
&p.1:Abstract A common form of polydrug use is that of co-
caine and ethanol. The identification of an ethanol-co-
caine combination product, cocaethylene, with properties
in common with cocaine, has led to speculation that this
metabolite may contribute to the co-abuse of cocaine and
ethanol. In order to determine whether ethanol pretreat-
ments selectively altered cocaine’s reinforcing potency,
ethanol pretreatments were given to monkeys trained to
press levers and receive IV infusions of several doses of
cocaine or alfentanil. In addition, nomifensine, a drug
which has a mechanism of action similar to cocaine’s,
was evaluated in the presence and absence of ethanol in
monkeys with the cocaine baseline history. Ethanol, in
doses ranging from 100 to 1780 mg/kg, given 10 min be-
fore the 130-min session, had no effect on responding
maintained by alfentanil. These doses also had no signif-
icant effect on cocaine-maintained responding, although
the potency of cocaine as a reinforcer was increased fol-
lowing administration of 1000 mg/kg ethanol in two of
the four subjects. The potency of nomifensine as a rein-
forcer was significantly increased by 1000 mg/kg etha-
nol, but again, this enhancement was limited to the same
two subjects. These data indicate that, in this paradigm,
cocaethylene did not selectively modify cocaine’s rein-
forcing potency, but there appear to be individual differ-
ences with respect to ethanol’s ability to stimulate rates
of drug-maintained responding.
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Introduction

The concurrent use of ethanol and cocaine appears to be
widespread among cocaine users, with estimates of the
number of cocaine users who also consume ethanol rang-
ing from 50–90% (Weiss et al. 1988; Grant and Harford
1990). In addition, more cocaine users are ultimately di-
agnosed as alcoholics than any other subgroup of drug
users (Rounsaville et al. 1991). One explanation offered
for this pattern of polydrug use is that ethanol is con-
sumed during cocaine binges in order to counteract the
hyperexcitability, nervousness, and insomnia which arise
with cocaine use (Siegel 1984). An additional explana-
tion is that there is a metabolic interaction between etha-
nol and cocaine such that an additional compound is
formed that maintains this polydrug abuse (Jatlow 1993).

The presence of such a compound, a cocaine ethyl es-
ter known as cocaethylene, has been detected in the urine
of individuals who have administered both cocaine and
ethanol (Rafla and Epstein 1979; Smith 1984). Cocaeth-
ylene has also been found in the post-mortem plasma
samples of individuals who had used both ethanol and
cocaine (Jatlow et al. 1991), and in the blood samples of
individuals admitted to the emergency room for cocaine
overdose (Bailey 1993). Clinical research has shown that
cocaethylene formation is induced in humans by admin-
istering cocaine and ethanol in succession (McCance-
Katz et al. 1993).

Self-administration studies in rhesus monkeys show
cocaethylene to be equal or slightly more potent than co-
caine as a reinforcer (Jatlow et al. 1991). Cocaethylene
has been shown to produce cocaine-like interoceptive ef-
fects in rats and squirrel monkeys, although it was three
to five times less potent than cocaine in studies of drug
discrimination (Woodward et al. 1991; Katz et al. 1992).
Although less potent in producing increases in locomotor
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activity, cocaethylene appears to be equipotent to co-
caine in producing convulsant effects, and more potent in
producing lethal effects in mice (Katz 1992). The in-
creased reinforcing potency of cocaethylene, as well as a
decrease in the locomotor effects or “jitteriness” which
many users find bothersome, may make consumption of
ethanol and cocaine preferable to cocaine alone. Howev-
er, the increased toxicity of cocaethylene makes such
polydrug use an even greater concern. The toxic effects
of cocaine and ethanol may be more dangerous than the
additive effects of the two drugs if their interaction forms
an even more lethal metabolite.

Fowler et al. (1992) found that ingestion of ethanol
did not influence the pharmacokinetics of cocaine itself,
and that cocaethylene synthesis was too slow to account
for acute behavioral effects and toxicity. It is unclear
how the concurrent ingestion of ethanol influences co-
caine use, and whether drug users actually ingest more
cocaine in the presence of ethanol.

The purpose of the present study was to determine
whether prior administration of ethanol would modify
rates of behavior maintained by cocaine. The specific
question was whether ethanol administration would re-
sult in an apparent increase in the potency of cocaine, as
would be expected if production of cocaethylene in-
creased the apparent duration of cocaine action. In order
to determine whether any interaction between ethanol
and cocaine was specific to cocaine, two other drugs that
serve as reinforcers in this preparation were examined
following ethanol administration. One drug, nomifen-
sine, is a dopamine reuptake blocker that has a similar
potency and effectiveness to cocaine as a reinforcer in
rhesus monkeys (Winger and Woods 1985). The other,
alfentanil, also maintains high rates of responding in this
preparation, but does so by action on the mu opioid re-
ceptor (Winger 1994).

