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BARRETT, J. E. Effects of clozapine, haloperidol and thiothixene on schedule-controlled responding and schedule- 
induced eating and drinking of rabbits. PHARMAC. BIOCHEM. BEHAV. 17(5) 1049-1053, 1982.--Lever-lift responding by 
Dutch Belted rabbits was maintained either by the presentation of 0.25% saccharin solution or food pellets under a multiple 
fixed-interval 3-minute (FI), 30-response fixed-ratio (FR) schedule. Rabbits responding under the schedule of saccharin 
presentation were water deprived and had food available continuously. During experimental sessions these rabbits ate 
during the initial portion of many intervals. With rabbits responding under the food-presentation schedule, water was 
available continuously; these rabbits drank during the initial portion of the interval. Clozapine (0.1-1.0 mg/kg), haloperidol 
(0.003-0.03 mg/kg) and thiothixene (0.003-0.03 mg/kg) all increased responding under the FI schedules to a maximum of 
approximately 200 percent of control and generally did not affect or decreased responding under the FR schedules. These 
effects occurred under schedules where either food or saccharin maintained responding. Higher doses (I-3 mg/kg clozapine 
and 0.1 mg/kg haloperidol or thiothixene) decreased responding under all schedules. Doses of these drugs that increased 
responding also increased the amount of eating and drinking that occurred during the experimental session. Although 
clozapine, a novel antipsychotic compound, typically affects operant performances differently than other antipsychotic 
drugs, its effects on conditioned rabbit behavior appear similar to those of other antipsychotics. Further, although 
antipsychotic drugs generally decrease performances in several mammalian species, effects of these agents in the rabbit are 
similar to those found with humans and chimpanzees. The similarity of antipsychotic drug effects in the rabbit to those 
found in the human and chimpanzee, together with the comparable effects obtained even with "atypical" compounds, plus 
the development of schedule-induced eating and drinking suggest that the rabbit may be a very useful addition to research 
in behavioral pharmacology. 
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THE effects of antipsychotic drugs on schedule-controlled 
operant behavior have been studied in many species. In 
mammals such as the rat, mouse, squirrel monkey and 
rhesus monkey, compounds such as chlorpromazine and 
haloperidol characteristically only decrease responding 
maintained by food presentation [3, 8, 13]. However,  in- 
creases in responding have been reported with chlor- 
promazine in the human [1] and chimpanzee [5]. Chlor- 
promazine has also been shown recently to increase respond- 
ing of rabbits maintained under a multiple fixed-interval (FI), 
fixed-ratio (FR) schedule by food pellets or by a saccharin 
solution [4]. Thus, the rabbit appears unique in being a non- 
primate mammal that shows increases in schedule-controlled 
behavior with an antipsychotic drug. 

In this same study [4], chlorpromazine also increased eat- 
ing that occurred under the saccharin schedule. Drinking, 

which occurred under the food-presentation schedule, how- 
ever, was not increased by chlorpromazine. Eating occurred 
during the early portion of the FI when responding was main- 
tained by saccharin solution and food was continuously 
available during the session and in the home cage for these 
water-deprived rabbits. Similar patterns of schedule-induced 
drinking occurred with rabbits under the food-presentation 
schedule that were deprived of  food but not water. Eating 
and drinking did not occur during the FR component. Al- 
though schedule-induced drinking has been reported fre- 
quently [10], schedule-induced eating, i.e., eating under the 
temporal and regulatory control of  the schedule, has not 
been reported previously. 

In view of the somewhat atypical effects of chlor- 
promazine in tbe rabbit, and because of the occurrence of 
schedule-induced eating and drinking, the present experi- 
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ment was designed to examine further the effects of addi- 
tional antipsychotic drugs---clozapine, haloperidol and 
thiothixene--on schedule-controlled performances and 
schedule-induced eating and drinking of rabbits. The effects 
of clozapine were of particular interest because this drug 
characteristically affects operant behavior differently than 
most antipsychotic compounds [2, 3, 6, 7, 13]. The effects of 
clozapine, haloperidol and thiothixene were studied on be- 
havioral performances maintained by either saccharin solu- 
tion or food presentation. As in the earlier study, rabbits 
responding under the food-presentation schedule drank dur- 
ing the early portion of the FI, whereas rabbits under the 
saccharin schedule ate during the early period of the FI. 
Thus, it was possible to examine drug effects on schedule- 
controlled and schedule-induced behaviors that have been 
previously shown to be sensitive to a variety of compounds. 

