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Abstract

Preclinical studies suggested that combination of naltrexone and isradipine may be useful for the treatment of cocaine addiction. This
study examined whether naltrexone and isradipine, alone or in combination, would attenuate the subjective and physiological effects of
cocaine in humans. Seven cocaine users participated in a randomized, double-blind, placebo-controlled inpatient study. Before each of the
seven experimental sessions, subjects were treated orally with naltrexone (50 mg or placebo), isradipine (10 mg or placebo), or naltrexone
plus isradipine. Subjects then received a single dose of intranasal cocaine (4 mg or 100 mg/70 kg). Isradipine alone attenuated the systolic
blood pressure response to cocaine. In contrast, isradipine plus naltrexone treatment attenuated both the systolic and diastolic blood pressure
responses. Naltrexone alone did not affect the blood pressure response to cocaine. For subjective response to cocaine, isradipine, alone or in
combination with naltrexone, did not have significant effects. Naltrexone treatment alone attenuated the rating of “good effects” from
cocaine without affecting other subjective responses. These results suggest that isradipine alone or in combination with naltrexone attenuates

some of the physiological effects of cocaine.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

The brain opioid system may mediate the rewarding
effects of drugs of abuse including cocaine (van Ree et al.,
1999). For instance, the opioid antagonist naloxone reduced
cocaine self-administration in rats (Corrigall and Coen,
1991), blocked cocaine place preference in rats (Bilsky et
al., 1992; Suzuki et al., 1992), and attenuated the threshold
lowering effects of cocaine for intracranial stimulation in rats
(Bain and Kornetsky, 1987). Another opioid antagonist
naltrexone reduced cocaine self-administration in monkeys
(Mello et al., 1990). Other studies, however, contradicted
these findings. Naltrexone treatment did not change cocaine
self-administration in monkeys (Rowlett et al., 1998) and it
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increased cocaine self-administration in rats (Carroll et al.,
1986). In a human study, naltrexone treatment attenuated the
cocaine-induced increases in self-reported value of cocaine
and unpleasant sensations that follow intravenous cocaine
“crash” (Kosten et al., 1992). In contrast, with cocaine- and
opioid-using men, Walsh et al. (1996) reported that naltrex-
one treatment did not affect the subjective or physiological
effects of ascending doses of intravenous cocaine. In addition
to these human laboratory studies, the utility of naltrexone
for cocaine dependence was also investigated in outpatient
studies (Hersh et al., 1998; Oslin et al., 1999). In a recent
outpatient clinical trial, the combination of naltrexone and
relapse prevention treatment was more effective than the
control treatments in reducing cocaine use (Schmitz et al.,
2001). Although not consistent, these results suggest that
naltrexone may have value as a treatment for cocaine
dependence.

Calcium ion channels have also been proposed to mediate
the effects of cocaine. In preclinical studies, isradipine, a
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dihydropyridine derivative calcium channel blocker, blocked
calcium-dependent dopamine release in the mesolimbic
system (Pani et al., 1990), suppressed cocaine self-adminis-
tration (Martellotta et al., 1994), and blocked cocaine place
preference (Pani et al., 1991) in rats. In human studies,
isradipine treatment prevented the cocaine-induced changes
in brain blood flow using single photon emission computer-
ized tomography (Johnson et al., 1998). Isradipine treatment
also attenuated the subjective effects of oral methamphet-
amine in humans (Johnson et al., 1999). These findings
suggest that isradipine may attenuate both the behavioral and
physiological effects of cocaine.

Interestingly, the combination of naltrexone and isradi-
pine, in doses that are not effective alone, blocked the
threshold lowering effects of cocaine for intracranial stimu-
lation in rats, suggesting that combining these medications
may be valuable for the treatment of cocaine addiction
(Pabello et al., 1998; Reid et al., 1997). Considering these
promising findings, the purpose of this study was to inves-
tigate the effects of naltrexone alone and isradipine alone on
acute cocaine responses in humans. In addition, we also
examined the effects of isradipine plus naltrexone treatment
on the subjective response to cocaine.

