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WENGER, G. R. AND D. W. WRIGHT. Behavioral effects of cocaine and its interaction with d-amphetamine and morphine in rats.
PHARMACOL BIOCHEM BEHAV 35(3) 595-600, 1990. —Drugs of abuse are commonly co-abused, and frequently these
combinations produce effects which cannot be predicted by studying the effects of the individual drugs. To investigate the behavioral
interactions which occur following combinations of cocaine plus amphetamine or cocaine plus morphine, rats were trained to respond
under a differential reinforcement of low rates (DRL) schedule (1014 sec). Cocaine (0.1-10 mg/kg) and d-amphetamine (0.1-3
mg/kg) decreased the percentage of reinforced responses (efficiency) at doses which had no effect on overall rate of responding.
Following moderate doses of either drug, the interresponse time (IRT) distribution showed an increase in the percentage of shorter
(<10 sec) IRT’s. Morphine (0.1-10 mg/kg) also decreased efficiency, but the decrease which occurred was only observed at doses
which also decreased overall response rates. As might be expected, the IRT distribution for morphine showed a dose-related increase
in the percentage of long IRT’s (>14 sec). When doses of morphine which had no significant effect when administered alone (1 or
3 mg/kg) were combined with cocaine, the cocaine dose-response curve for efficiency was shifted down and to the left and response
rates were increased. Analysis of the IRT distribution showed that the combination of an ineffective dose of cocaine, 1 mg/kg, plus
3 mg/kg morphine produced a shift in the IRT distribution to the left (an increase in the percentage of short IRT’s). When cocaine was
combined with 0.3 mg/kg d-amphetamine, a dose which had no effect when given alone, no significant interactions were observed on
efficiency or overall rate of responding. A higher dose of d-amphetamine (0.56 mg/kg) which significantly decreased efficiency and
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response rates when given alone, did not result in a greater effect when given in combination with cocaine.

Cocaine Amphetamine Morphine Rat DRL

Reinforcement

AMONG cocaine addicts, polydrug abuse is a common phenom-
ena (19, 20, 22), and drugs representing a wide range of
pharmacological classes are frequently combined with cocaine.
The list of drugs frequently combined with cocaine includes:
alcohol, marijuana, opiates, sedatives of various types, and
stimulants including amphetamines (3, 10, 17, 22). The primary
reasons expressed by users for polydrug use ranged from: com-
bating unpleasant side effects, to alleviating feelings of anxiety
when cocaine’s initial euphoria dissipates, to reducing the inten-
sity of the cocaine high, to enhancing the cocaine high (9, 10, 18,
23, 25). In some cases the combining of drugs is intentional. For
example, the combination of narcotics with cocaine, ‘‘speed-
balling,”” is quite common and reportedly is used to produce a
more intensely pleasurable ‘‘rush’’ (5, 9, 25). Other combinations
are used unintentionally by addicts. For example, in an attempt to
reduce (“‘cut’’) the amount of ‘active’” agent being sold, amphet-
amines are frequently used to substitute for a reduced amount of
cocaine (15). Street samples of cocaine have been found to
contain: procaine, lidocaine, phenylpropanolamine, heroin, caf-

feine, amphetamines, lactose, and mannitol (9, 11, 24). Interest-
ingly, addicts may not be aware that the purchased cocaine has
been “‘cut,”’ and addicts using cocaine ‘‘cut’’ with amphetamine
may not be able to distinguish it from pure cocaine. Studies with
experienced addicts have shown that the subjective effects pro-
duced by amphetamine and cocaine were very similar, and most
addicts could not distinguish the two drugs (8).

In spite of the frequency of multiple drug use, the majority of
the drug abuse literature is concerned with the effects of single
agents, and only a limited number of studies reporting the effects
of drug combinations appear in the literature, Of the few studies
which have been done in laboratory animals, some have been
concerned with whether or not cocaine altered the response of
animals to another drug. For example, cocaine has been shown to
potentiate the toxicity of morphine in rats and mice (2) and to
increase the analgesic properties of morphine (14,16). Other
studies have reported on the ability of a second drug to alter
cocaine’s effects. Amphetamine (21), caffeine (13) and morphine
(2) are all reported to increase the response to cocaine in rodents.

