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ABSTRACT 

Previous Investigations of narcotic drugs have 

focused almost exclusively on self-administration of and 

tolerance to morphines while study of the acquisition of 

new responses during morphine addiction has been ignored. 

The present study was designed to determine the effects of 

morphine administration on the performance of a simple bar-

press response and on the acquisition of a light-dark dis

crimination in the rat. 

In Phase I of the experiment, subjects were 

injected with morphine in increasing dosages on alternate 

days to levels of 35, 70, and 100 mg/kg/day after which 

these celling dosages were maintained for 18 days. This 

administration schedule produced a "titration" of response 

rates to very low levels which wore maintained throughout 

the entire experiment. In response to drug treatment, 

reinforcements earned initially were depressed in all drug-

treated groups and later readjusted to pre-drug levels; 

activity on the other hand was stimulated by continued 

drug administration. 

In Phases II and III, morphine dosages were con

tinued at the highest dosages achieved in Phase I and the 

ability of subjects to acquire the discrimination studied. 

vll 
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Subjects receiving 35 and 70 mg/kg/day showed an approxi

mately 10-13% increase in responding to S+ in contrast to 

the approximately 30% Increase in control subjects; sub

jects receiving 100 mg/kg/day showed little acquisition of 

the discrimination. During Phases II and III, response 

rates were still depressed in drug-treated groups, espe

cially those groups maintained on 70 and 100 mg/kg/day. 

While their behavior was more variable during this period, 

drug-treated subjects continued to earn high levels of 

reinforcements (although significantly less than controls). 

Activity rates stabilized at high levels in drug-treated 

subjects, being greatest in subjects receiving 35 mg/kg/day 

and least in those receiving 70 mg/kg/day„ 

In the 15 day period comprising Phase IV, group 

dosages were increased by 10 mg/kg/day every fifth day in 

an attempt to study the effects of dosages above the 

tolerated dosage on performance. On all response measures, 

behavior was both stimulated and depressed at various 

times during Phase IV; however,, these changes In behavior 

bore no obvious relationship to days on which dosages were 

increased. Overall in Phase IV, response rates and re

inforcements earned were increased in subjects initially 

receiving 70 and 100/mg/kg/day while activity and percent

age responding to S+ were hardly affected. 



INTRODUCTION 

With increased sophistication of both pharmacolog

ical and behavioral techniques in the recent past, great 

strides have been made in the experimental study of the 

behavioral effects of narcotic drugs, Although many kinds 

of behavioral effects of opiate drugs have been examined, 

such studies have tended to concentrate on the variables 

relating to drug self-administration and the development 

of tolerance. Investigations of these phenomena however 

have contributed little to the understanding of a subject's 

ability to acquire new responses and to perform previously 

learned responses during the course of the addiction 

process. 

Studies focusing directly on oplate-self-

administration behavior provide data concerning drug 

infusion only, while non-self-admlnistratlon behaviors are 

ignored. For example, Wlkler, Martin, Pescor, and Eades 

(1963), using oral consumption methods, and Hoffmelster 

and Schllchtlng (1972), studying intravenous drug infusion, 

have shown that self-administration response rates are In

creased during periods of drug abstinence, thus counter

acting the effects of manipulations modifying the conditions 

under which subjects respond. Similarly, Thompson and 

1 



2 

Schuster (1964) have reported that self-administration 

rates may be Increased or decreased by appropriate pre-

treatment with antagonist and agonist drug administration. 

These Investigations tend to indicate that behaviors which 

lead to drug infusion or to the opportunity to obtain drugs 

are left intact, even with developing addiction and during 

lengthening chronic administration. .Apparently,, opiate 

administration per se does not necessarily Interfere with 

the behavior of an organism; however, experimental manipu

lations which Interfere with the access to the drug may. 

Studies of behavioral tolerance have dealt exclu

sively with the effects of opiates on previously learned 

responses and the recovery from those drug effects with 

continued administration. As with studies of opiate self-

administration, tolerance experiments have typically 

focused on changes in only one kind of behavior, be It 

analgesia, activity-related unconditioned behaviors, or 

conditioned responses. Cochin and Kometsky (1964) have 

shown that tolerance to analgesia and to the depressant 

effects of morphine on swimming speed develop in a parallel 

fashion and oocur \tfhether injections are given regularly 

over a 50-day period or are Irregularly spaced. In rab-» 

bits, Assoulini and Mercier (1967) report that the gross 

behavioral and motor depression effects seen after morphine 

administration reach a minimum In 5-6 weeks; however, 

these effects began to reverse when injection doses were 
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continued at a lower value than that in the beginning of 

the injection series. In mice, it has been demonstrated 

that there is a continuous decline in the intensity and 

duration of the psychomotor stimulant effects of dlhydro-

morphinone; in addition, tolerance to increased dosages of 

the drug was greater the larger the change in the challenge 

dosage (Shuster, Hannam, and Boyle, 1963). 

In contrast to the wealth of data that has been 

collected on tolerance to the actIvity-related and anal

gesic effects of opiates, there Is surprisingly little 

work that has been done on tolerance to drug modifications 

of learned behaviors. With rats, Dallemagne (1971) showed 

that the effects of morphine administration are an initial 

increase in the number of responses on a Sldraan schedule 

and a decrease in responding on a shock adjustment program. 

With continued administration, responding returned to 

baseline levels on both tasks, requiring 10 sessions maxi

mum on the shock adjustment task and 30-35 continuous drug 

sessions on the Sidman avoidance task. Herman, Freeman,, 

and Ray (1972) reported that the decremental effects of 

morphine on shuttlebox avoidance performance returned 

rapidly to pre-injection levels in low and medium dosage 

groups and within 15«20 sessions In high dosage conditions. 

