
Opioid antagonism enhances marijuana's effects in heavy
marijuana smokers

Ziva D. Cooper and Margaret Haney
Division on Substance Abuse, New York Psychiatric Institute and Department of Psychiatry,
College of Physicians and Surgeons of Columbia University, 1051 Riverside Drive, Unit 120, New
York, NY 10032, USA
Ziva D. Cooper: zc2160@columbia.edu; Margaret Haney: mh235@columbia.edu

Abstract
Rationale and objective—Studies in laboratory animals strongly suggest reciprocal
modulation of the opioidergic and endocannabinoid systems, a relationship that has not been
demonstrated in humans. This study sought to clarify this interaction by assessing how a range of
naltrexone doses altered the subjective, cognitive, and cardiovascular effects of marijuana.

Material and methods—Daily marijuana smokers (n=29) participated in this within-subject,
randomized, double-blind, placebo-controlled study. Naltrexone (0, 12, 25, 50, or 100 mg) was
administered before active or inactive marijuana (3.27 or 0% THC) was smoked.

Results—Active marijuana increased subjective ratings of marijuana ‘Strength,’ ‘High,’ and
positive subjective ratings of marijuana quality and drug effect including ‘Liking,’ ‘Good,’ and
‘Take Again’ compared to inactive marijuana. Naltrexone alone decreased ratings of ‘Liking,’
‘Take Again,’ and ‘Stimulated’ compared with placebo, but increased ratings of drug ‘Strength,’
‘High,’ ‘Good,’ ‘Liking,’ ‘Stimulated,’ and ‘Take Again’ when administered under active
marijuana conditions. Active marijuana did not affect performance on cognitive tasks relative to
inactive marijuana, whereas naltrexone decreased performance when administered alone or in
combination with active marijuana. Active marijuana increased heart rate compared to inactive
marijuana under placebo naltrexone conditions. Although naltrexone alone decreased heart rate, it
further increased marijuana's cardiovascular effect.

Conclusions—In heavy marijuana smokers opioid-receptor blockade enhanced the subjective
and cardiovascular effects of marijuana, suggesting that endogenous opioids dampen cannabinoid
effects in this population. These findings demonstrate that a broad range of clinically used doses of
naltrexone potentially increases the abuse liability and cardiovascular risks of cannabinoids.
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Introduction
The cannabinoid 1 (CB1) receptor directly mediates the behavioral and physiological effects
of cannabinoid agonists across species (Fattore et al. 2001; Braida et al. 2004; Vlachou et al.
2005; Järbe et al. 2006; Zangen et al. 2006; Huestis et al. 2007; Justinova et al. 2008).
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Behavioral studies in non-human animals provide compelling evidence of a bidirectional
modulatory relationship between the opioid and cannabinoid systems, and complementary
neuroanatomical and molecular data further substantiate the reciprocal modulatory roles that
these receptor systems have on one another (Robledo et al. 2008). However, there is
growing evidence that in humans the functional relationship between the systems is not as
clear as the non-human studies would have predicted (Greenwald and Stitzer 2000; Wachtel
and de Wit 2000; Haney et al. 2003; Haney 2007; Lile et al. 2009).

In both rodents and non-human primates, opioidergic modulation of the reinforcing and
rewarding effects of delta-9-tetrahydrocannabinol (THC) and synthetic cannabinoids has
been demonstrated. Mu-opioid agonists facilitated reinstatement of ‘drug-seeking’ behavior
for CB1 agonists in rodents (Spano et al. 2004) and monkeys (Justinova et al. 2008), and
opioid antagonists decreased cannabinoid self-administration in rats (Braida et al. 2001;
Navarro et al. 2001) and monkeys (Justinova et al. 2004). Similarly, the rewarding effects of
THC, as assessed by the conditioned place-preference model, were reversed by
administration of the opioid antagonist, naloxone, in rodents (Braida et al. 2004). Contrary
to these findings, a clinically utilized dose of the opioid antagonist, naltrexone (50 mg),
enhanced the positive subjective and reinforcing effects of oral THC (30 mg) in heavy
marijuana smokers. A lower naltrexone dose (12 mg) blocked some of the subjective effects
of a lower dose of oral THC (20 mg) in heavy marijuana smokers; whereas this dose of
naltrexone enhanced the subjective effects of oral THC in non-marijuana smokers (Haney
2007).