'Requests for reprints should be addressed to Galen R. Wenger, Ph.D., Department of Pharmacology and Interdisciplinary Toxicology, Mail Slot 611,
University of Arkansas for Medical Sciences, 4301 W. Markham St., Little Rock, AR 72205.
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In the present study, dose-response curves were determined for
cocaine, d-amphetamine, and morphine in rats trained to respond
under a differential reinforcement of low rate (DRL) schedule of
reinforcement. The DRL schedule is reported to measure an
animal’s ability to discriminate the passage of time, and, thus, it
was selected for study because of our interest in the disruption of
temporal discrimination by drugs of abuse. Under this schedule
only those responses separated by more than 10, but less than 14
sec, produced a food pellet. In addition, to determine if morphine
and d-amphetamine were capable of altering the cocaine dose-
response curve, combinations of cocaine plus selected doses of
morphine or cocaine plus selected doses of d-amphetamine were
examined.

METHOD
Subjects

Six adult (410415 g), male CD rats (Charles River Breeding
Laboratories, Portage, MI) were food deprived to a body weight
equivalent to 80% of their free-feeding weights. They were
maintained at that weight throughout the experiment by postses-
sion feeding. The rats were housed individually with water freely
available in the home cages. Relative humidity and temperature
were maintained at 50% and 22°C, respectively. A 12-hour
light/dark cycle was maintained with the lights on from 0700 to
1900 hours.

Schedule

Rats were trained to temporally space their responses under a
differential reinforcement of low rates (DRL) schedule. Under this
schedule a response separated from the beginning of the experi-
mental session or from the previous response by a minimum
interval of 10 sec, but less than 14 sec (DRL 10-14 sec), produced
a 97-mg food pellet (Noyes Lab Animal Food; P. J. Noyes Co.,
Lancaster, NH). Responses separated by less than 10 sec or by
more than 14 sec reset the timing cycle, but had no additional
consequences. Test sessions were conducted 5 days/week, Mon-
day through Friday, and were 45 minutes in duration.

Apparatus

Rats were tested in a standard rat test cage (Gerbrands Model
G7322; Gerbrands Corp., Arlington, MA). In the center of the
front panel approximately 2 cm from the floor, a rectangular
opening provided access to a food tray into which the 97-mg food
peliets were dropped. A lever was mounted on either side of the
rectangular opening. A downward force on the levers of approx-
imately 0.15 N closed the contacts and defined the response. Only
responses on the right-hand lever produced reinforcement, and
responses on the left-hand lever had no programmed conse-
quences. Two 28-V DC bulbs (No. 1819) were located above the
right-hand lever. Two additional 28-V DC bulbs (No. 1819) were
located in the ceiling of the chamber (houselight). At all times,
except for a brief instant during the operation of the pellet feeder,
the houselight and the lights above the right-hand lever were
illuminated. Experimental programming and data collection were
controlled by a TRS-80, Model III microcomputer (Tandy Corp.)
housed in an adjoining room.

Drugs

The drugs used in this study were: cocaine-HCl, morphine-SO,,
and d-amphetamine-SO,. All drugs were administered 5 min
before the start of the experimental session. When cocaine
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was administered along with morphine or d-amphetamine, both
drugs were administered 5 min before the start of the session. All
drugs were dissolved in normal saline (0.9%) and administered by
the IP route in a volume of 1 ml/kg of body weight. Doses of all
drugs were calculated and expressed as the salt. Drugs were never
administered more frequently than twice/week, typically Tuesday
and Friday. Saline (1 ml/kg) was administered on Thursday of
each week as a vehicle control.

Measurement of Drug Effects

The “‘efficiency’” of responding under the DRL schedule was
determined by dividing the total number of reinforced responses
by the total number of all responses during the session. This value
was then multiplied by 100 to convert it to a percentage. Response
rate was determined by dividing the total number of responses by
the total session time (45 min) and is expressed as responses/
second. In addition, a measure of the rat’s ability to space its
responses in real time was determined by measuring the duration
between responses (interresponse times, IRT’s). Responses of a
given IRT class were accumulated in each of 10 bins, each bin
representing consecutive 2-sec IRT’s. Thus, the number of re-
sponses separated by 0-2 sec were accumulated in bin 1, responses
separated by 24 sec were accumulated in bin 2, responses
separated by 46 sec were accumulated in bin 3, etc. Thus,
reinforced responses were accumulated in bins 6 (10-12 sec) and
bin 7 (12-14 sec). Responses separated by 18 sec or more were
accumulated in bin 10. The percentage of responses separated by
different IRT values was then determined by dividing the number
of responses in each bin by the total number of responses in the
session.

