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DurING the past decade many studies
have demonstrated that rhesus monkeys
repeatedly make responses which have
been followed by injections of certain drugs
(30). Thus, injections of these drugs can be
considered with other events such as food,
water, sex, and electric stimulation of the
brain as positive reinforcers in that each
will increase the subsequent frequency of
occurrence of behavior that preceded it
(33). Rates of responding maintained by
drug injections may be determined not
only by the capacity of the drug to reinforce
behavior that preceded it but also by the
direct effects of the drug on behavior that
follows it (30). These direct effects may be
so powerful in determining response rate
that they override the effects of other
variables, particularly when rate of re-
sponding is directly related to the rate of
drug injection, as is the case when respond-
ing is maintained on a ratio schedule of
reinforcement.

The effects of a variety of pharmacologi-
cal and environmental factors have been
assessed by measuring changes in the fre-
quency or rate of responding maintained
by a drug injection. These factors include
the pharmacological class of the drug, drug
dose, behavioral requirements for injec-
tion, duration of the period of drug availa-
bility, concurrent stimulus events, and
pretreatment with other drugs (30). Since
changes in response rate could result from
direct pharmacological effects of a drug, it
is important to assess the effects of phar-

macological and environmental mainipula-
tions by using schedules of drug injection
in which the effect of a drug in maintaining
a response can be separated from its direct
effects. Attempts to do this have been
made in studies by limiting drug intake,
with schedules in which increased rates of
responding do not lead to increased rates
of drug injection, or with dependent varia-
bles other than absolute rate of responding.

Balster and Schuster (2) used a 9-min
fixed-interval schedule of cocaine injec-
tion; thus, rate of responding only mini-
mally affected injection frequency. In addi-
tion, they limited drug intake by imposing
after each drug injection a 15-min time-out
period during which responding had no
programmed consequences. Under this
schedule, rate of responding increased as
the dose was increased from 0.025 to 0.8
mg of cocaine per kg. In contrast, Dough-
erty and Pickens (6) found in the rat that
rate of responding under a 5-min fixed-
interval schedule decreased as the dose of
cocaine was increased. However, in their
study, there was no time-out period after
each injection. A comparison of these two
studies suggests that the more limited
drug intake in the Balster and Schuster
study extended the range of cocaine doses
over which responding was well main-
tained.

Goldberg (8) limited cocaine and d-
amphetamine intake by using a second-
order schedule of reinforcement. Under
this schedule, every 20th response (20-

* Research supported by National Institute of Mental Health Grant DA-00047 and DA-00250.

343



344

response fixed-ratio) during a 5-min time
period resulted in the presentation of a
brief light; the first 20-response fixed-ratio
completed after the end of the 5-min time
interval produced the light and an intrave-
nous injection of a drug. Under these
conditions, the dose-response curve was
relatively flat; that is, rates of responding
were well maintained from 0.025 to 0.4
mg/kg. In the same study, the dose-
response curve obtained with a 20-response
fixed-ratio schedule was sharply peaked;
that is, responding was well maintained at
only one or two doses. Additional studies
with second-order schedules (9, 10) demon-
strated that responding on this type of
schedule could also be maintained by in-
tramuscular injections of morphine or co-
caine and that response rates on the sec-
ond-order schedule changed little over a
wide range of doses. The studies by Balster
and Schuster (2) and Goldberg (8, 9) were
primarily concerned with limiting drug
intake in order to separate the effects of a
drug in maintaining behavior from its di-
rect effects. Goldberg et al. (10) carried this
approach further by allowing only one
injection per day at the end of each experi-
mental session and limiting sessions to
only three per week. The results of this
series of studies showed that response rate
either increased or remained about the
same as the drug dose was increased over a
wide range. This is in striking contrast to
the inverse relationship between dose and
rate of responding maintained on fixed-
ratio schedules where rate of responding
directly determines drug intake.

Another approach used in separating the
reinforcing and direct effects of drugs is
demonstrated in a study by Iglauer and
Woods (17), with a concurrent schedule of
reinforcement in which responding on each
of two levers produced injections of cocaine
on independent variable-interval sched-
ules. Rather than comparing absolute
rates of responding maintained by different
doses of cocaine, they compared relative
rates on the two levers and found the rates
directly related to the dose of the drug
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maintaining responding on that lever. Rel-
ative rates of responding under these con-
ditions have been used as a measure of
preference; thus, in the Iglauer and Woods
study preference was directly related to
dose. Procedures in which preferences be-
tween two drugs can be assessed have been
reported in other studies (4, 7, 13, 19-21).
In these studies, drug preference was com-
pared by counting the number of times one
drug was injected rather than another; in
addition, drug intake has been limited by
long time-out periods between injections.
One of these preference procedures will be
described in the present paper and its use
in evaluating the effects of various phar-
macological and environmental variables
will be discussed.