Materials and methods

Subjects

Subjects were three male and four female rhesus monkeys individ-
ually housed in 83.3×76.2×91.4 cm stainless steel cages. Two fe-
male (RC245 and 671P) and two male (RC177 and J30) monkeys
participated in the cocaine-nomifensine aspect of the study, and an
additional three monkeys (one male and two females) participated
in the alfentanil aspect of the study. Each of the monkeys had sev-
eral months of experience with the baseline drug, and had received
other pretreatment drugs, such as dopamine or opioid antagonists,
during their history. The animals ranged in weight from 4.8 to
8.7 kg, and were fed 15–20 protein enriched monkey chows (PMI
Feeds, St Louis, Mo., USA) twice daily, and supplemented with
fresh fruit.

Apparatus

Intravenous silicone catheters were surgically implanted in each
monkey using ketamine (10 mg/kg IM) and either pentobarbital
(15 mg/kg IV) or xylazine (2 mg/kg IM) as anesthetics. The cathe-
ter was placed in either a jugular, brachial, or femoral vein, de-
pending on the surgical history of each monkey, and passed subcu-

taneously to the mid-scapular region where it exited the body. The
catheter then traveled through a hollow steel restraining arm to the
outside of the cage, where it was joined to additional silicone tub-
ing which passed through a roller infusion pump (Watson and
Marlow Co., model MHRK 55, Falmouth, UK). Within the cage a
stainless steel tubular harness and Teflon jacket (Alice King Cha-
tam Medical Arts, Los Angeles, Calif., USA) prevented the mon-
key from removing the catheter.

Inside each cage was a 15.4 cm2 stimulus panel mounted on a
wall within the monkey’s reach. Across the top of the panel were
three plastic-covered circles that could be illuminated with a 5 W
bulb. The outer two circles contained red bulbs, and the center
circle contained a green bulb. Below each red light was a response
lever (Model 121–07; BRS-LVE, Beltsville, Md., USA). The left
lever and light were inactive in this study. Responses on the right
lever were recorded on an IBM PCjr computer located in the adja-
cent room.

Procedure

Each 130-min session consisted of four 25-min, or 20 injection
components, during which time drug was available. The compo-
nents were separated by a 10-min time-out period during which
time no lights were illuminated and responding had no pro-
grammed consequences. Illumination of the rightmost red light in-
dicated drug availability, during which time 30 responses on the
right lever resulted in an infusion of drug and the illumination of
the green light. Drug infusion was followed by a 45-s time-out be-
fore the red light was again illuminated and the next infusion was
available (FR 30, TO 45).

The four components of a session were distinguished by the
duration of the drug infusion in each one. The infusions were 0.5,
1.7, 5.0, and 16.7 s in duration, yielding half-log increments in the
dose/injection of the drug being used to maintain responding. The
doses of cocaine and nomifensine corresponding to these infusion
durations were 0.001, 0.003, 0.01, and 0.03 mg/kg per injection.
The doses of alfentanil were 0.00003, 0.0001, 0.0003, and
0.001 mg/kg per injection. The order of dose presentation was var-
ied randomly among four orders throughout the study (including
ethanol pretreatment conditions). The orders were ascending dose,
descending dose, and two mixed dose orders. For short-acting
drugs such as cocaine and alfentanil, dose order has not been
found to affect the rates of responding maintained by each dose
(Winger et al. 1989). This schedule allowed dose-response curves
for the drugs to be obtained in each session.

Throughout the procedure, saline was substituted for cocaine
or alfentanil approximately every fourth session. If saline-main-
tained rates of responding were greater than 0.5 response/s in any
of the four schedule components, saline continued to be substitut-
ed until rates fell below this level. In these experienced monkeys,
substitution of saline usually produced a rapid decrease in re-
sponse rates during a single component. In addition to specified
levels of saline responding, specified patterns of drug-maintained
responding were necessary in order for ethanol pretreatments or
nomifensine substitutions to be made. These criteria were that re-
sponding be dose-related, with lowest response rates occurring at
small doses and highest rates occurring at large doses, and that the
maximum response rate be greater than one response per second.
Again, in these well-trained subjects, it was unusual for cocaine or
alfentanil not to meet these criteria.

