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The effects of clonazepam (0.25-4.0 mg/kg) and phenobarbital (10-80 mg/kg) were examined 
in pigeons responding under a multiple fixed-ratio 50 fixed-interval 90-sec schedule offood deliv­
ery. When given acutely 30 min prior to testing, the lowest dose of each drug generally increased 
responding under both components of the multiple schedule, whereas high doses decreased respond­
ing. Time-course determinations revealed maximum rate-reducing effects when phenobarbital 
was given 30 min prior to testing; 15- and 30-min presession intervals were similarly effective 
with clonazepam. When a 120-min presession interval was used, responding generally exceeded 
control rates for clonazepam, but not for phenobarbital. 

If one accepts a prevalence of 0 .3 % to 0.6 % (Hauser, 
1978), roughly 750,000 to 1,500,00 individuals suffer 
from epilepsy in the United States alone. Their treatment, 
in all likelihood, will involve prolonged exposure to one 
or more of the 17 antiepilepsy medications currently mar­
keted (Swinyard, 1982). Although anticonvulsants are 
widely and effectively used in the treatment of epilepsy 
in its various forms, the behavioral side effects of such 
medications are poorly understood (Gibbs et al., 1982). 
Clinical investigations have not revealed the precise be­
havioral effects of such drugs, but they have provided evi­
dence that anticonvulsants can deleteriously affect be­
havior. Recent research with nonhumans (summarized by 
Poling & Picker, in press) has compared the effects of 
antiepilepsy medications under a number of operant con­
ditioning procedures. Findings provide a crude profile of 
the behavioral actions of several anticonvulsants, but 
detailed understanding of the behavioral actions of these 
agents necessitates further investigation. In an attempt to 
explore further the effects of anticonvulsants in nonhu­
mans, the present study examined the effects of cIonaze­
pam and phenobarbital on the responding of pigeons main-
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tained under a multiple fixed-ratio 50 fIxed-interval 90 sec 
(mult FR 50 FI 90-sec) schedule of food delivery. 
Although these drugs similarly increase errors in pigeons 
performing under repeated acquisition and delayed­
matching-to-sample procedures (Picker & Poling, 1984; 
Picker, White, & Poling, 1985), their effects on schedule­
controlled responding have not been compared directly. 
Because cIonazepam is a benzodiazepine and phenobar­
bital a barbiturate, and because the clinical applications 
of the two drugs differ, determining the range of condi­
tions under which they produce similar behavioral effects 
may be of some interest. 

METHOD 

Subjects and Apparatus 
Six experimentally-naive barren hen White Cameaux pigeons, main­

tained at 80% of free-feeding weights, served as subjects. The birds 
were individually housed with unlimited access to water and grit in a 
constantly illuminated room. 

Subjects were tested in three computer-controlled operant condition­
ing chambers, described in detail by Picker and Poling (1984). Each 
chamber contained a food hopper and three response keys; only the center 
key was operative in the present study. 

Procedure 
After initial keypeck training, subjects were exposed to a mult FR 50 

FI 9O-sec schedule of food delivery. Under this schedule, the color of 
key illumination alternated at 5-min intervals. When the key was lighted 
in red, a FR 50 schedule was in effect, whereas a FI 9O-sec schedule 
was in effect when the key was lighted in blue. A 3-sec delivery of mixed 
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grain followed every 50th keypeck under the FR 50 schedule. Under 
the FI 9O-sec schedule, a 3-sec food delivery followed the first response 
emitted at least 90 sec from the previous food delivery, or from the on­
set of blue-key illumination. Sessions were 30 min in duration and al­
ways began with blue-key illumination (i.e., with the FI 9O-sec sched­
ule). Sessions were conducted 6 days per week, at about the same time 
each day. 

When all subjects evidenced stable response rates (i.e., no visually 
evident trend over 10 consecutive sessions) under both components of 
the multiple schedule, they were divided into two groups of 3. One group 
received clonazepam, the other phenobarbital. Five doses of clonaze­
pam (0.25, 0.5, 1,2, and 4 mg/kg, expressed as a salt) and five doses 
of phenobarbital (10, 20, 40, 60, and 80 mg/kg, expressed as a base), 
selected on the basis of previous findings from our laboratory (e. g . , 
Picker & Poling, 1984), were examined. Each drug dose was given to 
3 subjects on a single occasion. Doses were administered in an irregu­
lar order, and active drug was given only when responding appeared 
stable across three consecutive control sessions, at least one of which 
was preceded by an injection of the vehicle used with the drug being 
evaluated (see below). · All injections were given intramuscularly 30 min 
prior to experimental sessions, at a volume of 1 rnI/kg. Clonazepam 
(Hoffmann-La Roche, Nutley, NJ) was dissolved in a solution consist-