METHOD 

Subjects 

The subjects were six female Dutch-Belted rabbits, ap- 
proximately one year old, with prior experimental histories 
of schedule-maintained performances and drug administra- 
tion. Rabbits R-l ,  R-5, R-16 and R-20 were maintained at 80 
percent of their free-feeding body weights by limited daily 
access to water; food (Purina Rabbit Chow) was available at 
all times in the home cage. Rabbits R-18, R-19 and R-20 were 
maintained at 80 percent of their free-feeding body weights 
by limited daily access to food. Water was available con- 
tinuously in the home cage. Body weights after deprivation 
ranged from approximately i.5-2.0 kg. All rabbits were 
caged individually. 

Apparatus 

Behavioral performances were studied in an experimental 
chamber described previously in detail [4]. Briefly, the Plex- 
iglas chamber (38x38x38 cm) was equipped with a Get- 
brands (Model G-6312) rat lever that was inverted and ex- 
tended by a 5x5 cm, 2 mm thick stainless steel plate; the 
plate protruded approximately 2.5 cm beyond the edge of the 
rat lever and was located 6 cm above the chamber floor and 5 
cm from the right side of the front panel. A lifting force ex- 
ceeding 35 g counted as a response and produced the click of 
a feedback relay mounted behind the front panel. Three pairs 
of differently-colored stimulus lamps were located behind 
the front panel and served as discriminative stimuli. 

For rabbits responding under the schedule of saccharin 
presentation, the front panel of the chamber contained a 
centrally-located recessed opening into which a liquid dipper 
(Gerbrands model B-LH) provided access to 1.0 ml tap water 
containing 0.25% (w/v) saccharin. This chamber was also 
equipped with a 5 x 11 cm opening on the left side of the front 
wall. A dish containing Purina Rabbit Chow was positioned 
behind this opening; entries into the food well were detected 
by an infrared photocell and recorded automatically. 

The chamber in which responding was maintained by 
food pellets contained a pellet dispenser Gerbrands (Model 
D-l) that delivered 97 mg rabbit pellets (Noyes, Formula D) 
into a small receptacle located in the center of the front wall. 
A water bottle was positioned on the left side of the front 
panel and provided continuous access to tap water. Contacts 
with the drinking spout were detected by a drinkometer cir- 
cuit. 

Procedure 

Responding was maintained under a multiple fixed- 
interval (FI) 3-min, fixed-ratio (FR) 30-response schedule. 
In the presence of green lights (located on the extreme left of 
the front panel), the first response after 3 rain (FI schedule) 
produced either 4-sec access to the saccharin solution (rab- 
bits R-l,  R-5, R-16 and R-20) or the delivery of one food 
pellet (rabbits R-18 and R-19). The completion of 30 re- 
sponses in the presence of white lights (positioned on the 
right of the front panel) also produced reinforcement (FR 
schedule). If reinforcement was not obtained within 4 rain 
after the onset of the FI component or within one minute 
under the FR schedule the component alternated automati- 
cally without reinforcement (limited hold). Experimental 
sessions consisted of 30 components of the multiple schedule 
and were conducted 5 days per week. 

Drugs 

Clozapine base (Sandoz) was dissolved in distilled water 
and 0.7 ml of 1 N acetic acid. Haloperidol (McNeil) was 
diluted with sterile distilled water from the commercial in- 
jectable preparation. Doses of clozapine and haloperidol are 
expressed as the base. Thiothixene HC1 was dissolved in 
0.9% sterile saline solution and doses are expressed in terms 
of the salt. All drugs were administered intramuscularly into 
the hind leg in a volume of 1.0 mg/kg body weight im- 
mediately before the sessions conducted on Tuesdays and 
Fridays. If responding on the preceding Monday and Thurs- 
day was not stable when compared with previous perform- 
ances, drugs were not administered. 