In these studies, rhesus monkeys were
given an opportunity to choose between
two drug solutions. Initially, each solution
was available separately in the presence of
an associated stimulus light. Then both
drugs were made concurrently available on
a trial basis by illuminating both lights.
Choice of one solution prevented the deliv-
ery of the other solution on each trial. The
relative drug dose, type of drug, relative
behavioral requirements, relative delay in
delivery, and availability of concurrent
punishment of the alternatives were var-
ied. Such manipulations were designed to
determine the effects of these pharmaco-
logical and environmental variables on the
ability of different drugs to function as
positive reinforcess.

General Procedure

Adult rhesus monkeys weighing between
3 and 10 kg with no prior experimental or
drug histories were used. Every animal was
anesthetized with sodium pentobarbital
(30 mg/kg, i.v.) and prepared with an
intravenous polyvinyl chloride, double-
lumen catheter. Each monkey was housed
in a sound-attenuating wooden cubicle
that served as the experimental space.
Mounted on the door of the cubicle were
two boxes each containing a response lever
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and window of Plexiglas which could be
transilluminated by stimulus lights.

Each animal wore a stainless steel har-
ness that was connected to a spring arm
attached to the back of the cubicle (30).
This arrangement allowed the monkey re-
latively unrestricted movement within the
cubicle and provided protection for the
catheter which was threaded through the
arm. Outside the cubicle, each lumen of
the catheter was connected to a peristaltic
infusion pump which could deliver solu-
tions at the rate of 6 ml/min.

A daily experimental session consisted of
two sampling periods followed by choice
trials. During a sampling component only
one drug solution was available in the
presence of a particular discriminative
stimulus in order to maximize the oppor-
tunity for their association. At the begin-
ning of the first sampling period, the win-
dow above the left lever was transillumi-
nated by a stimulus light (S,) while the
right lever remained dark. Five responses
on the left lever (five-response fixed-ratio)
resulted in the injection of solution A,
which lasted 10 sec. S, then appeared
above the right lever, and five responses on
the right lever resulted in the injection of
solution A; with each subsequent injection
of solution A the position of S, alternated.
Five injections were permitted during the
first sampling period. After the fifth injec-
tion, a 30-min time out period occurred;
after the time-out, the second sampling
period began, in which there were five op-
portunities to respond under a five-re-
sponse fixed-ratio schedule of injection of
solution B. The stimulus (S,;) associated
with availability of solution B was different
in color from S,. In all other aspects, how-
ever, the procedures used during this sec-
ond sampling period were identical with
those used during the first sampling pe-
riod. After the fifth injection of solution B,
another 30-min time-out was initiated.

The remainder of the session consisted
of choice trials during which S, and S, were
simultaneously presented, one over each
lever. Five responses on the lever associ-

345

ated with S, resulted in the injection of
solution A, whereas five responses on the
lever illuminated by S, resulted in the
injection of solution B. The first response
on one lever terminated the stimulus over
the other lever and made responses on that
lever inconsequential for the remainder of
the trial. A 15-min time-out period fol-
lowed each injection. This procedure was
repeated on all choice trials with the re-
striction that S, and S; randomly appeared
above each lever on 50% of the trials. A
fixed number of trials were programmed
each session; a session lasted until they
were completed or until 24 hr had elapsed.
A comparison was continued until the
animal chose one solution on at least 75%
of the trials for at least three consecutive
sessions, or there was no apparent trend in
responding after 21 experimental sessions.
Two control procedures were used to
insure that preference was based on the
nature of the drug injection rather than the
color of the stimulus light associated with
it. First, the stimulus associated with the
preferred solution in a comparison was
paired with either the lower dose of drug or
saline in the next comparison. Thus, on
each new comparison, the higher drug dose
was paired with a stimulus previously asso-
ciated with the nonpreferred drug solution.
In some conditions, after performance on
the choice trials became stable, the stimu-
lus lights associated with the drug solu-
tions were reversed (stimulus reversal);
that is, S; was now associated with solution
A and S, was now associated with solution
B. This was done to further insure that
preference was based on the drug injection
rather than the color of the stimulus light.

