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ABSTRACT 

The acute effects of morphine sulfate (0.25 to 24 mg/kg s.c.) 

and chlorpromazine hydrochloride (0.0625 to 4 mg/kg s.c.) on acquisition 

of conditioned avoidance response (CAR) in a two-way shuttlebox were 

studied in three experiments that represented three levels of difficulty. 

Relative difficulty of the three tasks was validated by the observation 

that control animals had progressively poorer rates of acquisition of 

CAR with successively more difficult tasks. Naive rats were subjected 

to 60 massed trials, which constituted the acquisition session. 

The results with morphine showed a biphasic response in all 

three experiments. Relatively speaking, low doses exerted no effect on 

acquisition, intermediate doses enhanced acquisition, and high doses 

disrupted acquisition of CAR. Increasing the task difficulty increased 

the doses of morphine required to enhance acquisition. Also, a dose 

that completely inhibited acquisition in a less difficult task enhanced 

acquisition in a more difficult task. The doses of morphine that en

hanced acquisition also produced appreciable intertrial crossings. 

Chlorpromazine, in all the doses used in the three experiments, 

significantly suppressed acquisition of CAR. These doses of CPZ appeared 

to suppress intertrial crossings. Generally, increasing the dosage of 

CPZ resulted in more suppression of acquisition. 
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CHAPTER 1 

BACKGROUND AND PLAN OF RESEARCH 

The discovery and preparation of drugs with psychotropic prop

erties have occupied the interest and energy of man since the beginning 

of recorded history. Through the centuries it has been known that 

plant and animal products can induce desirable or undesirable influences 

on behavior. However, only in recent years have psychopharmacological 

investigators attempted to delve into the nature of psychoactive sub

stances that exert behavioral changes in humans and animals. 

One drug of intense current interest in terms of its psychophar

macological properties is also one of the most ancient empirically known 

psychotropic drugs: morphine. (The rather broad term "psychotropic" is 

a word used to describe various chemical agents that act upon the higher 

functions of the central nervous system and that usually induce transi

tory or reversible changes in the behavioral and/or cognitive processes 

of the subject.) The effects of morphine on the central nervous system 

are characterized by a combination of excitation and depression. Both 

effects may occur at all levels of the cerebrospinal axis (Wikler, 1950). 

The balance between excitation and depression differs markedly from spe

cies to species. In cats, mice, and horses, for instance, excitation 

predominates whereas in man the excitatory effects are less obvious 

(Janssen, 1962). In classical pharmacology, morphine is considered as 

the typical analgesic drug. It was once commonly used as a tranquilizer, 

1 
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and according to the Oxford English Dictionary (1970), the first recorded 

use of the word "tranquilizer" in the English language was by Thomas 

De Quincey in his Confessions of an English Opinm-Eater in 1822. During 

the past two decades, since the advent of so-called tranquilizer drugs, 

the opiates have lost their clinical popularity as tranquilizers. 

Chlorpromazine (CPZ) is a tranquilizer drug whose psychotropic 

properties have been the subject of many studies. It is the prototype 

of major tranquilizers of the phenothiazine class. This is one of the 

first effective drugs introduced for the treatment of behavioral disor

ders, specifically schizophrenia, and it has probably been the most ex

tensively studied representative of its class. Chlorpromazine has been 

used in a wide range of doses in studies of animal behavior. On the 

basis of extensive screening of graded doses of CPZ (1.0 to 10 mg/kg) in 

various animal species, Kopera and Armitage (1954) concluded that this 

agent possesses a multitude of pharmacological properties, including 

effects on the central and autonomic nervous systems. Examples of these 

properties are hypothermia, inhibition of striated muscle tone, anti

cholinergic activity, anti-adrenergic activity, antihistaminic activity, 

and local anesthetic activity. One of the properties that CPZ has in 

common with morphine is its ability to block conditioned avoidance re

sponse (CAR) in laboratory test animals. Although there is a wealth of 

literature on the effect of these two drugs on a well established CAR, 

there is a paucity of information concerning their effect on acquisition 

of CAR. Therefore, the objective of the present dissertation project is 

to examine the effect of morphine on acquisition of CAR and to compare 

it to CPZ in certain aspects of the investigation. 
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Conditioned Avoidance Response (CAR) 

Conditioned avoidance response tests constitute a common proce

dure used to study the effects of drugs on conditioned behavior of an 

animal (Cook and Catania, 1964; Cook and Weidley, 1957). In a typical 

test a visual or auditory stimulus, the conditioned stimulus (CS), sig

nals the subsequent onset of a noxious stimulus, the unconditioned stim

ulus (UCS), usually an electric shock. To avoid or escape the shock, 

the animal must make a well defined response such as climbing a pole, 

pressing a bar, jumping over a barrier, or shuttling from one compart

ment to another. Thus, in such a test, there are two possible types of 

behavior: avoidance and escape. Avoidance behavior is defined as behav

ior that occurs in the presence of an originally neutral stimulus that 

has been paired during conditioning with some noxious stimulus; the con

sequence of such behavior is prevention or postponement of the noxious 

stimulus. Escape behavior, on the other hand, may involve an action by 

the animal to terminate the UCS or to remove itself from the UCS. An 

animal is conditioned when a previously neutral ineffective stimulus such 

as light or sound causes it to avoid the UCS. This response is termed a 

conditioned avoidance response (CAR). 