Studies in rodents assessing opioidergic contribution to the discriminative-stimulus effects
of cannabinoids showed that the mu-opioid agonist, morphine (Solinas and Goldberg 2005),
and the endogenous opioid peptide, beta-endorphin (Solinas et al. 2004), did not substitute
for THC in a drug-discrimination paradigm, but both potentiated its discriminative-stimulus
effects. Furthermore, naloxone (Solinas et al. 2004) and naltrexone (Solinas and Goldberg
2005) decreased THC's discriminative-stimulus effects. In non-human primates, heroin and
morphine did not affect the discriminative-stimulus effects of THC in rhesus monkeys (Li et
al. 2008), and the mu-opioid agonist hydromorphone did not substitute for oral THC in
humans (Lile et al. 2009). Neither of these studies assessed how opioid antagonists affect the
discriminative-stimulus effects of THC; it is therefore difficult to conclude to what extent
opioids contribute to the discriminative-stimulus effects of cannabinoids across species.

In terms of cannabinoid dependence, there is also little evidence from the human and non-
human primate literature demonstrating opioidergic modulation of this effect. Although a
mu-opioid antagonist precipitated withdrawal-like behaviors in rodents treated chronically
with THC (Hirschhorn and Rosecrans 1974; Kaymakçalan et al. 1977; Navarro et al. 1998,
2001), this effect was not observed in monkeys chronically treated with THC (Beardsley et
al. 1986) or in heavy marijuana smokers (Haney et al. 2003).

The primary objective of this within-subject, placebo-controlled, double-blind study was to
clarify the regulatory role of the opioid system on cannabinoid-induced effects in humans.
Previous studies investigated a single dose of naltrexone in combination with THC (Haney
et al. 2003; Haney 2007); thus, to determine dose-dependent effects of the antagonist, a
range of doses was used in the current study. While the study's primary objective was
neurobiological in nature, it was designed to also address two clinically relevant issues: a)
the potential use of naltrexone for marijuana use disorders and b) the effect that current
therapeutic use of naltrexone may have on populations that use marijuana (Haney 2007).
Therefore, instead of testing oral THC as was done in previous studies, the effects of
smoked marijuana were assessed in the current study. The subjective, performance, and
physiological effects of marijuana (0.0, 3.27% THC) under placebo and active naltrexone
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(12, 25, 50, and 100 mg) conditions were measured. To control for drug history, tolerance,
and dependence, only heavy marijuana smokers identified as smoking at least four times a
week were eligible to participate in the study.

Methods
Participants

Volunteers ages 21–45 years were recruited through newspaper advertisements, and those
who met inclusion/exclusion criteria after an initial phone screen were invited to the
laboratory for further screening. Prior to enrollment, participants gave written informed
consent, received a psychiatric and medical evaluation, and provided a detailed drug use and
medical history. Participants were accepted into the study if they were healthy, as
determined by a physical examination, electrocardiogram, and urine and blood chemistries.
All participants had to currently smoke three marijuana cigarettes at least four times a week
for the previous four weeks before screening as determined by urine toxicology and self-
report. Volunteers were excluded if they repeatedly used other drugs, with the exception of
nicotine, alcohol, or caffeine as determined by urine toxicology and self-report. Those who
met the Diagnostic and Statistical Manual (of Mental Disorders), fourth edition, revised
criteria for current or past Axis I psychopathology were also excluded from the study.
Females were excluded if they were pregnant or nursing. Current use of over-the-counter or
prescription medication was also exclusionary. Volunteers were told that (1) the study
objective was to determine the effects of commonly prescribed medications on marijuana's
effects on mood and physiology, (2) they would receive a capsule containing placebo or one
of three medications listed on the consent form, and (3) the capsule would be followed by a
cigarette containing active or inactive marijuana, which they would smoke according to
instructions from the research staff. Participants were admitted into the study only after
written informed consent to participate was given and eligibility criteria were verified. All
study procedures were approved by the Institutional Review Board of the New York State
Psychiatric Institute and were in accord with the Declaration of Helsinki.

