbourn
Instruments Shocker (Model No. 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 during
the tone. The duration of the shock received was equal to the
duration of the tube contact (less than 200 msec).

In all experiments, subjects were tested individually at the
same time of day. All subjects achieved stable baselines (day-
to-day coefficients of variation of approximately 30% for individ-
ual rats) for punished and unpunished responding by the end of the
second week of CSD sessions with the alternating tone:no tone
periods. Baseline (i.e., nondrug) CSD testing was continued for
two additional weeks before drug testing was initiated. For
baseline determinations and for at least the first 4 weeks of chronic
drug treatment, CSD testing was conducted four days per week
(Monday-Thursday) and free access to water was provided on
nontest days (Thursday posttest until Sunday a.m.). During the
Test Weeks in which acute challenges were conducted, the
subjects were tested 6 days per week (Monday—Saturday) and
free access to water was available from Saturday posttest until
Sunday a.m.

Specific Experiments Conducted

Experiment I: Acute alprazolam and chlordiazepoxide effects:
Antagonism by Rol5-1788. The effects of pretreatment with the
benzodiazepine antagonist Ro15-1788 on the effects of single
doses of alprazolam or chlordiazepoxide were determined using
the procedure described by Commissaris er al. (7). The benzodi-
azepine agonist doses (0.6 mg/kg alprazolam; 10 mg/kg chlordiaz-
epoxide) were selected because they produced prominent but not
maximal anticonflict effects when administered alone. In these
studies, subjects received Ro15-1788 (1.0 mg/kg; 15-minute
pretreatment) or its vehicle on both the Friday and Saturday test
days of a given Test Week, while the benzodiazepine agonist and
its vehicle were administered on alternate days. Thus, for a given
Test Week, the ‘‘net’’ effect of alprazolam or chlordiazepoxide
(‘“‘net” effect=benzodiazepine agonist — vehicle) was deter-
mined in animals pretreated with either Ro15-1788 or its vehicle.
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Pretreatment time was 10 minutes for alprazolam and 30 minutes
for chlordiazepoxide. Separate groups of subjects were used for
the alprazolam and chlordiazepoxide interaction determinations.

Experiment 1I: Chronic alprazolam treatment effects. The
chronic drug administration studies were conducted using a
modification of the procedures described by Fontana er al. (11).
Subjects were trained for CSD testing as described above (shock
intensity =0.25 mA) and were assigned into two treatment condi-
tions with comparable levels of punished responding over the last
two weeks of these control CSD sessions (i.e., baseline). These
subjects received chronic treatment with either alprazolam or its
vehicle for 8 weeks. The chronic alprazolam treatment consisted
of 5 mg/kg alprazolam (once daily at 1600 hours) for 3 weeks,
followed by 10 mg/kg (one-third of the dose administered at 0900
hours and the remaining two-thirds of the dose administered at
1600 hours) for 5 weeks. CSD testing (4 days/week at 1400-1600
hours) was continued throughout the period of chronic treatment,
To minimize the influence of the acute effects of alprazolam on
CSD behavior, CSD test sessions were conducted 24 (Test Weeks
1-3) or 7-9 (Test Weeks 4-8) hours after the preceding injection.

On Test Weeks 7 and 8 of these chronic posttest alprazolam or
vehicle treatments, the effects of acute pretest challenges with
alprazolam or Ro15-1788 were determined. The acute alprazolam
challenge (0.6 mg/kg) was conducted on Test Week 7 and the
acute challenge with Ro15-1788 (2.0 mg/kg) was conducted on
Test Week 8. In these acute challenges, the drug or its vehicle
were administered 10 minutes prior to CSD testing using a
standard crossover design (19). On Friday of Test Weeks 7 and 8,
half the subjects in each chronic treatment condition received an
acute challenge with the agent of interest and half received the
drug vehicle. These treatments were reversed on the Saturday drug
tests. Thus, each animal served as its own control with respect to
the effects of pretest alprazolam versus vehicle (Test Week 7) and
Ro15-1788 versus vehicle (Test Week 8). Chronic posttest alpra-
zolam and vehicle treatments were maintained during this period,
except that the morning injections were not administered on the
days of these acute pretest determinations (i.e., Fridays and
Saturdays of Test Weeks 7 and 8). Thus, the effects of acute
pretest alprazolam or Ro15-1788 administration were determined
21-23 hours after the last injection in the chronic posttest regimen.

Chronic treatment with alprazolam or its vehicle was discon-
tinued after Test Week 8. CSD testing (4 days/week) was
continued for three weeks following treatment discontinuation.

Experiment Il1: Chronic high-dose chlordiazepoxide treatment
effects. A second group of subjects was trained for CSD testing
and chronic posttest drug treatment as described above (shock
intensity =0.25 mA). The subjects were then assigned into two
treatment conditions with comparable levels of punished respond-
ing over the last two weeks of these control CSD sessions
(baseline). These subjects received chronic treatment with vehicle
(distilled water) or a high dose of chlordiazepoxide (40.0 mg/kg,
once daily immediately after CSD testing) for 6 weeks. CSD
testing (4 days/week) was continued throughout the period of
chronic treatment.

After 6 weeks of chronic treatment and CSD testing, all
subjects received an acute challenge with Ro15-1788 (2.0 mg/kg;
10-minute pretreatment). The purpose of this challenge was to
determine whether the rats which had been chronically treated with
chlordiazepoxide had become dependent on chlordiazepoxide.
This acute challenge employed a standard ‘‘crossover’’ design as
described above and was conducted on Friday and Saturday of
Test Week 6.

Experiment IV: Chronic moderate-dose chlordiazepoxide treat-
ment effects. A third group of subjects was trained for CSD testing
as described above, except that the shock intensity used was 0.5
mA. Two weeks prior to the initiation of chronic chlordiazepoxide
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or distilled water treatments, all subjects in this experiment
received an acute challenge (30-minute pretreatment) with 10
mg/kg chlordiazepoxide or vehicle (distilled water). This acute
challenge was conducted using a crossover design as described
above.

After determination of pretreatment responses to acute chlor-
diazepoxide, subjects were divided into two treatment conditions
and received twice-daily injections of distilled water or chlordiaz-
epoxide (10 mg/kg). The injections were accomplished immedi-
ately after CSD testing and again 12 hours later. As with the
chronic alprazolam study, this schedule of chronic posttesting drug
administration was used to minimize the acute effects of the
chronically administered drug on CSD behavior and to enable
subsequent pretest challenges with other agents (see below).

Beginning at Test Week 5 of chronic posttest treatment, the
effects of acute pretest challenges with chlordiazepoxide were
determined. All subjects received a range of chlordiazepoxide
doses spaced in logarithmic intervals (5-28.4 mg/kg) over the
course of six weeks of testing. The crossover procedure described
above was used; chlordiazepoxide was administered using a
30-minute pretreatment.