The distinction between avoidance and escape behaviors as cri

teria of differential effects of drugs is implicit or explicit in the 

descriptions of several experiments using conventional apparati such as 

the shuttlebox. In the shuttlebox, the animal can escape by crossing 

the hurdle during the presentation of the UCS or avoid by crossing 

earlier, during the CS period. On later trials, after a predetermined 

intertrial interval, the CS is presented again, and the animal must 
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recross the hurdle in the opposite direction to avoid or escape the 

shock. 

The literature shows that both morphine and CPZ administered to 

CAR-trained animals produce specific effects in blocking avoidance re

sponses at doses that do not interfere with escape responses; the ani

mals become sufficiently sedated that they do not avoid, but they are 

still able to respond to shock unless very high doses are used. This 

specific block of CAR performance is typically obtained under the same 

set of behavioral parameters (e.g., constant CS, UCS, ITI, etc.) as used 

during training. No studies have been made in which these parameters 

are varied during testing, despite knowledge that behavioral response to 

a drug may be influenced by variations in the test parameters. 

Effects of Morphine on CAR 

Many investigators have studied the effects of morphine on a well 

established CAR and found that the drug suppresses avoidance behavior 

(CAR) but not escape behavior. A few typical examples of such studies 

are cited here to illustrate the variety of techniques employed and the 

variability of the observations reported. 

Using the pole-climbing technique, Cook and Weidley (1957) found 

that intraperitoneal (i.p.) injection of various doses of morphine (4.0 

to 16 mg/kg) blocked the response of rats to the buzzer but not to foot 

shock until the highest dose was used. For example, a dose of 10 mg/kg 

produced 50% loss of avoidance response and no loss of escape whereas 

16 mg/kg interfered with both avoidance and escape. 



5 

Ambrus et al. (1957) reported that 4.0 rag/kg of morphine retarded 

the performance of rats in shuttlebox CAR. Such a dose did not produce 

analgesia to foot shock, for the escape response was made at the onset 

of the shock. In comparison, Herman, Freeman, and Ray (1972) found that 

5.0 mg/kg of morphine did not suppress the performance of shuttlebox CAR 

but merely decreased response latencies and also increased activity 

as measured by the number of crossings between trials. However, they 

observed depression of CAR following treatment with higher doses (10 and 

20 mg/kg). Such doses did not produce analgesia to foot shock, for es

cape responses were made immediately at the onset of shock. 

Verhave, Owen, and Robbins (1959) used a technique wherein rats 

received a shock through the grid floor of the cage unless they rotated 

a conveniently located wheel within 7 sec of the onset of the CS (buzzer) 

to avoid the shock. Once the shock had started, it could be terminated 

by rotation of the wheel (escape response). Verhave and associates re

ported that a distinctly analgesic dose of morphine (6.5 mg/kg) did not 

suppress the CAR (turning the wheel within 7 sec of CS). Depression of 

CAR performance was noted with 10 mg/kg of morphine. The escape response 

was adversely affected by a higher dose (20 mg/kg). 

Effects of Chlorpromazine on CAR 

The effects of single doses of CPZ on CAR have been reported by 

various investigators, using a variety of techniques. Some examples of 

such studies are cited below. 

Courvoisier (1956) was the first to note that CPZ inhibits per

formance of a simple avoidance response (rope-climbing). In rats with a 
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stable response, 1.0 mg/kg of CPZ definitely retarded the response to an 

auditory stimulus, and larger doses caused total inhibition of the re

sponse. On the other hand, Cook and Weidley (1957) found that 5 mg/kg 

of CPZ administered orally to rats produced only minimal suppression of 

pole-climbing CAR, that 10.5 mg/kg of CPZ caused a 50% loss of CAR, and 

that 40 mg/kg caused appreciable loss of escape. Verhave, Owen, and 

Robbins (1958), on the basis of the wheel-turning method, reported that 

4.0 mg/kg of CPZ produced 80% loss of avoidance and 5% loss of escape. 

The shuttlebox is another device commonly used to study the ef

fects of CPZ on CAR. Irwin (1961) reported that subcutaneous (s.c.) 

administration of 1.2, 2.4, and 4.8 mg/kg of CPZ to rats produced a 

dose-related suppression of CAR performance in shuttlebox tests. Janku 

(1964) reported that a dose of 4.0 mg/kg, s.c., produced a suppressing 

effect on performance of rats tested in a shuttlebox 1 hour after injec

tion, whereas a dose of 2.0 mg/kg had little effect on the conditioned 

avoidance responses for most of the subjects tested. 

Statement of the Problem 

In the foregoing literature citations, experimental subjects 

were trained in the nondrug state and then given various doses of the 

drug in order to show the drug's influence on CAR performance. The em

phasis in such work has been on the drug's effect on performance of 

highly learned responses. The literature contains a large amount of in

formation on this specific block of CAR. However, there is relatively 

little information in the literature regarding the effects of drugs on 

acquisition of CAR. Only a few reports were found regarding the effects 
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of CPZ on acquisition of CAR and even fewer regarding the effects of 

morphine on acquisition of CAR. In general, CPZ in a wide range of 

doses (0.25 to 5 mg/kg) is reported to impair acquisition of CAR (Ader 

and Clink, 1957; McMurray and Jaques, 1959; Herr, Stewart, and Charest, 

1961; Sachs, Weingarten, and Klein, 1966; Low, Eliasson, and Kometsky, 

1966; Bravo and Appel, 1967). On the other hand, reports on the effects 
i 

of morphine on acquisition of CAR appear to be contradictory. Banerjee 

(1971) reported that 0.25 mg/kg of morphine retarded the acquisition of 

pole-climbing CAR, but Trafton (1973) reported that repeated morphine 

injections, 35 mg/kg, facilitated acquisition of shuttlebox CAR in 

morphine-dependent rats. 