Table 1 describes the demographic characteristic of the 29 participants who completed the
study (15 males and 14 females). An additional 20 volunteers enrolled but did not complete
the study. Of the 20 that discontinued, seven disliked the medication side effects (one
reported drowsiness and six reported gastrointestinal upset including nausea and vomiting),
six lost contact, two were noncompliant, and five discontinued for personal reasons
(schedule conflict, legal and family issues).

Design and procedures
The study included 10 outpatient sessions over the course of 4–6 weeks at the New York
State Psychiatric Institute. Sessions, which were separated by at least 48 h to prevent
medication carryover effects, began around 9 AM and were 5 h in duration. Before study
onset, participants were familiarized with computerized tasks and study procedures with 1–2
training sessions, during which, naltrexone and marijuana were not administered.

During each session, one capsule containing placebo or naltrexone (12, 25, 50, and 100 mg
ReVia; Dupont Pharma) was administered to the participant in a size 00 opaque capsules
with lactose filler, prepared by the New York State Psychiatric Institute Research Pharmacy.
A marijuana cigarette (0 or 3.27% THC; ca. 800 mg) provided by the National Institute on
Drug Abuse was smoked 45 min after naltrexone administration, the time at which
naltrexone levels peak (Wall et al. 1981). Cigarettes were stored frozen in an airtight
container and humidified at room temperature for 24 h prior to the session. A within-subject
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design was used in which all participants received all strengths of naltrexone in combination
with active and inactive marijuana. The order of dosing was randomized.

Experimental session
Participants were instructed to not eat breakfast before each session and to not drink alcohol
or smoke marijuana or cigarettes after midnight the night before each session. Upon arrival
to the laboratory, carbon monoxide levels were measured to confirm no recent smoking,
breath alcohol levels were assessed, and use of illicit drugs other than marijuana was
determined by a urine toxicology screen (please refer to Table 2 for schedule of session
events). If carbon monoxide levels indicated that the participant had smoked marijuana or a
cigarette prior to arrival (8 ppm or higher) the session did not proceed, and the volunteer was
sent home. Pregnancy tests were also run before the first and fifth sessions for female
participants. A standardized breakfast was provided prior to the session.

Before drug administration, the subjective-effects questionnaires and performance tasks
were completed, and heart rate and blood pressure were measured using a Sentry II vital
signs monitor (Model 6100: NBS Medical Services, Costa Mesa CA). After capsule
administration, a marijuana cigarette was smoked according to a cued-smoking procedure
that has been shown to produce reliable increases in heart rate and plasma THC levels
(Foltin et al. 1987). During the smoking procedure, the experimenter observed the
participant behind a one-way mirror and instructed participants through an intercom to
‘inhale’ (5 s), ‘hold smoke in lungs’ (10 s), and ‘exhale’. Participants continued to smoke
according to this procedure until 70% of the cigarette was pyrolized (3–7 puffs) with a 40 s
interval between puffs. Vital signs (heart rate and blood pressure) were monitored
throughout the session. A cognitive task battery and subjective ratings of mood and drug
effect were also completed at specified time points after smoking. Timing of each
measurement was scheduled to capture the full time course of naltrexone and marijuana
effects and to allow for consistent intervals between each event. Cigarette smokers were
permitted to smoke at predetermined intervals throughout the session in order to minimize
nicotine withdrawal symptoms. At the end of each session (about 3 h after smoking),
participants were free to go home once sobriety was determined using field sobriety and
balancing tasks.