Pharmacological Factors
Comparisons of Drug and Saline

The preference procedure was used to
compare choices between different doses of
a drug and between different drugs. In the
initial experiments, choices were given be-
tween different doses of cocaine (ranging
from 0.05 mg/kg to 1.5 mg/kg) and saline.
All doses of the drug were preferred over
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saline for each animal on more than 75% of
the choice trials (20). The daily data for the
comparison between 0.5 mg/kg cocaine and
saline for five animals tested under the
original stimulus-drug pairing and the
stimulus reversal condition is presented in
figure 1. Despite differences among ani-
mals in initial preference, number of trials
programmed each session, or number of
days to reach the 75% criterion, the uni-
formity of terminal performances is strik-
ing. In other words, cocaine ultimately
gained preferential control over respond-
ing. When the stimulus conditions were
reversed, choice changed accordingly. Sim-
ilar results were obtained with comparisons
of methylphenidate (ranging in doses from
0.075 mg/kg to 0.7 mg/kg) and diethylpro-
pion (0.5 mg/kg and 1.0 mg/kg) with saline
(20, 21). The preference for these drugs
over saline demonstrates that this sched-
ule can maintain reliable responding simi-
lar to other schedules of drug injection over
a comparable range of doses.

Comparisons of Different Doses of Drug

In the next experiment, different doses of
cocaine were compared. In most of these
comparisons, the higher of the two doses
was chosen (20). Data is presented in figure
2 for three animals, tested in the compari-
son between 0.1 mg and 0.5 mg of cocaine
per kg for both the original stimulus-drug
pairing, and the stimulus reversal, and
shows that the higher dose was preferred.
The terminal behavior is similar for all
animals despite differences in days re-
quired to reach criterion. Data from other
comparisons between two doses of cocaine
were similar (table 1). Exceptions occurred
when relatively high doses were being com-
pared; for example, animals demonstrated
no preference between 0.5 and 1.0 mg of
cocaine per kg or between 0.5 and 1.5 mg of
cocaine per kg. However, during these
comparisons most of the animals were
markedly hyperactive and irritable,
thereby suggesting that the direct effects of
cocaine may have been influencing re-
sponding relatively more than during com-
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parisons with lower doses. Further studies
need to be done with longer time-out.pe-
riods between injections in an effort to
minimize the direct effects produced by
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Fic. 1. Number of trials 0.5 mg of cocaine per kg
was chosen over saline plotted daily for each animal
tested during both the original stimulus-drug solution
pairing and the stimulus reversal. The dotted line in-
dicates 50% choice. There was a maximum of 18
choice trials available each session for animals A012,
A013 and A022 and 25 were available for animals A025
and A059. [From Johanson and Schuster, J. Pharma-
col. Exp. Ther., 193: 676-688, 1975 (20).]
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Fic. 2. Number of trials 0.5 mg of cocaine per kg was chosen over 0.1 mg of cocaine per kg for each animal
tested during both the original stimulus-drug solution pairing and the stimulus reversal. The dotted line
indicates 50% choice. There was a maximum of 18 choice trials available each session. [From Johanson and
Schuster, J. Pharmacol. Exp. Ther., 193: 676-688, 1975 (20).]

TABLE 1

Mean percent trials higher dose of cocaine was chosen
over 0.05 mg of cocaine per kg for each animal
calculated from the last three sessions of each
comparison®

TABLE 2
Mean percent trials higher dose of methylphenidate
was chosen over 0.075 mg of methylphenidate
per kg for each animal calculated from the
last three sessions of each comparison®

0.1 mg/kg 0.2 mg/kg 0.5 mg/kg 0.2 mg/kg 0.5 mg/kg 0.7 mg/kg
Animal | Percent| Animal | Percent |Animal | Percent Animal | Percent | Animal | Percent | Animal | Percent
A022 89.0 | A022 |100,90.7°| A022 92.0 A022 64.0 A022 86.7 A073 90.0
A073 96.7 A075 88.0 A059 50.0 A087 57.4 A087 100.0
A087 86.7 A075 50.7 A096 90.7

% Based on data from Johanson and Schuster, J.
Pharmacol. Exp. Ther. 193: 676-688, 1975.
® Stimulus reversal.

the higher doses of cocaine. Nevertheless,
in the majority of comparisons the higher
dose of cocaine was preferred.