It is thus the purpose of the present investigation to study the 

acute effects of graded doses of morphine and of chlorpromazine on ac

quisition of CAR by means of a shuttlebox (two-way avoidance procedure). 

Furthermore, three levels of task difficulty were designed to evaluate 

possible influence of task difficulty on drug effects on CAR acquisition. 

It is hoped that data generated from this investigation will contribute 

to further understanding of the action of the two drugs on the acquisi

tion of CAR. 



CHAPTER 2 

METHODS 

Three experiments, each representing a different level of task 

difficulty, were designed to assess the acute effects of graded doses of 

morphine and CPZ on the acquisition of CAR. The general method, which 

applied to all three experiments, is presented below. 

Subjects 

Naive male rats weighing 220 to 350 grams were used for these 

experiments. The rats were of Sprague-Dawley stock and were obtained 

from the College of Pharmacy colony at The University of Arizona. The 

subjects were housed in groups of eight in wire cages until one day 

prior to tests, when they were moved to individual wire cages. Food and 

water were available ad libitum at all times except during CAR tests. 

In all experiments, each subject was used only once. 

Apparatus 

A two-compartment wood-and-Plexiglas shuttlebox was used. Each 

compartment was 10 by 12 in. in size. The distance from the grid floor 

to the top of the shuttlebox was 9 in., and the two compartments were 

separated by a 2-in.-high hurdle. The top and front panels of the shut

tlebox were constructed of clear Plexiglas to permit observation of ani

mal activity within the box. The grid floor of both compartments was 

composed of copper rods, 2 mm in diameter and spaced 1 cm apart. In 
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addition there were two copper rods on the hurdle, which became electri

fied when current was delivered to the grid floor of the compartment oc

cupied by the subject. These rods on the hurdle prevented the subject 

from sitting on the hurdle to avoid shock from the grid floor. Electro-

shock was used as the unconditioned stimulus (UCS) and was delivered by 

means of a grid scrambler. The shock was automatically regulated so that 

it was delivered to the grid floor of the compartment occupied by the 

rat. A buzzer located above the center of the shuttlebox provided the 

conditioned stimulus (CS). Illumination was supplied by a 25-W white 

light bulb, located 12 in. above the center of the box. Intertrial in

tervals (ITI) and electroshock and buzzer duration were regulated by two 

Hunter Decade timers (Model 111-C), and response latency data were col

lected by means of a Standard Electric Timer (Model S-l). 

Procedure 

The CAR tests consisted of one session of 60 acquisition trials 

for each rat. The subject was placed in the apparatus and allowed 1 min 

of free exploration, and then the first trial was started. Each triai 

was initiated with the onset of the buzzer CS, which remained on for the 

desired duration. Simultaneously with cessation of the CS, the shock 

(UCS) was delivered to the grid floor and remained on until the rat moved 

to the opposite compartment of the box or until the arbitrary cutoff time 

was reached, in the event that no shuttle response was elicited. The 

ITI began with termination of UCS following a shuttle response or at the 

cutoff time in case of lack of shuttle response. If the subject moved 

to the opposite compartment of the box during the CS interval, the 
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response was considered an avoidance; if the subject responded while 

shock was being presented, the response was considered an escape. Re

sponse latencies were recorded as time in seconds from the onset of CS 

to the occurrence of the response. Degree of acquisition for each group 

was expressed as mean percent of avoidance responses in six blocks of 10 

trials each. The number of intertrial crossings was recorded and taken 

as an index of activity during acquisition. These crossings made during 

the ITI were not punished since neither compartment grid was electrified 

during the ITI. 

The rats in each experiment were randomly divided into groups 

of 8 or 10 animals each, and each group was assigned to drug or saline 

treatments. Drug treatments consisted of graded doses of morphine sul

fate or CPZ hydrochloride dissolved in 0.9% saline. The drugs were ad

ministered in a constant volume of 1.0 ml/kg by subcutaneous (s.c.) 

injection 30 min before testing. Equivalent volumes of saline were ad

ministered to the control animals. Testing was conducted in such a man

ner that a single animal from each group was alternately evaluated until 

all the groups were tested. Also, the order of testing was randomized 

from group to group to obviate possible effects of time of day. Before 

each subject was tested, the grid floor of both compartments and the two 

hurdle grids were cleaned with a damp sponge. 

The parameters for the three CAR tests and the dosage schedules 

for morphine and CPZ are presented in Table 1. 



Table 1. Procedural Details for Tests. 

Exper No. of Treatment 
iment subjects and dose 
No. Parameters Group per group (mg/kg) 

Morphine Sulfate (M) 

1 CS duration: 10 sec Control 10 Saline 
ITI: 30 sec Test 10 M 0.25 
Cutoff time: 120 sec Test 10 M 0.5 
Shock delivery: 0.6 mA Test 10 M 1.0 

Test 10 M 2.0 
Test 10 M 4.0 
Test 10 M 8.0 

2 CS duration: S sec Control 8 Saline 
ITI: 15 sec Test 8 M 0.5 
Cutoff time: 40 sec Test 8 M 2.0 
Shock delivery: 0.6 mA Test 8 M 4.0 