Data Analysis 

Data collected on digital counters and elapsed time 
meters were used to calculate average overall response rates 
(responses per second) during the FI and FR components. 
Control data were obtained from stable performances during 
Thursday's sessions or from Tuesdays or Fridays when the 
appropriate vehicle was administered rather than a drug. 
Each dose was administered at least twice. Changes with 
drug administration are expressed as percentage changes 
from control performances. The water bottle and food dish 
were weighed prior to and after each session, with spillage, 
which occurred rarely, taken into account. The quantity of 
water ingested of food consumed is expressed in grams. 

RESULTS 

Control Performances 

Representative control performances for rabbits respond- 
ing under the saccharin schedule are shown in Fig. 1. These 
performances were similar to those found with other species 
under these schedules. Responding under the FI was charac- 
terized by an initial pause and a transition to an intermediate 
rate of responding that continued until reinforcement oc- 
curred. FR performances occurred at a high steady rate of 
responding that followed a very brief initial pause after rein- 
forcement delivery under the FI schedule. Patterns of eating 
are also shown in these records for rabbits responding under 
the saccharin schedule. Eating occurred only during the 
pause preceding the initiation of responding during the FI 
component of the schedule; eating did not occur during 
every interval under control conditions. Rates and patterns of 
responding and drinking for rabbits under the food- 
presentation schedule were similar to those shown in Fig. 1. 
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FIG. 1. Cumulative response records of control rates and patterns of 
responding and the effects of clozapine under the multiple FI 3-min 
FR 30-response saccharin solution schedule. Food was available 
behind an opening in the front wall of the chamber. Entries into the 
food well were detected by a photocell and are shown as diagonal 
slashes on the record. Eating occurred only during the FI schedule 
under control conditions and at intermediate doses of each drug. FR 
components are indicated by the displacement of the pen beneath 
each record. The pens reset after reinforcement. The effects of 
clozapine are shown in the three lower records. At the 0.1 and 0.3 
mg/kg doses, clozapine increased both responding and eating. At the 
1.0 mg/kg dose responding was markedly disrupted and eating oc- 
curred during both schedule components. 

The  a m o u n t s  o f  food or  water  consumed under  control  
condi t ions  during each drug series are shown in Table  I. This 
table also provides  control  data  for average  response  rates 
under  the FI  and FR components .  Rates of  lever  lifting were  
approximate ly  three to f ive t imes higher  under  the FR 
schedules  and were  stable across  drug condi t ions  for indi- 
vidual animals• 

Drug Effects 

Clozapine (0.03-0.1 mg/kg) increased responding under  
the FI schedule  for all rabbits but did not  affect or  decreased  
responding under  the FR  schedule (Fig. 2). These  effects  
occur red  under  both saccharin-  and food-mainta ined condi-  
tions. Higher  doses  o f  c lozapine (1.0--3.0 mg/kg) decreased  
responding under  both schedules.  
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T A B L E  1 

CONTROL PERFORMANCES OF SCHEDULE-MAINTAINED 
RESPONDING AND SCHEDULE-INDUCED EATING* 

Drug Rabbit FI FR Grams Consumed 

C lozapine R - I 0.51 2.63 13 
(0.03) (0.10) (0.79) 

R-5 0.13 0.69 2.70 
(0.03) (0.02) (1.00) 

R-18t 0.48 1.37 49 
(0.02) (0.06) (5.11) 

R-19t 0.33 1.45 3.00 
(0.02) (0.05) (0.85) 

Haloperidol R-1 0.57 2.62 9.40 
(0.02) (0.07) (0.71) 

R-5 0.21 1.17 13.90 
(0.03) (0.11) (1.12) 

R-18t 0.55 1.44 25.75 
(0.06) (0.12) (7.06) 