Subjective-effects questionnaires and performance tasks
All subjective effects were measured using visual analog scales (VAS), a series of 100 mm
long lines labeled ‘not at all’ at one end (0 mm) and ‘extremely’ at the other end (100 mm).
Participants were instructed to rate their subjective experiences on the line according to how
they felt at that particular moment.

Marijuana rating form—Subjective marijuana-related drug effects were assessed using a
5-item VAS asking participants to rate the strength of the drug effect, good effect, bad
effect, drug liking, and willingness to take the drug again.

Subjective Effect-Visual Analog Scale (SE-VAS)—Participants were asked to rate
their mood and physical symptoms on a modified 44-item VAS intended to measure
affective and physical subjective drug effects (see Haney et al. 1999 for description of the
original 50-question version).

Capsule rating form—Subjective capsule-related drug effects were assessed using a 5-
item VAS asking participants to rate the strength of the drug effect, good effect, bad effect,
drug liking, and willingness to take the drug again. Participants were also asked to indicate
whether they thought the capsule contained placebo or active medication.
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Task battery—Task batteries consisted of a 3-min repeated acquisition task, 10-min
divided attention task (DAT), 3-min digit-symbol substitution task (DSST), and an
immediate and delayed digit-recall task (DRT). The battery was designed to measure
attention, psychomotor ability, learning, and memory (Foltin et al. 1993; Haney et al. 1997;
Hart et al. 2001). Briefly, for the repeated acquisition task, four buttons corresponding to
positions on the keypad were illuminated on the computer screen, and participants were
required to learn and then enter a 10-response sequence as quickly as possible in the given
time limit. The DAT required the participants to track a moving target on a computer screen
using a mouse while signaling when a brief stimulus appeared in one of the four corners.
Accurate tracking of the target increased its speed. The DSST measured psychomotor
performance by presenting nine 3 × 3 matrices of blocks, with a single blackened square in
each row; below each matrix was an identifying number (1–9). A number appeared at the
bottom of the screen indicating to the participant which pattern of highlighted boxes from
the above matrices should be replicated using a 9-key keypad as accurately and quickly as
possible in the given time limit. The DRT measured both immediate and delayed recall by
displaying an 8-digit sequence on a computer screen, which the participant was required to
enter accurately when the number was on the screen and when it disappeared (immediate
recall). Participants were then asked to recall and recognize one of the sequences at the end
of the task battery (delayed recall/recognition).

Data analysis—Repeated measures analysis of variance (ANOVA) with planned
comparisons was used to assess naltrexone's intrinsic effects and its effect on marijuana's
subjective, cognitive, and cardiovascular effects. There were with three within-group factors
(naltrexone dose, marijuana strength, and time point). Dependent variables included
subjective measures, as assessed with the CRF, MRF, and SE-VAS scales, heart rate, blood
pressure, and task battery endpoints (refer to Foltin et al. 1993 and Haney et al. 1997). For
each dependent measure, nine planned comparisons were completed. Marijuana's effects
were determined by comparing the active and inactive marijuana conditions when paired
with the placebo naltrexone condition (one comparison). Naltrexone's intrinsic effects were
assessed by comparing placebo and each active dose of naltrexone (12, 25, 50, and 100 mg)
under the inactive marijuana condition (four comparisons). Finally, the active marijuana–
placebo naltrexone condition was compared to the active marijuana–active naltrexone
conditions (four comparisons). Results were considered statistically significant when p
values were equal to or less than 0.01 using Huynh–Feldt corrections.

Results
Demographic characteristics

Table 1 describes the demographic information of the participants who completed the study.

Subjective ratings
Marijuana ‘Strength’ and ‘ High’—Figure 1 depicts subjective ratings of marijuana
‘Strength’ and ‘High’ as a function of naltrexone dose and marijuana strength. Naltrexone
alone had no effect on subjective ratings of ‘Strength’ and ‘High’ compared to placebo,
whereas active marijuana alone increased these ratings compared to inactive marijuana
(p≤0.01). All doses of naltrexone increased the effects of active marijuana on these ratings
compared to placebo (p≤0.01).