The standard error of the mean for saline control data was
calculated by determining the total standard deviation (n—1) for
all saline values in all rats and dividing by the square root of n,
where n represents the number of rats used in the study.

RESULTS

Performance under the DRL 10-14 sec schedule of reinforce-
ment stabilized after approximately 8 weeks of training, and no
consistent increases or decreases were observed in the rate of
responding or the percentage of total responses which produced a
food pellet (efficiency). The mean percent efficiency following
saline control injections in the six rats ranged from 44.1% to
66.1% and the mean rate of responding ranged from 0.068 to
0.092 responses/second.

Initially, dose-response curves were determined for cocaine,
morphine, and d-amphetamine alone. When cocaine was tested
over a dose range of 0.1-10 mg/kg, no effects were observed
below doses of 3 mg/kg (Fig. 1). At doses of 3 mg/kg and higher,
a dose-related decrease in the percent efficiency was observed
without a significant change in overall response rate. Analysis of
the effects of cocaine on the IRT distribution is shown in Fig. 2.
Cocaine produced no effect on the IRT distribution at doses below
3 mg/kg. However, at doses of 5.6 and 10 mg/kg there was an
increase in the percentage of IRT’s of less than 10-14 sec, and a
decrease in the percentage of longer IRT’s. Thus, the decrease in
efficiency observed at 3, 5.6 and 10 mg/kg resulted from a greater
percentage of the responses occurring with IRT's of less than
10 sec.

Following doses of morphine ranging from 0.1-10 mg/kg, no
effects were observed at doses below 3 mg/kg (Fig. 3). At doses
above 3 mg/kg, dose-related decreases were observed for both the
percent efficiency and the rate of responding. Analysis of the IRT
distribution showed (Fig. 4) that increasing doses of morphine
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FIG. 1. Effect of cocaine-HCI on the efficiency and rate of responding of
rats responding under the DRL 10-14 sec schedule of reinforcement.
Abscissa: dose in mg/kg on a log scale; ordinate (left): efficiency of
responding defined as the number of responses with IRT’s of 10-14 sec
divided by the total number of responses in the session expressed as a
percentage; ordinate (right); rate of responding as responses/second. Points
and brackets represent the mean of single determinations in each of 6 rats
+S.E. Points above S represent the mean of all saline determinations in
each of 6 rats =S.E. (see the Method section).

produced a decrease in the percentage of IRT’s falling within the
10-14 sec time interval (bins 6 and 7), and an increase in IRT’s of
18 sec and longer. Unlike cocaine, morphine produced no in-
creases in the percentage of shorter IRT’s.

The effects of d-amphetamine (0.1-3 mg/kg) were somewhat
similar to cocaine. At doses of 1 mg/kg and higher, decreases in
the percent efficiency were observed without a corresponding
change in overall response rate (Fig. 5). Analysis of the IRT
distribution (Fig. 6) showed that the effects of doses of 1 mg/kg
and higher were to increase the percentage of IRT’s of less than 10
sec in length and to decrease the percentage of IRT’s of more than
10 sec in length. The net effect of these changes was a broadening
of the discrimination peak similar to that seen with cocaine.
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FIG. 2. Effect of cocaine'HCI on the percentage of total responses in a
given IRT class. Abscissa: IRT classes representing consecutive 2-sec
periods (see the Method section); ordinate: the percentage of total
responses. Points and brackets represent the mean of single determinations
in each of 6 rats = S.E. Points and brackets for saline represent the mean
of all saline determinations in each of 6 rats =S.E. (see the Method
section).
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FIG. 3. Effect of morphine-SO, on the efficiency and rate of responding of
rats under the DRL 10-14 sec schedule of reinforcement. Data expressed
as in Fig. 1. n=6.