Similar experiments were done compar-
ing a standard dose of methylphenidate,
0.075 mg/kg, to higher doses. As with
cocaine, wherever preferences developed,

% Based on data from Johanson and Schuster, J.
Pharmacol. Exp. Ther., 193: 676-688, 1975.

the higher dose was chosen (Table 2).
However, unlike cocaine, preference for the
higher dose developed only when this dose
was 7 to 9 times greater than the standard
dose (20). In contrast, a dose of cocaine
only twice as high as a standard dose (e.g.,
0.1 mg/kg compared to 0.05 mg/kg) was
preferred by all animals (table 1). This
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suggests that a function relating dose dif-
ferences and choice might be steeper for
cocaine than for methylphenidate. Com-
parisons of two different doses of diethyl-
propion (21) also support the conclusion
that rhesus monkeys prefer high doses of
psychomotor stimulant drugs over low
doses. If preference is considered a mea-
sure of reinforcing efficacy, higher doses of
these drugs are more reinforcing than
lower doses.

Reinforcing efficacy has also been as-
sessed with rate of responding maintained
by a drug injection. Wilson et al. (36) found
that rates of responding on a one-response
fixed-ratio schedule of injections of various
psychomotor stimulant drugs decreased as
dose was increased over the range of doses
studied. A similar inverse relationship has
been found between rate of responding and
doses of diethylpropion (21). In the experi-
ments with cocaine and methylphenidate
described above, response rates during the
sampling periods also decreased as the dose
of cocaine and methylphenidate increased
(fig. 3). Thus, in the same session, prefer-
ence was directly related to dose whereas
rate of lever-pressing maintained by drug
reinforcement was inversely related. This
could have resulted when a time-out period
was not imposed between injections during
a sampling period; thus, the inverse rela-
tionship between dose and rate of respond-
ing maintained by the drugs probably
reflects one or more of the direct effects of
the drugs on ongoing behavior. Pickens and
Thompson (27), for example, found that an
intravenous injection of cocaine disrupted
food-reinforced lever-pressing in a rat, and
that the duration of this disruption was a
direct function of the dose. A similar dose-
dependent decrease in responding main-
tained by food has also been demonstrated
with rhesus monkeys infused with cocaine
through intravenous catheters (35). Thus,
rate of responding maintained by drug
injections may be markedly affected by the
effect of the drug on lever-pressing behav-
ior.

The interaction of the direct effects and
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the reinforcing effects of drugs under ratio
schedules of drug injection is further sug-
gested by studies in which the relative
potencies of d- and l-amphetamine and
d-methylamphetamine are compared.
Owen (26) found that in rats these drugs
disrupted liquid reinforced fixed-ratio re-
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Fi6. 3. Mean rates of responding during sampling
periods maintained by each dose of cocaine (solid
line) and methylphenidate (dotted line). For every
comparison for each animal, response rates during
sampling were calculated on each of the last 3 days of
the comparison separately for drug A and drug B.
These rates were then averaged over the 3 days. If an
animal had not been studied for at least three
different doses of a drug over the course of the
experiment, the data from that animal were elimi-
nated from the response rate analysis. It was possible
for the data of an animal to be eliminated from the
response rate analysis of cocaine but be included for
methylphenidate, and vice versa. For each animal
meeting the criterion of three or more doses, all the
response rates from different comparisons for one dose
were averaged. The rates for all animals were then
averaged. The brackets through the points indicate
the range of these means. The number of animals
represented by each data point was either two or is
indicated by the number of parenthesis. [From Johan-
son and Schuster, J. Pharmacol. Exp. Ther., 193:
676-688, 1975 (20).]
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sponding in a dose-related manner. Fur-
ther, Owen’s data showed the same po-
tency relationships for these compounds as
were found in monkeys when the drugs
were compared for their reinforcing effects
with a ratio schedule of drug reinforcement
(3). This suggests that responding main-
tained by amphetamine reinforcement is
influenced not only by the drug’s effects in
maintaining behavior but also by its other
behavioral effects. The results of the pres-
ent experiments generate less ambiguous
results by using choice rather than rate of
responding as the measure of a drug’s rein-
forcing efficacy. With the exception of the
comparisons with high doses of cocaine,
the results of these experiments were not a
function of both variables but instead prin-
cipally reflected the capacity of the dose of
the drug to reinforce responding.

