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WEDEKING, P. W. Schedule-dependent differences among anti-anxiety drugs. PHARMAC. BIOCHEM. BEHAV. 2(4)
465-472, 1974. — Five anti-anxiety drugs were administered to rats on either a variable-interval (VI 1-min) schedule, a
chained 10-sec differential reinforcement of other behavior (DRO), fixed-ratio (FR 25) procedure, or an FR 15-satia-
tion schedule. Two dose levels, free of effects on behavior not related to lever pressing, for each anxiolytic were select-
ed for testing. On the VI schedule, the anti-anxiety drugs uniformly increased response rates. On the DRO-FR pro-
cedure all the anxiolytics increased responding during the DRO component, but produced dissimilar biphasic increases
or decreases in FR response rates. The anti-anxiety drugs also produced dissimilar effects on the FR-satiation schedule:
chlordiazepoxide, phenobarbital, and meprobamate disrupted satiation (increased responding), diazepam did not affect
satiation (no change in responding), and oxazepam facilitated satiation (decreased responding). None of the anxiolytics
altered FR response rates in the FR-satiation schedule. The discrepancies recorded suggest that schedule-dependent dif-

ferences exist between the anti-anxiety drugs studied.

Anti-anxiety drugs Benzodiazepines Disinhibition

Meprobamate Phenobarbital Satiation

Differential reinforcement of other behavior
Variable-interval

Fixed-ratio

THERE have been a number of explanations for the effects
that chlordiazepoxide and other anti-anxiety drugs have on
food-reinforced behavior. In 1962, Richelle and co-workers
[19] reported that chlordiazepoxide, when administered to
rats trained on a fixed-interval schedule or a differential
reinforcement of low rates (DRL) schedule, increased re-
sponding in both schedules. The disruptions were attributed
to an interference with temporal discriminations produced
by the muscle-relaxant effect of chlordiazepoxide.

In a study of various psychotropic drugs, Bainbridge [1]
reported that anti-anxiety drugs (chlordiazepoxide, mepro-
bamate, and phenobarbital) increased the number of lever
presses made by rats conditioned on a fixed-ratio (FR)
schedule. The increased responding was attributed to con-
trolling fear.

Surveying the effects that minor tranquilizers have on
rats in diverse behavioral procedures, Margules and Stein
[14] proposed a theory of disinhibition to explain the ef-
fects that anxiolytic agents have on suppressed behavior.
They suggested that anti-anxiety drugs increased the rate of
occurrence of previously suppressed behavior by releasing
that behavior from inhibition.

Recently, Miczek [16] reported that rats trained on
either a concurrent variable-interval (VI) food-reinforced,
FR punishment schedule or a multiple VI reinforcement
and concurrent reinforcement-and-punishment, time-out
(SA) schedule found that chlordiazepoxide did not affect
non-punished of $2 responding but did increase responding
during the reinforced-and-punishment contingencies.
Miczek attributed his findings to the observation that chlor-
diazepoxide attenuated ‘‘effectively and specifically the
suppressive effects of punishment.”
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Although chlordiazepoxide has been widely investigated
in many behavioral procedures, other anti-anxiety drugs
have not been studied for their effects on behavior main-
tained by food-reinforcement schedules not involving foot-
shock punishment, even though it has been suggested that
anxiolytics produce the same activity in a specific behavior-
al schedule [10,14].

To further investigate the effects of anti-anxiety drugs
on behavior in food-reinforced schedules, this report de-
scribes the effects that administering chlordiazepoxide, dia-
zepam, oxazepam, meprobamate, and phenobarbital have
on the performance of rats conditioned in either a VI 1-min
schedule, a chained 10-sec differential reinforcement of
other behavior (DRO), FR 25 procedure (DRO-FR), or an
FR 15-satiation schedule (cf. 21). The anti-anxiety drugs
were selected as being representative of the clinically util-
ized class of anti-anxiety drugs [10,11,12]. The three
schedules were selected for their ability to maintain lever-
pressing at high rates (FR components of the schedules),
moderate rates (VI schedule), and low rates (engendered by
the response inhibiting contingency of the DRO com-
ponent). The FR-satiation procedure was used to elucidate
any effects that the anti-anxiety drugs had on the motiva-
tion for food and on satiation [21] since anti-anxiety drugs
are reported to increase eating behavior [1, 8, 12, 14, 18].