In all conditions, locomotor scores were above control and 

baseline levels. Using an appetitive maze running task, 

Blozovsky and Jacob (1959) demonstrated that both running 



4 

time and errors increase at the beginning of drug adminis

tration and then gradually adjust to pre-injection levels 

with continued administration. Tolerance to the effacts 

of opiates on an appetitive operant response has been 

shown to be dependent on the schedule, type of opiate 

drug, and response measure employed (McMillan and Morse„ 

1967; Helfetz and McMillan, 1971). 

Tolerance experiments, of which the above are 

representative, are typical In their use of drug dosages 

well below levels which v/ould produce physiological addic

tion. Consequently, little data regarding the range of 

opiate effects on behavior or the possibility of decre-

mental effects on behavior from chronic administration per 

se have been produced by tolerance experiments. Studies 

dealing directly with the performance and/or acquisition 

of learned behaviors during addiction have not been popu

lar in the psychopharmacologlcal literature, although very 

recently a number of researchers have looked at acquisi

tion processes. Hill, Jones and Bell (1971) have demon

strated that morphine-injected subjects could learn a 

state-dependent discrimination as effectively as controls 

over a wide range of dosages. Similarly, Koffer and 

Coulson (1971) have reported facilitation of a one-way 

walk-through conditioned avoidance responce (CAR) in rats 

injected with either a tolerated daily dosage or a higher 

dosage. Interestingly enough, a third group which 
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received morphine acutely showed retarded acquisition. 

Trafton (1973) has reported facilitation of CAR acquisi

tion in physiologically dependent animals. In this 

experiment., the facilitation effect depended on the delay 

between drug injection and the start of the dally training 

session,, route of administration, and activity levels of 

the subjects* Although Banerjee (1971) ha3 reported that 

morphine retards acquisition of a CAR, in general, It 

would seem that administration of narcotic agents does not 

preclude the acquisition of learned behaviors and, in 

fact, may actually facilitate such learning. 

The most elaborate experiment to date on the ef

fects of morphine administration on behavior involved 

long-term behavioral observations and performance of pre

viously established responses (Shuster and Thompson, 1962). 

Subjects were conditioned to respond on a food-reinforcement 

operant task before and after morphine infusion and on a 

signaled shock avoidance task. As tolerance to a specific 

dosage developed, there was a tendency to decrease re

sponding for food prior to morphine infusion and to in

crease it immediately following drug delivery. Moreover, 

during periods of morphine abstinence, food reinforced 

responding decreased to low levels and was not reinstated 

unless the drug was again made available or until stimuli 

associated with drug infusion were presented. With 

respect to shock avoidance, it was found that behavior 
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was similarly efficient vihen morphine was provided, but 

during abstinence or abrupt increase in dosage per in

fusion performance deteriorated and latencies rose sharply. 

Thus, it would seem that as long as the drug is continu

ally available and as long as the tolerated dosage is 

maintained, behavior does not deteriorate nor is acquisi

tion of new behavior prohibited„ 

The data reviewed from studies of self-

administration, behavioral tolerance, and acqulsiton and 

performance of learned responses during opiate administra

tion suggest that many aspects of behavior need not be 

adversely affected. In some cases involving acquisition 

and performance of learned responses, in fact, behavior 

may be facilitated. The present study was designed to 

investigate the acquisition of a complex learned response 

and performance of a simple operant response during the 

development of opiate addiction. Since previous research 

had focused on acquisition of simple aversively-mediated 

responses, the acquisition of an appetitively motivated 

response which is somewhat more complex for the rat was 

selected for the present study. Herman et al. (1972) and 

Trafton (1973) have reported that the effects of opiates 

on avoidance behavior and activity are related and, since 

activity changes are an important part of developing 

opiate addiction, measures of both behaviors were incor

porated into the present experiment. Specifically, the 



present research has focused on the acquisition of a 

light-dark discrimination in animals addicted to varying 

dosages of morphine. In this way, drug effects could be 

measured on acquisition processes as well as on the per

formance of scheduled operant responding. 



METHODS 

Sublects 
I l»l III >• I | ^piU » 

Twenty-four male albino rata (Sprauge-Dawley 

strain) were used in the experiment. Subjects were housed 

individually In wire mesh cages and were allowed access to 

water ad libitum throughout the experiment. They were 

maintained at 80/o of free feeding weight throughout the 

experiment by restricting food intake to food reinforce

ments gained during and supplementary food alotments given 

just after daily teat sessions. 

Apparatus 

Tests for drug effects were carried out in four 

operant conditioning chambers equipped with single levers 

for barpress responding. Chambers measured 18 x 12 x 18 

in. and were constructed of clear plexiglass panels 

mounted on a wooden base. The floor of the chambers was 

constructed of 1/16 In. unelectrifled copper rods placed 

approximately 1/2 in. apart and illumination was provided 

by a 6 watt bulb located directly above the response 

lever. Each chamber was encased in a Coleman picnic 

cooler ventilated by a fan located In the front of the 

chamber. All programming and recording equipment were of 

the electromechanical type and noise of itB operation was 

8 
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masked by a continuously present white noise delivered 

through speakers mounted in front of the chambers. 

Activity was measured by placing subjects in one 

of three wire mesh cages mounted on "jiggle" platforms. 

The cages measured 7 x 7 x 10 in. in size and were iden

tical to those cages in which subjects were housed. The 

movements of the cage on the "jiggle" platform caused a 

pendulum device to move, completing a circuit and pro

ducing counts that were summed and totaled every 10 min

utes on a G-rason-Stradler printout counter (Model 1238). 