Based on preclinical findings, we hypothesized that
treatment with a combination of isradipine and naltrexone
would be more effective than either treatment alone in
attenuating the subjective and physiological effects of co-
caine. This hypothesis was tested in non-treatment-seeking
cocaine users using a randomized, double-blind, placebo-
controlled study design.

2. Methods
2.1. Subjects

Subjects were five males and two females, non-treatment-
seeking, crack cocaine users with an average (S.D.) age of
38.0 (4.5) years. Three additional subjects were enrolled but
dropped out of the study for personal reasons and lack of
compliance with study procedures and were not included in
the analyses. Each participant had to meet the following
inclusion criteria: (1) history of cocaine use, with street
cocaine use by history being a minimum of 7 g during the
preceding 3 months, with at least one previous episode of
using at least 1 g within a 5-day period and (2) laboratory
confirmation of cocaine use (positive urine for cocaine or
benzoylecgonine) during the 3 weeks prior to entry. Subjects
were excluded from participation if they (1) had ill health
(major cardiovascular, renal, endocrine, hepatic disorder, or
acute hepatitis); (2) present use of narcotic analgesics either
by history or by urine drug screening; (3) showed signs and
symptoms of acute opioid withdrawal; (4) had a diagnosis of
drug (e.g. opioids) or alcohol dependence (other than cocaine
or tobacco) as defined by DSM-IV (American Psychiatric
Association [APA], 1994); (5) had hypersensitivity to isradi-

pine or other calcium antagonists; (6) had symptomatic
hypotension with systolic blood pressure less than 90 mmHg;
(7) had sick sinus syndrome or any degree of AV block
detected with ECG or physical examination; (8) had a history
of major psychiatric disorder (psychosis, schizophrenia,
bipolar, depression) or significant psychiatric symptoms at
the time of evaluation for study participation, including
suicidal ideation; (9) were pregnant (positive urine pregnancy
test), or planning to become pregnant or using inadequate
birth control; (10) had medical contraindication to, or prior
serious adverse effects from, cocaine or stimulants (i.e.
seizures, cardiac arrest); and (11) were currently seeking
treatment for cocaine dependence. Each subject’s eligibility
was ascertained through a comprehensive evaluation includ-
ing a physical, psychiatric, and laboratory examination.
Psychiatric and drug use diagnoses were determined by a
research psychiatrist based on clinical examination and urine
drug screening.

Five subjects were African American, one was Hispan-
ic, and one was Caucasian with an average (S.D.) school-
ing of 12.7 (1.5) years. All the subjects were cocaine
dependent as defined by the DSM-IV (APA, 1994). Sub-
jects weighed an average of 76.5 (15.8) kg. Within the
month before admission, the average frequency of cocaine
use was 5.0 (1.8) days/week and the amount of use was 6.6
(4.3) g/week. The average duration of cocaine use was 9.6
(7.3) years. Other drugs used currently were cigarettes
(n=06), alcohol (n=3), marijuana (n=2), and opioids
(n=1). Drug use history was confirmed with urine toxi-
cology screening before study participation. Before study
participation, subjects signed an informed consent. Sub-
jects were paid for study participation. This study was
approved by the VA Connecticut Healthcare System Hu-
man Subjects Subcommittee.

2.2. Study procedure

This inpatient, randomized, double-blind, placebo-con-
trolled, within-subjects study was carried out at the VA
Connecticut Healthcare System while subjects were housed
in a hospital ward with around the clock nursing staff. The
study had one adaptation and seven experimental sessions.
Before the first experimental session, subjects underwent
an adaptation session to orient them to the laboratory
procedures. During each experimental session, subjects
were administered one of the following treatments accord-
ing to a randomized, double-blind design: (1) placebo:
placebo plus placebo—cocaine (cocaine at 4 mg), (2)
cocaine alone: placebo plus cocaine (100 mg/70 kg), (3)
naltrexone alone: naltrexone (50 mg) plus placebo—co-
caine, (4) isradipine alone: isradipine (10 mg) plus place-
bo—cocaine, (5) cocaine—naltrexone: naltrexone (50 mg)
plus cocaine, (6) cocaine—isradipine: isradipine (10 mg)
plus cocaine, and (7) cocaine—naltrexone plus isradipine:
naltrexone and isradipine plus cocaine. The experimental
sessions were completed over a 2—3 week period with a
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minimum of 2 days between sessions, to minimize the
carryover effects from the study medications. Subjects were
asked not to use any illicit drugs or alcohol during the
study and their compliance was checked with urine drug
screening using immunoassay method and breathalyzer
(Alco-Sensor III) before the sessions. Subjects were not
permitted to eat solid food and drink beverages with
caffeine for 4 h before the sessions and during the sessions.
This procedure was implemented for safety reasons in case
of a severe adverse reaction to study medications and to
minimize the interaction between the acute effects from
caffeine and study medications. Subjects were provided
with noncaffeinated beverages every 2 h during each
experimental session.