METHOD

Four Lehigh Valley Electronics operant chambers (No.
143-21) were isolated in ventilated, light- and sound-
attenuated enclosures. A rat lever (BRS/LVE No. 121-103)
was mounted in each chamber with a white light (SD)
mounted 5 cm above the lever. Each reinforcement was a
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single 45-mg Noyes food pellet. The schedules were con-
trolled by electromechanical equipment located in an adja-
cent room, a cumulative record was made of each session.

Experiment 1: VI 1-min Schedule

The VI 1-min schedule was utilized for maintaining a
continuous emission of lever-presses by the rat [4]. To start
the session, the house light was extinguished and the SD
turned on; at random intervals (10—110 sec without asso-
ciated stimuli) a lever press was reinforced by delivery of a
food pellet. Each rat performed for 60 min each day and at
the end of the session, the SD was extinguished and the
house light was lit. Water was available ad lib during the
session. Two behavioral indices were tabulated: total num-
ber of lever-presses and total number of reinforcements ob-
tained during each session.

Experiment 2: Chained 10-sec DRO, FR 25 Schedule

The DRO-FR procedure was used to study the effects
that drugs have on FR responding and on the low levels of
lever pressing engendered by DRO. The DRO was used in
preference to an S4 component to permit evaluation of the
effects of anti-anxiety drugs on a programmed response in-
hibiting contingency (DRO) rather than a noncontingent
response inhibiting S4. To start the session, the house light
was extinguished and the white light (SD,) was lit. Every
twenty-fifth lever press during SD, was reinforced by de-
livery of a food pellet; every twenty-fifth lever press also
extinguished SD, and initiated a 10-sec DRO (SD, off was
SD2 ). Each lever press during SD2 reset and recycled the
DRO (change over delay). At the termination of each SD2 s
the SD, was reinstated. One hundred reinforcements con-
stituted a daily session; water was not available in the oper-
ant chamber. Three behavioral indices were recorded: (a)
number of responses during SD, ; (b) duration of SD1 pre-
sentation; and (c) duration of SV, presentation.

Experiment 3: FR 15-satiation Schedule

The FR-satiation procedure was basically an FR 15
schedule with the rat’s performance determining the total
number of food pellets obtained during the session. Again,
to begin the session the house light was turned off and the
SD illuminated. During SD every fifteenth lever press was
reinforced by delivery of a food pellet. The session was
terminated when the rat failed to receive a reinforcement
during a 10-min period (exclusive of the first reinforce-
ment). It was assumed that the rat was satiated at the ter-
mination of the session [21]. Water was available ad lib at
all times. The following indices were recorded: (a) number
of responses; (b) latency to obtain the first reinforcement
after onset of SD; (c) number of reinforcements obtained
during the session; and (d) length of time from the first
reinforcement to the termination of the session.

Animals

Twenty experimentally naive, male Long-Evans rats,
approximately 175 days old at the start of the experiment
were used. The rats were housed individually with water
available ad lib in the home cages. The rats performed Mon-
days through Fridays and reached asymptotic performance
levels within five weeks.

Six rats were used on the VI schedule and six rats on the
DRO-FR procedure. Each rat was maintained at 80% of its
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pre-experimental body weight. After each daily session and
on Saturdays and Sundays, each rat was given food pellets
in its home cage to maintain its running weight.

