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Abstract

Data from several clinical studies have suggested that amantadine, which has dopaminergic agonist and glutamatergic antagonist effects,
may be useful for the treatment of cocaine dependence. The interaction between amantadine and smoked cocaine was examined in 10 cocaine
smokers (7 men, 3 women), who participated in a 26-day inpatient study. Participants were maintained on amantadine (0 and 100 mg bid) for
5 days prior to laboratory testing, using a double-blind crossover design. Under each medication condition, participants smoked a sample
dose of cocaine base (0, 12, 25, and 50 mg) once, and were subsequently given five choice opportunities, 14 min apart, to self-administer that
dose of cocaine or receive a merchandise voucher ($5.00). Each cocaine dose was tested twice under each medication condition, and the
order of medication condition and cocaine dose varied systematically. Cocaine produced stimulant-like reinforcing, subjective, and
physiological effects. Amantadine maintenance did not modify the choice to self-administer smoked cocaine. These findings, taken together
with the decidedly mixed literature, suggest that amantadine (100 mg bid) will not have a role in the treatment of cocaine dependence.

© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

In the search for medications for cocaine dependence,
attention has focused on medications with dopaminergic
activity and, more recently, on medications with glutama-
tergic activity, principally antagonist activity at N-methyl-p-
aspartate (NMDA) receptors. Amantadine, because it has
both dopaminergic (Gianutsos et al., 1985) and noncompet-
itive NMDA antagonist activity (Kornhuber et al., 1994),
may be a promising candidate medication for cocaine
dependence. Thus far, the preclinical and clinical literature
on amantadine for cocaine-use disorders has been mixed.

The preclinical literature on amantadine—cocaine inter-
actions is itself contradictory. Chronic amantadine adminis-
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tration did not affect cocaine self-administration by baboons
(Sannerud and Griffiths, 1988), although, in rats, it elimi-
nated cocaine tolerance associated with continuous cocaine
infusion but reduced behavioral effects of a single cocaine
dose in a paradigm of intermittent cocaine injections (King
et al., 1994).

In the clinical literature, findings from a few well-
designed studies have suggested a role for amantadine in
the management of cocaine dependence. Maintenance on
amantadine 200 mg/day for 10 days reduced cocaine-
positive urine samples at the end of treatment and at 1-
month follow-up (Alterman et al., 1992). Sixteen weeks on
amantadine 200 mg/day produced better treatment reten-
tion and higher rates of recent, although not sustained,
cocaine abstinence at 8 and 16 weeks of treatment,
compared with placebo (Shoptaw et al., 2002). Amanta-
dine produced lower cocaine withdrawal scores than bro-
mocriptine (Tennant and Sagherian, 1987) and, at a dosage
of 400 mg/day, improved scores on the Brief Psychiatric
Rating Scale (BPRS) during the first 15 days of acute
cocaine abstinence, an effect that disappeared with aman-
tadine, but not bromocriptine, over the next 15 days
(Giannini et al., 1989).
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Several clinical studies of cocaine-dependent patients in
opioid agonist maintenance treatment have also suggested a
role for amantadine in selected individuals. Patients with
comorbid antisocial personality disorder (ASP) showed a
poor response to amantadine compared with non-ASP
patients, who more than doubled their percentage of co-
caine-free urine over 12 weeks, while placebo-treated non-
ASP patients did not improve (Leal et al., 1994). In similar
patients with comorbid depression, both amantadine and
desipramine, but not placebo, reduced cocaine use and
Beck Depression Index scores (Ziedonis and Kosten,
1991). Finally, among patients maintained on buprenor-
phine, amantadine and desipramine improved treatment
retention and reduced cocaine use compared to fluoxetine
(Oliveto et al., 1995).

In contrast, however, there are comparably many well-
designed but disappointing clinical studies of amantadine.
Four weeks of amantadine 300 mg/day had no effect on
cocaine use (Kampman et al., 1996), although a subsequent
analysis suggested that amantadine did reduce cocaine use
in individuals with more severe cocaine withdrawal scores
(Kampman et al., 2000). At a dosage of 400 mg/day,
amantadine was no better than placebo on measures of
treatment retention, cocaine craving, or urine toxicology
(Weddington et al., 1991). Cocaine craving did not improve
with a single dose (Gawin et al., 1989) or with chronic
administration of flexible dose amantadine (Robbins et al.,
1992). Several studies of methadone-maintained cocaine
users indicate that amantadine is unlikely to have a role in
this population (Handelsman et al., 1995; Kolar et al., 1992;
Kosten et al., 1992).