After 11 weeks of chronic treatment and CSD testing, all
subjects received an acute challenge with Ro15-1788 (4.0 mg/kg;
10-minute pretreatment). This acute challenge employed a stan-
dard ‘‘crossover’’ design as described above. Chronic chlordiaz-
epoxide or vehicle treatments were discontinued after 11 weeks;
CSD testing (4 days/week) was continued for three weeks after
discontinuation of these treatments (Test Weeks 12-14).

Experiment V: Chronic phenobarbital treatment effects. A
fourth group of subjects was trained for CSD testing as described
above (shock intensity =0.25 mA). The subjects were then as-
signed to two treatment conditions with comparable levels of
punished responding over the last two weeks of these control CSD
sessions. These subjects received chronic treatment with vehicle
(distilled water) or a high dose of phenobarbital (80 mg/kg, once
daily immediately after CSD testing) for 6 weeks. CSD testing (4
days/week) was continued throughout the period of chronic
treatment.

Drugs

Chlordiazepoxide hydrochloride and phenobarbital sodium
were obtained from Sigma Chemical Company (St. Louis, MO)
and were dissolved in distilled water. Alprazolam was received as
a gift from the Upjohn Company (Kalamazoo, MI) and was
dissolved in 40% propylene glycol and 10% ethanol with 5%
sodium benzoate and 5% benzoic acid as buffers. Ro15-1788 was
received as a gift from Hoffmann-La Roche (Nutley, NJ) and was
suspended in 0.5% methylcellulose. All drugs were administered
intraperitoneally in a volume of 1 ml/kg body weight.

Statistical Analyses

For the chronic treatment studies, pretreatment (i.e., baseline)
water intake and punished responding were compared using #-tests
for unpaired values. The effects of chronic drug or vehicle
treatment on weekly averages for these parameters were compared
using 2 X ‘X’ factorial ANOVA (““X’’ =the number of Test
Weeks + Baseline) with repeated measures (Main Effects: Drug/
Vehicle; Baseline and Test Weeks). The effects of the acute
challenges with Ro15-1788 on shocks received and water intake
were analyzed using 2 X 2 factorial ANOVA with repeated mea-
sures (Main Effects: Chronic Drug/Vehicle, Acute Drug/Vehicle).
The ‘‘net” effects of acute challenges with chlordiazepoxide
(‘“net’’ effect = acute chlordiazepoxide — acute vehicle) in chronic
vehicle- and chlordiazepoxide-treated subjects were analyzed us-
ing 2 X 6 factorial ANOVA with repeated measures (Main Effects:

TABLE 1

THE EFFECTS OF ACUTE TREATMENT WITH ALPRAZOLAM OR
CHLORDIAZEPOXIDE ON CSD BEHAVIOR: ANTAGONISM BY Rol5-1788

Change in Change in
Shocks Water
Received® Consumed (ml)®
0.6 mg/kg ALP + +30.8 = 6.6% +2.3 £ 0.6*
Vehicle
0.6 mg/kg ALP + +6.0 = 7.0% +0.5 = 0.7t
1.0 mg/kg Rol5-1788
10 mg/kg CDP + +37.3 + 14.6* +0.7 £ 1.3
Vehicle
10 mg/kg CDP + +9.8 + 5.7+ +03 £ 1.5

1.0 mg/kg Ro15-1788

*Values represent the mean = SEM change in shocks received (drug ~
vehicle) in CSD sessions following coadministration with either vehicle
(methylcellulose) or 1.0 mg/kg Rol15-1788. (See text for further details.)

®Values represent the mean = SEM change in water intake (drug ~
vehicle) in CSD sessions following coadministration with either vehicle
(methylcellulose) or 1.0 mg/kg Ro15-1788. (See text for further details.)

*The indicated treatment significantly different from control, p<0.05,
t-test for paired values.

tRo15-1788-treated subjects significantly different from vehicle-treated
controls, p<0.05, factoriai ANOVA.

Chronic Vehicle/Chlordiazepoxide treatment, Acute Chlordiazep-
oxide doses). The effects of discontinuation of chronic chiordiaz-
epoxide versus vehicle treatments on CSD behavior (spontaneous
withdrawal) were compared using a 2 X 3 factorial ANOVA (Main
Effects: Chronic Vehicle/Chlordiazepoxide; Weeks of Withdrawal)
with repeated measures. Post hoc comparisons were made using
the least significant differences (Isd) test. In all statistical compar-
isons, p<<0.05 was used as the criterion for statistical signifi-
cance (30).

RESULTS

The average baseline (i.e., nondrug) responding for all subjects
in the CSD paradigm at the 0.25 mA shock intensity was
32.6 = 3.4 (mean = SEM) shocks/session and 10.4 0.3 ml water/
session. The average baseline responding for subjects at the 0.5
mA shock intensity was 8.1 = 1.1 shocks/session and 12.4+0.5
ml water/session. It should be noted that the number of tube
contacts during the shock component was insignificant when
compared to the number of tube contacts during the unpunished
component (2000-3000 per session). Thus, the volume of water
consumed accurately reflects unpunished responding in the CSD.

Experiment I: Acute Alprazolam and Chlordiazepoxide Effects:
Antagonism by Rol5-1788

Table 1 illustrates the effects of acute treatment with alprazo-
lam or chlordiazepoxide on CSD behavior. As can be seen, acute
treatment with either agent alone resulted in a significant increase
in shocks received. Ro15-1788 coadministration significantly
antagonized this effect for both alprazolam and chlordiazepoxide,
as evidenced by a significant Ro15-1788/Vehicle X Drug/Vehicle
interaction [for alprazolam: F(1,21)=7.64, p<0.05; for chlor-
diazepoxide: F(1,21) =6.41, p<<0.05]. Acute alprazolam or chlor-
diazepoxide treatment also increased water intake, although the
effect of chlordiazepoxide was not statistically significant. The
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FIG. 1. The effects of chronic administration of alprazolam on CSD
behavior. The number of shocks received (upper panel) and the volume of
water consumed (lower panel) in CSD sessions during the course of 8
weeks of chronic vehicle [40% propylene glycol and 10% ethanol with 5%
sodium benzoate and 5% benzoic acid (VEH): open circles] or alprazolam
(ALP: 5 mg/kg/day x 3 weeks, followed by 10 mg/kg/day in divided
doses X 5 weeks; filled circles) administration are plotted. Also plotted are
the number of shocks received and the volume of water consumed during
three weeks following discontinuation of chronic alprazolam or vehicle
treatment (Test Weeks 9-11). Each symbol represents the mean = SEM
from 7 (vehicle) or 5 (alprazolam) subjects. *p<<0.05, alprazolam change
from baseline significantly different from vehicle change from baseline at
that Test Week, post hoc 1sd test following factorial ANOVA.

effect of alprazolam on water intake was also antagonized by
Ro15-1788 coadministration as evidenced by a significant Ro15-
1788/Vehicle X Alprazolam/Vehicle interaction for this variable,
F(1,21)=4.43, p<<0.05.