R-19+ 0.27 1.49 3.00 
(0.01) (0.09) (l.00) 

Thiothixene R-16 0.51 1.84 5.40 
(0.07) (0.07) (1.72) 

R-20 0.28 2.03 7.20 
(0.04) (0.29) (1.10) 

R-18t 0.53 1.35 4.03 
(0.03) (0.13) (2.10) 

*Data are average rates of responding (responses per second) for 
individual rabbits under the FI and FR schedules based on at least 7 
non-injection control sessions or sessions in which either saline or, 
with clozapine, the vehicle was administered. Last column on the 
right shows amount of eating or drinking (measured in grams) that 
occurred during the session. Figures in parentheses represent 1 S.E. 
of the mean. 

tDenotes rabbits studied under food-presentation schedules that 
engaged in schedule-induced drinking; other rabbits were main- 
tained under saccharin schedules and engaged in schedule-induced 
eating. 

Doses of  c lozapine that increased schedule-control led re- 
sponding also increased both eating and drinking. In addi- 
tion, doses  o f  1.0 or  3.0 mg/kg that markedly  decreased  re- 
sponding under  the FI  and FR schedules  ei ther  increased or  
did not  affect schedule- induced behav ior  for three of  the four  
rabbits• 

Haloper idol  also increased responding under  the FI  
schedule and,  like clozapine,  did not  affect or  decreased  re- 
sponding under  the FR schedule (Fig. 3). Maximal  increases  
in FI  responding occurred  at lower  doses  of  haloperidol  (ap- 
proximate ly  0.001-0.01 mg/kg) than of  c lozapine but were  
general ly o f  comparab le  magnitude.  These  doses  o f  haloper- 
idol also increased eating and drinking; however ,  higher 
doses  of  haloperidol  (0.1 mg/kg) decreased  these behaviors  
in all rabbits. 

The effects o f  thiothixene on schedule-control led re- 
sponding and schedule- induced eating and drinking were  
general ly similar to those  found with both clozapine and hal- 
oper idol  (Fig. 4), Doses of  0.003-0•03 mg/kg thiothixene in- 
c reased  responding under  the FI  schedule  but did not affect 
or  decreased  responding under  the FR schedule• Higher  
doses o f  th iothixene decreased  per formances  under  both 
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FIG. 2. Dose-effect curves of changes in schedule-controlled re- 
sponding (top), eating (bottom left) and drinking (bottom right) with 
clozapine. Rabbits, in the panel labeled Saccharin, responded for 
0.25% saccharin solution; food was available throughout the session 
and the amount eaten expressed as grams consumed. Panels on the 
right, labeled Food, represent rabbits responding for food pellets; 
water was freely available during the session. Water and food con- 
sumption were measured by weighing the bottle or food dish, re- 
spectively, before and after each session. All measures are ex- 
pressed as percent changes from non-drug control rates and 
amounts. Points on left of each panel denote average control meas- 
ures _+ 1 S.E. In the top half of the figure, FI performances are denoted 
by circles, FR by triangles. 

schedules. Thiothixene increased eating for one of the two 
rabbits under the saccharin schedule and also increased 
drinking under the food delivery schedule. As with 
clozapine, doses of thiothixene that markedly decreased 
schedule-controlled responding did not affect eating or drink- 
ing. 

DISCUSSION 

Although rabbits have been used extensively in physi- 
ological and pharmacological research, as well as in respon- 
dent (classical) conditioning procedures, they have been 
studied infrequently in operant experiments and in behav- 
ioral pharmacology using schedule-controlled behavior. 
Previous research has shown that a number of compounds 
such as amphetamine and chlorpromazine produce effects on 
operant responding of rabbits that differ from those typically 
found with other species [4]. For example, in the rabbit re- 
sponding under FI and FR schedules, intermediate-to-high 
doses of d-amphetamine (1.0-5.6 mg/kg) produced extremely 
high rates of  stereotyped, perseverative lever lifting. Al- 
though amphetamine characteristically produces stereo- 
typed behavior such as sniffing and grooming at high doses, 
the onset of  stereotypical responses usually interferes with 
schedule-controlled responding and decreases this behavior. 
Chlorpromazine has also been shown to increase responding 
of  rabbits [4]. With the exception of the human [I] and the 
chimpanzee [5], these effects are not characteristic of  most 
mammals. 