Positive subjective drug effects—Figure 2 portrays ratings of positive subjective drug
effects including ‘Good Effect,’ ‘Liking,’ ‘Stimulated,’ and ‘Take Again’ as a function of
naltrexone dose and marijuana strength. Under inactive marijuana conditions, naltrexone
alone decreased ratings of ‘Liking’ (12 and 25 mg, p≤0.01), ‘Stimulated’ (12, 25, 50, and
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100 mg, p≤0.01), and ‘Take Again’ (12, 25, and 50 mg, p≤0.01) compared with placebo.
Active marijuana alone increased ratings of ‘Good Effect,’ ‘Liking,’ and ‘Take Again’
compared with inactive marijuana (p≤0.01) but had no effect on ratings of ‘Stimulated.’
When naltrexone was combined with active marijuana, increased subjective ratings of
‘Good Effect’ (12, 25, 50, and 100; p≤0.01), ‘Liking’ (12 and 100 mg; p≤0.01), ‘Stimulated’
(12, 50, 100; p≤0.01), and ‘Take Again’ (12 mg, p≤0.01) were observed relative to placebo
naltrexone. However, a single dose of naltrexone decreased ratings of ‘Take Again’
compared to placebo under active marijuana conditions (25 mg, p≤0.01).

Capsule rating form—Changes in subjective ratings of capsule effects under naltrexone
alone, active marijuana alone, and the combination of naltrexone and active marijuana were
small in magnitude and not likely to be clinically relevant (mean values <15 mm).

Performance effects—Table 3 depicts the effects of marijuana, naltrexone, and the
combination of the two drugs on attention, psychomotor function, and delayed recall as
measured by performance on the DAT, DSST, and DRT tasks. Naltrexone and marijuana
did not affect performance on the repeated acquisition task. However, naltrexone alone
impaired vigilance, defined on the DAT by the average speed of the moving target to be
tracked by the participant (12, 25, 50, and 100 mg, p≤0.01), accuracy of psychomotor
performance, reflected in decreased number of trials completed during the DSST (100 mg,
p≤0.01), and delayed recognition on the DRT (25 mg, p≤0.01) compared with placebo.
Although active marijuana alone had no effect on task performance, naltrexone combined
with marijuana decreased psychomotor performance on the DSST relative to placebo (50
and 100 mg, p≤0.01).

Cardiovascular effects—Figure 3 portrays changes in heart rate as a function of
naltrexone dose and marijuana strength. Naltrexone alone decreased heart rate (12 and 50
mg, p≤0.01) compared with placebo, whereas active marijuana alone increased heart rate
(p≤0.01) compared with inactive marijuana. Naltrexone administered under active marijuana
conditions further increased heart rate compared to placebo (25, 50, and 100 mg, p≤0.01).

Discussion
The present study was designed to assess endogenous opioid modulation of the subjective,
cognitive, and cardiovascular effects of marijuana by blocking the opioid receptor with
naltrexone. The results reported herein demonstrate that opioid receptor blockade enhanced
cannabinoid effects in heavy marijuana smokers. Naltrexone-induced potentiation of
marijuana's effects, though not dose-dependent, was particularly striking given that
naltrexone and active marijuana produced predominantly opposing effects when
administered independently. That is, naltrexone alone tended to decrease measures of abuse
liability (drug liking, willingness to take again, stimulated) and heart rate. Yet, naltrexone
consistently enhanced these same ratings and heart rate when combined with marijuana.