Experiment II: Chronic Alprazolam Treatment Effects

The upper panel of Fig. 1 illustrates the effects of chronic
alprazolam treatment on punished responding in the CSD. The
pretreatment baselines for punished responding in the two groups
were not statistically different (vehicle: 39.0+7.0; alprazolam:
42.0+11.4; t=0.22, n.s.). Both groups exhibited a significant
decrease in punished responding in Test Week 1. Although
once-daily treatment for 3 weeks with 5 mg/kg alprazolam failed
to affect punished responding, increasing the daily dose to 10
mg/kg alprazolam resulted in a gradual and time-dependent
increase in punished responding. ANOVA revealed a significant
Main Effect for Test Weeks, F(11,110)=10.12, p<<0.05, with no
significant Main Effect for Vehicle/Alprazolam treatment,
F(1,10)<1, n.s. There was a significant Test Week x Vehicle/
Alprazolam treatment interaction, F(11,110)=15.29, p<<0.05. Post
hoc Isd tests revealed that alprazolam-treated subjects accepted
more shocks than vehicle-treated subjects at Test Weeks 6, 7, and
8 of chronic treatment (weeks 3, 4, and 5 after alprazolam dosage
adjustment).

The upper panel of Fig. 1 also illustrates the time course for the
decline of the alprazolam-induced increase in punished respond-
ing. As can be seen, punished responding remained elevated for
the first week of CSD testing following discontinuation of chronic
alprazolam treatment. By the second week after discontinuation of
chronic treatment (Test Week 10), however, there was no differ-
ence between chronic alprazolam- and vehicle-treated subjects.

The lower panel of Fig. 1 illustrates the effects of chronic
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FIG. 2. The effects of acute Ro15-1788 challenge in chronic vehicle- or
alprazolam-treated subjects on CSD behavior. The effects of acute vehicle
(Veh: open bars) or 2.0 mg/kg Ro15-1788 (shaded bars) administration on
the number of shocks received (upper panel) and the volume of water
consumed (lower panel) in animals chronically treated with vehicle (VEH:
left side) or alprazolam (ALP: right side) are plotted. Data are from Test
Week 8 of chronic alprazolam or vehicle treatment. Each symbol repre-
sents the mean=+SEM from 7 (vehicle) or 5 (alprazolam) subjects.
Ro15-1788 treatment did not alter the increase in punished responding
associated with chronic alprazolam treatment. See text for further details.

alprazolam or vehicle treatment on water consumption in the CSD.
Water intake did not differ between the two groups prior to
initiation of chronic Vehicle/Alprazolam treatment (vehicle: 8.8
0.7; alprazolam: 8.0+ 1.0; +=0.22, n.s.). Both chronic vehicle
and chronic alprazolam treatment reduced water intake in the first
week of chronic treatment. ANOVA revealed a significant Main
Effect for Test Weeks, F(11,110)=34.00, p<<0.05, with no Main
Effect for Vehicle/Alprazolam treatment, F(1,10)<1.0, n.s., and
no Test Week X Vehicle/Alprazolam treatment interaction,
F(11,110)<1.0, n.s. Discontinuation of chronic treatment did not
affect water intake in either treatment group (Test Weeks 9-11).

An unpaired #-test comparing the ‘‘net’’ (alprazolam — vehi-
cle) effects of an acute challenge with 0.6 mg/kg alprazolam
(10-minute pretreatment; Test Week 7) on punished responding in
chronic alprazolam- versus chronic vehicle-treated subjects re-
vealed no difference (chronic vehicle: +69 + 21 shocks, mean = SEM;
chronic alprazolam: +56 =+ 12 shocks, 1=0.83, n.s.). Similarly,
there was no significant difference in the ‘‘net’’ effects of this
acute alprazolam challenge on water intake in rats chronically
treated with alprazolam or its vehicle (chronic vehicle: 0.0+ 1.4
ml; chronic alprazolam: —0.2+2.7 ml; t=0.68, n.s.). Thus, this
chronic alprazolam treatment did not appear to result in tolerance
or sensitization to the effects of acute alprazolam treatment on
CSD behavior.

The upper panel of Fig. 2 represents the effects of the
benzodiazepine antagonist Ro15-1788 on the number of shocks
accepted by rats chronically treated with either alprazolam or its
vehicle (Test Week 8). As can be seen, treatment with Ro15-1788
failed to antagonize the increase in punished responding produced
by chronic alprazolam treatment. Statistically, this was supported
by a significant Main Effect for Vehicle/Alprazolam treatment,
F(1,10)=5.35, p<0.05. There was no Main Effect for Rol5-
1788/Vehicle treatment, F(1,10)<1.0, n.s., nor was there an
Vehicle/Alprazolam X Ro15-1788/Vehicle interaction, F(1,10)<1.0,
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FIG. 3. The effects of chronic administration of a daily high dose of
chlordiazepoxide (40 mg/kg; once/day) on CSD behavior. The number of
shocks received (upper panel) and the volume of water consumed (lower
panel) in CSD sessions during the course of 6 weeks of chronic vehicle
[distilled water (VEH): open circles] or chlordiazepoxide (CDP: 40
mg/kg/day, filled circles) administration are plotted. Each symbol repre-
sents the mean = SEM from 8 (vehicle) or 7 (chlordiazepoxide) subjects.
*p<0.05, chlordiazepoxide change from baseline significantly different
from vehicle change from baseline at that Test Week, post hoc Isd test
following factorial ANOVA.

n.s. Thus, acute challenge with the benzodiazepine antagonist did
not alter the effects of chronic alprazolam treatment on punished
responding.

The lower panel of Fig. 2 illustrates the effects of this
Ro15-1788 challenge on water intake in rats chronically treated
with alprazolam or its vehicle. Statistically, there was no Main
Effect for Vehicle/Alprazolam treatment, F(1,10)=1.15, n.s., or
Ro15-1788/Vehicle treatment, F(1,10)<1.0, n.s., nor was there a
Vehicle/Alprazolam X Rol5-1788/Vehicle interaction, F(1,10)
<1.0, n.s. Thus, there was no effect of the acute Ro15-1788
challenge on water intake in either group of chronically treated
animals.