Activity cages were kept in a separate room from that in 

which subjects were housed and the counter was placed, thus 

isolating subjects from extraneous or feedback noise which 

could have influenced activity,, Neither food nor water 

were available to subjects during their 3tay in the 

"Jiggle" cage apparatus. 

Procedure 

In an attempt to Investigate the acquisition and 

performance of behaviors in physically dependent animals, 

the experiment was composed of various stages or phases 

which involve different kinds of experimental manipula

tions. These phases were as follows: 

I. Drug administration and drug effects on 
VI responding 

II. Discrimination acquisition during addic
tion 
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III. Acquisition during a continuous main
tained dosage in addiction 

IV. Effects of dosage increases on discrim
ination performance 

Prior to Phase I of the experimentp 24 male rats, randomly 

assigned to four groups of six subjects each5 were trained 

to barprees for food reinforcement. Subjects were given 

two days of continuous reinforcement (CRF) training (50 

reinforcements per session), two days of training on a 

variable interval 15 sec. (VI 15") schedule (15 min./day), 

and a period of training on a variable Interval 30 sec. 

(VI 30") schedule (15 min./day) which lasted until response 

rates had stabilized so the daily fluctuations amounted to 

less than 5^ of the average rate for the preceding three 

days. 

Phase I: JDru.g Administration and 
"jjrug Effects on VI Responding 

After initial training, subjects were placed on an 

Injection schedule with morphine hydrochloride in order to 

produce physiological dependence (as defined by the onset 

of withdrawal symptoms following drug abstinence). Drugs 

were administered sub-cutaneously twice dally to levels of 

35 mg/fegj, 70 mg/kg, or 100 mg/kg in each of three groups; 

control subjects received equal volume Injections of 

physiological saline (0.9% NaCl) dally. Injection sched

ules were as follows: 
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Group 2 Group 3 Group 4 

1 5 mg/kg 10 mg/kg 20 mg/kg 
2 5 10 20 
3 10 20 40 
4 10 20 40 
5 17.5 35 50 
6 17.5 35 50 
7 26.5 52.5 75 
8 26.5 52.5 75 
9-14 35 70 100 

Injections on days 1 - 9  were given twice daily in the.indi

cated amounts while those on days 9 through 14 were admin

istered once dally* During the addiction regime, subjects 

were placed in "jiggle" cages Immediately after injection 

for thirty minutes in order to measure activity changes 

during the development of physical dependence. After re

moval from the "jiggle" cages, subjects were placed in the 

operant chambers and allowed to respond on a VI 30" 

schedule for 15 minutes. During this time response rates 

and number of reinforcements earned were recorded. This 

phase of the experiment lasted 28 days in all at the end of 

which subjects had been maintained on the group's ceiling 

dosage for a total of 20 days. 

Phase II: Discrimination -Acquisition 
Purine; Addiction 

During the discrimination acquisition phase, sub

jects were maintained on daily single injections with 

dosages appropriate to the groups to which they belonged. 

Immediately following the dally injection, subjects were 

placed in "Jiggle" cages for 30 minutes and then removed 
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to the operant chambers. Each daily acquisition seaaion 

lasted 30 minutes during which 15 one-minute light (house 

light-onp S-5-) and 15 one-minute dark (house light-off, S-) 

periods were semirandomly presented, the only stipulation 

being that no more than 3 consecutive light or dark 

periods could occur. Subjects were reinforced on a Mult 

VI 30,,»EXT schedule with .45 mg Noye3 pellets. Response 

measures taken were the total number of responses in a 

session, percentage of responses during light (S-f) periods, 

and number of reinforcements earned. The entire length of 

Phase II was 32 days; by the end of Phase II, subjects had 

been Injected for a total of 60 days. 

Phase III; Continued Acquisition During 
a Continuous Maintained"Dosage 

Following the termination of the initial acquisi

tion period in Phase II„ subjects were injected with their 

maintained dosages for an additional period of 14 days. 

During this time, activity continued to be measured for 30 

minutes following injections, but additional training on 

the discrimination task was not given. This was done to 

provide drug-injected subjects an opportunity to increase 

tolerance to maintained daily dosages before being given 

additional training. 

Immediately after the measurement of activity, sub

jects were returned to the home cage and fed Just enough 

laboratory chow to maintain them at 80^ levels of ad 
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lib. weight at the beginning of the experiment. Tolerated 

dosage injections were then continued for a 14 day period 

(Days 75 to 88 of injections for the total experiment) 

during which both activity and discrimination training 

were measured. As in previous phases, activity was 

measured for 30 minutes following injections and discrim

ination training conducted for 30 minutes after that. 

Responses scored were total activity counts, percentage 

responses to total number of responses, and total 

number of reinforcements earned„ 

Phase IV: Effects of Dosages Increases 
on Discrimination Performance 

In Phase IV, the effects of increasing drug dosages 

above tolerated levels were assessed on activity and dis~ 

crimination performe/ace. This period lasted for 15 days 

during which group dosages were increased 10 mg/kg on days 

1, 59 and 10„ Thus, by the termination of Phase IV, group 

dosages were as follows; Group 2, 65 rag/kg/day; Group 3» 

100 mg/kg/dayP and Group 4, 130 mg/kg/day. Once again, 

immediately following Injections, subjects v/ere placed in 

"jiggle" cages for 30 minutes and subsequently removed to 

operant chambers where daily 30 minute discrimination ses

sions were conducted® Response measures as before were 

total activity counts, total responses, percentage response 

to S+, and total reinforcements earned. 