Despite the inconsistent findings on the potential utility
of amantadine for cocaine dependence, the medication
combines potentially therapeutic dopaminergic and gluta-
matergic actions with a long history of safe clinical use. The
laboratory model of cocaine self-administration by cocaine-
dependent individuals offers a more controlled environment
than is available in clinical settings in which to elucidate
interactions between cocaine and amantadine. Prior labora-
tory studies of dopamine agonists had suggested some
potentially beneficial interactions of dopaminergic agonists
with cocaine (Haney et al., 1998, 1999) although the
NMDA antagonist, memantine, did not appear promising
(Collins et al., 1998). The present study investigated the
effects of amantadine on smoked cocaine self-administration
and the subjective and cardiovascular effects of cocaine
among frequent cocaine smokers.

2. Methods
2.1. Participants
Ten research volunteers, seven male (six Black, one

Caucasian) and three female (two Black, one Hispanic),
aged 30—45 years (mean=37.4 years), all active “crack”

cocaine smokers, were solicited through word-of-mouth
referral and newspaper advertisements in New York. Every
individual specifically denied a desire for treatment for
cocaine dependence, even when offered free referrals. The
research participants reported spending $338 + 228 per
week on cocaine. All denied using heroin, methadone, or
other opiates. Nine participants also smoked an average of
19 tobacco cigarettes daily (range 5—30 cigarettes/day). The
participants had completed 12.5 years of education (range
8—16 years).

All participants passed a medical and psychological
evaluation prior to the study, and none was receiving
psychiatric treatment. Each participant signed a consent
form, approved by the Institutional Review Boards of the
College of Physicians and Surgeons of Columbia University
and the New York State Psychiatric Institute. The consent
form described the study, outlined the possible risks, and
indicated both that the research participant could choose to
smoke cocaine and that an experimental medication or
placebo would be given daily. Two additional participants
(both Black males) began the protocol but were discharged
prior to completion, because each developed nonspecific
electrocardiogram T-wave changes (one following cocaine
administration and one prior to receiving any cocaine in the
study) that precluded further research participation.

2.2. Apparatus

The apparatus and laboratory setup were as previously
described (Collins et al., 1998; Foltin et al., 1995; Haney et
al., 1999).

2.3. Procedure

The research volunteers were admitted to the hospital for
26 days (25 nights). All of the participants took part in a
total of sixteen 2.5-h weekday laboratory sessions, two per
day on 4 days between study days 7 and 11, and again
between study days 21 and 25. Individuals were exposed to
each dose of cocaine (0, 12, 25, and 50 mg) twice during
each amantadine maintenance condition. The four available
cocaine doses were initially tested in four consecutive lab
sessions over 2 days, with cocaine doses presented in
random order, except that no participant received the highest
dose during his very first laboratory session of the study; the
four doses were then again tested in four consecutive
sessions over 2 of the following 3 days, so that doses given
in the morning at the beginning of the week were given in
the afternoon at the end of the week. This counterbalanced
design reduced the likelihood that time of day factors,
including carryover effects from morning to afternoon
sessions, would confound the results. Participants were
maintained on amantadine (0 or 100 mg bid), for 5.5 days
prior to the laboratory testing periods and throughout each
testing period. Five of the volunteers received amantadine
first (days 1—11), and the remaining five received placebo
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first. Research participants, nurses, and the investigators
with participant contact were blind to the medication con-
dition throughout the study. During laboratory sessions,
research nurses located in the adjacent room continuously
observed participants via a one-way mirror, and the parti-
cipants and staff could communicate via an intercom system.
Participants had access to television, radio, and videotape
movies while on the Clinical Research Center, but they were
allowed no visitors and no passes off the unit.

In each of the 16 laboratory cocaine self-administration
sessions, there was a 20-min period of baseline vital sign
observations and mood scales (see descriptions below).
Following the baseline assessments, research participants
were allowed to “sample” the dose of cocaine base (0, 12,
25, and 50 mg) available that session. Cocaine smoking was
accomplished by placing the metered dose of cocaine base
in an 8-cm glass tube, or “stem,” packed with fine metal
mesh, blindfolding the participant, and allowing him or her
to hold the glass stem while the research nurse held the
flame from the lighter until the individual had finished
inhaling the smoke. Following the sample dose, participants
were given five choice trials, spaced 14 min apart, when
they could choose to smoke the same amount of cocaine as
in the sample dose or to receive a merchandise voucher
worth $5.00. Merchandise vouchers were redeemable at
local merchants (Toys 'R Us, Nobody Beats the Wiz
Electronics Stores, Barnes & Nobles, Sloan’s Supermarkets,
or Conway’s Department Stores).

Choice trials were signaled by an audible computer-
generated tone and the appearance in outline form of two
squares (3 X 3 cm) on the computer monitor. Participants
selected an option by moving the cursor to the left or right
(illuminating the square associated with that position) and
pressing a button on the mouse 200 times. Once the
response requirement was completed, the message “left
(or right) option chosen” appeared at the bottom of the
screen. A cocaine dose or merchandise voucher was not
given on any trial in which cardiovascular activity was
above our criteria for safe drug administration (i.e., maximal
heart rate [HR] < 130, diastolic pressure [DP] <100, systolic
pressure [SP]<165).