Comparisons of Different Drugs

In the next series of experiments rhesus
monkeys were given a choice, first between
cocaine and methylphenidate (20) and
then between cocaine and diethylpropion
(21). Preference in these studies could be
viewed as an indication of the relative
efficacy of different drugs in maintaining
behavior. In order to rank drugs in terms of
this property, it is advantageous to use
procedures in which response rate is deter-
mined by reinforcing efficacy but is not
confounded with the direct effects of the
drug. In addition, since the previous stud-
ies showed that dose is important in deter-
mining preference, two drugs should be
compared across a wide range of doses of
both.

In the comparisons between cocaine and
methylphenidate, doses of methylpheni-
date ranging from 0.075 mg/kg to 0.7 mg/kg
were compared to 0.1 or 0.5 mg/kg of
cocaine. In general, regardless of drug,
higher doses were preferred over loser doses
in over 75% of the choice trials. Animals
given a choice between equivalent doses of
methylphenidate and cocaine (0.5 mg/kg)
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chose each solution on approximately one-
half of the trials.

The data from one animal for the com-
parisons between cocaine and methyl-
phenidate are shown in figure 4. In the
comparisons between 0.1 mg of cocaine and
methylphenidate per kg (top row) choice
behavior changed from no preference with
0.075 mg of methylphenidate per kg to an
exclusive preference for methylphenidate
at the higher two doses. In the comparisons
between 0.5 mg of cocaine and methyl-
phenidate per kg, a complete reversal of
preference was shown as the dose of me-
thylphenidate was increased (fig. 4).
Therefore, these two drugs are approxi-
mately equal in efficacy and potency in
their ability to maintain behavior.

The outcome was different, however,
when cocaine and diethylpropion were
compared (21). Again, the two drugs were
compared over a range of doses in six
animals. Two doses of diethylpropion, 0.5
and 1.0 mg/kg, were compared to cocaine
in doses ranging from 0.05 to 0.5 mg/kg.
The doses of diethylpropion were chosen on
the basis of a previous study in which
responding was maintained under a 10-
response fixed-ratio schedule of diethylpro-
pion injections ranging in dose from 0.01
mg/kg to 3.0 mg/kg. For each of the three
animals in that study, responding in-
creased as a function of dose up to the
value of 0.2 mg/kg but decreased over the
rest of the dose range. The rates of respond-
ing maintained by 0.5 mg of diethylpropion
per kg were similar to those maintained by
0.2 mg of cocaine per kg in the same ani-
mals whereas responding maintained by
1.0 mg/kg was quite low and similar to
response levels for saline (21). In the pres-
ent experiment, cocaine was preferred to
diethylpropion regardless of the dose of
either drug, although in several of the
comparisons neither drug was preferred.
Only one animal ever showed a preference
for diethylpropion over cocaine. In that
case, the dose of diethylpropion was 1.0
mg/kg and the dose of cocaine was 0.1
mg/kg, a 10-fold difference. The data show,
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Fic. 4. Number of trials in which 0.1 mg of cocaine per kg (top row) or 0.5 mg of cocaine per kg (bottom row)
was chosen over different doses of methylphenidate plotted daily for each comparison for one animal. The
dotted lines indicated 50% choice. There were a maximum of 20 trials available during each session except in
the comparisons of 0.075 and 0.2 mg of methylphenidate per kg with 0.5 mg of cocaine per kg when 25 trials were
the maximum. [From Johanson and Schuster, J. Pharmacol. Exp. Ther., 193: 676-688, 1975 (20).]

therefore, that these two drugs clearly
differ in potency, and suggest a difference
in reinforcing efficacy independent of dose.

The general conclusion which can be
drawn from these experiments is that in
single schedules, differences in rate of re-
sponding maintained by any of the drugs
probably reflect a difference in the direct
effects of the drug on behavior as well as
its reinforcing efficacy. The preference
procedure avoids this interaction in two
ways. First a time-out period followed
choice trials, so that the immediate general
suppressant actions of the drug injected
had some time to dissipate. Second, sup-
pression of responding per se did not influ-
ence the evaluation of the reinforcing ef-
ficacy of each drug since, as long as some
responding was maintained, preference
could be assessed.