RESULTS 

Phase I: Drug Effects on VI Responding 

As depicted in Figure 1 (panel A), administration 

of morphine led to dramatic differences In response rates 

of the experimental groups which persisted for the entire 

14 day period (F - 14.94, df = 3,20, p ̂  ,001). Calcu

lation of post-hoc tests using the Newman-Keuls procedure 

revealed a significant depression In total number of re

sponses in each drug-treated group when compared to 

controls (p <£ .01 ) and in each of the higher dosage 

groups (Groups 3 and 4) when compared with Group 2 

(P < .05)« In control subjects, response rates Increase 

over pre-drug levels throughout Phase I, reaching statis

tical significance by session 8 (p < .05, Cochran and Cox 

test of interaction effects); this is contrasted to the 

severe depression in response rates of drug-treated groups 

throughout the administration period. In general,, re

sponse rates of morphine-treated subjects seem to be 

subject to a "titration effect" whereby rates decrease 

on days Involving changed dosages, increase on days of 

maintained dosages, and decrease further on the next suc

ceeding day of increased dosage. Eventually, a low level 

of responding is reached (generally, session 9) after 

14 
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which rates begin to show recovery toward levels achieved 

in session one. 

The changes in number of reinforcements earned only 

partially parallel those observed for response rates 

(Fig. 1s panel B). As with response rates, morphine ad

ministration depressed the number of reinforcements earned 

by experimental groups (F = 4.47, df = 3,20, p .001); 

however„ significant differences were obtained only for 

comparisons involving reinforcement rates of Groups 1 and 

3 and Groups 1 and 4 (p < ,05, Cochran and Cox test for 

interaction effects). The pattern of changes in reinforce

ments earned were very different in each of the drug 

groups and in no group did these changes parallel the 

"titration effect" seen for response rates. High re

inforcement rates were maintained in Group 2 throughout 

the 14 day injection period with rates becoming only 

slightly more depressed and variable in later sessions 

when the highest group dosage was achieved. In Group 3, 

reinforcement rates vrere progressively depressed from 

session-to-session up to day 8 after which recovery and 

stabilization occurred; while in Group 4„ large and sig

nificant decrements occurred from the beginning of the 

injection regime and these depressed rates were maintained 

within rather narrow limits for the remainder of the in

jection period. 
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As with reinforcement rates, activity changes did 

not parallel those for response rates (see Fig. 2). In 

Group 1, activity changed little from baseline levels and 

was maintained within reasonably narrow limits for the 

injection period. In drug groups, activity is initially 

significantly depressed below pre~drug levels (p .05 for 

each group comparison, Cochran and Cox test of interaction 

effects), except for Group 3, whose initial activity levels 

were already quite low. There was a steady and fairly 

uniform increase in activity thereafter with pre-drug 

levels being matched or surpassed by session 10 or 11 for 

each group. While the most dramatic increases could be 

noted in Groups 2 and 4, In all drug-treated groups ac

tivity changes bore little relationship to the "titration 

effect" and/or persistent depressive effects noted for 

other response measures. 

•Fig. 3 depicts the effects of continued adminis

tration of the highest group dosage for an additional 14 

day period on VI 30" responding. The large differences 

between group response rates were maintained (F = 11.05, 

df = 3,20, p .001 ) with behavior being especially stable 

in Groups 1, 3, and 4. Data from reinforcements earned 

and activity measures for the latter half of Phase I are 

presented in Table 1. Drug-Injected subjects earned fewer 

reinforcers than controls In session 1-3 (F = 1.46, df = 

42,280, p <£ .001 for interaction effects, p <. .05 for 
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activity levels are represented by the shaded area which represents the limits 
of the range of group means. Note: injected dosages are increased on Days 1, 
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Table 1. Mean number of reinforcements earned and activity counts for the last 14 
days of Phase I. 

CROUP RESPONSE 
D A Y  3 

MEASURE 1 2 . 3 4 5 6 7 8 9 10 11 12 13 14 

1 relnf. 45.7 46.2 43 38.3 39.2 34.5 38.5 37 39 40. 1 42.7 40 39.5 40.6 

activity 6143.8 5563.2 5563.2 2583.2 3763.3 4345.7 4593.7 4990.8 3077. 8 3848. 7 5482 4167.5 3659.5 3636.7 

2 reInf. 34.2 34.3 32.5 27.7 34.7 34 44.3 39.7 33. 7 38 41 43.2 35.5 36.5 

activity 8715.5 9775.8 12410.5 7059 7564.2 8451.2 7966.2 7776.3 CD
 

CD
 

VjJ
 

3 8469. 8 7596.6 8418.5 8611.2 5567.2 

3 relnf. 31 34.7 32.3 26 27.8 27.5 35.2 38.2 25. ,2 28. 5 28.2 30.7 28.3 31 

activity 7033.7 10665.3 5238.5 6315 6009.7 6586.5 7689 7602.5 5350. ,5 5962. 3 6129.4 5119.8 5345.8 4942.7 

4 relnf. 26.3 23.3 34.2 34.5 27 33.5 42.5 41 39. ,5 35. 7 34.7 29.3 32.8 32.6 

activity 7811.3 12032.8 15678.3 7310.3 7442.5 6520.2 9987.8 89'3.7 10960. .3 3'01. 3 8147.7 8315.3 8914.8 10336 

ro 
o 
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individual comparisons); thereafter, no group differences 

were obtained between control subjects and those of Groups 

2 and 4. In most sessions, reinforcement rates of Group 3 

were significantly less than those of Group 1 (p < .05) 

and, in many cases, less than those of other drug-treated 

groups. Although day-to-day activity levels varied greatly 

within groups, activity of drug-treated subjects was gener

ally much higher than that of controls. Comparisons of 

group activity scores on individual days revealed signifi

cant differences (F = 1.25, df = 42,280, p < .001) result

ing principally from comparisons between Groups 1 and 2 and 

Groups 1 and 4 (p .05). Although higher than those of 

Group 1, activity levels of Group 3 were not significantly 

elevated. 