2.4. Subjective-effects questionnaire

A visual analog scale subjective-effects questionnaire
utilized previously (Collins et al., 1998) was completed at
baseline, 4 min following each dose of cocaine or voucher,
and 30 min following the last dose of cocaine or voucher.

2.5. Drugs

Cocaine hydrochloride (provided by the National Insti-
tute on Drug Abuse) was prepared as described previously
(Foltin et al., 1990). Amantadine HCI was obtained by the
New York State Psychiatric Institute Pharmacy and pack-
aged in identical blue #00 gelatin capsules (in 0 and 100 mg

doses). It was administered at 8 a.m. and § p.m. each day on
the inpatient research unit without a taper up or down.
Amantadine has a half-life of 15 h. The active dosage of
amantadine (100 mg bid) was chosen because it was the
same dosage employed in the more promising clinical
studies (Alterman et al., 1992; Shoptaw et al., 2002).

2.6. Data analysis

Data were analyzed using SuperANOVA statistical soft-
ware for Macintosh. Each scale of the subjective-effects
questionnaire was summarized as the maximal score
obtained during the session. Maximal rate—pressure product
(HR x SP), an index of myocardial oxygen demand (Holm-
berg et al., 1971; Kitamura et al., 1972), and maximal HR,
SP, and DP were analyzed. Because the number of doses
taken over the course of a session varied, an analysis similar
to that described above was done for the effects of the first
dose of cocaine taken during that session. All data were
analyzed using a four-factor repeated measures ANOVA
with maintenance condition (amantadine vs. placebo) as the
first factor, cocaine dose (0, 12, 25, and 50 mg) as the
second factor, replication of the session (first vs. second)
under each maintenance condition as the third factor, and
the order of amantadine dosing (first vs. second) as the
fourth factor. Post hoc analyses were done using means
comparisons, for differences between amantadine and pla-
cebo at each specific dose of cocaine. When cocaine was not
given for any reason, participants still completed the sub-
jective-effects measures, and cardiovascular monitoring
continued; the data obtained, although cocaine was not
administered, were used in all the analyses. Results were
considered significant if P<.05.

3. Results
3.1. Cardiovascular effects

There were 507 cocaine doses administered in this study,
reflecting a total of 532 doses chosen, of which 25 doses
were withheld because of blood pressure elevations. The top
panel of Fig. 1 shows the effect of cocaine on peak DP as a
function of cocaine dose and maintenance condition. Co-
caine produced dose-dependent increases in maximal DP
[F(3,24)=26.75, P<.0001], with the 50 mg dose increas-
ing peak DP by about 19 mm Hg compared with placebo.
HR [F(3,24)=20.98, P<.0001] and SP [F(3,24)=70.99,
P<.0001] also increased with increasing cocaine dose, with
maximal HR increases of about 24 bpm and maximal SP
increases of about 29 mm Hg following the 50-mg cocaine
dose compared to placebo. Cardiovascular responses to the
first dose of cocaine showed similar dose-dependent
increases for HR, DP, and SP [ P<.0001, data not shown].
Amantadine maintenance did not significantly alter any of
the cardiovascular effects of cocaine on any measure.
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Fig. 1. Mean peak DP, mean peak ratings of “I feel high,” and mean number of cocaine choices as a function of cocaine dose and maintenance medication
condition. Error bars represent + 1 S.E.M. Overlapping error bars were omitted for clarity.

3.2. Subjective effects P<.0001]; and dose-dependent decreases in “I feel...”
“hungry,” [F(3,24)=5.68, P<.004], “tired” [F(3,24)=

Cocaine produced dose-dependent increases in peak rat- 7.47, P<.001] and “miserable” [ F(3,24)=5.29, P<.006;
ings of “I feel...” “high” [F(3,24)=18.51, P<.0001, data not shown]. On ratings of the cocaine dose just
middle panel of Fig. 1], “stimulated” [F(3,24)=13.08, received, cocaine produced dose-dependent increases in

P<.0001], and ““a good drug effect” [F(3,24)=19.93, ratings of “The choice was of high quality” [F(3,24)=
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14.56, P<.0001], “The choice was potent” [F(3,24)=
16.42, P<.0001], “I liked the choice” [F(3,24)=18.55,
P<.0007], and “For this dose I would pay” [F(3,24)=
11.13, P<.0001]. Responses to the first smoked dose of
cocaine showed a similar pattern of dose-dependent in-
creases. Neither peak subjective-effect ratings nor first-dose
effect ratings differed as a function of amantadine mainte-
nance condition.