Eight rats were used on the FR-satiation schedule and
were divided into two equal-sized groups (two chambers
were used in the FR-satiation study). The rats were not
maintained at a specified body weight but were deprived of
food for approximately 22 hr each day. On Saturdays and
Sundays, each rat was given food pellets in its home cage
equal to its mean daily consumption during the Monday
through Friday sessions.

Drugs

Two relatively low dose levels for each anti-anxiety drug
were selected for testing on the basis of the available litera-
ture. Chlordiazepoxide HCIl (Librium®, Roche) and pheno-
barbital sodium (Luminal®, Winthrop) were administered
as freshly prepared solutions in isotonic saline. Diazepam
(Valium®, Roche), oxazepam (Serax®, Wyeth), and mepro-
bamate (Miltown®, Wallace) were administered as freshly
prepared suspensions in isotonic saline and Tween 80. In
the FR-satiation schedule, d-amphetamine sulfate (Dexe-
drine®, Smith Kline & French) was also administered as a
freshly prepared solution in isotonic saline.

Fifteen minutes before a test session, a rat was injected
intraperitoneally (IP) with isotonic saline (9 mg/ml/kg) or
with a test drug. Drugs were administered in a random se-
quence, with at least one week between administrations.

Data Evaluation

Each rat served as its own control. The results of each
session served as control values for the next session. The
mean and standard error of the mean for control and test
values were tabulated. Statistical significance was deter-
mined by paired comparison #-tests comparing control and
test data.

RESULTS

In the VI procedure, the rate and pattern of
lever-pressing behavior were typical for a VI 1-min schedule
[4]. The effects of administering anti-anxiety drugs or sal-
ine on response rates during the VI schedule are illustrated
in Fig. 1. Each anti-anxiety agent produced increases in the
number of lever presses made by the rats. Only the increase
produced by 5.0 mg/kg of oxazepam was not statistically
significant.

The effects of anti-anxiety drugs on responding during
the DRO-FR schedule are shown in Fig. 2. Both dose levels
of chlordiazepoxide, oxazepam, and meprobamate in-
creased responding during DRO. Diazepam at 3 mg/kg and
phenobarbital at 20 mg/kg increased responding during
DRO, but the lower dose of each drug did not affect re-
sponding during DRO. Chlordiazepoxide and phenobarbital
increased FR response rates; diazepam, at 3 mg/kg, de-
creased FR response rates; and meprobamate, oxazepam,
and the l-mg/kg dose of diazepam did not alter FR re-
sponding.

The data obtained after administering the anxiolytics,
d-amphetamine, or saline on the total number of reinforce-
ments obtained, the latency to first reinforcement, and the
rate of responding for the FR-satiation experiment are
shown in Fig. 3. Both dose levels of chlordiazepoxide and
phenobarbital increased the number of food pellets worked
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FIG. 1. Effects of chlordiazepoxide (CDP), diazepam (DIA), oxazepam (OXAZ), meprobamate (MPB), phenobarbital (PHB), and isotonic

saline (NaCl) on mean responses/min in rats on a VI 1-min schedule. The interrupted bar indicates control (C) rates and the adjacent solid bar

shows response rates following drug administration. The number below each solid bar indjcates the dose (mg/ml/kg) injected. Vertical
ordinates represent the SE of the mean.

for by the rats and decreased the latency to the first rein-
forcement. Diazepam, at both doses, and oxazepam, at 5
mg/kg, did not affect the acquisition of food pellets. Oxaze-
pam, at 10 mg/kg, decreased the number of food pellets
obtained, and diazepam, at 3 mg/kg, increased the latency
to the first reinforcement. Meprobamate, at 100 mg/kg,
increased the number of food pellets acquired by the rats,
but had no effect on latency to the first reinforcement;
meprobamate, at 75 mg/kg, had no effect on the para-
meters measured. d-Amphetamine decreased the number of
food pellets worked for and increased the latency to the
first reinforcement. None of the anti-anxiety drugs signifi-
cantly changed the rate of responding in the FR-satiation
schedule, but d-amphetamine significantly decreased the
rate of responding.

