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¢ Centre for Youth Mental Health, The University of Melbourne and Substance Use Research
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d Department of Anesthesiology and Perioperative Medicine, David Geffen School of Medicine
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Abstract

Background: Despite the high prevalence of polysubstance use, outcomes and potential risks
associated with common drug combinations are not well characterized. Many individuals who use
cocaine also use cannabis, yet little is known about how interactions between the two drugs might
contribute to continued co-use.

Methods: The aim of this double-blind, placebo-controlled study was to determine the
physiological and subjective effects of smoked cannabis with smoked cocaine, to identify variables
that may contribute to the continued use of this drug combination. Healthy, non-treatment seeking
volunteers who reported smoking both cocaine and cannabis (N = 9, all males) completed a
13-day inpatient protocol. On session days, cannabis [0.0 or 5.6 % tetrahydrocannabinol (THC)]
was administered 28 min prior to cocaine (0, 12, or 25 mg). Dependent measures included
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pharmacokinetic assessment of THC and cocaine and their respective metabolites, in addition to
subjective and cardiovascular effects.

Results: Active cannabis (5.6 % THC) increased plasma levels of THC and the metabolite
11-nor-9-carboxy-A9-THC (THCCOOH), as well as subjective ratings of cannabis effects and
heart rate relative to inactive cannabis. Cocaine dose-dependently increased plasma cocaine and
metabolites and subjective ratings of cocaine effects. Active cannabis pre-treatment decreased
plasma levels of cocaine and metabolites. Furthermore, active cannabis attenuated cocaine-related
reductions in “Hunger’ and ‘Calm.’

Conclusions: Cannabis pre-treatment altered the subjective experience of smoked cocaine and
reduced peak plasma levels of cocaine. Future studies should explore additional doses of each drug
and whether these changes also impact cocaine’s reinforcing effects.

Keywords

Polysubstance Use; Cocaine; Cannabis; Pharmacokinetics; Subjective Effects

Introduction

Individuals with substance use disorders rarely report the use of a single substance, but
rather endorse co-use of a variety of illicit and licit drugs (Crummy et al., 2020). Studies
within behavioral pharmacology have aided in identifying pharmacotherapies for individuals
that have a mono-substance use disorder (Elias and Kleber, 2017; Haney and Spealman,
2008). However, investigations often do not address potential issues and treatment strategies
related to polysubstance use. For instance, modafinil has shown efficacy for treating cocaine
dependence, but in some studies, these effects occurred only in patients who were not

also alcohol dependent (Anderson et al., 2009; Foltin et al., 2016; Haney et al., 2021).
Determining the effect profile and health risks of co-administered drugs in the laboratory is
an important step to advance treatments for individuals with polysubstance use disorders.

Cannabis is the most widely used federally illicit substance in the United States and
Europe (EMCDDA, 2022; U.S. Department of Health and Human Services, 2010). It is
also commonly used in conjunction with other illicit and licit substances. Findings from
the 2020 National Survey on Drug Use and Health demonstrate that about 84 % of the
population who report using other illicit substances in the past year also reported past year
cannabis use (U.S. Department of Health and Human Services, 2010). In cannabis users,
about 47 % report use of other illicit substances, thus endorsing polysubstance use. Use of
cannabis with cocaine is well-established (Abelson and Miller, 1985; Goode, 1969), with a
recent meta-analysis finding that the prevalence of concurrent cannabis use among people
who use cocaine to be around 64 % (Liu et al., 2018).

The effects from co-use of cocaine and cannabis are unclear. For example, some have
hypothesized that these drugs are combined to prolong effects, decrease aversive effects, or
enhance positive effects relative to when the drugs are used independently (Barrett et al.,
2006; Foltin and Fischman, 1992; Lukas et al., 1994). Another hypothesis is that commonly
co-administered drugs interact to affect behavioral patterns associated with regulation of
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continued use of one or the other drug (Leri et al., 2003). This notion is supported

by anecdotal reports of women with cocaine dependence who smoke cannabis during
pregnancy to help curb urges to smoke cocaine (Rosenbaum and Irwin, 1998). Furthermore,
in a recent observational study of people who smoke cocaine, intentional use of cannabis
to reduce cocaine use was associated with a lower frequency of cocaine use (Socias et