3.3. Cocaine choice

The bottom panel of Fig. 1 shows the mean number of
doses of cocaine chosen as a function of cocaine dose and
maintenance condition. There was a main effect of cocaine
dose on choice behavior [ F(3,24)=58.22, P<.0001], be-
cause participants chose all active doses of cocaine signif-
icantly more often than placebo. Amantadine maintenance
had no effect on the number of times subjects chose cocaine
over the alternative reinforcer ($5.00 voucher).

4. Discussion

The present data show that maintenance on amantadine
(100 mg bid) had no effect on cocaine self-administration,
cardiovascular effects of, and subjective responses to co-
caine in cocaine-dependent smokers not seeking treatment.
The absence of any cocaine—amantadine interaction is
somewhat unusual, as laboratory models have typically
demonstrated some effect of putative treatment medications
on cocaine effects in humans (Fischman et al., 1990; Foltin
and Fischman, 1996; Walsh et al., 1994).

As noted previously, there have been inconsistent results
from the clinical and preclinical literature on the interactions
of amantadine and cocaine. The indirect dopaminergic
agonist actions of amantadine, although relatively weak,
could contribute to positive results obtained in some treat-
ment studies. Because other dopaminergic agonists, includ-
ing pergolide (Haney et al., 1998) and ABT-431 (Haney et
al., 1999), under similar laboratory conditions, reduced
some subjective effects of cocaine, the lack of any modu-
lation of cocaine effects by amantadine is consistent with the
possibility that its dopaminergic effects are too small to be
clinically significant.

An alternative explanation for some positive clinical
studies with amantadine invokes its NMDA antagonist
effects, as there is an extensive preclinical literature suggest-
ing a role for NMDA antagonists in modulating cocaine
effects (Damianopoulos and Carey, 1995; Matsumoto et al.,
1997; Pulvirenti et al., 1997; Witkin, 1993). However, the
literature here is also conflicting, with many studies indi-
cating that NMDA antagonists, in moderate dosages, in-
crease the effects of cocaine or other stimulants (Balster and
Chait, 1978; Pierce et al., 1997; Ranaldi et al., 1996, 1997).
An earlier laboratory study with cocaine smokers indicated
that memantine, a noncompetitive NMDA antagonist and

major metabolite of amantadine, increased several positive
subjective effects of cocaine (Collins et al., 1998). That
amantadine produced no effect at all, despite its NMDA
antagonist action, could be a function of it producing less
NMDA antagonism than the memantine dosage utilized
previously, or possibly that dopaminergic effects offset the
NMDA antagonist effects. A recent preclinical study
showed that memantine and amantadine differentially affect
striatal dopaminergic transmission (Peeters et al., 2003).

In the clinical literature exploring amantadine for co-
caine dependence, lower doses of amantadine (typically
200 mg/day) seemed to be associated with beneficial effects
(Alterman et al., 1992; Shoptaw et al., 2002). The absence
of an effect of this dosage in the laboratory may be a
function of many phenomena, including differences be-
tween treatment seekers enrolled in clinical trials and the
non-treatment seekers enrolled here, but it is certainly
consistent with the contradictory findings in the clinical
literature on amantadine.

The advantages of using the laboratory model to test
amantadine effects on cocaine taking lie principally in the
greater experimental control available in the laboratory over
many factors, including study medication compliance,
nonuse of other drugs and medications, and the precise
measures of cocaine taking. The laboratory model also
offers face validity, in terms of directly measuring cocaine
self-administration, rather than relying on the indirect
measures of cocaine taking that must be used in treatment
settings. A potential weakness in the approach involves the
selection of non-treatment-seeking individuals, who may be
less motivated to decrease their cocaine use than treatment-
seeking individuals. Another potential limitation of the
current study includes the use of only a single dose of
amantadine (100 mg bid), as relevant clinical effects might
occur with larger doses. Further, therapeutic responses
could require longer maintenance on amantadine before
they become apparent, although amantadine produces a
rapid response when used to treat Parkinson’s disease
(Butzer et al., 1975), and these research participants were
at steady-state plasma levels when studied in the laboratory.
Finally, generalizing from the laboratory to clinical settings
may be difficult. A laboratory model that provides more
flexibility in the timing of drug, as compared to the fixed
interval used here, may be more sensitive to effects of a
medication on cocaine choice. However, the laboratory
model utilized has been consistent with clinical outcomes.
For example, cocaine craving measured in the laboratory
increased with pergolide (Haney et al., 1998), and pergolide
worsened clinical outcomes compared with placebo (Mal-
colm et al., 2001).

The results described here suggest that brief amantadine
maintenance at a dosage of 100 mg bid does not reduce
cocaine self-administration in a population of non-treat-
ment-seeking frequent cocaine smokers in a laboratory
setting. This corroborates the overall interpretation of the
mixed findings in the clinical and preclinical literature,
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suggesting that any role for amantadine in the treatment of
cocaine dependence is likely to be limited.
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