2.3. Drugs

The orally administered study medications and their
placebo (i.e. lactose) were prepared in blue opaque capsu-
les (size 00). Isradipine (Dynacir, Novartis) was adminis-
tered 90 min before postdrug assessment as a single 10 mg
oral dose, since this dose has been reported to reverse
some of the physiological effects of cocaine in humans and
is below the maximum recommended daily dose of 20 mg
of isradipine (Johnson et al., 1998). Following oral admin-
istration, peak levels of isradipine are reached in 1.5-3
h and it has an elimination half-life of 5—11 h (PDR,
2002).

Naltrexone HCl (ReVia, DuPont) was administered 60
min before postdrug assessment as a single 50 mg oral
dose, since peak plasma levels of naltrexone are reached
within 1 h and it has an elimination half-life of 4 h (PDR,
2002).

Cocaine hydrochloride was administered by nasal insuf-
flation. Cocaine powder was given on a tray with a straw.
Subjects were instructed to make their own line and ensure
that all the cocaine was insufflated. For placebo cocaine, 4
mg of cocaine was added to lactose to provide peripheral
cues of cocaine without producing measurable cocaine levels
(Javaid et al., 1978). The active dose of cocaine was 100 mg/
70 kg, which reliably elicits physiological and subjective
responses (Oliveto et al., 2001). Following intranasal deliv-
ery, peak plasma levels of cocaine are reached within 30 to
120 min while the peak subjective effects of cocaine are
observed 30 min following cocaine administration (Jones,
1990).

2.4. Medical monitoring and safety

For cardiac rhythm monitoring and heart rate and blood
pressure measurements, an automated equipment (Hewlett-
Packard 43200A) was used. Twelve-lead ECGs were
obtained prior to cocaine administration and at the end of
each session. Subjects remained in the laboratory until all
vital signs returned to baseline levels. A research nurse
administered all medications and was present for the entire

session. During the sessions, subjects had an indwelling
catheter for blood drawing and safety reasons.

2.5. Outcome variables

The outcome variables were the physiological, subjec-
tive, and biochemical measures.

Physiological measures included heart rate, systolic and
diastolic blood pressure, which were taken at — 90, — 30,
—15, 15, 30, 60, 90, 120, 150, 180, 210, and 240 min in
relation to the cocaine delivery.

The subjective measures were the Adjective Rating
Questionnaire, Visual Analog Scales, and Addiction Re-
search Center Inventory—short form (ARCI), administered
in that order. Subjective measures were administered at
—90, —30, 30, 60, and 90 min in relation to the cocaine
delivery.

The Adjective Rating Questionnaire includes 27 items,
which are rated on a five-point scale from 0 (not at all) to 4
(extremely). The items in the list were grouped into three
subscales as follows: (1) a stimulant-good effects scale,
consisting of the adjectives: active, alert, energetic, excited,
euphoric, and talkative; (2) a stimulant-bad effects scale,
consisting of the adjectives: irritable/angry, muscle twitches,
nervous/afraid, racing heart, restless, shaky, stomach ache,
and sweating; and (3) a sedative scale, consisting of
adjectives: clumsy, confused, dazed, depressed, difficulty
walking, dizzy, drowsy/sleepy, drunken, lazy, relaxed, slug-
gish, spaced out, and tired (Oliveto et al., 1995). The Visual
Analog Scale consisted of nine items: drug strength, co-
caine high, any high, drug-liking, “good” drug effects,
“bad” drug effects, desire for cocaine, rush, and anxious/
nervous. Subjects indicated how they felt on a scale from 0
(not at all) to 100 (extremely). The ARCI consists of 49 true
or false questions that are scored as five subscales: MBG, a
measure of “euphoria”; PCAG, a measure of “sedation’;
LSD, a measure of “dysphoria”; and BG and A scales,
which are sensitive to amphetamine-like effects (Martin et
al., 1971).