Phase II •• D1 b o p  1 mination Acquisition 
T)u r i n g Addiction 

By the beginning of Phase II, subjects had already 

been maintained at the group dosage levels for a total of 

21 days. During the first few days of Phase II, two ani

mals died, one belonging to Group 3 and one to Group 4. In 

both cases, lungs and sinus passages contained large ac

cumulations of mucous and death was attributed to the 

respiratory Infection, pneumonitis. 

Pig. 4 clearly demonstrates the differences In 

acquisition of the light-dark discrimination between experi

mental groups (F = 3.51, df - 3, 18, p * .05) during the 32 
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daj training phase. Learning as reflected in percent 

responses during S+ was most effective in Groups 1 and 

3. Acquisition curves are for the most part positively-

accelerated in Groups 19 2, and 4 with increases in per

centage responses to S-j- in drug-treated groups being sig

nificantly less than those in controls (p < .05, Newman-

Keuls procedure). In Group 3, large increases in learning 

occurred by the second block of trials, but thereafter 

responding stabilized between 55-51% of responses to S-s-. 

Although percentage responding to S-s- wa3 higher in con

trols than in Group 3, these differences were not statis

tically significant. 

Table 2 contains data on number of reinforcements 

earned, responses rates, and activity for Phases II, III, 

and IV. In Phase II, drug-treated groups earned signifi

cantly fewer reinforcers than do controls. (F = 3.49, 

df = 3,18, p .05). If one compares reinforcement levels 

In the latter 14 days of Phase I and those of Phase II, it 

is evident that number of reinforcements earned does not 

change in drug~treated groups; in control subjects, how

ever, many more reinforcements were being earned during S+ 

periods during acquisition than were obtained in Phase I. 

The large differences in number of responses per session 

between groups were maintained in Phase II (F = 20.22, 

df = 3,18, p ^ .001) despite the increase in absolute 

rates occasioned by increase in session length. Compared 



Table 2. Group means for three behavioral measures during Phases II, III, and IV. -
Significance of differences between groups are indicated in the text. 

Groups Response Rate Reinforcements Activity Counts 

Phase Phase Phase Phase Phase Phase Phase Phase Phase 
II III IV II III IV II III IV 

Group 1 
Saline 1270.97 1016.40 1041.87 47.6 56.5 54.9 3648.30 4482.19 4804.86 

Groun 2 
35 mg/kg 652.64 571.37 366.03 40.2 41.2 30.8 8354.15 11166.07 10477.65 

Grout) 3 
70 mg/kg 133.53 101.67 127.38 27.0 23.9 28.6 7169.45 8751.14 8733.87 

Grout) 4 
100 rag/kg 251.09 182.07 235.41 32.2 25.1 32.4 7884.08 10303.33 10087.46 
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to final response levels in Phase I, response rates doubled 

in all groups except Group 3 in which a low level of bar-

pressing persists. Activity differences between drugged 

and control subjects were also maintained in Phase II. 

Activity in controls was quite constant during the acqui

sition period and were very similar to those during the 

latter half of Phase I. In contrast, activity of drugged 

subjects continued to increase to very high levels during 

Phase II, particularly in Group 3 (compared to their ac

tivity levels in Phase I). Among drug groups, activity 

levels tended to follow an hierarchical order with Group 2 

having highest levels, followed by Group 4, and finally by 

Group 3. 

Phase IIIj__ Acquisition During 
a Continuous "Maintained Dosage 

The number of animals comprising each group in the 

experiment was further decreased at the beginning of Phase 

III. One subject in Group 1 died on the first day of 

Phase III and one subject in Group 4 died a few days after 

the start of training in Phase III. In the former case, 

death was attributed to pneumenitis while, in the latter, 

cause of death could not be determined. Data from one 

subject in Group 2 was committed from further analysis at 

the beginning of Phase III because responding had decreased 

to near zero levels. Injections were continued and the 

subject was tested for the duration of the experiment, but 
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responding was never reinstated. In effect, during Phase 

III, Groups 1, 3, and 4 were composed of five subjects 

each and Group 2 of four actively responding subjects. 

Group differences in discrimination ratios are 

clearly evident in Fig. 5 (F - 9»52, df = 3915p p < .001); 

the percentage responses to S-$- were greatest in Groups 1 

and 3 with significant differences being obtained in com

parisons between Groups 1 and 2 and Groups 1 and 4 

(p < .05, Newrnan-Keuls procedure). Both groups 1 and 3 

showed an approximately 6-8% increase in responding to S-s-

at the beginning of Phase III and this was maintained 

within very narrow limits for the entire 1 4-day training 

phase. Performance of Groups 2 and 4 on the other hand 

were more variable; in each case, percentage responding 

to S+ was generally similar to those levels attained at 

the end of Phase II, hovering around 60$ for Group 2 and 

50/6 for Group 4. 

The total number of reinforcements earned differed 

between experimental groups (P = 4.60, df = 3,15, p < .025) 

in Phase III also and post-hoc analysis indicated sig

nificant effects in comparisons between Groups 2 and 3 and 

between controls and each of the two higher dosage groups 

(p < .05 for each, Newman-Keuls procedure). Significant 

differences between reinforcement rates of Groups 1 and 2 

depend on consideration of the test day (F = 2.06, df = 

39,195, P < .005) and occurred in sessions 1-5 and 7-11 
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(p 4 .05, Cochran and Cox teat). In Phase III, reinforce

ment rates in all drug-treated groups were consistent with 

those obtained at the end of Phase II for the first eleven 

sessions; thereafter, increases in reinforcements earned 

appeared in Groups 2 and 4 and slight decrements in 

Group 3. 