Test 8 M 6.0 
Test 8 M 8.0 
Test 8 M 12.0 

3 CS duration: 5 sec Control 8 Saline 
ITI: 15 sec Test 8 M 4.0 
Cutoff time: 15 sec Test 8 M 6.0 
Shock delivery: 1.6 mA Test 8 M 8.0 

Test 8 M 12.0 
Test 8 M 16.0 
Test 8 M 24.0 

Chlorpromazine hydrochloride (CPZ) 

1 CS duration: 10 sec Control 8 Saline 
ITI: 30 sec Test 8 CPZ 0.0625 
Cutoff time: 40 sec Test 8 CPZ 0.125 
Shock delivery: 0.6 mA Test 8 CPZ 0.25 

2 CS duration: 5 sec Control 8 Saline 
ITI: 15 sec Test 8 CPZ 0.25 
Cutoff time: 30 sec 
Shock delivery: 0.6 mA 

3 CS duration: 5 sec Control 8 Saline 
ITI: 15 sec Test 8 CPZ 0.25 
Cutoff time: 15 sec Test 8 CPZ 0.5 
Shock delivery: 1.6 mA Test 8 CPZ 1.0 

Test 8 CPZ 2.0 
Test 8 CPZ 4.0 
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Statistical Analysis 

The CAR data were statistically evaluated by analysis of vari

ance for a one-between subjects (doses) and a one-within subjects (tri

als) variables. The significant interaction between trial blocks and 

treatment levels was further analyzed in trial blocks 1 through 6 by 

Dunnett-t tests to determine significant differences between drug-treated 

and saline-treated animals on acquisition of CAR across the six trial 

blocks (Winer, 1971). Summary tables of analyses of variance showing 

main effects for trial blocks and for treatment levels and the inter

action of these two variables are presented in the Appendix. 



CHAPTER 3 

RESULTS 

... Morphine 

Analysis of the results obtained with graded doses of morphine 

sulfate revealed a statistically significant interaction between trial 

blocks and dose levels in each of the experiments. Subsequently, each 

mean response for each dose level was compared with its corresponding 

control at each trial block. Comparisons between treatment means, 

summed across trial blocks, were not made. 

Experiment 1 

The over-all analysis of variance revealed significant trial 

blocks (p < 0.01) and dose treatment (p < 0.01) effects (see Table 8 

in Appendix for summary of analysis of variance). In regard to trials 

effect, an improvement in acquisition of CAR was seen across trial 

blocks for all groups (summed across treatments). In regard to dose ef

fect, the lowest dose of morphine sulfate used in this experiment (0.25 

rag/kg) did not influence CAR (Fig. 1). The intermediate doses (0.5, 

1.0, 2.0, and 4.0 mg/kg) enhanced acquisition of CAR. In contrast, the 

highest dose (8 mg/kg) caused complete inhibition of CAR acquisition. 

The dose by trial interaction was significant (p < 0.01; see 

Table 8 in Appendix). Although morphine sulfate in doses of 0.5, 1.0, 

and 2.0 mg/kg generally enhanced CAR acquisition, the effect was partic

ularly obvious beyond the third trial block (p < 0.01 or p < 0.025). A 

13 
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• Saline 

A Morphine 0.25 mg/kg 

9 Morphine 0.5 mg/kg 

Q Morphine 1.0 mg/kg 

A Morphine 2.0 mg/kg 

£ Morphine 4.0 mg/kg 

• Morphine 8.0 mg/kg 

. >0.5 mg/kg 
* / 

/ 2.0 mg/kg 
/ * 1.0 mg/kg -

' * 

4.0 mg/kg 

Saline 

A 0.25 mg/kg 

*4 // i :  i i i  

3 
-t 

4 5 

8.0 mg/kg 

Ten-trial blocks 

ig. 1. Effects of Morphine on CAR Acquisition, Experiment 1. 

Rats were tested 30 min after injection. Experimental 
parameters are 10 sec CS duration, 30 sec ITI, 120 sec cut 
off time, 0.6 mA shock intensity. Each point represents 
the mean percent CAR of 10 trials per rat for 10 rats for 
each trial block. *p < 0.01; **p < 0.025 (compared to 
saline controls). 
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dose of 4 mg/kg also tended to enhance acquisition, but the effect was 

statistically significant only at the fourth trial block (p < 0.025). 

It is of interest to note that the animals treated with low and 

intermediate doses of morphine sulfate (0.25 to 4.0 mg/kg) appeared some

what more active than the saline-treated (control) animals. Indeed, the 

number of intertrial crossings performed by these animals tended to be 

greater than in the case of the control animals (Table 2). However, be

cause of large variability associated with this response, the differences 

in intertrial crossings were not statistically significant. It is note

worthy that the animals treated with the largest dose of morphine sul

fate (8 mg/kg) performed no intertrial crossings. Furthermore, these 

animals displayed no violent reactions (e.g., vocalization, running, or 

biting the grids). Their reactions to the shock consisted of mild re

sponses such as twitching of the skin, raising and licking the fore- and 

hindlimbs, piloerection, and bristling of whiskers. 

Table 2. Mean Intertrial Crossings, Morphine 
Experiment 1. 