Experiment IlI: Chronic High-Dose Chlordiazepoxide Treatment
Effects

The upper panel of Fig. 3 illustrates the effects of chronic
chlordiazepoxide (40 mg/kg/day) or distilled water treatment on
punished responding in the CSD. Pretreatment baselines did not
differ between the two groups (chlordiazepoxide: 28.0+8.1
shocks/session; distilled water: 29.6+5.6 shocks/session, =
0.17, n.s.). Chronic chlordiazepoxide-treated rats accepted slight-
ly more shocks than vehicle-treated controls for the first two weeks
of treatment, but returned to control levels by Test Week 3.
Factorial ANOVA revealed a significant Main Effect for Test
Weeks, F(6,78)=2.65, p<<0.0S5. There was no significant Main
Effect for Chronic Vehicle/Chlordiazepoxide, F(1,13)<1, n.s.,
nor was there a significant Test Week X Chronic Vehicle/
Chlordiazepoxide interaction, F(6,78)=1.68, n.s. Thus, chronic
chlordiazepoxide treatment did not affect punished responding
over the course of six weeks of CSD testing.

The lower panel of Fig. 3 illustrates the effects of chronic
chlordiazepoxide or distilled water treatment on water consump-
tion in the CSD. Pretreatment water intake did not differ between
the two groups (chlordiazepoxide: 11.0+0.6 ml/session; water:
11.3+0.8 ml/session, t=0.25, n.s.). Chronic chlordiazepoxide

(=)
wl
=
§ Chronic Chronic CDP
o VEH (40 mg/ kg/day)
§
23]
Veh 20mg/kg  Veh 20 my/kg
Rot5-1788 Roi8-{788
£
= %
"
o
L4
s

Veh 20mg/kg  Veh 20mg/kg
Roi5-1768 Roi5-I788

FIG. 4. The effects of acute Ro15-1788 challenge in chronic vehicle- or
chlordiazepoxide-treated subjects on CSD behavior. The effects of acute
vehicle (Veh: open bars) or 2.0 mg/kg Ro15-1788 (shaded bars) adminis-
tration on the number of shocks received (upper panel) and the volume of
water consumed (lower panel) in animals chronically treated with vehicle
[distilled water (VEH): left side] or chlordiazepoxide (CDP: right side) are
plotted. Data are from Test Week 6 of chronic chlordiazepoxide or vehicle
treatment. Each symbol represents the mean + SEM from 8 (vehicle) or 7
(chlordiazepoxide) subjects. *p<0.05, effect of Ro15-1788 on chronic
chlordiazepoxide-treated rats significantly different from effect of Rol5-
1788 on chronic vehicle-treated rats, factorial ANOVA.

treatment reduced water intake in the early weeks of CSD testing,
but this measure returned to near control levels by Test Week 6.
Factorial ANOVA revealed a significant Main Effect for Test
Weeks, F(6,78)=11.54, p<0.05, a significant Main Effect for
Chronic Vehicle/Chlordiazepoxide, F(1,13)=11.93, p<0.05, and
a significant Test Week X Chronic Vehicle/Chlordiazepoxide
interaction, F(6,78)=4.11, p<0.05. Post hoc 1sd tests comparing
the ‘“‘net’’ change from baseline (i.e., Test Week “X° —
Baseline) revealed that chronic chlordiazepoxide-treated subjects
consumed significantly less water than vehicle controls at Test
Weeks 1-5.

The upper panel of Fig. 4 illustrates the effects of an acute
challenge with Ro15-1788 on the number of shocks accepted by
rats chronically treated with chlordiazepoxide or vehicle. As can
be seen, treatment with Rol5-1788 did not affect punished
responding in either chronic vehicle or chronic chlordiazepoxide-
treated rats. Statistically, the Main Effects for Vehicle/Chlordiaz-
epoxide treatment, F(1,10) = 5.35, p<0.05, or Ro15-1788/Vehicle
treatment, F(1,10)<1.0, n.s., were not significant. The Vehicle/
Chlordiazepoxide X Rol5-1788/Vehicle interaction also was not
significant, F(1,10)<1.0, n.s.

The lower panel of Fig. 4 illustrates the effects of this
Ro15-1788 challenge on water intake in rats chronically treated
with chlordiazepoxide or vehicle. As can be seen, Ro15-1788
dramatically reduced water intake in rats chronically treated with
chlordiazepoxide, but not vehicle. The Main Effects for Vehicle/
Chlordiazepoxide, F(1,13)=8.76, p<<0.05, and Ro15-1788/Ve-
hicle, F(1,13)=11.20, p<0.05, were significant. Most important,
there was also a significant Vehicle/Chlordiazepoxide X Rol5-
1788/Vehicle interaction, F(1,13)=70.85, p<0.05.

Experiment IV: Chronic, Moderate-Dose Chlordiazepoxide
Treatment Effects

Prior to the initiation of chronic chlordiazepoxide or distilled
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FIG. 5. The effects of chronic administration of a moderate daily dose of
chlordiazepoxide on CSD behavior. The number of shocks received (upper
panel) and the volume of water consumed (lower panel) in CSD sessions
during the course of 11 weeks of chronic vehicle [distilled water (VEH):
open circles] or chlordiazepoxide (CDP: 10 mg/kg, b.i.d.; filled circles)
administration are plotted. Each symbol represents the mean = SEM from
9 (vehicle) or 10 (chlordiazepoxide) subjects. *p<<0.05, chlordiazepoxide
change from baseline significantly different from vehicle change from
baseline at that Test Week, post hoc lsd test following factorial ANOVA.

water treatments, the effects of an acute challenge with a single
dose (10 mg/kg) of chlordiazepoxide were comparable in the two
groups, as evidenced by similar ‘‘net’’ effects for both the change
in shocks received [vehicle: +37.1+6.3 (mean=* SEM); chlor-
diazepoxide: 34.1+£5.6; r=0.35, n.s.] and the change in water
intake (vehicle: +2.9=+0.7; chlordiazepoxide: +2.6+0.7, r=
0.32, n.s.).

The upper panel of Fig. S illustrates the effects of chronic
post-test treatment with a moderate dose (10 mg/kg, b.i.d.) of
chlordiazepoxide on punished responding in the CSD (shock
intensity =0.5 mA). Pretreatment baselines were comparable in
the two groups [vehicle: 8.5+ 1.9 (mean * SEM) shocks/session;
chlordiazepoxide: 7.7+ 1.2 shocks/session, t=0.37, n.s.]. The
subjects receiving chronic chlordiazepoxide treatment exhibited a
mild tendency to accept more shocks than chronic vehicle-treated
rats, but this was not statistically significant. Both groups accepted
more shocks over the course of the 11 weeks of chronic chlor-
diazepoxide or vehicle treatment. This was supported statistically
by a significant Main Effect for Test Weeks, F(11,187)=2.77,
p<0.05. There was no Main Effect for Chronic Vehicle/Chlor-
diazepoxide treatment, F(1,17)=1.15, n.s., nor was there a
significant Chronic Vehicle/Chlordiazepoxide X Test Week inter-
action, F(11,187)=1.28, n.s.