Large group differences in response rates and 

activity were still present in Phase III. Response rates 

changed little compared to those at the end of Phase II, 

averaging approximately 571, 182, and 101 in Groups 2, 3, 

and 4 respectively. Although there v/as an initial decre

ment in rates in Groups 3 and 4 at the beginning of Phase 

III, these effects quickly disappeared and rates rose to 

maximal levels attained In Phase II. Activity levels were 

much mora variable in Phase III than at any other time 

during drug administration; however, average group activ

ity counts for Phase III in its entirety were little 

changed and the hierarchical order of activity in drug-

treated groups was preserved throughout. 

Phase IV: Effects of Dosages Increases 
on D13cl*intna 11on Performance 

Significant differences were obtained between 

groups for the percentage responding to S-> (F = 5.93, 

df = 3,15, p < .01) and this effect resulted principally 

from differences between saline controls and aach of the 

drug-treated groups (p ^ .05, Nswiaan—Ksuls procedure). As 
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seen In Fig. 6, performance in Groups 2 and 3 was 

especially variable during Phase IV, but neither the 

decrements nor Increments in responding seemed to be well 

correlated with Increases in addiction dosages. In Group 

3, responding changed little after the first dosage in

crease; however, following the third and final dosage 

increase, responding stabilized at the pre~phase IV 

levels. Responding was little affected in Group 2 by the 

first dosage increase, but in response to further increases 

in dosage there was a tendency for responding to be de

pressed and later recover. In Group 4, responding was 

depressed in response to the first dosage increase and 

thereafter there was a trend for responding to steadily 

increase to pre~Phase IV levels by session 10. With the 

third dosage increase on Day 11, responding again tended 

to be depressed. 

Effects of dosage increases in Phase IV on the 

other 3 measures of behavior can be seen in Table 2. Sig

nificant differences in reinforcements earned were ob

tained for comparisons between groups (F = 3.4-4, df - 3,15, 

p ^ .05) and these resulted from greater reinforcement 

rates In Group 1 compared to each of the other experimen

tal groups (p ̂  ,05 for each, Newman-Keuls procedure). 

During Phase IV, the number of reinforcements earned was 

highly variable, especially in Group 2. Although there 

was little relationship between any increments and 
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decrements In reinforcements and daya on which dosages 

were increased, in all experimental groups the number of 

reinforcements earned were very depressed after the third 

dosage Increase at the end of Phase IV. Analyses of re

sponse rates Indicates significant effects between groups 

(P = 9.66, df - 3»15j, p 4 .001) and these may be attrib

uted to those comparisons involving Group 1 and each of 

the drug-treated groups (p ^ .05 for each, Newman-Keuls 

procedure). Activity was slightly depressed and more 

variable In response to increasing drug dosages; however, 

they still remained appreciably higher in drug-treated 

groups than in controls. As with the other response 

measures, changes in activity (i.e., decrements) did not 

show any relationship to days on which dosages were In

creased. 



DISCUSSION 

The finding that administration of high dosages of 

morphine led to large decrements in operant responding is 

not new. McMillan and Morse (1967) and Heifetz and Mc

Millan (1971) both demonstrated a complete obliteration 

of responding 'in pigeons at doses appreciably lower than 

those used in the present experiment. Additionally, in 

rats, doses in the range of 6-8 mg/kg have been shown to 

reduce response rates to very low levels in both food-

motivated (Thompson, Trombley, Luke, and Lott, 1970) and 

shock-motivated (Holtzman and Jewett, 1971) tasks. What 

is interesting however is the existence of the "titration 

effect" with response rate where drug administration in

volves increases in dosages on alternating days. Previous 

studies of narcotic addiction have all used procedures in 

which morphine dosages were increased rapidly to some 

fixed dosage level but the changes that such administration 

regimes engender in learned behaviors have not been studied. 

The "titration" effect may be thought of as a 

method by which responding is decreased to very low levels 

compared to pre^admlnlstratlon rate. Y/hen dosages are 

being increased, however, responding does recover on days 

when particular dosages are repeated. Generally, recovery 

32 
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to repeated exposures at higher dosages is less than to 

those at the lower dosages at the beginning of the drug 

administration regime. The saw-tooth appearance of curves 

for response rate in Fig. 1 are a result of this "acute 

tolerance" to repeated dosages of drug. Acute tolerance 

to the behavioral effects of narcotic agents have been 

noted in previous investigations for a wide variety of 

laboratory tasks, including scheduled control of operant 

responding (Heifetz and McMillan, 1971; Bigelow and 

Thompson, 1971; Djahangulri, Richelle, and Fontaine, 1966), 

escape responding in a swimming test (Cochin and Kornetsky, 

1964) maze running performance (Blozovsky and Jacob, 1959), 

and shock avoidance (Herman et al., 1972; Dallemagne, 

1971)o In the present experiment, this tolerance has 

further been shown to vary for successive dosage incre

ments, a result that would seem to be particularly inter

esting for those interested in the biochemical and 

immunelogical mechanisms in narcotic tolerance. 

The lack of any obvious relationship between the 

effects of morphine on activity and response rate were 

very surprising, especially in view of previous reports 

which have shown that changes in general activity vary 

directly with those in learned behaviors (e.g., Blozovsky 

and Jacob, 1959; Shuster, Hannam, and Boyle, 1963). Al

though Initially surpressed by morphine administration, 

activity increased steadily with each successive dally 
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Injection, surpassing control levels quickly, while re

sponse rates remained depressed. In other investigations 

in our own laboratory, stimulation of general activity has 

been noted during dosing designed to produce physiological 

addiction in animals of varying sex, age, and strain. 