The effects of changes in amount of food
or intensity of intracranial stimulation of
the brain have also been shown to vary as a

function of schedule parameters. In studies
with single schedules of food presentation,
response rate has been shown both to
increase (15. 34) or decrease (8, 27) with
increases in amount of food presented. Still
other studies have found rate to be rela-
tively insensitive to such changes in rein-
forcer magnitude (18, 23). Such differ-
ences have also been reported with single
schedules of electric brain stimulation in
rats. For example, Olds and Milner (25)
and Sidman et al. (32) found that rate
increased with increases in stimulation
voltage. On the other hand, Reynolds (29)
found an inverted U-shaped function relat-
ing response rate and voltage. In contrast,
schedules of reinforcement such as concur-
rent, multiple, and chain schedules have
shown response rate to be directly related
to reinforcer magnitude (5, 28). Further
procedures such as that employed in the
present study, have shown choice to be
directly related to amount of food (24) or
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intensity of electric brain stimulation (16).
The present study extends the generality of
these findings relating reinforcement mag-
nitude and preference to behavior main-
tained by drug injection.

Environmental Factors
Changes in Response Requirements

In the next series of investigations, the
effects of environmental variables includ-
ing size of the fixed-ratio, delay of injec-
tion, and punishment were assessed. In the
first experiment, the same preference pro-
cedure was used except that the fixed-ratio
requirement necessary to produce the pre-
ferred dose of cocaine was systematically
increased while the behavioral require-
ments for the alternative, but less preferred
dose of cocaine, remained the same. In the
original studies, the fixed-ratio value was
five for both solution A and solution B. In
this study, however, the procedure was
modified so that the fixed-ratio require-
ment necessary to produce the injection of
solution B was increased by five responses
each session until a change in preference
occurred. It was reasoned that although
animals prefer higher doses of cocaine over
lower doses, if the behavioral requirements
for the preferred dose were great enough,
the animals would choose the alternative.
In addition, the greater the difference be-
tween the size of the doses of the two
alternatives, the greater the increase in
ratio value necessary to alter preference.
However, the results of this experiment are
only preliminary and it is unclear whether
these hypotheses will be verified. Four
animals were tested with this modified
procedure but their results failed to repli-
cate each other. The first animal was
tested in three different comparisons: 1)
solution A was 0.05 mg of cocaine per kg
and B was 0.5 mg of cocaine per kg; 2)
solution A was 0.05 mg of cocaine per kg
and B was 0.1 mg of cocaine per kg; and 3)
solution A and B were both 0.05 mg of
cocaine per kg. In each comparison, the
response requirement to produce solution
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B was increased by five responses each
session while the requirement for solution
A remained at five. Solution B was always
the higher dose except in the last compari-
son in which one of the two solutions, both
being equal, was arbitrarily designated as
B. Before the increases in response cost,
the higher dose was preferred on over 75%
of the choice trials. The results of all three
comparisons are shown in figure 5. Both
initial preference and maximum fixed-
ratio value were directly related to the size
of the dose of solution B, as would be
predicted. The maximum fixed-ratio value
when solution B was 10 times as high as A
(0.5 vs. 0.05 mg/kg) was only five responses
greater than when solution B was only
twice as high as A (0.1 vs. 0.05 mg/kg).
Similar results were obtained for a second
animal although only two comparisons
could be completed before the animal acci-
dently died from a cocaine overdose. In the
comparison between 1.0 mg and 0.2 mg of
cocaine per kg, the animal initially pre-
ferred the high dose. However, when the
requirement for this high dose was in-
creased to fixed-ratio 125, he chose the
lower dose exclusively. When equal doses

2% r o---c\v,.a--vu\

Drug B

o—e 0.05 mg/kg Cocoine
o -0 0.1 mg/kg Cocaine
&—--4 0.5 mg/kg Cocaine
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I A " —_— I A
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FR VALUE

Fi16. 5. Number of choice trials different doses of
cocaine (drug B) were chosen over 0.05 mg of cocaine
per kg as a function of fixed-ratio (FR) requirements
for the delivery of drug B. The fixed-ratio requirement
for the delivery of 0.05 mg of cocaine per kg was 5. The
maximum number of choice trials programmed each
session was 25.
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of cocaine were compared this same animal
chose solution A when the response re-
quirement for B was 60. Unfortunately
changes in fixed-ratio size did not alter
preference in the other two animals. One
animal, given a choice between 0.1 mg of
cocaine per kg (solution A) and 0.5 mg of
cocaine per kg (solution B), consistently
preferred the higher dose despite increases
in the response requirements necessary for
its delivery up to a value of 95; at this
point, the animal ceased responding en-
tirely. The results of the second animal on
the same comparison were erratic; even at a
response requirement of 300 the animal
was not choosing the lower dose. Clearly,
the results from this study are ambiguous
and seem to indicate that the manipula-
tion of fixed-ratio values does not produce
consistent results, since preference was
altered in only two of the four animals. In
addition, in one animal (fig. 5) tested
under three conditions which varied in
terms of the dose of solution B, the re-
sponse requirement necessary to alter pref-
erence changed only minimally with dose.
Brady et al. (4) by using a progressive ratio
schedule within the context of a prefer-
ence procedure, found that manipulations
in dose of a drug did not affect the maxi-
mum fixed-ratio size which could maintain
responding. However, this value differed
considerably for different drugs. Yanagita
et al. (37), however, with a progressive
ratio schedule in which responding was
maintained by injections of psychomotor
stimulant drugs, found that the maximum
fixed-ratio value maintaining responding
was directly related to the dose of the
drug. The effects of manipulating the
value of the behavioral requirements
necessary to produce a drug injection seem
to differ depending upon the specific pro-
cedure being used. Since the three studies
discussed differ in so many parameters, it
remains to future investigations to deline-
ate the relevant differences. Nevertheless,
the present study demonstrates that
changes in behavioral requirements can
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affect preference between two doses of
cocaine for some animals.