The lower panel of Fig. 5 illustrates the effects of chronic
posttest treatment with this moderate dose of chlordiazepoxide on
water intake. Pretreatment baselines were comparable in the two
groups (vehicle: 12.5 = 0.9 ml/session; chlordiazepoxide: 12.4 0.7
ml/session; +=0.12, n.s.). Both vehicle- and chlordiazepoxide-
treated subjects consumed greater volumes of water as a function
of Test Weeks. This was supported statistically by a significant
Main Effect for Test Weeks, F(11,187)=7.63, p<<0.05. There
was no influence of this chronic chlordiazepoxide treatment on
water intake, as evidenced by the lack of a significant Main Effect
for Chronic Vehicle/Chlordiazepoxide treatment, F(1,17)<<1, n.s.
There was a significant Chronic Vehicle/Chlordiazepoxide X Test
Weeks interaction, F(11,187)=2.63, p<<0.05. Post hoc Isd com-
parisons of the ‘‘net’’ change in water intake from baseline
revealed that chronic chlordiazepoxide-treated subjects consumed
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FIG. 6. Acute chlordiazepoxide effects on CSD behavior in rats treated
chronically with chlordiazepoxide or vehicle. Plotted are the net change
(chlordiazepoxide — vehicle) in the number of shocks received (top panel)
and the volume of water consumed (bottom panel) following acute
chlordiazepoxide treatment in rats chronically treated with vehicle [dis-
tilled water (VEH): open symbols] or chlordiazepoxide (CDP: 10 mg/kg,
b.i.d., for 5-10 weeks; filled symbols). Each symbol and vertical line
represents the mean + SEM obtained from 9 (vehicle) or 10 (chlordiazep-
oxide) subjects. *p<0.05, the indicated acute chlordiazepoxide dose
significantly different from acute vehicle treatment, paired t-test. p<0.05,
acute chlordiazepoxide effect in chronic chlordiazepoxide-treated subjects
significantly different from acute chlordiazepoxide effect in chronic
vehicle-treated controls at the indicated chlordiazepoxide dose, post hoc
Isd test following factorial ANOVA.

greater volumes than vehicle-treated rats at Test Weeks 1 and 8,
but less than vehicle-treated rats at Test Week 3.

The top panel of Fig. 6 illustrates the effects of acute
chlordiazepoxide administration during the course of these chronic
distilled water or chlordiazepoxide treatments (Test Weeks 5-10).
Acute chlordiazepoxide treatment resulted in an increase in pun-
ished responding which was dose-related; this was supported
statistically by a significant Main Effect for Chlordiazepoxide
Dose, F(5,75)=3.12, p<0.05. Significant tolerance to the anti-
conflict actions of acute chlordiazepoxide treatment was present;
this was supported statistically by a significant Main Effect for
Chronic Vehicle/Chlordiazepoxide, F(1,15)=6.47, p<0.05. The
Chronic Vehicle/Chlordiazepoxide X Chlordiazepoxide Dose in-
teraction was not significant, F(5,75)<I, n.s. Post hoc Isd
analyses indicated that chronic chlordiazepoxide-treated subjects
were less responsive than vehicle-treated controls at several (7.1,
14.2, 20 and 28.4 mg/kg) chlordiazepoxide doses.

The lower panel of Fig. 6 illustrates the effects of acute
challenges with chlordiazepoxide on water intake in subjects
treated chronically with vehicle or chlordiazepoxide. In general,
lower doses of chlordiazepoxide administered acutely increased
water intake, whereas the highest dose dramatically decreased
water intake. Statistically, this was supported by a significant
Main Effect for Chlordiazepoxide Dose, F(5,75)=9.22, p<0.05.
There was no Main Effect for Chronic Vehicle/Chlordiazepoxide
treatment, F(1,15)=1.48, n.s., nor was there a significant Chronic
Vehicle/Chlordiazepoxide X Chlordiazepoxide Dose interaction,
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FIG. 7. The effects of acute Ro15-1788 challenge in chronic vehicle- or
chlordiazepoxide-treated subjects on CSD behavior. The effects of acute
vehicle (Veh: open bars) or 4.0 mg/kg Ro15-1788 (shaded bars) adminis-
tration on the number of shocks received (upper panel) and the volume of
water consumed (lower panel) in animals chronically treated with vehicle
[distilled water (VEH: left side)] or chlordiazepoxide (CDP: right side) are
plotted. Data are from Test Week 11 of chronic chlordiazepoxide or
vehicle treatment. Each symbol represents the mean+SEM from 9
(vehicle) or 10 (chlordiazepoxide) subjects. *p<<0.05, effect of Ro15-1788
on chronic chlordiazepoxide-treated rats significantly different from effect
of Ro15-1788 on chronic vehicle-treated rats, factorial ANOVA.

F(5,75)<1, n.s. Thus, with respect to either the increase in water
intake associated with low doses or the decrease in water intake
associated with higher doses, there was no evidence of tolerance to
the acute effects of chlordiazepoxide treatment on this measure in
animals previously treated with chlordiazepoxide.

The upper panel of Fig. 7 illustrates the effects of an acute
challenge with 4.0 mg/kg Ro15-1788 on the number of shocks
accepted by rats chronically treated with chlordiazepoxide or
vehicle. As can be seen, treatment with Ro15-1788 in this
experiment decreased punished responding in chlordiazepoxide-
treated but not vehicle-treated rats. The Main Effect for Vehicle/
Chlordiazepoxide treatment, F(1,16)<1, n.s., was not significant.
The Main Effect for Ro15-1788/Vehicle treatment, F(1,16)=
11.90, p<0.05, and the Vehicle/Chlordiazepoxide X Rol5-
1788/Vehicle interaction, F(1,16) =5.98, p<<0.05, were significant.

The lower panel of Fig. 7 illustrates the effects of this
Ro15-1788 challenge on water intake. As was observed in
Experiment III, Ro15-1788 treatment dramatically reduced water
intake in rats chronically treated with chlordiazepoxide, but not
vehicle. The Main Effects for Vehicle/Chlordiazepoxide,
F(1,16)=9.33, p<0.05, and Rol15-1788/Vehicle, F(1,16)=
24.96, p<0.05, were significant. Most important, there was also
a significant Vehicle/Chlordiazepoxide X Ro015-1788/Vehicle
interaction, F(1,16)=20.05, p<<0.05.