To study the interactions which may occur between cocaine
and morphine, doses of morphine were selected which had
relatively little, if any, effect when given by themselves. Thus, the
cocaine dose-response curve was redetermined in the presence of
either 1 or 3 mg/kg morphine. When 1 mg/kg morphine was
combined with cocaine, the combination produced no differences
in percent efficiency, rate of responding or the IRT distribution
(data not shown) compared to cocaine alone. However, when 3
mg/kg morphine (the highest dose which produced no significant
effects when given alone) was combined with cocaine, a consid-
erable degree of shift was observed in the dose-response curves for
efficiency and rate of responding (Fig. 7). The dose-response
curve for efficiency was shifted down and to the left. The curve for
response rate showed that the combination, compared to the
effects of cocaine alone, produced increases in the rate of
responding at low to moderate doses of cocaine and a decrease at
the highest dose of cocaine, 10 mg/kg. These changes were
associated with changes in the IRT distribution. Figure 8 shows
the IRT distribution for saline, each drug combined with saline,
and 3 mg/kg morphine combined with either 1 or 3 mg/kg cocaine.
As can be seen the combinations of 3 mg/kg morphine with either
1 or 3 mg/kg cocaine produced a higher percentage of shorter
IRT’s compared to cocaine alone or saline. Following the combi-
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FIG. 4. Effect of morphine-SO, on the percentage of total responses in a
given IRT class. Data expressed as in Fig. 2. n=6.
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FIG. 5. Effect of d-amphetamine-SO, on the efficiency and rate of
responding of rats under the DRL 10-14 sec schedule of reinforcement.
Data expressed as in Fig. 1. n=6.

nation of 3 mg/kg morphine with 5.6 mg/kg cocaine, there was no
change in the percentage of short IRT’s compared to cocaine
alone, but there was a decrease in the percentage of longer IRT’s
(data not shown). However, these effects were the same as those
produced by 5.6 mg/kg cocaine plus saline.

A similar interaction was not observed when selected doses of
d-amphetamine were combined with cocaine. When 0.3 mg/kg
d-amphetamine (a dose which when combined with saline pro-
duced a minimal decrease in efficiency and no change in response
rate) was combined with cocaine, the combination decreased
efficiency compared to cocaine alone. However, the combination
did not decrease efficiency compared to 0.3 mg/kg d-amphetamine
alone until a cocaine dose of 3 mg/kg was given in combination
(Fig. 9). A similar effect of the combination is seen in the rate of
responding (Fig. 9). These affects can be seen in slightly greater
detail in an analysis of the IRT distribution following combina-
tions of 0.3 mg/kg d-amphetamine with either 1 or 3 mg/kg
cocaine (Fig. 10). Although the distribution is shifted to the left
compared to saline or cocaine + saline, there were very few
instances where the combination of cocaine and d-amphetamine
was significantly different from d-amphetamine alone.
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FIG. 6. Effect of d-amphetamine-$O, on the percentage of total responses
in a given IRT class. Data expressed as in Fig. 2. n=6.
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FIG. 7. Effect of cocaine-HCI plus saline and cocaine'HCI plus 3 mg/kg
morphine-SO, on the efficiency (left) and on the rate of responding (right)
of rats under the DRL 10-14 sec schedule of reinforcement. Data
expressed as in Fig. 1. n=6.
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FIG. 8. Effect of saline, saline plus cocaine-HCl, saline plus morphine-SO,,
and cocaine-HCI plus morphine-SO, on the percentage of total responses
in a given IRT class. Data expressed as in Fig. 2. n=6.
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FIG. 9. Effect of cocaine-HCI plus saline and cocaine-HCI plus 0.3 mg/kg
d-amphetamine-SO, on the efficiency (left) and on the rate of responding
(right) of rats under the DRL 10-14 sec schedule of reinforcement. Data
expressed as in Fig. 1. n=6.

A combination of 0.56 mg/kg d-amphetamine with cocaine
also failed to show a significant degree of interaction (data not
shown). The dose of 0.56 mg/kg d-amphetamine decreased
efficiency by about 20% compared to saline, and when the cocaine
dose-response curve was redetermined in the presence of 0.56
mg/kg d-amphetamine, no dose combination produced an affect on
efficiency which was different than 0.56 mg/kg d-amphetamine
alone. In a similar manner 0.56 mg/kg d-amphetamine increased
the rate of responding compared to saline, but no combination of
cocaine and 0.56 mg/kg d-amphetamine produced a different
affect.