The effects of the various antipsychotic drugs on 
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FIG. 3. Effects of haloperidol on schedule-controlled responding, 
eating and drinking in rabbits. Details are the same as those in Fig. 2. 
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FIG. 4. Effects of thiothixene on schedule-controlled responding, 
eating and drinking in rabbits. Details are the same as those in Fig. 2. 

schedule-controlled responding studied in the present exper- 
iment resembled those reported previously for chlor- 
promazine in the rabbit: responding under the FI schedule 
was increased at doses that did not affect or decreased re- 
sponding under the FR schedule. The rabbit, therefore, ap- 
pears unique amongst nonprimate mammals in showing in- 
creases in behavioral performances with antipsychotic drugs. 
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Even clozapine, the relatively new and novel antipsychotic 
compound which, when compared with other antipsychotic 
drugs, characteristically produces atypical effects on 
schedule-controlled behavior [2, 3, 6, 15], also had effects on 
the behavior of the rabbit which were similar to other 
antipsychotic drugs. Thus, the rabbit also appears unique in 
being the one species studied in which the behavioral effects 
of a variety of antipsychotic drugs, including clozapine, are 
similar. 

All three antipsychotic compounds studied in the present 
experiment also increased schedule-induced eating and 
drinking. In prior research under comparable conditions, 
chlorpromazine increased eating but not drinking [4]. The 
reason for this difference in chlorpromazine's effects on 
drinking remains unclear at the present time. 

The patterns of eating and drinking observed in this study 
indicate that these behaviors were under schedule control. 
Except at high drug doses, eating or drinking never occurred 
during the FR component of the schedule. Instead, eating or 
drinking was confined to the early portion of the FI schedule 
where the occurrence of these behaviors did not affect rein- 
forcement frequency. Previous work with schedule-induced 
drinking [10] has indicated that drinking also does not typi- 
cally occur under FR schedules. 

In preliminary work we have found that eating during the 
session where saccharin reinforcement was intermittent was 
excessive relative to that occurring in the home cage when a 
comparable quantity of saccharin solution was given all at 
once and eating was measured for a period for time com- 
parable to the session length. Similar manipulations with 
rabbits maintained by food that drank during the session did 
not indicate that drinking under the intermittent schedule 
was excessive. At the present time it is not known whether 
schedule induced eating or drinking in the rabbit are related 

to the parameter value of the schedule, as has been shown 
with other schedule-induced or adjunctive behaviors [10]. 
The demonstration that eating was similar to other adjunc- 
tive behaviors would be of direct practical and theoretical 
import not only for studying drug effects but in elucidating 
variables related to food intake. 

In summary, the rabbit appears to offer several advan- 
tages for behavioral pharmacological research not found 
with other species. The rabbit appears to engage in 
schedule-induced eating and drinking. These behaviors can 
provide additional information about drug effects on classes 
of behavior not frequently studied [14]. In addition, 
antipsychotic drugs produce similar rate-increasing effects 
on schedule-controlled behavior with the rabbit that differ 
from those found with most other species except the human 
and chimpanzee. Even clozapine, which typically produces 
effects on operant behavior different from those of other 
antipsychotic drugs, produced effects in the rabbit which 
were similar to other antipsychotic compounds. At present, 
it is not possible to determine whether the uniformity of 
effects with this class of drugs is due to species differences 
per se, or whether other factors, such as the topographical 
features of the operant response may also play a role. Topo- 
graphical aspects of the response have been shown to affect 
drug action under other conditions (e.g., [9, 11, 12] and may 
also have contributed to the effects obtained in the present 
study. Further work with the rabbit may make this species a 
useful addition to comparative behavioral pharmacology. 
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