Table 2 summarizes the effects of discontinuation of these
chronic chiordiazepoxide or vehicle treatments on CSD behavior.
There was no effect of this abrupt treatment discontinuation on
punished responding in either treatment group, as evidenced by the
lack of significant Main Effects for either Chronic Vehicle/
Chlordiazepoxide, F(1,17)<1, n.s., or Test Weeks, F(2,34)<1,

TABLE 2

CSD BEHAVIOR DURING WITHDRAWAL FROM CHRONIC
MODERATE-DOSE CHLORDIAZEPOXIDE (10 mg/kg, b.i.d. FOR 11 WEEKS)
OR VEHICLE TREATMENTS

Week of Chronic Chronic

Withdrawal Vehicle Chlordiazepoxide
Shocks Received

1 (Test Week 12) 14.3 = 3.6° 114 £ 1.9

2 (Test Week 13) 143 £ 29 13.5 £ 2.1

3 (Test Week 14) 13.2 = 3.6 12.8 + 2.2
Water Consumed

1 (Test Week 12) 15.6 + 0.8° 13.2 + 0.4%

2 (Test Week 13) 15.1 = 0.9 145 = 0.6

3 (Test Week 14) 14.8 £ 0.9 14.7 = 0.6

*Values represent the mean = SEM number of shocks accepted in CSD
sessions during the indicated week after discontinuation of chronic
chlordiazepoxide or vehicle treatment. (See text for further details.)

bValues represent the mean *+ SEM volume of water consumed (ml) in
CSD sessions during the indicated week after discontinuation of chronic
chlordiazepoxide or vehicle treatment.

*Water intake in chlordiazepoxide-treated subjects significantly differ-
ent from vehicle-treated subjects at the indicated Test Week, p<<0.05, post
hoc Isd test following 2 X 3 factorial ANOVA.

n.s. The Chronic Vehicle/Chlordiazepoxide X Test Weeks inter-
action also was not significant, F(2,34)<1, n.s. In contrast,
chronic chlordiazepoxide-treated subjects consumed significantly
less water than did their vehicle-treated counterparts for the first
week following treatment discontinuation. Water intake returned
to control values by the second following treatment discontinua-
tion. Statistically, there was no Main Effect for Chronic Vehicle/
Chlordiazepoxide, F(1,17)<1, n.s., or Test Weeks, F(2,34)<1.0,
n.s. There was, however, a significant Chronic Vehicle/Chlordiaz-
epoxide X Test Weeks interaction, F(2,34)=4.79. p<0.05. Post
hoc Isd tests revealed that chronic chlordiazepoxide-treated sub-
jects consumed significantly less water than chronic vehicle-
treated subjects in the first Test Week of this spontaneous
withdrawal period.

Experiment V: Chronic Phenobarbital Treatment Effects

The upper panel of Fig. 8 illustrates the effects of chronic
phenobarbital or distilled water treatment on punished responding
in the CSD. Pretreatment baselines did not differ between the two
groups (phenobarbital: 29.8+2.2 shocks/session; vehicle:
29.3+9.8 shocks/session; £=0.04, n.s.). Chronic phenobarbital
treatment increased punished responding for the first few weeks of
treatment, but punished responding returned to baseline levels by
the end of 6 weeks of chronic treatment. Factorial ANOVA
revealed a significant Main Effect for Test Weeks, F(6,66)=8.70,
p<0.05, with no significant Main Effect for Chronic Vehicle/
Phenobarbital, F(1,11)=2.52, n.s. ANOVA also revealed a
significant Test Week X Chronic Vehicle/Phenobarbital interac-
tion, F(6,66)=4.81, p<0.05. Post hoc lsd tests comparing the
“‘net’”” change from baseline revealed that chronic phenobarbital-
treated subjects accepted significantly more shocks than vehicle-
treated controls at Test Weeks 1 and 2.

The lower panel of Fig. 8 illustrates the effects of chronic
phenobarbital or distilled water treatment on water consumption in
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FIG. 8. The effects of chronic administration of phenobarbital on CSD
behavior. The number of shocks received (upper panel) and the volume of
water consumed (lower panel) in CSD sessions during the course of 6
weeks of chronic vehicle [distilled water (VEH): open circles] or phenobar-
bital (PhB: 80 mg/kg/day; filled circles) administration are plotted. Each
symbol represents the mean = SEM from 8 (vehicle) or 5 (phenobarbital)
subjects. *p<<0.05, phenobarbital change from baseline significantly
different from vehicle change from baseline at that Test Week, post hoc Isd
test following factorial ANOVA.

the CSD. Pretreatment water intake did not differ between the two
groups (phenobarbital: 10.0 +0.9 ml/session; vehicle: 10.8+0.6
ml/session; t=0.47, n.s.). Chronic phenobarbital-treated subjects
consumed less water than vehicle-treated controls across all Test
Weeks. Factorial ANOVA revealed significant Main Effects for
Test Weeks, F(6,66)=4.24, p<<0.05, and Chronic Vehicle/Phe-
nobarbital, F(1,11)=5.38, p<<0.05, as well as a significant
Chronic Vehicle/Phenobarbital X Test Weeks interaction,
F(6,66)=3.42, p<<0.0S. Post hoc Isd tests comparing the ‘‘net”’
change from baseline revealed that chronic phenobarbital-treated
subjects consumed significantly less water than vehicle-treated
controls at Test Weeks 1, 3, 4, 5, and 6.

GENERAL DISCUSSION

Similar to the typical antidepressant/antipanic agents imip-
ramine, desipramine and phenelzine (11,12), chronic administra-
tion of the clinically effective antipanic benzodiazepine alprazolam
produced a time-dependent increase in punished responding in the
CSD. This increase in punished responding was statistically
significant at Test Weeks 6, 7 and 8 of chronic treatment (weeks
3, 4, and 5 after dosage adjustment). Although this latency to
“‘onset’’ after dosage adjustment is somewhat longer than that
reported in man for the antipanic effect of alprazolam (4-6, 26,
27, 32), these data provide further evidence that the CSD
paradigm might serve as an ‘‘animal model’’ for the study of panic
disorder and potential antipanic agents.

The increase in punished responding produced by chronic
alprazolam treatment was unaffected by an acute challenge with
the benzodiazepine antagonist Ro15-1788. Rol5-1788 treatment
effectively antagonized the acute anticonflict effects of alprazolam
or chlordiazepoxide. Together, these data suggest that while acute
alprazolam exerts an anticonflict effect through benzodiazepine
receptor activation, the time-dependent anticonflict effect of al-
prazolam following this chronic posttest administration is not
related to alprazolam ‘‘on board’’ at the time of CSD testing.
Moreover, these data suggest that the time-dependent anticonflict
effect associated with chronic alprazolam treatment is not medi-
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ated through benzodiazepine receptors. Bodnoff er al. have shown
that the time-dependent anticonflict effect of chronic desipramine
treatment in the NSF task is not antagonized by treatment with
Rol15-1788 (3).

Although only a single acute dose of alprazolam was exam-
ined, there was no evidence for tolerance or sensitization to the
acute anticonflict effects of this agent following chronic alprazo-
lam administration. For the first week following treatment discon-
tinuation (Test Week 9), subjects previously treated with alprazolam
continued to accept significantly more shocks than controls.
Punished responding in these chronic alprazolam-treated subjects
returned to control levels by the second week following discon-
tinuation of alprazolam treatment, indicating that the increase in
punished responding in the chronic alprazolam-treated rats was not
an irreversible effect of alprazolam treatment.