Dose of morphine 
sulfate (mg/kg) 

Mean inter
trial crossings 

Acquisition 
of CAR 

0.0 (saline control) 1.7 

0.25 8.3 No effect 

0.5 7.0 Enhanced 

1.0 10 Enhanced 

2.0 9.4 Enhanced 

4.0 6.0 Enhanced 

8.0 0.0 Inhibited 



16 

Experiment 2 

The over-all analysis of variance revealed significant trial 

blocks (p < 0.001) and dose treatment (p < 0.01) effects (see Table 9 in 

Appendix). In regard to trials effect, an improvement in acquisition of 

CAR was seen across trial blocks for all groups (summed across treat

ments) . In regard to dose effect, the three lowest doses of morphine 

sulfate used in this experiment (0.5, 2.0, and 4.0 mg/kg) did not en

hance acquisition of CAR (Fig. 2). The intermediate doses (6 and 8 mg/kg) 

enhanced acquisition of CAR, whereas the highest dose (12 mg/kg) com

pletely inhibited acquisition of CAR. 

The dose by trial interaction was significant (p < 0.01; see 

Table 9 in Appendix). Although morphine sulfate in doses of 0.5 and 2.0 

mg/kg did not influence acquisition of CAR, a dose of 4 mg/kg signifi

cantly suppressed the acquisition beyond the fourth trial block (p < 

0.025). It should be recalled that, in Experiment 1, these doses en

hanced CAR acquisition. The dose of 6 mg/kg enhanced acquisition of CAR, 

the effect being particularly obvious beyond the first trial block. It 

is of interest to note that 8.0 mg/kg, which caused complete inhibition 

of CAR acquisition in Experiment 1, enhanced the acquisition of CAR in 

Experiment 2, but this effect was statistically significant only at trial 

blocks 3 and 4 (p < 0.01). All morphine-treated subjects except the ones 

receiving the highest dose (12 mg/kg) appeared more active than the ani

mals treated with saline. Indeed, the intertrial crossings performed by 

these animals tended to be more numerous than those of the control ani

mals (Table 3). However, because of the large degree of variability 

associated with this response, the differences in intertrial crossings 
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Fig. 2. Effects of Morphine on CAR Acquisition, Experiment 2. 

Rats were tested 30 min after injection. Experimental 
parameters are 5 sec CS duration, 15 sec ITI, 40 sec cut
off time, 0.6 mA shock intensity. Each point represents 
the mean percent CAR of 10 trials per rat for 8 rats for 
each trial block. *p < 0.01; **p < 0.025 (compared to 
saline controls). 
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are not statistically significant. It is noteworthy that the animals 

treated with the largest dose of morphine used in this experiment (12 

mg/kg) performed no intertrial crossings. Furthermore, these animals 

displayed no violent reactions to the shock although they did display 

such responses as skin flinching, licking of limbs, and bristling of 

whiskers. 

Table 3. Mean Intertrial Crossings, Morphine 
Experiment 2. 

Dose of morphine 
sulfate (mg/kg) 

Mean inter
trial crossings 

Acquisition 
of CAR 

0.0 (saline control) 0.0 

0.5 0.3 No effect 

2.0 1.0 No effect 

4.0 1.1 Decreased 

6.0 2.0 Enhanced 

8.0 3.0 Enhanced 

12 0.0 Inhibited 

Experiment 3 

The over-all analysis of variance revealed significant trial 

blocks (p < 0.001) and dose treatment (p < 0.05) effects (see Table 10 

in Appendix). In regard to trials effect, an improvement in acquisition 

of CAR was seen across trial blocks for all groups (summed across treat

ments) . In regard to dose effect (Fig. 3), all treated groups tended to 

make more CARs than the saline controls in the first trial block; how

ever, this tendency was significant only in the case of the animals 
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ig. 3. Effects of Morphine on CAR Acquisition, Experiment 3. 

Rats were tested 30 min after injection. Experimental 
parameters are 5 sec CS duration, 15 sec ITI, 15 sec cut
off time, 1.6 mA shock intensity. Each point represents 
the mean percent CAR of 10 trials per rat for 8 rats for 
each trial block. *p < 0.01; **p < 0.025 (compared to 
saline controls). 



treated with 12 mg/kg of morphine sulfate. Doses of 4, 6, 8, 12, and 16 

mg/kg of morphine sulfate enhanced rates of acquisition. The highest 

dose of morphine sulfate used in this experiment (24 mg/kg) produced no 

significant change in acquisition of CAR. 

The dose by trial interaction was significant (p < 0.001; see 

Table 10 in Appendix). Under the conditions of Experiment 3, the most 

difficult of the three tasks, graded doses of morphine sulfate produced 

a paradoxical dose response pattern. The lowest dose of morphine sulfate 

(4.0 mg/kg) enhanced acquisition, an effect that was statistically sig

nificant beyond the second trial block (p < 0.01). The 6-mg/kg dose 

tended to enhance acquisition, but this effect was statistically signif

icant only at trial block 6 (p < 0.01). The 8-mg/kg dose enhanced acqui

sition, but this effect was statistically significant only at trial 

blocks 5 and 6 (p < 0.025 and p < 0.01, respectively). The 12-mg/kg dose 

enhanced acquisition of CAR, beginning with trial block 1 (p < 0.025 for 

trial blocks 1 and 2 and p < 0.01 from trial blocks 3 to 6). It should 

be recalled that this dose of morphine sulfate (12 rag/kg) completely in

hibited acquisition of CAR in Experiment 2. The dose of 16 mg/kg tended 

to enhance acquisition, but this effect was statistically significant 

only at trial blocks 2 and 3 (p < 0.025 and p < 0.01, respectively). 

All the groups displayed intertrial crossing activity (Table 4). 

Again, because of the great variability associated with this response, 

the differences in the intertrial crossings were not statistically sig

nificant. It is of interest to note that the group of animals that 

achieved enhancement of acquisition of CAR most consistently (12 mg/kg) 

tended to have the highest incidence of intertrial crossings. 
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Table 4. Mean Intertrial Crossings, 
Experiment 3. 