The biochemical measure was plasma cocaine levels,
which were obtained 30 min before and 30, 60, and 90 min
after cocaine administration. Blood samples were collected
in tubes, which contained sodium fluoride to prevent break-
down of cocaine by pseudocholine esterase. Immediately
after collection, samples were centrifuged and frozen at
—70° until the time of analysis. The analysis of plasma
cocaine concentrations was done using reverse-phase high-
performance liquid chromatography with ion pairing as
described previously (Jatlow et al., 1991).

2.6. Statistical analysis

The physiological, subjective, and plasma cocaine meas-
ures were analyzed using repeated-measures analysis of
variance. For the analysis of heart rate, systolic and diastolic
blood pressure, and Visual Analog Scale, two different
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analysis were conducted using area under the curve (AUC)
and peak change score—maximum postcocaine dose score
minus predose baseline—as outcome measures. While peak
change score was chosen as a measure for the magnitude of
response to cocaine, AUC was chosen as a summary
measure for the magnitude and time course of the response.
These analyses showed almost identical results and only the
results of analysis using AUC will be shown. In these
analyses, the within-subject factor was treatment with seven
levels. These were (1) placebo, (2) cocaine alone, (3)
naltrexone alone, (4) cocaine—naltrexone, (5) isradipine
alone, (6) cocaine—isradipine, and (7) cocaine—naltrexone
plus isradipine. Two sets of post hoc comparisons were
performed using Fisher’s LSD: (1) placebo condition was
compared to naltrexone alone and isradipine alone to ad-

dress whether these drugs alone produced behavioral effects
that differed from placebo and (2) cocaine alone was
compared to cocaine—naltrexone, cocaine—isradipine, and
cocaine—naltrexone plus isradipine treatments to examine
whether cocaine responses were altered by the different
study medications. To examine possible baseline differences
among treatment groups, subjective and physiological meas-
ures obtained before and after medication treatment were
also analyzed. For all these analyses, a significance level of
.05 was used with Huynh—Feldt adjustments to correct for
possible violations of sphericity assumptions. Given the
small sample size, no adjustments were made for multiple
comparisons to avoid a Type II error. All analyses were
conducted in Statistical Package for the Social Sciences
(SPSS), version 11.0 (Norusis and SPSS, 2002).
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Fig. 1. Treatment effects on the mean systolic pressure, diastolic pressure, and heart rate values in response to 100 mg/70 kg intranasal cocaine as a function of
time. For easier comparison, the seven treatment conditions were divided in two separate figures and the cocaine-alone treatment was included in both figures.
Bars represent S.E. of the mean. For clarity, some of the error bars are not shown. Measures which show significant group difference ( P <.05) are indicated by an

asterisk (*).
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3. Results
3.1. Physiological response

For AUC scores of heart rate response, there was no
overall treatment effect [ F(6,36)=2.3, P=.15; Fig. 1]. For
systolic blood pressure, the analyses of the AUC scores
showed significant overall treatment effect [ F(6,36)=3.7,
P<.05; Fig. 1]. In post hoc analysis, the effects of isradipine
alone or naltrexone alone were not different from placebo
treatment in response to placebo—cocaine administration.
Both cocaine—isradipine (P <.05) and cocaine—isradipine
plus naltrexone (P <.05) treatments attenuated the cocaine-
induced increases in systolic blood pressure. For diastolic
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blood pressure, the analyses of the AUC scores showed
significant overall treatment effect [ £(6,36)=5.5, P=.001;
Fig. 1]. In post hoc analysis, treatment with isradipine alone
attenuated the AUC scores for diastolic blood pressure
response (P<.01) following placebo—cocaine administra-
tion. For the cocaine-induced increases in diastolic blood
pressure, cocaine—isradipine plus naltrexone treatment at-
tenuated the response (P <.05), while cocaine—isradipine
alone showed a trend (P=.076) for attenuation.