Trafton (1973) and Herman et al. (1972) have likewise 

demonstrated stimulation of activity in response to mor

phine administration and In both cases learned behaviors 

were improved as well. 

Reinforcements earned by drug-treated subjects 

are depressed following morphine administration but the 

pattern of changes in reinforcements earned does not par

allel that of the "titration" effect noted with response 

rate. By the end of the first 14 days of Phase I, re

inforcement rates rose in each of the drug-treated groups 

to 30-35 reinforcements per session and later in Phase I 

in groups 2 and 4 to 35-40 reinforcements per session. 

In the latter 14 days of Phase I, although response rates 

of controls are much higher than those of drug-treated 

subjects (especially those of Groups 3 and 4), reinforce

ment rates do not vary significantly on many days during 

the testing'period. Thus, as a result of morphine treat

ment, responding is highly depressed in Phase I, while 

activity is stimulated and reinforcements earned at best 

marginally affected. 
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The moat plausible explanation for the dissoci

ation of these response measures comes from a consideration 

of morphine-induced motor behaviors. It was noticed dur

ing activity measurements that the stimulation in mor-

phinized subjects was periodic rather than continuous. 

In effect, periods of high activity Including flinching, 

Btretchingj, and jumping would be interspersed with periods 

of relative inactivity in which subjects would become 

frozen, maintaining a fixed orientation in either a 

characteristic sitting posture for the rat or in any num

ber of unusual poses (such as being poised against the 

side of the activity cage supporting the body with the 

shoulder). When placed in the operant chambers, drug-

treated subjects adopted a number of behaviors i^hich could 

be considered to compete with those essential to bar-

pressing. These Included gnawing on the foodcup and 

other pieces of the chamber,, head bobbing, increased 

time spent depressing the bar, finger bitting, and alter

nation between the foodcup and the bar after each single 

response. The most often occurring responses however 

and those which were noted in virtually every subject v/ere 

circling, rearing in the corners of the apparatus, and 

repetitive biting. Within only a few sessions after 

morphine administration wa3 begun, these behaviors were 

organized Into very stable and characteristic patterns of 

responding wherein following reinforcement animals v/ould 
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bite the foodcup, slowly circle the cage once or twice, 

and rear in each corner of the apparatus. By the time a 

behavior series was completed, a reinforcement often had 

been or was close to being set up and reinforcement was 

forthcoming after either a single response or a short 

burst of responses. In effect, the motor behaviors pro

duced by morphine and the programmed delivery of reinforce

ment produce a paradigm similar to that used by Skinner 

(1948) for the superstitious reinforcement of the pigeon's 

keypeck response. 

Under these circumstances, while responding was 

severely depressed (especially in the higher dosage 

groups), the number of reinforcements earned was not 

greatly affected. The rise in reinforcements earned in 

the latter part of Phase I in fact may simply be a result 

of a final organization of the morphine-induced motor 

behaviors into a pattern of responding maximally efficient 

for gaining reinforcement. Throughout the experiment 

morphinlzed subjects were engaging in many different be

haviors (i0e»s were hyperactive) and were behaving rather 

effectively—at least in terms of earning rewards. In 

another sense„ it might also be said that morphine-treated 

subjects are behaving better than controls for their re

sponse output per reinforcement is less and consequently 

the work expended for maximal reinforcement reduced. From 

the subjects' point of view, moreover, the schedule 
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controlling behavior was no longer variable interval, but 

something more similar to a differential reinforcement of 

low rates (DRL) schedule. Assuming that the value of the 

DRL schedule is close to that of the shortest interval of 

the VI 30" schedule, most of the possible reinforcers 

should be earned. When reinforcement had not been set up 

(as would occur for the longer intervals), subjects would 

then respond with a burst of i^esponses, repeat their in

dividual behavior series, and return to the bar to respond 

for the forthcoming relnforcer. 

The acquisition of the light-dark discrimination 

was retarded in subjects addicted to morphine. After the 

first 32 days of acquisition (Phase II), percentage re

sponses to S* amounted to approximately 55% in Group 2P 

57% in Group 3, and 70% in Group 1 at maximal levels. In 

subjects maintained on 100 mg/kg/day of morphine, per

centage responding to S* improved about 5% by the end of 

Phase II, however, since responding was greater to S» at 

the beginning of training, responding rose only to chance 

levels. In Phase III, after 14 days of additional 

training, responding had improved at maximal levels to 

about 65% in Group 3« 60^ in Group 2, and in Group 1; 

subjects in Group 4 were still responding at chance level. 

Thus, while stimulus control was retarded in addicted 

subjects, those maintained at 35 and 70 mg/kg/day did 

learn something about the discrimination task. 
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The nature of these data leave one in a precarious 

position when trying to provide a reasonable explanation 

or discussion. On the one hand, there is a tendency to 

consider the degree of stimulus control obtained in Groups 

2 and 3 an excellent achievement. It is certainly in 

keeping with, the expectations that animals maintained on 

and addicted to high dosages of morphine could be con-

ditloned to respond differentially to stimuli in their 

environments In addition, the observation that addicted 

subjects can learn is supported by the work of Trafton 

(1973) and Koffer and Coulson (1971) who demonstrated 

that animals maintained on morphine could acquire avoid

ance responses. Even at that, however, the actual ob

servation that animals who are hyperexcitable, virtually 

impossible to handle, and demonstrating bizarre patterns 

of responding could learn as much as they did in such a 

complex task is undeniably impressive. 