Although chlordiazepoxide and other traditional benzodiaz-
epines have been regarded as relatively ineffective agents in the
management of panic disorder, it has been proposed that alprazo-
lam and clonazepam may not be unique in their efficacy in the
treatment of panic disorder and that all benzodiazepines, if
administered at sufficiently high doses, may exert clinical anti-
panic effects (10,26). In contrast to the effects observed with
alprazolam, chronic chlordiazepoxide (up to 40 mg/kg/day) treat-
ment did not produce a time-dependent increase in punished
responding. These data are not consistent with the hypothesis that
all benzodiazepines are effective antipanic agents when adminis-
tered at high enough doses.

It should be noted that the dose of chlordiazepoxide employed
in the high-dose study (40 mg/kg/day) was sufficient to produce
mild to moderate sedation throughout the day, as evidenced by a
decrease in water intake at many Test Weeks throughout the study.
(Note that CSD testing was conducted approximately 24 hours
after drug administration in Experiment III.) Further, an acute
challenge with the benzodiazepine antagonist Ro15-1788 signifi-
cantly decreased water intake in chronic chlordiazepoxide-treated
subjects, but not vehicle-treated controls, suggesting that the
chlordiazepoxide-treated subjects had become dependent on chlor-
diazepoxide as a result of the chronic treatment. Therefore, the
lack of anticonflict effect observed with chronic chlordiazepoxide
treatment cannot be attributed to insufficient dosing.

Following several weeks of chronic treatment with a lower
dose of chlordiazepoxide (10 mg/kg, twice/daily; Experiment IV),
significant tolerance to the acute anticonflict effects of this agent
was observed. It should be noted, however, that there was no
evidence of tolerance to the effects of acute chlordiazepoxide on
unpunished responding (water intake) in this study. Acute chal-
lenge with Rol5-1788 significantly reduced both punished and
unpunished responding in subjects which had received this chronic
chlordiazepoxide treatment; this acute Ro15-1788 treatment was
without effect in chronic vehicle-treated subjects. Similar to the
effects of an acute challenge with Ro15-1788, chronic chlordiaz-
epoxide-treated subjects consumed significantly less water than
vehicle-treated controls during the first week of CSD testing in the
absence of chronic treatment (spontaneous withdrawal). As was
observed in the Rol5-1788-elicited withdrawal experiments, no
gross signs of benzodiazepine withdrawal (body weight loss,
hyperactivity, convulsions) were observed in these subjects during
this period of chlordiazepoxide abstinence. These data suggest that
the spontaneously occurring or Ro15-1788-elicited decreases in
water intake may be a sensitive bioassay for detecting benzodiaz-
epine dependence. Based on the lack of effect exerted by acute
treatment with Ro15-1788, there was no evidence of benzodiaz-
epine dependence in the chronic alprazolam-treated subjects. It is
possible, however, that higher doses or more frequent administra-
tion of alprazolam would result in an Ro15-1788-elicited with-
drawal in chronic alprazolam-treated subjects.
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Similar to chlordiazepoxide and unlike alprazolam, phenobar-
bital (80 mg/kg/day) treatment also did not produce a time-
dependent increase in punished responding. Indeed, these animals
exhibited a significant increase relative to vehicle-treated rats at
Test Weeks 1 and 2, with a gradual decline in punished responding
across Test Weeks 1-4. As was observed in the chronic chlordiaz-
epoxide treatment study, these animals also exhibited mild to
moderate sedation throughout the day, as evidenced by the
decrease in water intake throughout the course of chronic treat-
ment for most Test Weeks. It is possible that some portion of the
tolerance to the anticonflict effects of phenobarbital was pharma-
cokinetic in nature, relating to the induction of hepatic microsomal
drug metabolism. However, since there was little if any tolerance
to the effects of phenobarbital to decrease water intake, it appears
likely that the tolerance to the anticonflict effects of chronic
phenobarbital treatment might also be pharmacodynamic in na-
ture. Studies using chronic treatment with the nonmetabolized
barbiturate barbital are planned to resolve this question.

The observation that chronic treatment with phenobarbital and
chlordiazepoxide was associated with tolerance to the anticonflict
effects is somewhat surprising, since it has been reported fre-
quently that there is a lack of tolerance to, or even an increase in,
the anticonflict effects of these agents associated with their
repeated administration (9, 15, 21, 23, 25). One possible expla-
nation for this discrepancy relates to the ‘‘intensity’’ of chronic
treatment. In many of the studies where tolerance to the anticon-
flict effects was not observed, the duration of the ‘chronic’
treatment was relatively short (i.e., less than one week), the doses
administered were relatively low and/or the frequency of repeated

drug administration was insufficient to facilitate the development
of tolerance. In the present study, as well as in the studies reported
by Soderpalm (28), Stephens and Schneider (31) and Vellucci and
File (34), antianxiety agents were administered chronically at
relatively high doses for greater than one week. In these studies,
animals treated chronically with anxiolytics did indeed develop
tolerance to the anxiolytic effects. Finally, it should be noted that
the anxiolytic efficacy of benzodiazepines in man decreases over
periods of repeated administration (8).

In summary, chronic treatment with the clinically effective
antipanic benzodiazepine alprazolam resulted in a time-dependent
anticonflict effect on behavior in the CSD paradigm. These data
support further the hypothesis that conflict paradigms such as the
CSD may be useful ‘‘animal models’’ for the study of panic
disorder and potential antipanic agents. In contrast, chronic
treatment with chlordiazepoxide or phenobarbital did not result in
a time-dependent anticonflict effect. These findings are not con-
sistent with the hypothesis that all anxiolytic agents possess
antipanic activity.

ACKNOWLEDGEMENTS

This work was supported in part by the MH No. 42501-01 to R.L.C.,
and by the Roland T. Lakey Research Fund at WSU. D.M.E. was
supported by a Graduate Assistantship from the Department of Pharma-
ceutical Sciences, WSU; T.C.M. was supported by MH No. 42501;
D.J.F. was supported by the Department of Pharmaceutical Sciences and
the Interdisciplinary Neuroscience Program (INSP), WSU. The authors
would like to thank Mr. Love McMiller, Jr. for his excellent technical
assistance in these studies.

REFERENCES

1. American Psychiatric Association. Diagnostic and statistical manual
of mental disorders, 3rd ed. Washington, DC: American Psychiatric
Association; 1980.

2. Beaudry, P.; Fontaine, R.; Chouinard, G.; Annable, L. Clonazepam
in the treatment of patients with recurrent panic attacks. J. Clin.
Psychiatry 74:83-85; 1986.