3.2. Subjective response

The AUC scores showed overall treatment effects for all
the Visual Analog Scale items except bad effects (Fig. 2).
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Fig. 2. Treatment effects on the average ratings for selected Visual Analog Scale items in response to intranasal 100 mg/70 kg cocaine or placebo cocaine. For
easier comparison, the seven treatment conditions were divided in two separate figures and the cocaine-alone treatment was included in both figures. Bars
represent S.E. of the mean. For clarity, some of the error bars are not shown. Measures which show significant group difference (P <.05) are indicated by an
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Plasma cocaine levels
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Fig. 3. Treatment effects on the plasma cocaine levels following intranasal
100 mg/70 kg cocaine administration. The treatment conditions which used
placebo cocaine were excluded. Bars represent S.E. of the mean. For clarity,
some of the error bars are not shown.

Neither naltrexone nor isradipine alone altered the ratings on
these measures compared to placebo in response to place-
bo—cocaine. In response to cocaine administration, co-
caine—naltrexone treatment significantly attenuated AUC
measures of ratings of “good effects” (P <.05) and mar-
ginally attenuated ratings of anxious/nervous ( P=.06), com-
pared to cocaine alone treatment.

On the Adjective Rating Questionnaire, peak ratings on
the stimulant good effects [F(6,36)=4.7, P<.05], and
stimulant bad effects [F(6,36)=3.7, P<.05], subscales
showed significant treatment effects. In post hoc compar-
isons, the effects of neither isradipine alone nor naltrexone
alone differed from placebo treatments for placebo—cocaine
response. Similarly, isradipine and naltrexone, alone or
combined, did not alter cocaine’s effects. Ratings on the
sedative subscale showed no overall treatment effect. For
the ARCI, none of the subscales showed any treatment
effects (data not shown).

3.3. Plasma cocaine measurements

Peak plasma cocaine levels were reached at 30 to 60
min following cocaine administration (Fig. 3). The aver-
age (S.D.) for the peak plasma levels were 202 (51) ng/
ml for cocaine alone, 195 (132) ng/ml for cocaine—
naltrexone, 173 (56) ng/ml for cocaine—isradipine, and
244 (146) ng/ml for cocaine—naltrexone plus isradipine
treatment. There were no treatment effects on cocaine
plasma concentrations.

4. Discussion
Isradipine attenuated the systolic blood pressure changes

induced by cocaine without affecting the subjective res-
ponses to cocaine. These results are in agreement with

preclinical studies showing that calcium channel blockers
attenuate the cocaine-induced blood pressure but not heart
rate increases (Schindler et al., 1995b). Cocaine effects on
the heart rate and blood pressure are likely mediated by the
activation of a- and (3-adrenergic receptors (Schindler et al.,
1995a). Calcium channel blockers such as isradipine may
counteract the effects of cocaine on blood pressure by
inhibiting the entry of calcium into vascular smooth muscle
(Schindler et al., 1995a). These findings suggest that isradi-
pine may be clinically useful to attenuate the cocaine-
induced blood pressure increases. However, previous studies
examining the calcium channel antagonists on physiological
responses to cocaine have yielded mixed findings. For
instance, treatment with 60 mg of nimodipine, a dihydropyr-
idine type calcium channel antagonist like isradipine, atten-
uated the systolic but not diastolic blood pressure changes in
response to intranasal cocaine (Kosten et al., 1999). More-
over, neither 60 mg diltiazem (Rowbotham et al., 1987), nor
10 mg nifedipine (Muntaner et al., 1991), affected the blood
pressure changes induced by intravenous cocaine. The
reason for these mixed findings with different calcium
channel antagonists on cocaine-induced physiological
changes is not clear. Possible explanations include the differ-
ences in the doses and pharmacological effects of calcium
antagonists used in these studies.