Morphine 

Dose of morphine 
sulfate (mg/kg) 

Mean inter
trial crossings 

Acquisition 
of CAR 

0.0 (saline control) 2.0 

4.0 4.0 Enhanced 

6.0 2.0 Enhanced 

8.0 3.0 Enhanced 

12 11 Enhanced 

16 5.4 Enhanced 

24 3.0 No effect 

Summary of Results 

The doses of morphine sulfate necessary to enhance acquisition 

of CAR increased with increasing task difficulty (compare Experiments 1 

and 2, and Experiments 2 and 3). In fact, doses that inhibited acquisi

tion in a less difficult task effectively enhanced acquisition in a more 

difficult one. 

Chlorpromazine 

Analysis of the results obtained with graded doses of CPZ hydro

chloride revealed a statistically significant interaction between trial 

blocks and dose levels in each of the experiments. Subsequently, each 

mean response for each dose level was compared with its corresponding 

control at each trial block. Comparisons between treatment means, 

summed across trial blocks, were not made. 
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Experiment 1 

The over-all analysis of variance revealed significant trial 

blocks (p < 0.01) and dose treatment (p < 0.01) effects (see Table 11 in 

Appendix). In regard to trials effect, a slight improvement in acquisi

tion was seen across trial blocks for all groups (summed across treat

ments) . In regard to dose effect (Fig. 4), all three doses of CPZ 

(0.0625, 0.125, and 0.25 mg/kg) suppressed acquisition of CAR. 

• • 1 
• Saline 

i— —r 
Saline 

A CPZ 0.0625 mg/kg 

~ A CPZ 0.125 mg/kg -

_© CPZ 0.25 mg/kg / -

— y' 

•* 
> 0.0625 

mg/kg _ 

—  j\ / & * '  ̂  _  
fczr jfT - -®— ** 

A— " 

** 

„ 1 

** 
O 

--A 
** 

• 

0.25 mg/kg 
0.125 mg/kg 

3 4 
Ten-trial blocks 

Fig. 4. Effects of Chlorpromazine on CAR Acquisition, 
Experiment 1. 

Rats were tested 30 min after injection. Experi
mental parameters are 10 sec CS duration, 30 sec 
ITI, 40 sec cutoff time, 0.6 mA shock intensity. 
Each point represents the mean percent CAR of 
10 trials per rat for 8 rats for each trial block. 
*p < 0.05; **p < 0.01 (compared to saline). 

The dose by trial interaction was significant (p < 0.01; see 

Table 11 in Appendix). The two higher doses of CPZ (0.125 and 0.25 
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mgAg) initially suppressed acquisition of CAR at trial block 2 (p < 

0.05), and the lowest dose (0.0625 mg/kg) initially suppressed acquisi

tion of CAR at trial block 3 (p < 0.01). 

Control and test subjects performed a low incidence of intertrial 

crossings (Table 5) that is not statistically significant. Control and 

test subjects reacted violently to the shock by vocalizing, running, and 

biting the grids. 

Table 5. Mean Intertrial Crossings, CPZ Experiment 1. 

Dose of CPZ hydro- Mean inter- Acquisition 
chloride (mg/kg) trial crossings of CAR 

0.0 (saline control) 1.5 

0.0625 0.5 Suppressed 

0.125 3.0 Suppressed 

0.25 1.3 Suppressed 

Experiment 2 

The over-all analysis of variance revealed significant trial 

blocks effect (p < 0.01), but there was no reliable treatments effect 

(see Table 12 in Appendix). The trials effect indicated a slow rate of 

improvement in acquisition of CAR across trial blocks (Fig. 5). 

The dose by trial interaction was significant (p < 0.01; see 

Table 12 in Appendix). Chlorpromazine in a dose of 0.25 mg/kg caused a 

decrement in acquisition of CAR that was statistically significant by 

the fourth trial block (p < 0.005). 
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Fig. 5. Effects of Chlorpromazine on CAR Acquisition, 
Experiment 2. 

Rats were tested 30 min after injection. Experi
mental parameters are 5 sec CS duration, 15 sec 
ITI, 30 sec cutoff time, 0.6 mA shock intensity. 
Each point represents the mean percent CAR of 10 
trials per rat for 8 rats for each trial block. 
*p < 0.005 (compared to saline controls). 

During conditioning, the subjects treated with CPZ appeared to 

be less active. The very few intertrial crossings of test subjects as 

compared to those of saline controls (Table 6) were not statistically 

significant. Both control and test subjects reacted to the shock by 

running, vocalizing, and biting the grids. 

Table 6. Mean Intertrial Crossings, CPZ Experiment 2. 

Dose of CPZ hydro Mean inter Acquisition 
chloride (mg/kg) trial crossings of CAR 

0.0 (saline control) 2.0 — 

0.25 0.4 Suppressed 

Saline 

CPZ 0.25 mg/kg 

--Q 

1 3 2 4 5 6 
Ten-trial blocks 



Experiment 3 

The over-all analysis of variance revealed significant trial 

blocks (p < 0.01) and dose treatment (p < 0.01) effects (see Table 13 

in Appendix). In regard to trials effect, a slow rate of improvement in 

acquisition of CAR was seen across trial blocks for all groups (summed 

across treatments). In regard to dose effect (Fig. 6), all five doses 

of CPZ (0.25 to 4 mg/kg) suppressed acquisition of CAR. 
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Fig. 6. Effects of Chlorpromazine on CAR Acquisition, 
Experiment 3. 