Table 1 summarizes and compares the effects of the anx-
iolytic agents on the behavior measured in each of the three
operant schedules studied.

Disruption of behavior not related to lever-pressing was
not observed following administration of any anxiolytic
drug. Rats administered d-amphetamine showed a moderate
increase in gross motor activity. Administration of saline
did not alter any of the indicies recorded.

DISCUSSION

The VI schedule is considered to be a basic operant

procedure for demonstrating the effects that drugs have on
lever-pressing behavior [17]. According to previous reports
[5, 6, 7, 13], higher doses of the anxiolytic drugs tested
decreased responding maintained by VI schedules. The
doses of the anti-anxiety agents used in the present study
uniformly increased responding. Coupled with results from
the previous reports cited, the combined data support a
dose-dependent explanation for the biphasic increases and
decreases in VI responding produced by anxiolytics at low
and high doses, respectively.

In previous food-reinforced multiple schedules incorpor-
ating SA contingencies, the S& was considered as a punish-
ment contingency [3], as a noncontingent response inhibit-
ing period [20], or as an extinction contingency [16]. Dur-
ing DRO in the present study, each lever press was punished
by delaying the opportunity to respond for food for 10 sec,
but responding during DRO was never completely extin-
guished.

Anti-anxiety drugs have been reported to increase re-
sponding during the punishment (and extinction) compon-
ents of operant schedules [6, 7, 14, 15, 16]. It is possible
that the increased responding recorded during the DRO
component of the chain schedule, following administration
of the anxiolytic drugs, was due to a specific attenuation of
the suppressive effects of punishment as Miczek purports
[15,16].
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FIG. 2. Effects of anti-anxiety drugs and isotonic saline on mean FR responses/min (top) and on mean responses during DRO/session
(bottom) in rats on a DRO-FR schedule. The individual components of the DRO-FR procedure are oriented vertically for each drug. Drug
abbreviations and definitions of the figure components are the same as in Fig. 1.



ANTI-ANXIETY DRUGS

CDP DIA OXAZ MPB

=.0l <.05 NS NS =0l NS <.05 NS
500 A

400 ~

300

2004

100

MEAN REINFORCEMENTS / SESSION

340
320

=) =

w

(2 80 4

>

)

Z 60

w

=

<

&l

z

<

w

=

=

=

~

n

W

w

Z

o

[

7]

w

[T

z

<

w

E » / ’

C 5 c25 C 3 cC 1 CI0o C 5 CI0o0 C 75

(N=) (15) (10) (12) (15) (13) (8) (12) (10)

PHB

=.05

Z
Z

(8)

ca20 C 10

=05

(I

NaCl

NS

469

d-AMPH

FIG. 3. Effects of anti-anxiety drugs, isotonic saline, and d-amphetamine (d-AMPH) on mean total reinforcements/session (top), mean latency
to first reinforcement (sec) (middle), and mean FR responses/min (bottom) in rats on an FR-satiation schedule. The individual components of
the FR-satiation procedure are oriented vertically for each drug. Drug abbreviations and definitions of the figure components are the same as

in Fig. 1.
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TABLE |
SUMMARY OF THE EFFECTS OF ANXIOLYTIC AGENTS ON VI; DRO-FR; AND FR-SATIATION BEHAVIOR IN
RATS

Experiment 1
VI Schedule

Experiment 2
DRO-FR Schedule

Experiment 3
FR-satiation Schedule

Response FR Response Responses Total FR Response
Treatment Rate Rate During DRO Reinforcements Latency Rate
Chlordiazepoxide t t t t 4 NC
Diazepam t I or NC t or NC NC t or NC NC
Oxazepam t or NC NC t { or NC NC NC
Meprobamate t NC t or NC T or NC NC NC
Phenobarbital ) t or NC 1 t i NC

t = Significant increase over control levels
| = Significant decrease below control levels
NC = No significant change from control levels