In our study, isradipine did not affect the subjective
responses to cocaine. These results are consistent with
previous human studies which showed no interaction of
calcium antagonists nimodipine (Kosten et al., 1999) and
diltiazem (Rowbotham et al., 1987) with the subjective
effects of cocaine. In contrast, another study found attenu-
ation of the subjective effects of cocaine with nifedipine
treatment (Muntaner et al., 1991). Similarly, isradipine
treatment was reported to attenuate the subjective effects
of methamphetamine (Johnson et al., 1999), a psychosti-
mulant with actions similar to cocaine. These mixed results
from human studies on cocaine effects of different calcium
channel antagonists are similar to the results of preclinical
studies. In a systematic study using cocaine self-adminis-
tration procedure in monkeys, Schindler et al. (1995b)
reported that three calcium channel antagonists, diltiazem,
nimodipine, and verapamil, did not affect cocaine self-
administration. In contrast, other studies found isradipine
and nimodipine effective in attenuating cocaine self-admin-
istration in rats and mice (Kuzmin et al., 1996, 1992;
Martellotta et al., 1994). As stated before, differences in
the pharmacological effects of calcium channel blockers and
the doses used may contribute to these mixed findings.
Future studies comparing various calcium channel blockers
using the same behavioral paradigm may help to understand
these conflicting findings.

Naltrexone treatment did not change the subjective
effects of cocaine, except the rating of “good effects”
was attenuated by naltrexone. These results suggest min-
imal effects of naltrexone on the subjective effects of
cocaine. The previous human studies on naltrexone effects
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on cocaine responses have yielded mixed results (Kosten
et al., 1992; Walsh et al., 1996). In Kosten et al.’s (1992)
study, naltrexone treatment attenuated the cocaine-induced
increases in self-reported value of cocaine and unpleasant
sensations that follow intravenous cocaine “‘crash,” sug-
gesting attenuation of some of the subjective effects of
cocaine by naltrexone. In another study, naltrexone treat-
ment did not affect the subjective or physiological effects
of intravenous cocaine (Walsh et al., 1996) in heroin- and
cocaine-using men. Altogether these previous human
laboratory studies suggest minimal or no effect of nal-
trexone on the subjective effects of cocaine.

The combination of isradipine and naltrexone had dif-
ferent effects on the subjective and physiological responses
to cocaine. Isradipine plus naltrexone was more effective
than either medication alone in attenuating the systolic and
diastolic blood pressure response to cocaine. In contrast,
isradipine plus naltrexone treatment did not affect the
subjective response to cocaine. In fact, the attenuation of
cocaine’s subjective effects by naltrexone seemed to be
reversed by the addition of isradipine to the treatment.
These results are in contrast to the preclinical studies in
which treatment with a combination of isradipine and
naltrexone, in doses that are not effective alone, blocked
the rewarding effects of cocaine (Pabello et al., 1998; Reid
et al., 1997). The reason for this finding is also unclear,
but may be due to several limitations of our study. First,
only a single dose size of active naltrexone and isradipine
was used. It is possible that higher doses of isradipine and
naltrexone may have a different affect on cocaine response.
Second, the treatment duration was brief, only acute effects
of isradipine and naltrexone were investigated. It is possi-
ble that longer treatment duration may be needed for the
emergence of the proposed isradipine and naltrexone
synergism on cocaine responses. Third, the sample size
of the study was small, but was clearly sufficient to allow
us to show treatment effects on several physiological
variables. Fourth, we did not include a naltrexone—isradi-
pine control session, which may have helped to clarify the
interaction between these two compounds in the absence
of cocaine. Lastly, the study did not include cocaine self-
administration behavior as a measure of cocaine reinforce-
ment but rather relied on the self-reported subjective
effects of cocaine. However, subjective effects of drugs
of abuse, especially drug liking and euphoria, predict their
reinforcing effects in humans (Fischman and Foltin, 1991).
Nonetheless, these findings suggest that at the doses
employed, combined naltrexone—isradipine treatment
attenuates the physiological but not the subjective effects
of cocaine.

To summarize, isradipine alone attenuated the systolic
blood response to cocaine while naltrexone plus isradipine
attenuated both the systolic and diastolic blood pressure
response to cocaine. These results suggest the efficacy of
isradipine alone or in combination with naltrexone in
attenuating the physiological effects of cocaine.

Acknowledgements

This research was supported by grants from the National
Institute on Drug Abuse (P-50 DA 12762 and DA 02250
and K05-DA 0454). We would like to thank the Biostudies
nursing staff for technical assistance.