The findings from the current study build upon previous reports demonstrating the
potentiation of oral THC (30 mg) effects by naltrexone administration (50 mg) in heavy
marijuana smokers (Haney et al. 2003). However, a later study found that a lower dose of
naltrexone (12 mg), which was hypothesized to be more selective for the mu-opioid
receptor, effectively blocked the positive subjective ratings of low (20 mg) but not high
doses (40 mg) of oral THC (Haney 2007). From these two studies, it was concluded that the
higher dose of naltrexone (50 mg) enhanced oral THC's effects through a non-mu-opioid
mediated mechanism. The current study, which was designed to directly investigate the
dose-dependency of naltrexone's effects on smoked marijuana across a wide range of doses
(12–100 mg), showed that all doses of naltrexone enhanced marijuana's effects. This
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suggests that the endogenous opioid contribution to smoked marijuana's effects (3.27%) are
likely mediated by the mu-opioid receptor, as these effects were blocked by a low mu-
selective dose of naltrexone as well as for higher less opioid-selective naltrexone doses.
Testing lower naltrexone doses than those used in the current study would help to determine
if the observed enhancement of marijuana's effects is due to a competitive interaction
between naltrexone and endogenous opioids.

Naltrexone-induced potentiation of marijuana's subjective and cardiovascular effects as
observed in the current study strongly suggests that cannabinoid-induced endogenous opioid
release dampens marijuana's effects in heavy smokers. These findings seem incongruent
with reports from animal studies investigating opioidergic modulation of the cannabinoid
system. However, there is some ambiguity regarding the bidirectional modulation of the
cannabinoid and opioid systems in these data. As discussed in the “Introduction”, opioid
agonists do not share discriminative-stimulus effects with CB1 agonists in rodents,
monkeys, or humans (Solinas and Goldberg 2005; Li et al. 2008; Lile et al. 2009).
Opioidergic modulation of the reinforcing effects of CB1 agonists has been demonstrated in
rodents (Navarro et al. 2001) and monkeys (Justinova et al. 2004) by naltrexone-induced
attenuation of CB1 agonist self-administration. Yet, in rodents, this evidence is derived from
naltrexone-induced antagonism of the reinforcing effects of a single dose of CB1 agonist;
thus, it is unknown if mu-opioid antagonism shifts the dose-effect function of CB1 agonist
self-administration to the left or right. A shift to the left would indicate increasing sensitivity
to the reinforcing effects of the agonist, whereas a rightward shift would demonstrate
antagonism (Navarro et al. 2001). Similarly, in non-human primates, naltrexone (0.1 mg/kg)
flattened, rather than shifted, the dose–response curve for THC self-administration by
decreasing responding for the dose of THC that maintained peak responding (4.0 µg/kg/
infusion) to rates maintained by the two doses that comprised the ascending and descending
limbs of the dose–response function (2.0 and 8.0 µg/kg/infusion). Furthermore, higher and
lower doses of naltrexone (0.03 and 0.30 mg/kg) did not affect THC self-administration
(Justinova et al. 2004). Finally, the same dose of naltrexone that flattened the dose–response
curve for THC self-administration also decreased THC self-administration using a drug-
seeking (second-order) schedule of reinforcement. This was a robust but transient effect
(Justinova et al. 2008). In marijuana smokers, naltrexone tended to increase self-
administration of a high dose of THC and increased subjective effects of THC (Haney et al.
2003). Taking these data together with the currently described findings, it is clear that the
opioid system is indeed involved in modulating the reinforcing and subjective effects of
cannabinoids. However, the nature of this relationship likely varies across a range of
experimental variables including population studied (heavy versus light marijuana smokers),
route of administration (oral THC versus smoked marijuana), and naltrexone dose.