Nomifensine was substituted for cocaine in each of the four
monkeys during single sessions. The monkeys were returned to
cocaine or saline on the session following nomifensine substitu-
tion. Nomifensine was substituted no more frequently than once
every fourth session. Pretreatments of 100, 320, 1000, or
1780 mg/kg ethanol (15% w/v) were given intravenously 10 min
before sessions in which delivery of nomifensine, cocaine or alf-
entanil was response-contingent. For each drug, a given dose of
ethanol was tested at least once but not more than four times in
each animal. No particular decision rule was used to determine if
ethanol was given more than once. When a pretreatment dose was
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given more than once, the data for all pretreatments with that dose
were averaged for each monkey. This average was then added to
the average or single observation data from each of the other three
monkeys, and the total divided by four to constitute the data
shown in the figures. For cocaine and alfentanil, data from the ses-
sions immediately preceding each ethanol pretreatment were aver-
aged to obtain the control values for each drug. The number of
sessions making up the control values is indicated in Figs 2 and 3
as “n”.

Drugs

Alfentanil was provided by Janssen Pharmaceuticals (Beerse, Bel-
gium); cocaine hydrochloride was purchased from Mallinckrodt
(St Louis, Mo., USA); and nomifensine was obtained from Hoe-
chst-Roussel Pharmaceuticals (Somerville, N.J., USA).

Ethanol was manufactured by McCormick Distilling Co. (Wes-
ton, Mo., USA).

Statistical analysis

Results were analyzed using an analysis of variance (ANOVA),
and a least squares means table was generated to compare baseline
data points to each of the pretreatment data points. The level of
significance was P<0.05.

Results

There was a dose-related increase in the rate of self-ad-
ministration for each of the three drugs, but the effects of
ethanol pretreatments on self-administration differed
among the drugs. Figure 1 illustrates the average results
of various doses of ethanol pretreatments on self-admin-
istration of each of the three drugs. There was consider-
able variability among animals under conditions of co-
caine self-administration, with the most consistent in-
creases in cocaine self-administration produced by
1000 mg/kg ethanol (top panel). For nomifensine (mid-
dle panel), 1000 mg/kg ethanol again produced the great-
est increase in self-administration. Finally, none of the
ethanol pretreatment doses had an effect on responding
maintained by alfentanil (bottom panel).

The interaction between the most effective dose of
ethanol (1000 mg/kg) and cocaine is shown in detail for
the four individual monkeys in Fig. 2. The bottom panel
shows the data averaged across four monkeys. Only one
monkey, RC245, failed to show an increase in the rate of
self-administration for any dose of cocaine following
pretreatment with 1000 mg/kg ethanol. There was no
clear ethanol-induced stimulation on any of the occa-
sions that ethanol was administered to this monkey.
Monkey J30 had an increase in cocaine-maintained re-
sponding at a dose of 0.03 mg/kg per injection after re-
ceiving ethanol, which was the only dose of cocaine that
maintained rates higher than saline in this monkey. An
increase in rates of responding maintained by cocaine
following 1000 mg/kg ethanol could be seen over a larg-
er range of doses in the two remaining monkeys. Mon-
key 671P had higher response rates after ethanol pre-
treatment across the two largest doses tested, and RC177
had increased rates at the three largest doses of cocaine

Fig. 1 Average response rates maintained by responding for co-
caine (upper panel), nomifensine (middle panel), or alfentanil
(lower panel) for four monkeys following ethanol administration.
Closed circlesrepresent responding for each drug in the absence
of ethanol. Vertical barsaround these points represent ±1 SEM.
The four different ethanol doses were: 100 mg/kg (open dia-
monds), 320 mg/kg (open squares), 1000 mg/kg (open circles),
and 1780 mg/kg (open inverted triangles). Vertical lines represent
the standard error of the control response rates&/fig.c:
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following administration of 1000 mg/kg ethanol. The av-
erage data show a slight, but not statistically significant,
increase in rate of responding for three highest doses of
cocaine after 1000 mg/kg ethanol [F(4,98)=0.29, ns].

Overall, the 1000 mg/kg dose of ethanol had a more
marked effect on rate of responding maintained by nomi-
fensine than on that maintained by cocaine, as can be
seen in Fig. 3, and this interaction proved to be statisti-
cally significant [F(4,98)=5.09, P<0.001]. However, the
same two monkeys (671P and RC177) that were stimu-
lated by ethanol under the cocaine condition were most
affected by ethanol under the nomifensine condition.
Rates of nomifensine-maintained responding in the re-
maining two animals were only slightly modified by eth-
anol.