Delay of Reinforcement

One of the problems with fixed-ratio
studies is that as the value of the fixed-
ratio increases, there can be a comparable
increase in delay between the first re-
sponse and the onset of the reinforcement.
That is, one cannot differentiate between
temporal and response variables.

There have been no published investiga-
tions of the acquisition and maintenance of
responding which is followed by an injec-
tion of a drug when a delay is introduced
between responding and the delivery of
the drug reinforcement. However, investi-
gations of other reinforcers have shown
that delay of reinforcement is a significant
variable; both acquisition and maintenance
of behavior are weakened as a function of
time delay (33). In order to determine the
effect of delay on responding maintained
by an injection of a drug, the original
choice procedure was modified to include
a 15-sec time delay between the comple-
tion of the ratio requirement and the onset
of the injection. This delay was imposed
after one of the two alternatives was
chosen but not after the other. During the
delay, the red ceiling light, which normally
was on only during an injection, was illumi-
nated. The peristaltic infusion pump, on
the other hand, was not on during the 15-
sec delay, eliminating the undoubtedly
powerful auditory stimulus cues of this
sound. The animals tested under these
conditions were originally offered a choice
between two equal doses of cocaine (0.1
mg/kg). Before introduction of the 15-sec
delay, both animals were choosing the
stimuli associated with each of these solu-
tions an equal number of times. When the
15-sec delay occurred between the com-
pletion of the fixed-ratio for solution B and
the onset of its injection, the animals chose
B on over 70% of the trials. The same re-
sults were found after a stimulus reversal.
Thus with these parameters, monkeys
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showed a preference for drug injections
which were delayed by 15 sec to immediate
injections of the drug. Although these re-
sults can only be considered preliminary,
they are puzzling. A possible explanation
for these data is that the stimulus present
during the delay, by virtue of its being
paired with the drug injection was main-
taining the choice behavior. It is certainly
known that the stimuli associated with
drug reinforcement can exert powerful ef-
fects on responding (8-12, 31). In addition,
the delay did not decrease the overall fre-
quency of reinforcement. Clearly, addi-
tional studies are necessary to delineate
the mechanism involved in producing
these results.

Concurrent Punishment

Punishment is defined as a reduction in
the probability of a response as a conse-
quence of the presentation of a stimulus
contingent on the response (1). Many stud-
ies have shown that an intense electric
shock delivered immediately after a re-
sponse is capable of suppressing respond-
ing maintained by reinforcers such as food
and water. In addition, Grove and Schuster
(14) showed that electric shock delivered
after each response decreased rate of re-
sponding on a one-response fixed-ratio
schedule of cocaine injection. The degree of
suppression was a direct function of the
intensity of the electric shock. However,
increasing the dose of the cocaine injection
did not influence the degree of response
suppression. If the function relating re-
sponse suppression to shock intensity is
related to the capacity of the drug to serve
as a reinforcer, it is surprising that Grove
and Schuster (14) did not find the respond-
ing maintained by the higher dose of co-
caine more difficult to suppress. The prob-
lem may have been that the measure of
suppression used was change in response
rate, which itself was a function of both
reinforcing efficacy and the direct effects of
the drug; indeed, rate of responding main-
tained by the higher dose was lower than
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response rate maintained by the lower dose
so that degree of suppression was difficult
to compare. In addition, the direct actions
of cocaine may alter the effect of electric
shock on any ongoing responding.