References

American Psychiatric Association. Diagnostic and statistical manual of men-
tal disorders. 4th ed. 1994. American Psychiatric Press,Washington (DC).

Bain GT, Kornetsky C. Naloxone attenuation of the effect of cocaine on
rewarding brain stimulation. Life Sci 1987;40:1119-25.

Bilsky EJ, Montegut MJ, Delong CL, Reid LD. Opioidergic modulation of
cocaine conditioned place preferences. Life Sci 1992;50:L85—90.

Carroll ME, Lac ST, Walker MJ, Kragh R, Newman T. Effects of naltrexone
on intravenous cocaine self-administration in rats during food satiation
and deprivation. J Pharmacol Exp Ther 1986;238:1—7.

Corrigall WA, Coen KM. Opiate antagonists reduce cocaine but not nicotine
self-administration. Psychopharmacology (Berl) 1991;104:167—70.
Fischman MW, Foltin RW. Utility of subjective-effects measurements in
assessing abuse liability of drugs in humans. Br J Addict 1991;86:

1563-70.

Hersh D, Van Kirk JR, Kranzler HR. Naltrexone treatment of comorbid
alcohol and cocaine use disorders. Psychopharmacology 1998;139:
44-52.

Jatlow P, Elsworth JD, Bradberry CW, Winger G, Taylor JR, Russell R,
et al. Cocaethylene: a neuropharmacologically active metabolite asso-
ciated with concurrent cocaine—ethanol ingestion. Life Sci 1991;48:
1787-94.

Javaid JI, Fischman MW, Schuster CR, Dekirmenjian H, Davis JM. Co-
caine plasma concentration: relation to physiological and subjective
effects in humans. Science 1978;202:227-8.

Johnson B, Barron B, Fang B, Lamki L, Wagner L, Wells L, et al.
Isradipine prevents global and regional cocaine-induced changes in
brain blood flow: a preliminary study. Psychopharmacology 1998;
136:335—-41.

Johnson BA, Roache JD, Bordnick PS, Ait-Daoud N. Isradipine, a dihy-
dropyridine-class calcium channel antagonist, attenuates some of D-
methamphetamine’s positive subjective effects: a preliminary study.
Psychopharmacology 1999;144:295—-300.

Jones RT. The pharmacology of cocaine smoking in humans. NIDA Res
Monogr 1990;99:30—41.

Kosten T, Silverman DG, Fleming J, Kosten TA, Gawin FH, Compton M,
et al. Intravenous cocaine challenges during naltrexone maintenance: a
preliminary study. Biol Psychiatry 1992;32:543 8.

Kosten TR, Woods SW, Rosen MI, Pearsall HR. Interactions of cocaine
with nimodipine: a brief report. Am J Addict 1999;8:77—-81.

Kuzmin A, Zvartau E, Gessa GL, Martellotta MC, Fratta W. Calcium
antagonists isradipine and nimodipine suppress cocaine and morphine
intravenous self-administration in drug-naive mice. Pharmacol Biochem
Behav 1992;41:497-500.

Kuzmin A, Semenova S, Ramsey NF, Zvartau EE, van Ree JM. Modulation
of cocaine intravenous self-administration in drug-naive animals by
dihydropyridine Ca2+ channel modulators. Eur J Pharmacol 1996;
295:19-25.

Martellotta MC, Kuzmin A, Muglia P, Gessa GL, Fratta W. Effects of the
calcium antagonist isradipine on cocaine intravenous self-administra-
tion in rats. Psychopharmacology 1994;113:378—80.

Martin WR, Sloan JW, Sapira JD, Jasinski DR. Physiologic, subjective, and
behavioral effects of amphetamine, methamphetamine, ephedrine, phen-
metrazine, and methylphenidate in man. Clin Pharmacol Ther 1971;12:
245-58.

Mello NK, Mendelson JH, Bree MP, Lukas SE. Buprenorphine and nal-



808 M. Sofuoglu et al. / Pharmacology, Biochemistry and Behavior 75 (2003) 801-808

trexone effects on cocaine self-administration by rhesus monkeys.
J Pharmacol Exp Ther 1990;254:926—39.