Rats were tested 30 min after injection. Experi
mental parameters are 5 sec CS duration, 15 sec 
ITI, 15 sec cutoff time, 1.6 mA shock intensity. 
Each point represents the mean percent CAR of 10 
trials per rat for 8 rats for each trial block. 
*p < 0.01; **p < 0.025; ***p < 0.05 (compared to 
saline controls). 
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The dose by trial interaction was significant (p < 0.01; see 

Table 13 in Appendix). Although all five doses of CPZ suppressed acqui

sition of CAR, the lowest dose used in this experiment (0.25 mg/kg) was 

least consistent in this effect (Fig. 6). 

The CPZ-treated subjects appeared less active during condition

ing than the saline-treated animals. Although the test animals in each 

group tended to perform fewer intertrial crossings than the control ani

mals, the differences were not statistically significant. (Intertrial 

crossings are indicated in Table 7.) During presentation of the shock 

in this experiment, some control and test animals reacted violently by 

running, vocalizing, and biting the grids; others displayed freezing and 

crouching behavior. 

Table 7. Mean Intertrial Crossings, CPZ Experiment 3. 

Dose of CPZ hydro
chloride (mg/kg) 

Mean inter
trial crossings 

Acquisition 
of CAR 

0.0 (saline control) 3.0 — 

0.25 0.6 Suppressed 

0.5 0.9 Suppressed 

1.0 0.1 Suppressed 

2.0 0.2 Suppressed 

4.0 0.1 Suppressed 

Summary of Results 

The results across the three experiments demonstrate that CPZ 

hydrochloride suppressed acquisition of CAR, and the suppressing effect 

appears to increase with increasing doses of CPZ. 



CHAPTER 4 

DISCUSSION 

It is well known that the rate of acquisition of CAR is task de

pendent (Myer, Cho, and Wesemann, 1960; Hoffman, Fleshier, and Chorney, 

1961; D'Amato and Schiff, 1964; Rech, 1966; Latz, Bain, and Kornetsky, 

1969). This concept was substantiated in the present investigation in 

that control (saline-treated) animals had progressively poorer rates of 

acquisition of CAR with successively more difficult tasks. 

Effects of Morphine 

No studies have been reported in the literature concerning the 

effects of graded doses of morphine sulfate on acquisition of CAR or the 

interaction of task difficulty and morphine injection levels on the ac

quisition of CAR. The present investigation shows that, for a task of 

given difficulty, graded doses of morphine produce biphasic responses. 

Relatively speaking, low doses of morphine exert no effect on acquisi

tion, intermediate doses enhance acquisition, and high doses disrupt ac

quisition. The present investigation also reveals that increasing the 

task difficulty drastically changes the effects of morphine on acquisi

tion. A test that involves a more difficult task requires larger doses 

of morphine to enhance acquisition and still larger doses to disrupt 

acquisition. Furthermore, a dose that causes complete inhibition of 

acquisition in a less difficult test may enhance acquisition in a more 

difficult one. Hence, in characterizing the effect of morphine on 

27 
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learning, one must consider not only the dosage of morphine but also the 

difficulty of the task to be learned. 

The mechanisms by which morphine exerts its biphasic effects on 

the acquisition of CAR are unknown. Morphine has complex stimulatory 

and inhibitory effects on the central nervous system. For a given test 

situation the predominance of one or the other effect, as reflected in 

behavior, is determined by the dose of morphine given. It is conceiva

ble that subjects treated with certain doses of morphine acquire CAR 

more rapidly because they are more active, as suggested by subjective 

observations and by the tendency for a greater number of intertrial 

crossings. This postulation is supported by reports that active rats 

have a greater probability of acquiring the CAR sooner in the shuttlebox 

than less active rats (Broadhurst and Wallgren, 1964; Krieckhaus, Miller, 

and Zimmerman, 1965; Weiss, Krieckhaus, and Conte, 1968). Moreover, on 

the basis of studies with morphine-dependent rats and distributed prac

tice in the shuttlebox, Trafton (1973) observed that increased activity 

is related to the facilitation of CAR acquisition following repeated mor

phine injections. On the other hand, complete inhibition of acquisition 

caused by the highest dose of morphine (viz., Experiments 1 and 2) is 

correlated with marked decrease in general activity, greater tendency to 

freeze, and lack of intertrial crossings. The interaction between task 

difficulty and doses of morphine is such that a more difficult task 

causes a shift of the dose response curve of morphine to the right while 

maintaining a relatively constant shape. 



Effects of Chlorpromazine 

The results of the present investigation show that CPZ in the 

doses used (0.0625 to 4 mg/kg) produced consistent disruption of acqui

sition. The degree of disruption appears to vary according to dose lev

els. Relatively higher doses suppressed acquisition earlier in the test 

session and produced greater suppression than did lower doses. With re

spect to the effect of increasing task difficulty upon modification of 

CPZ suppression of acquisition, the results of the present investigation 

show that increasing task difficulty does not modify CPZ suppression of 

acquisition, e.g., a low dose of CPZ (0.25 mg/kg) significantly suppres

ses acquisition of CAR in all three experiments. Indeed, a number of 

investigators report that increasing task difficulty augments the 

CPZ-induced suppression of acquisition (Posluns, 1962; Doty and Doty, 

1963; Low, Eliasson, and Kornetsky, 1966; Ortiz, Glover, and Lang, 1971). 