Alternatively, it should be pointed out that the 10-sec
DRO also coincided with the postreinforcement interval (a
period of noncontingent inhibition of lever pressing) that
typically occurs in FR schedules without S4 or DRO con-
tingencies. If the rats were not responding due to a non-
contingent postreinforcement pause rather than to the
operantly conditioned termination of responding during the
presentation of SD,, then it is possible that the increased
responding that occurred during the DRO component was
the result of an anxiolytic-induced disinhibition of the
suppressed lever pressing behavior {14]. However, this al-
ternative appears unlikely since there was stimulus control
of the lever pressing behavior as indicated by the relatively
low number of lever presses emitted during DRO (Fig. 2)
and by the uniform responding patterns recorded on the
cumulative record during control sessions.

Although the DRO schedule was selected to study the
effects that the anti-anxiety drugs had on a response with-
holding contingency as compared to an SA schedule where
lever pressing had no effect on the presentation of rein-
forcement, the data recorded in the DRO component of
Experiment 2 and in the other experiments cited seem to
indicate that regardless of how the decrease in lever pressing
behavior was maintained, anti-anxiety drugs (dose-
dependent) will produce an increase in lever pressing behav-
ior. Wuttke and Kelleher [22] reported a similar observa-
tion based on the effects that three benzodiazepines had on
punished and unpunished responding behavior in pigeons.

In the FR portion of the DRO-FR schedule, the anxioly-
tics appeared to produce dissimilar effects on response rates
even though previous studies have shown that anti-anxiety
compounds generally have a similar activity in a specific
behavioral task [10,14]. In a previous FR-SA experiment
employing a wide range of dose levels [20], chlordiazepox-
ide produced biphasic effects on the FR response rates dur-
ing SD presentation. At very low doses, <0.5 mg/kg, IP,
there were no changes in response rates; at 0.5—10 mg/kg,
chlordiazepoxide produced significant increases in FR re-

sponse rates, but at 20 mg/kg, response rates decreased sig-
nificantly to below control rates. Apparently, the dose
levels selected for diazepam, oxazepam, and meprobamate
coincided with the dose levels that would appear to elicit
no effect on or to decrease (as with diazepam at 3 mg/kg)
FR response rates in the DRO-FR schedule, even though
the same doses increased DRO responding (Table 1). Chlor-
dizaepoxide and phenobarbital produced increases in FR
response rates. Obviously, a complete range of dose levels
would have to be evaluated to determine if each anxiolytic
does, in fact, produce a biphasic effect on FR responding.

The FR-satiation schedule also served to investigate the
effects that anti-anxiety drugs had on conditioned FR re-
sponding for food and, in addition, evaluated the effects on
the motivation for food and the effects on satiation [21].
Chlordiazepoxide and phenobarbital disinhibited or dis-
rupted satiation as indicated by the increase in food pellets
acquired and consumed and also appeared to increase the
motivation for food as indicated by the decrease in latency
to obtain the first reinforcement. Meprobamate, at 100
mg/kg, also disrupted the mechanisms regulating satiation
but appeared to have no effect on the motivation for food;
the 75-mg/kg dose had no effect on any of the indices
recorded indicating that this dose of meprobamate was not
affecting the motivation for food or satiation. Diazepam, at
1 mg/kg, and oxazepam, at 5 mg/kg, produced no changes
in the parameters measured. Diazepam, at 3 mg/kg, pro-
duced a decrease in latency indicating a possible decrease in
motivation for food. Oxazepam, at 10 mg/kg, decreased the
reinforcements obtained suggesting a facilitation of satia-
tion mechanisms.