Muntaner C, Kumor KM, Nagoshi C, Jaffe JH. Effects of nifedipine pre-
treatment on subjective and cardiovascular responses to intravenous
cocaine in humans. Psychopharmacology 1991;105:37—41.

Norusis MJ, SPSS. SPSS 11.0 guide to data analysis. New Jersey: Prentice-
Hall; 2002.

Oliveto AH, Rosen MI, Woods SW, Kosten TR. Discriminative stimulus,
self-reported and cardiovascular effects of orally administered cocaine
in humans. J Pharmacol Exp The 1995;272:231-41.

Oliveto A, McCance-Katz FE, Singha A, Petrakis I, Hameedi F, Kosten TR.
Effects of cocaine prior to and during bupropion maintenance in co-
caine-abusing volunteers. Drug Alcohol Depend 2001;63:155-67.

Oslin DW, Pettinati HM, Volpicelli JR, Wolf AL, Kampman KM, O’Brien
CP. The effects of naltrexone on alcohol and cocaine use in dually
addicted patients. J Subst Abuse Treat 1999;16:163—7.

Pabello NG, Hubbell CL, Cavallaro CA, Barringer TM, Mendez JJ, Reid
LD. Responding for rewarding brain stimulation: cocaine and isradipine
plus naltrexone. Pharmacol Biochem Behav 1998;61:181—-92.

Pani L, Kuzmin A, Diana M, De Montis G, Gessa GL, Rossetti ZL. Cal-
cium receptor antagonists modify cocaine effects in the central nervous
system differently. Eur J Pharmacol 1990;190:217-21.

Pani L, Kuzmin A, Martellotta MC, Gessa GL, Fratta W. The calcium
antagonist PN 200—110 inhibits the reinforcing properties of cocaine.
Brain Res Bull 1991;26:445-7.

Physicians Desk Reference. Movtvale (NJ): Medical Economics Data;
2002.

Reid LD, Pabello NG, Cramer CM, Hubbell CL. Isradipine in combination
with naltrexone as a medicine for treating cocaine abuse. Life Sci
1997;60:L119-26.

Rowbotham MC, Hooker WD, Mendelson J, Jones RT. Cocaine—calcium
channel antagonist interactions. Psychopharmacology 1987;93:152—4.

Rowlett JK, Wilcox KM, Woolverton WL. Self-administration of cocaine—
heroin combinations by rhesus monkeys: antagonism by naltrexone.
J Pharmacol Exp Ther 1998;286:61-9.

Schindler CW, Tella SR, Erzouki HK, Goldberg SR. Pharmacological
mechanisms in cocaine’s cardiovascular effects. Drug Alcohol Depend
1995a;37:183-91.

Schindler CW, Tella SR, Prada J, Goldberg SR. Calcium channel blockers
antagonize some of cocaine’s cardiovascular effects, but fail to alter
cocaine’s behavioral effects. J] Pharmacol Exp Ther 1995b;272:791-8.

Schmitz JM, Stotts AL, Rhoades HM, Grabowski J. Naltrexone and relapse
prevention treatment for cocaine-dependent patients. Addict Behav
2001;26:167-80.

Suzuki T, Shiozaki Y, Masukawa Y, Misawa M, Nagase H. The role of mu-
and kappa-opioid receptors in cocaine-induced conditioned place pref-
erence. Jpn J Pharmacol 1992;58:435—-42.

van Ree JM, Gerrits MA, Vanderschuren LJ. Opioids, reward and addic-
tion: an encounter of biology, psychology, and medicine. Pharmacol
Rev 1999;51:341-96.

Walsh SL, Sullivan JT, Preston KL, Garner JE, Bigelow GE. Effects of
naltrexone on response to intravenous cocaine, hydromorphone and
their combination in humans. J Pharmacol Exp Ther 1996;279:524—38.



	Effects of naltrexone and isradipine, alone or in combination, on cocaine responses in humans
	Introduction
	Methods
	Subjects
	Study procedure
	Drugs
	Medical monitoring and safety
	Outcome variables
	Statistical analysis

	Results
	Physiological response
	Subjective response
	Plasma cocaine measurements

	Discussion
	Acknowledgements
	References