The present results generally agree with findings reported by other in

vestigators that CPZ significantly decreases both the rate of acquisi

tion and the final level of performance attained and that such effects 

may be dose-related (e.g., Niki, 1960; Geller, Kulak, and Seifter, 1962; 

Bravo and Appel, 1967; Appel, Freedman, and Filby, 1967; Johnson, 1971). 

Although the mechanism by which CPZ suppresses acquisition is 

unknown, it is tempting to consider the possibility that the inhibitory 

effect of the drug on motor activity may play an important role in this 

regard. Although direct measures of activity were not performed, it was 

overtiy obvious during testing that CPZ-treated animals were less active 

than control animals. It has been reported in the literature that gen

eral motor activity, including locomotor activity, is inhibited by CPZ 



in doses of 0.001 to 1 mg/kg (Cutting et al., 1959), 0.8 to 2.6 mg/kg 

(Credner, 1960), and 1.0 to 5.0 mg/kg (Silverman, 1965). Furthermore, 

Irwin (1961) reported a highly significant correlation for CPZ between 

suppression of locomotor activity and suppression of shuttlebox CAR. 

Conclusions 

1. Graded doses of morphine produce a biphasic dose response 

curve for acquisition of shuttlebox conditioned avoidance response. 

Relatively, for a given task difficulty, low doses of morphine produce 

no effect on acquisition, intermediate doses produce enhancement of ac

quisition, and high doses cause inhibition of acquisition. 

2. There is an interaction between task difficulty and the ef

fect of morphine on acquisition. A more difficult task causes a shift 

of the dose response curve of morphine to the right while maintaining a 

relatively constant shape. 

3. Chlorpromazine, in all doses employed in the investigation, 

suppressed shuttlebox CAR. 

4. Increasing task difficulty does not modify chlorpromazine 

suppression of acquisition of shuttlebox CAR. 



APPENDIX 

SUMMARIES OF ANALYSIS OF VARIANCE 

Table 8. Summary of Analysis of Variance, Morphine Experiment 1. 

Degrees Sum of Mean 
Source of variation of freedom squares squares F P 

Between subjects 69 315065.71 

Dose 6 131782.38 21963.73 7.55 < 0.01 
Error 63 183283.33 2909.25 

Within subjects 350 321199.99 

Trial blocks 5 151808.57 30361.71 75.56 < 0.01 
Dose x trial blocks 30 42814.76 1427.15 3.55 < 0.01 
Error 315 126576.66 401.83 

Total 419 636265.71 

Table 9. Summary of Analysis of Variance, Morphine Experiment 2. 

Degrees Sum of Mean 
Source of variation of freedom squares squares F p 

Between subjects 55 214042.65 

Dose 6 73205.93 12200. 98 4. ,24 <0. 01 
Error 49 140836.72 2874. 21 

Within subjects 280 95890.81 

Trial blocks 5 22378.22 4475. 64 20. .20 < 0. .001 
Dose x trial blocks 30 19233.95 641. 13 2. ,89 < 0, .01 
Error 245 54278.64 221. 54 

Total 335 309933.49 
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Table 10. Summary of Analysis of Variance, Morphine Experiment 3. 

Degrees Sum of 
Source of variation of freedom squares 

Mean 
squares F P 

Between subjects 55 158208. 33 

Dose 6 50587. 50 8431. 25 3.83 < 0.05 
Error 49 107620. 83 2196. 34 

Within subjects 280 133133. 34 

Trial blocks 5 36695. 24 7339. 05 23.88 < 0.001 
Dose x trial blocks 30 21158. 93 705. 29 2.31 < 0.001 
Error 245 75279. 17 307. 26 

Total 335 291341. 66 

Table 11. Summary of Analysis of Variance, Chlorpromazine Experiment 1. 

Degrees 
Source of variation of freedom 

Sum of 
squares 

Mean 
squares F P 

Between subjects 31 89133. 32 

Dose 3 55679. 16 18559. 72 25. .96 < 0.01 
Error 28 33454. 16 1194. 79 

Within subjects 160 63333. 32 

Trial blocks 5 21622. 91 4324. 58 15. .53 < 0.01 
Dose x trial blocks 15 18389. 58 1225. 97 7, .36 < 0.01 
Error 140 23320. 83 166. 57 

Total 191 152466. 66 
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Table 12. Summary of Analysis of Variance, Chlorpromazine Experiment 2. 

Degrees Sum of 
Source of variation of freedom squares 

Mean 
squares F P 

Between subjects 15 18023. .95 

Dose 1 3876. .04 3876 .04 3. 83 n.s. 
Error 14 14147. 92 1010 .6 

Within subjects 80 21049. .99 

Trial blocks 5 6442. .71 1288 .5 7. 97 < 0.01 
Dose x trial blocks 5 3292. .71 658 .5 4. 1 < 0.01 
Error 70 11314. ,58 161 .6 

Total 95 39073. ,94 

Table 13. Summary of Analysis of Variance, Chlorpromazine Experiment 3. 

Degrees Sum of Mean 
Source of variation of freedom squares squares F p 

Between subjects 47 18707. .98 

Dose 5 11705. ,90 2341. 18 14. 04 < 0. ,01 
Error 42 7002. .08 166. 72 

Within subjects 240 16649. ,98 

Trial blocks 5 1339. 24 267. 84 5. 5 < 0. ,01 
Dose x trial blocks 25 5150, .34 206. 01 4. 25 < 0. ,01 
Error 210 10160. ,42 48. 38 

Total 287 35357.96 
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