A series of experiments were conducted
with the choice procedure to determine
how effects of electric shock might alter
preference for a high dose of cocaine over a
low dose. The procedure was modified such
that a 5 mA electric shock 300 msec in
duration was delivered at the onset of the
injection of solution B, which was either
equal to or higher in dose than solution A.
The shock electrodes were two round gold-
plated silver discs, 0.234 inches in diame-
ter, surgically implanted within the lum-
bar muscles to the right of the spinal cord,
approximately 1 to 2 inches apart. Each
electrode was soldered to 28 gauge
stranded silver-coated wire coated with
Teflon which traveled with the catheter
through the arm and then was connected to
a BRS/LVE constant current generator.
Impedence values varied between 15 and
50 k ohm but were stable for any one
animal. Representative data from one ani-
mal are shown in figure 6. This animal was
initially given a choice between two equal
doses of cocaine, both 0.1 mg/kg. However,
as explained above, a 5 mA electric shock
was paired with the solution associated
with S, (solution B). After only 5 days the
animal was choosing the solution that was
not paired with shock, i.e., associated with
S;. The dose of solution B was then in-
creased to 0.2 mg/kg and A remained at 0.1
mg/kg. In addition, the stimuli were re-
versed so that S, was associated with 0.2
mg of cocaine per kg and shock. The
animal quickly reversed his choice, prefer-
ring an injection of the lower dose of
cocaine rather than the injection of the
higher dose which also resulted in the
delivery of electric shock. As shown in
figure 6 the same pattern was repeated
with 0.5 mg/kg as solution B. However,
when 0.75 mg/kg was the higher dose, this
animal chose it despite the shock. In addi-
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Fi6. 6. Number of choice trials different doses of cocaine (drug B) were chosen over 0.1 mg of cocaine per kg
when the injection of drug B was associated with a 5 mA electric shock 300 msec in duration. A maximum of 18

trials were available each session.

tion, lowering the dose of the drug injection
paired with shock to 0.5 mg/kg resulted in
a switch in preference to the lower but
unshocked alternative. The results are sim-
ilar to studies in which responding was
maintained by food (1, 22) which showed
that electric shock was more effective in
eliminating responding if an alternative
response was available. However, the pres-
ent study went further by showing that
responding can be eliminated by electric
shock even if the unpunished alternative is
of a lower magnitude, i.e., a lower dose. In
previous experiments with this choice pro-
cedure without punishment, 0.5 mg of
cocaine per kg was preferred to 0.1 mg of
cocaine per kg by all animals tested (fig. 2).
However, when responding maintained by
0.5 mg of cocaine per kg also produced
electric shock, as in the present experi-
ment, the alternative 0.1 mg/kg was pre-
ferred. The results indicate that the capac-
ity of electric shock to suppress responding
maintained by cocaine can be influenced
by the dose. A low dose of cocaine (0.1
mg/kg) was preferred to both 0.2 mg and
0.5 mg of cocaine per kg when an electric
shock was delivered in conjunction with
the injection of these higher doses. How-
ever, when the alternatives were 0.75 mg
and 0.1 mg of cocaine per kg, the higher
dose was preferred despite the delivery of
electric shock. It seems, then, that if the
difference in dose is great enough, the

ability of electric shock to suppress re-
sponding is eliminated.

General Conclusions

The present series of experiments
showed the effects of several pharmacologi-
cal and environmental variables on drug
preference in rhesus monkeys self-injecting
psychomotor stimulant drugs. Preference
was determined in a choice procedure
which limited drug intake and a rate-free
measure of preference was used. Hopefully,
such an approach has several advantages
over procedures with absolute rate of re-
sponding to indicate preference, since rate
in these procedures is influenced not only
by the reinforcing effects of drug but their
direct effects as well. The results indicate
that with cocaine, methylphenidate, or
diethylpropion, higher doses are preferred
over lower doses of the same drug. In
addition, cocaine and methylphenidate are
equally potent in terms of preference de-
spite differences in potency in maintaining
responding on a five-response fixed-ratio
schedule of reinforcement. Diethylpro-
pion on the other hand, is at least only
%o as potent as cocaine in terms of pref-
erence and there are some indications
that it is generally less efficacious in this
capacity. These studies also showed that
preference can be modified by changes in
response requirements, by a time delay
preceding an injection, as well as by pun-
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ishment with electric shock. In general, the
results of these studies in which responding

maintained by an injection of a psy-

chomotor stimulant drug are consistent
with the results of studies in which re-
sponding is maintained by other events
such as food, water, and electric stimula-
tion of the brain.
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