Future directions and limitations
Given that a wide range of naltrexone doses generally increased marijuana-induced
subjective and cardiovascular effects, it is apparent that in heavy marijuana smokers,
blocking the mu-opioid receptor likely shifts the dose–response curve for many cannabinoid
effects to the left. That the study was carried out with a study population that was nearly
equivalent in the number of males and females increases the generalizability of the results.
Testing additional active strengths of marijuana, specifically lower strengths than tested in
the current study, would provide a more comprehensive characterization of the nature of this
interaction. Also, although findings from this study suggest that naltrexone enhances the
abuse potential of marijuana in heavy marijuana smokers, directly assessing naltrexone's
effects on marijuana self-administration would elucidate the effects of opioid-blockade on
marijuana's abuse liability. Investigating how naltrexone alters cannabinoid effects in non-
marijuana smokers would be informative in understanding how much of the observed effects
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may be due to neurobiological adaptations as a consequence of chronic exposure to
cannabinoids. Finally, because naltrexone is administered chronically to treat alcohol and
opioid-dependent patients, the current findings also raise questions regarding the effects of
chronic naltrexone administration on the abuse liability of marijuana in these populations.

Conclusion
The results from this study demonstrate that the opioid system contributes an integral
component to the subjective experience of marijuana intoxication in heavy marijuana
smokers. By blocking potential input from this system with naltrexone, the subjective
experience and cardiovascular effects of marijuana are enhanced. To further investigate the
clinical implications of opioid-receptor contributions to marijuana's subjective effects,
naltrexone's effects on marijuana self-administration should be explored.
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Figure 1.
Subjective ratings of marijuana ‘Strength’ and ‘High’ as a function of naltrexone dose ( ,
placebo; , 12 mg; , 25 mg; , 50 mg; , 100 mg) and marijuana strength (0 mm=‘not at
all’; 100 mm=‘extremely’). Data are presented as average values across all post-smoking
time points. Differences in ratings between active and inactive marijuana under placebo
naltrexone conditions determined from average post-smoking time points are indicated as #,
p≤0.01, and differences between naltrexone and placebo under inactive and active marijuana
conditions determined from average post-smoking time points are indicated as *, p≤0.01
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Figure 2.
Subjective ratings of ‘Good,’ ‘Liking,’ ‘Stimulated,’ and ‘Take Again’ as a function of
naltrexone dose and marijuana strength. Data are presented as average values across all post-
smoking time points. Differences in ratings are indicated as explained in the figure legend
for Fig. 1
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Figure 3.
Heart rate as a function of naltrexone dose and marijuana strength. Data are presented as
average values across all post-smoking time points. Differences in ratings are indicated as
explained in the figure legend for Fig. 1
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Table 1

Demographic characteristics of study participants

Age (years old) 28±1

Sex (F/M) 14/15

Race (B/W/M) 21/6/2

Marijuana

  Years regular use 9.0±1.0

  Days/week 6.7±0.1

  $/week 83.2±13.1

  MJ cigarettes/day 8.3±1.2

Alcohol

  % population use 76.0

  Days/week 1.4±0.3

  Standard drinks/occasion 2.8±0.4

Tobacco

  % population use 83.0

  Cigarettes/day 6.8±0.9

Data are presented as means (±SD) or as frequency. Sex is indicated as female (F) and male (M), and race is indicated as Black (B), White (W),
and Mixed (M). Two participants reported smoking marijuana in a pipe. Because the size of the pipe was unknown, the equivalent number of
marijuana cigarettes per day could not be determined for these two individuals
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Table 2

Session events

Time (min) Events

−75 Urine toxicology screen, carbon monoxide levels, balance task

−60 Vitals, Task Battery, SE-VAS

−45 Capsule administration

−15 CRF

0 Marijuana smoked

15 Vitals, MRF, SE-VAS

30 Vitals, Task Battery, MRF, SE-VAS

60 Vitals, MRF, SE-VAS, CRF

75 Vitals, Task Battery, MRF, SE-VAS

120 Vitals, MRF, SE-VAS

180 Vitals, Task Battery, MRF, SE-VAS, CRF

210 Vitals, SE-VAS

Vitals, Heart rate and blood pressure; Task Battery, repeated acquisition task, DAT, DSST, RIT, and DRT; SE-VAS, Subjective Effect-Visual
Analog Scale; CRF, capsule rating form; MRF, marijuana rating form
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