FIXED-RATIO 

200 

ing of 4 parts propylene glycol, 1 part ethyl alcohol, and 5 parts dis­
tilled water, and then was diluted with distilled water to the desired in­
jection volume. Phenobarbital (Sigma Chemical Co. , St. Louis, MO) 
was dissolved in distilled water with sufficient sodium hydroxide ad­
ded to neutralize the drug to the sodium salt. 

After initial dose-response determinations, the effects of presession 
injection interval were evaluated. In this evaluation, subjects received 
a single dose of clonazepam or phenobarbital at presession injection in­
tervals of 15, 60, and 120 min. The dose administered to an individual 
bird was the lowest one that reduced FR responding by at least 50% 
during initial dose-response testing. 

RESULTS AND DISCUSSION 

Figures 1 and 2 depict the effects of acute administra­
tions of clonazepam and phenobarbital, respectively. 
When drugs were administered 30 min prior to the ses­
sion, dose-response curves were similar for both drugs 
and component schedules. At the lowest dose ad­
ministered, clonazepam and phenobarbital generally in-
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Figure 1. Effects of acute administrations of clonazepam on the response rates of individual pigeons 
responding under a mult FR SO FI 9O-sec schedule of food delivery. Panels on the left show rates of 
responding when the drug was administered im 30 min prior to behavioral testing; effects of varying 
the presession injection interval are shown in the right panels. The dose given to each subject (indicated 
in the figure) during the time-course determination reduced rate of responding under the FR component 
by a minimum of 50% when administered 30 min prior to testing. Control data are expressed as the 
mean response rate for the three sessions immediately prior to all drug administrations; vertical lines 
indicate the standard error of the mean. 
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Figure 2. Effects of acute administrations of phenobarbital on the response rates of individual pigeons 
responding under a mult FR 50 FI 9CHec schedule of food delivery. Details are as in Figure 1. 

creased responding under both the FR and FI components. 
High doses of each drug produced dose-dependent 
decreases in responding. The largest rate-decreasing ef­
fects of clonazepam were observed at the 15- and 30-min 
presession injection intervals. At the 120-mirr presession 
injection interval, drug-induced rate increases were ob­
served in 2 of 3 subjects exposed to clonazepam; this ef­
fect was most evident in the FI component. Phenobarbi­
tal produced maximal suppression of responding at the 
30-min presession injection interval. In most instances, 
response rates were within the control range when this 
drug was given 120 min prior to the session. 

Studies of drug effects on schedule-controlled respond­
ing have long played an important role in behavioral phar­
macology. Such studies have yielded important informa­
tion about general drug-behavior interactions, as well as 
about the behavioral actions of specific drugs and drug 
classes (see McKearney & Barrett, 1978). Previous in­
vestigations have demonstrated that relatively high doses 
of phenobarbital reduce response rates of rats under FR 
schedules of food delivery (Commissaris, Lyness, Moore, 
& Rech, 1981; Picker, Thomas, Koch, & Poling, 1985) 
and the response rates of mice under random-interval 
schedules of food delivery (Middaugh, Blackwell, Bog-

gan, & Zemp, 1981). The present results, obtained with 
pigeons, are generally in agreement with these prior find­
ings. These data provide no evidence of rate-dependent 
effects for phenobarbital, although pentobarbital, another 
barbiturate, is known to produce such effects under some 
conditions (e.g., Dews, 1955). 

Although the behavioral effects of clonazepam have 
received relatively little experimental attention, the ac­
tions of other benzodiazepines (chlordiazepoxide, diaze­
pam) on schedule-controlled behavior have been explored 
in considerable depth (see Dantzer, 1977; Sanger & Black­
man, 1981). According to Sanger and Blackman (1981), 
"chlordiazepoxide, and probably other benzodiazepines 
as well, do not exert effects that can be consistently 
described as rate-dependent, but this is not to say that un­
der some circumstances control rates of responding may 
not have some role to play in determining the effects of 
these drugs" (p. 18). There was no evidence of rate­
dependent effects for clonazepam in the present study. 
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