On the other hand, learning in Groups 2 and 3 was 

significantly retarded compared to that of controls and 

there is an equally strong tendency to attempt to explain 

those differences. The present state of our knowledge of 

the physiological mechanisms underlying discrimination 

learning and of their relation to the effects of narcotic 

drugs is far too poor to make any physiological explana

tions seem like little more than fruitless speculation. 

From a behavioral standpoint however the tendency to 
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respond during S~ (i.e., in extinction) while under the 

influence of morphine could be attributed to the anxiety-

reducing effects commonly attributed to the narcotic 

analgesics, It is now well accepted that averslve 

properties accrue to the S- during discrimination train

ing (e.g„, see Terrace, 1966; Rilling et al„, I969) and 

that stimuli correlated with non-reinforcement take on 

inhibitory properties. If this Is indeed the case, the 

tendency to respond during S~ may be unattenuated during 

discrimination training because of the anxiety-reducing 

effects of morphine and/or interference with the ac

quisition of inhibitory properties to S-. This inter

pretation is In part supported by observations that 

morphine reduces the conditioned suppression of operant 

responding in rats (Hill, Belleville, and Wikler, 1954; 

Babbinl, G-aiardi, and Bartoletti, 1973) as well as 

behaviorally-disruptive effects of anticipatory responses 

to painful stimuli in humans (Hill et al., 1952). 

Although an anxiety-reduction hypothesis is some

what successful in explaining the effects of morphine 

treatment per se on discrimination acquisitions, it alone 

cannot account for the differences between morphine-

treated groups. For example, assuming that the relation

ship between dosage and anxiety reduction is linears 

acquisition should not be better in subjects maintained 

on 70 ing/kg/day than in those maintained on 35 rag/kg/day. 
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In addition, a simple anxiety reduction hypothesis cannot 

reasonably account for the fact that acquisition in Group 

2 is a continuous and seemingly linear function, while in 

Group 3 it is discontinuous (the greatest improvement in 

responding occurring in the second block of acquisition 

trials and stabilizing thereafter)., Any account of these 

differences might require a knowledge of the biochemical 

effects of morphine on the physiological bases of atten

tion and discrimination which is currently lacking. 

The effects of increased dosages in Phase IV are 

not impressive0 The changes noted in percentage respond

ing to S+9 reinforcements earned, and activity count 

measures showed little consistent relationship to days on 

which new dosages were Instituted or maintained. Response 

rates were lowered only in Group 2; and, as with all four 

measures of behavior5 response rates were made more vari

able by dosage increases. One Interesting finding in 

Phase IV and throughout the experiment in general was the 

lack of tolerance to the depressive action of morphine on 

response rate; by the end of Phase IV, subjects had been 

maintained on morphine for a total of days and yet 

little improvement in rates could be noted over those 

levels attained at the end of the 14 day injection period 

In Phase I. 

The possible reasons for the lack of complete 

tolerance (i.e., return to higher rates) are many. It is 
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entirely possible that the long-term administration of 

such high dosages of morphine resulted in chronic toxicity 

which prevents increased responding; however, :lf this were 

true, on© would also expect decrements in other measures 

of behavior,, A more plausible suggestion Is that low 

response rates in drug«treated groups were "entrained"; 

that Is, conditioned,, to the "fact" of morphine administra

tion itself and that those stimuli associated with drug 

administration (e.g., picking the subject up, inserting 

the needle, etc,) were conditioned stimuli for morphine-

induced motor behaviors and consequently for lovf respond

ing. This interpretation is given some support by the 

observation that from Phase II on the behavioral effects 

of drug administration could toe seen immediately after the 

injection arid, in some cases., before Injection and as soon 

as the subject was handled„ Such "entrainment" could 

easily mask whatever physiological and behavioral toler

ance might foe accruing to morphine. Since the drug itself 

(considered as an unconditioned stimulus) was always de

livered, conditioned patterns of responding should never 

extinguish; and since subjects' unusual response patterns 

were consistently reinforced in S-s-, responding at low 

levels was being well maintained. Heifetz and McMillan 

(1971) have demonstrated what could be interpreted as a 

similar effect in pigeons responding on a VI schedule of 

food reinforcement„ They showed that subjects who Be 
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responding was stimulated by chornic methadone administra

tion respond at higher methadone-llke rates when switched 

to morphine. Conversely, subjects responding at the moder

ate levels characteristic of morphine show morphine-like 

rates and no behavioral stimulation when switched to 

methadone administration. Thus, responding after drug 

switch was characteristic of the drug on x^hich the subject 

is trained and not that to which the subject is switched. 



SUMMARY 

In all, the present research has demonstrated a 

number of new and interesting effects of morphine on the 

performance and acquisition of operant responses. De

spite the large decrementa in their response rates 

throughout the experiment, morphine-treated subjects are 

highly active and work efficiently in earning high num

bers of reinforcers» Considering reinforcement and 

activity measures of behavior, it would appear that 

morphine-treated subjects are quite capable of responding 

well while addicted to high levels of drug. This is 

supported by the demonstration of partial acquisition of 

a complex discrimination for food reinforcement and by 

the demonstrations of other investigators of the acqui

sition of avoidance behaviors. The persistant decrements 

in response rates are believed to result from morphine-

Induced motor effects which produce responses incompatible 

with effective, steady barpressing. Due to the rapid 

increase in dosages of morphine administered during addic

tion phase, responding is "titrated" to very low levels 

and these depressed response levels possibly become "en

trained" or conditioned to stimuli present during daily 

injection procedures. Thu3, injection procedures 
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themselves elicit low rates of responding characteristic 

of early morphine treatment and these conditioned rates 

probably mask the effects of tolerance which would allow 

for recovery of behavior to pre-drug levels. 
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