Discussion

The data are consistent in demonstrating that, in this ex-
perimental paradigm, ethanol pretreatments do not in-
crease the potency of cocaine as a reinforcer through the
production of cocaethylene. Had this been the case, the
potency of cocaine alone would have been increased fol-
lowing ethanol pretreatments. The fact that there was no
significant increase in cocaine’s potency in the presence
of ethanol suggests that cocaethylene played no role in
augmenting cocaine’s reinforcing potency. However, two
monkeys did demonstrate an increased rate of cocaine-
maintained responding following ethanol pretreatment,
and an argument could be made that cocaethylene pro-
duction may differ among animals. This argument is re-

Fig. 2 Response rates main-
tained by cocaine following
pretreatment with 1000 mg/kg
ethanol. Closed circlesrepres-
ent control rates of responding
for cocaine, and open squares
represent response rates for co-
caine following administration
of 1000 mg/kg ethanol. The top
four panelsrepresent data from
individual monkeys; n indicates
the number of observations for
the indicated dose-response
curve. The vertical barsrepres-
ent ±1 SEM. When n>2 and no
vertical bars are apparent, the
variability is within the data
point. The lower panelrepre-
sents the average data
(±1 SEM) for the four
monkeys&/fig.c:
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jected by the finding that these same two monkeys also
showed increased rates of nomifensine-maintained re-
sponding, a situation in which cocaethylene could not
have been a factor. Rather, the data indicate that there are
individual differences among animals in the likelihood of
stimulation following ethanol administration.

The stimulant effects of ethanol on operant respond-
ing have been observed in other situations as well. Etha-
nol doses similar to those used in the present study
(1000–2000 mg/kg) have been shown to increase rates of
responding maintained by food in squirrel monkeys
(Barrett 1976). However, the complete absence of an ef-
fect of ethanol on alfentanil-maintained responding, as
well as individual differences in this effect, suggests that
a general ethanol-induced stimulation of behavior did
not occur.

None of the monkeys self-administering alfentanil
showed any stimulation or suppression by ethanol. This
raises two possibilities for ethanol’s stimulating effects
that cannot be separated by these studies. Either few
monkeys (in this case, two of seven) demonstrate stimu-
lant effects of ethanol; or the percentage showing this ef-
fect is higher (two of four) but only when a central stim-
ulant is serving as a reinforcing event. There is a prece-
dent for reinforcer-selective stimulant effects of ethanol.
Barrett (1976) demonstrated that ethanol’s effects were
quite different depending on the nature of the event
maintaining behavior. Food-maintained response rates
were increased and shock-maintained response rates
were decreased by the same dose of ethanol. The two
classes of reinforcers in this experiment (CNS stimulants
and an opioid drug) do seem as different as reinforcers as

Fig. 3 Response rates main-
tained by nomifensine follow-
ing pretreatment with
1000 mg/kg ethanol. Closed
circlesrepresent control rates
of responding for nomifensine,
and open squaresrepresent re-
sponse rates for nomifensine
following administration of
1000 mg/kg ethanol. The top
four panelsrepresent data from
individual monkeys. The lower
panelrepresents the average
data for the four monkeys.
Other symbols are as in Fig. 2&/fig.c:
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do food and shock, but the mechanism underlying the in-
dividual differences observed here, whether behavioral,
historical, or pharmacological, remains unknown. Cer-
tainly, evaluating the effects of ethanol in a large number
of subjects would help to delineate the nature of the indi-
vidual differences.

The role of cocaethylene in the enhancement of co-
caine’s behavioral effects when combined with ethanol
remains unclear (Fowler et al. 1992; Jatlow 1993). These
data do not detract from the possibility that concurrent
abuse of cocaine and ethanol in humans is due to the for-
mation of cocaethylene. Since ethanol was given non-
contingently in these studies, its administration did not
mimic that of human drug abusers. People who combine
use of cocaine with ethanol presumably do so in a pat-
tern that maximizes cocaethylene formation, if this com-
pound is, in fact, important to the maintenance of this
form of polydrug abuse. Under the current experimental
protocol, it is not certain that there was sufficient time
for cocaethylene to be formed, or whether any produc-
tion of cocaethylene occurred in a sufficiently response-
contingent way to modify the reinforcing effects of co-
caine. The procedure is sensitive to pretreatments that in-
crease the potency of the reinforcing drug, since admin-
istration of the MAO-B inhibitor l-deprenyl produced a
marked leftward shift in the reinforcing effects of beta
phenylethylamine in an identical procedure (Winger, un-
published observations).

Further studies in which cocaethylene formation is
measured, as well as protocols in which ethanol as well
as cocaine are available on a response-contingent basis,
might help to clarify these issues. However, the current
data indicate that in future experiments, the choice of
drugs used to control for the effects of cocaine may be
critical, as well as individual differences in responsive-
ness to ethanol. Although we remain ignorant of the
mechanism whereby ethanol produced stimulation of be-
havior maintained by a dopamine reuptake blocker other
than cocaine, but had no effect on behavior maintained
by an opioid, it seems clear that there is an important dif-
ference in ethanol’s ability to modify behavior controlled
by drugs with different mechanisms of action. This dif-
ference may be reflected in populations of human ad-
dicts, where cocaine addicts are twice as likely as opioid
addicts to abuse alcohol (Rounsaville et al. 1991). Fur-
ther studies of the differential effects of ethanol on drugs
of abuse may be important to the understanding of vari-
ous forms of polydrug abuse.
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