In nonoperant, milk-consumption studies, however, all
of the benzodiazepine drugs tested in this report increased
the amount of milk consumed indicating a disruption or
disinhitition of satiation {8,14]. In contrast, in a treadmill-
approach experiment with milk reinforcement [8], only
chlordiazepoxide at 5 mg/kg (of three benzodiazepine drugs
tested) significantly increased the amount of milk worked
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for and consumed (or spilled). Diazepam and oxazepam, at
dose levels similar to those used in the present study, did
not vary the amount of milk worked for in the treadmill-
approach task, but at higher dose levels both drugs signifi-
cantly decreased treadmill activity resulting in a decrease in
milk consumption. The results in the FR-satiation schedule
and in Gluckman’s report [8] suggest that the disinhibi-
tion of satiation that is observed in conventional food-
consumption tests may not be elicited in an operant sched-
ule and indicate possible differences between the various
benzodiazepine drugs. Presently, there is no apparent
explanation for the differences observed between the ben-
zodiazepines when tested in the FR-satiation schedule.

Perhaps the most surprising result in the FR-satiation
study was the failure for any anxiolytic agent to alter FR
response rate, even though in the VI or DRO-FR experi-
ments the same drugs produced significant changes in re-
sponding (Table 1). Apparently, the lever pressing behavior
in the FR-satiation schedule was so completely controlled
by the schedule that the responding behavior was resistant
to modification by the doses of the anxiolytic drugs tested
[2]; i.e., the rats were conditioned to respond at a constant
rate and administering anti-anxiety drugs had no effect on
the rate of responding.

d-Amphetamine, however, did modify the responding by
rats in the FR-satiation schedule, indicating that responding
was susceptible to another class of drugs. The increase in
latency to obtain the first reinforcement and the decrease
in reinforcements obtained after the administration of d-
amphetamine were attributed to the anorexic effects of d-
amphetamine {9].

When comparing the FR behavior in Experiments 2 and
3, it is apparent that the procedural differences may have
had an effect on the conditioned behavior. For example,
the rats in the DRO-FR study were maintained below their
normal body weights whereas the rats in the FR-satiation
schedule were allowed to maintain their normal body
weights. It is known that such differences can produce dif-
ferences in conditioned responding [4]. Also, the FR re-
sponse rates in the chain schedule were almost twice as fast
as in Experiment 3. This may be the result of the method
by which the rates were determined. In the FR-satiation
experiment, there were no deductions made for postrein-
forcement pauses or drinking periods. In the DRO-FR
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schedule the rate was determined by dividing the number of
responses during SP, in the session (2500) by the duration
of SD, presentation. Since water was not available and the
typical postreinforcement interval coincided with the DRO
period, the differences in FR rates between the two experi-
ments can be explained.

However, if a comparison is made between the FR re-
sponse rates in Experiment 2 and the latencies to obtain the
first reinforcement in Experiment 3 (instead of comparing
FR response rates in Experiments 2 and 3), there is a re-
markable similarity between increase, no change, or de-
crease in response rates in Experiment 2 to a decrease, no
change, or increase in latencies in Experiment 3. The sim-
ilarity is readily apparent in Table 1. This suggests that the
changes in the motivation for food produced by the various
anti-anxiety drugs tested may have had a direct effect on
the FR response rates in the DRO-FR experiment; e.g., the
increased motivation for food produced by chlordiazepox-
ide, indicated by a decrease in latency to obtain the first
reinforcement in the FR-satiation schedule, is manifested as
an increase in FR response rate in the DRO-FR experi-
ment. Unfortunately, such a discussion cannot explain the
fact that the FR response rates in Experiment 3 did not
exhibit anxiolytic-induced changes.

Assuming that such a comparison is valid, then some of
the apparent interschedule differences produced by the
anti-anxiety drugs can be explained, but such a comparison
does little to explain the intraschedule differences that may
exist between the anxiolytics tested.

At the outset of these experiments, it was thought that
all of the anti-anxiety drugs would produce similar effects
in each of the operant schedules. The greatest similarities
were expected to be in the portions of the schedules that
suppressed behavior. Contrary to expectations, as shown in
Table 1, there were a number of intra-schedule differences,
apparently schedule-dependent, between the anxiolytic
agents.
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