DISCUSSION

These data clearly show that the combination of cocaine and
morphine produce an effect which is greater than either drug given
alone. The effect is also different than what would be expected
based on simple response additivity. For example, cocaine at
doses below 5.6 mg/kg had no effect on response rate or
efficiency. At higher doses, 5.6 and 10 mg/kg, cocaine increased
response rate and decreased efficiency. Morphine had no effect at
doses below 5.6 mg/kg, but in contrast, decreased response rate
and efficiency at doses of 5.6 and 10 mg/kg. Thus, at doses of 3
mg/kg and lower of both drugs little effect is observed. However,
it is over this low dose range where the most interesting interac-
tions occurred. When doses of 1 and 3 mg/kg cocaine, which have
no effect when given alone, are combined with an ineffective dose
of morphine, response rate is increased, efficiency is decreased,
and the IRT distribution is altered. The interactions at higher doses
of cocaine are also significant, but they are complicated by the fact
that cocaine was shown to have effects at these doses. However,
even at 5.6 and 10 mg/kg cocaine, the addition of an ineffective
dose of morphine (3 mg/kg), produced a greater effect on
efficiency than was observed with cocaine alone.

Similar interactions have been reported in laboratory animals
using other endpoints. Blumberg and Ikeda (2) reported that
cocaine potentiated the morphine-induced loss of righting reflex in
rats, potentiated the Straub tail response of morphine in mice, and
increased the acute toxicity of morphine in mice and rats. There
have also been several reports of cocaine potentiating the analgesic
effects of morphine in laboratory animals (14,16). The results in
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FIG. 10. Effect of saline, saline plus cocaine-HCl, saline plus d-
amphetamine-SO,, and cocaine plus d-ampethamine-SO, on the percent-
age of total responses in a given IRT class. Data expressed as in Fig. 2.
n=6.

the present study along with the previous reports in the literature
are somewhat supportive of the reports of addicts that use cocaine
and narcotics in combination. The combination of cocaine and a
narcotic (‘‘speedball’’) is said to result in a greater ‘‘rush’’ than
that reported with heroin alone (5,25). Likewise, it has been
suggested that the lethal effects of combinations of cocaine and
morphine are greater than cocaine alone (7). In a survey of
drug-related deaths, blood levels of cocaine, upon autopsy, were
found to be lower in those cases involving both morphine and
cocaine than those cases in which cocaine was the only drug
involved. It is difficult to explain the greater than additive
interaction between cocaine and morphine observed in the present
study. Based upon our present understanding, there is little if any
similarity in the mechanism of action of morphine and cocaine,
and they do not produce similar drug-induced stimulus states in
laboratory animals or man.

The present data also clearly show that the combination of
cocaine with d-amphetamine does not always produce an additive
effect. In the present study, if there was any interaction, it was less
than additive. No combination of cocaine and d-amphetamine in
this study produced an effect which was greater than that produced
by either agent alone. The failure to see significant interactions
between cocaine and d-amphetamine, in this study, is surprising in
light of the similarities in their known pharmacology, the similar-
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ities in the subjective effects of IV cocaine and d-amphetamine in
human addicts (8) and in similar tests in laboratory animals trained
to discriminate drug-induced stimulus states (4, 6, 12), and in light
of previous reports of significant interactions (21). Based upon
these reports, one might have predicted additive effects when
cocaine was combined with d-amphetamine, but little evidence
exists for an additive effect of this combination in this study. The
reasons for this failure to see significant interactions are not clear,
but they may relate to the behavior being studied, or the order and
timing of drug administration.

The failure to see additive interactions is interesting in light of
the work of Azzaro et al. (1) who reported that the release of
norepinephrine by amphetamine from chopped rat cerebral cortex
is inhibited by high concentrations of cocaine or desmethylimi-
pramine. The same concentrations of cocaine did not affect the

WENGER AND WRIGHT

release of norepinephrine by KCI. This antagonism by cocaine of
the effects of amphetamine is thought to be due to cocaine’s ability
to block the uptake of amphetamine into the neuron thereby
preventing amphetamine from releasing intraneuronal stores of
norepinephrine. Such an interaction between amphetamine and
cocaine may be the mechanism responsible for the failure to see
additive interactions in the present behavioral study.
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