3. Bodnoff, S. R.; Suranyi-Cadotte, B.; Aitken, D. J.; Quirion, R.;
Meaney, M. J. The effects of chronic antidepressant treatment in an
animal model of anxiety. Psychopharmacology (Berlin) 95:298-302;
1988.

4. Carr, D.; Sheehan, D. V.; Surman, O. S. Neuroendocrine correlates
of lactate-induced anxiety and their responses to chronic alprazolam
therapy. Am. J. Psychiatry 143:483-494; 1986.

5. Charney, D. S.; Woods, S. W.; Goodman, W. K.; Rifkin, B.; Kinch,
M.; Aiken, B.; Quandrino, L. M.; Heninger, G. R. Drug treatment of
panic disorder: The comparative efficacy of imipramine, alprazolam
and trazodone. J. Clin. Psychiatry 47:580-586; 1986.

6. Chouinard, G.; Annable, L.; Fontaine, R.; Solyom, L. Alprazolam in
the treatment of Generalized Anxiety and Panic Disorder: a double-
blind placebo-controlled study. Psychopharmacology (Berlin) 77:
229-282; 1982.

7. Commissaris, R. L.; Vasas, R. J.; McCloskey, T. C. Convulsant
versus typical barbiturates: Effects on conflict behavior in the rat.
Pharmacol. Biochem. Behav. 29:631-634; 1988.

8. Committee for the Review of Medicines. Benzodiazepines. Drug
Ther. Bull. 18:97-98; 1980.

9. Cook, L.; Sepinwall, J. Behavioral analysis of the effects and
mechanisms of action of benzodiazepines. In: Costa, E.; Greengard,
P., eds. Mechanisms of action of benzodiazepines. New York: Raven
Press; 1975.

10. Eriksson, E. Brain neurotransmission in panic disorder. Acta Psychi-
atr. Scand. 76(Suppl.)335:31-37; 1987.

11. Fontana, D. J.; Carbary, T. J.; Commissaris, R. L. Effects of acute
and chronic anti-panic drug administration on conflict behavior in the
rat. Psychopharmacology (Berlin) 98:157-162; 1989.

12. Fontana, D. J.; Commissaris, R. L. Effects of acute and chronic
imipramine administration on conflict behavior in the rat: A potential

‘“‘animal model’’ for the study of panic disorder? Psychopharmacol-
ogy (Berlin) 95:147-150; 1988.

13. Garakani, H.; Zitrin, C. H.; Klein, D. F. Treatment of panic disorder
with imipramine alone. Am. J. Psychiatry 141:446-448; 1984.

14. Harvey, S. C. Hypnotics and sedatives. In: Gilman, A. G.; Goodman,
L. S.; Rall, T. W.; Murad, R., eds. The pharmacological basis of
therapeutics. New York: Macmillan Publishing Company; 1985.

15. Kilts, C. D.; Commissaris, R. L.; Rech, R. H. Comparison of
anti-conflict drug effects in three experimental animal models of
anxiety. Psychopharmacology (Berlin) 74:290-296; 1981.

16. Klein, D. F. Delineation on two drug-responsive anxiety syndromes.
Psychopharmacologia 5:397—408; 1964.

17. Klein, D. F. Importance of psychiatric diagnosis in prediction of
clinical drug effects. Arch. Gen. Psychiatry 16:118-126; 1967.

18. Klein, D. F.; Fink, M. Psychiatric reaction patterns to imipramine.
Am. J. Psychiatry 119:432-438; 1962.

19. McCloskey, T. C.; Paul, B. K.; Commissaris, R. L. Buspirone effects
in an animal conflict procedure: Comparison with diazepam and
phenobarbital. Pharmacol. Biochem. Behav. 27:171-175; 1987.

20. McNair, D. M.; Kahn, R. K. Imipramine compared with a benzodi-
azepine for agoraphobia. In: Klein, D. F.; Rabkin, G., eds. Anxiety:
New research and changing concepts. New York: Raven Press; 1981.

21. Margules, D. L.; Stein, L. Increase of ‘‘antianxiety’’ activity and
tolerance to behavioral depression during chronic administration of
oxazepam. Psychopharmacologia 13:74-80; 1968.

22. Mavissakalian, M.; Michelson, L.; Dealy, R. S. Pharmacological
treatment of agoraphobia: Imipramine versus imipramine with pro-
grammed practice. Br. J. Psychiatry 143:348-355; 1983.

23. Mokler, D. J.; Rech, R. H. Mechanisms of the initial treatment
phenomenon to diazepam in the rat. Psychopharmacology (Berlin)
87:242-246; 1985.

24. Pollack, M. H.; Tesar, G. E.; Rosenbaum, J. F.; Spier, S. A.
Clonazepam in the treatment of panic disorder with agoraphobia: A
one-year follow-up. J. Clin. Psychopharmacol. 6:303-304; 1986.

25. Sepinwall, J.; Grodsky, F. S.; Cook, L. Conflict behavior in the
squirrel monkey: Effects of chlordiazepoxide, diazepam and N-
desmethyldiazepam. J. Pharmacol. Exp. Ther. 204:88-102; 1978.



186

26.

27.

28.

29.

30.

Sheehan, D. V. Benzodiazepines in panic disorder and agoraphobia.
J. Affect. Disord. 13:169-181; 1987.

Shehi, M.; Patterson, W. M. Treatment of panic attacks with
alprazolam and propranolol. Am. J. Psychiatry 141:900-901; 1984,
Soderpalm, B. Pharmacology of the benzodiazepines; with special
emphasis on alprazolam. Acta Psychiatr. Scand. 76:39-46; 1987.
Spier, S. A.; Rosenbaum, J. F.; Woods, S. W. Treatment of panic
disorder and agoraphobia with clonazepam. J. Clin. Psychiatry
47:238-243; 1986.

Steele, R. G.; Torrie, J. H. Principles and procedures of statistics.
New York: McGraw-Hill Book Company Inc.; 1985.

32.

33.

34.

ELLIS ET AL.

. Stephens, D. N.; Schneider, H. H. Tolerance to the benzodiazepine

diazepam in an animal model of anxiolytic activity. Psychopharma-
cology (Berlin) 87:322-327; 1985.

Tesar, G. E.; Rosenbaum, J. F.; Pollack, M. H. Clonazepam versus
alprazolam in the treatment of panic disorder: Interim analysis of data
from placebo-controlled trial. J. Clin. Psychiatry 48:16-21; 1987.
Tyrer, P.; Candy, J.; Kelly, D. Phenelzine in phobic anxiety: a
controlled trial. Psychol. Med. 3:121-124; 1973.

Vellucei, S. V.; File, S. F. Chlordiazepoxide loses its anxiolytic
action with long-term treatment. Psychopharmacology (Berlin) 62:
61-65; 1979.