al., 2017). However, others have reported that concurrent cannabis use is associated with a
heavier pattern of cocaine use and higher scores on the Addiction Severity Index (Lindsay
et al., 2009). In pre-clinical studies, the acquisition of cocaine self-administration in adult
female, but not male, rats was augmented by exposure to a cannabinoid receptor agonist
during adolescence (Higuera-Matas et al., 2008). Cannabinoid receptor agonists, which
include A9-tetrahydrocannabinol (THC), have also been shown to increase cocaine-seeking
behavior in animal models of addiction (Justinova et al., 2009).

Understanding the nature of cannabis-cocaine interactions will provide clinically relevant
information that identifies abuse liability and health risks while laying the groundwork

for developing treatment strategies. Initial laboratory studies indicate that acute cannabis
exposure may enhance behavioral and physiological responses to insufflating or intravenous
cocaine (Foltin and Fischman, 1989; Foltin et al., 1995, 1987, 1993; Lukas et al., 1994).
However, these early studies did not consistently use a cannabis-only condition in the study
design to assess potential additive effects of the drugs. More importantly, prior studies did
not investigate the use of smoked cocaine in combination with cannabis, a combination that
is reported in more than a quarter of people who use both cocaine and cannabis (Liu et

al., 2021). Although this combination is commonly endorsed, use of smoked cocaine with
cannabis has never before been systematically investigated in controlled laboratory studies.
Here, we examined interactions of smoked cocaine and cannabis, i.e., an aerosol generated
by heating the cocaine base or cannabis joint, in an inpatient study.

This study was designed to compare pharmacokinetic, subjective ratings, and cardiovascular
effects of cannabis (0.0 or 5.6 % THC) smoked 28 min prior to repeated administration of
smoked cocaine (0, 12, or 25 mg), when cannabis-elicited effects peak (Haney et al., 2005),
thus generating a dose-effect function for cocaine’s effects in the presence and absence

of cannabis over 6 sessions. We hypothesized, based on a prior report with insufflated
cocaine (Lukas et al., 1994), that active cannabis would increase cocaine plasma levels and
subjective reports of intoxication and abuse liability in addition to increasing heart rate
relative to placebo cannabis.

2. Methods
2.1. Study design

This study used a within-subjects design in an inpatient setting over a 13-day span. On day
1, volunteers meeting criteria for DSM-1V cocaine dependence acclimated to an inpatient
research unit. Participants smoked combinations of cannabis (0 % or 5.6 % THC) and
cocaine (0, 12, or 25 mg) over 6 laboratory session days; each session tested one cocaine

- cannabis dose combination. On each session day, cocaine was smoked 28 min after
cannabis, and thereafter at 14-minute intervals for 3 additional cocaine administrations
(i.e., total of 4 cocaine administrations per session). Pharmacokinetic, cardiovascular, and

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 29.
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self-report measures were collected before drug administration and at regular intervals
after cannabis and cocaine administration. Sessions ended 30 min after the final cocaine
administration. On day 13, participants were debriefed and discharged. The inpatient unit
was a locked, supervised facility and protocols were in place to ensure that no psychoactive
substances were brought to the research unit.

2.2. Study participants

2.3. Drugs

Healthy male and non-pregnant female volunteers, 21-45 years of age were recruited
through advertisements placed in New York City newspapers and by word-of-mouth. Both
male and female volunteers were screened, however only males were eligible and enrolled.
Eligible volunteers had no major medical or psychiatric illness, and no current use of
prescribed medications. Participants had cocaine dependence and used cannabis, as assessed
by the DSM-1V and positive urine toxicology tests. Participants were excluded if they
were seeking treatment for drug use, had a history of serious adverse responses to the
study drugs, a history of contraindications for receiving study drugs including seizure and
cardiac conditions, or met DSM-IV criteria for psychiatric disorders including a substance
dependence disorder other than for cocaine, cannabis, or tobacco. Of 13 participants
recruited into the study, 9 completed the study and were included in the final analysis.
Informed consent was obtained prior to study enrollment. All procedures were approved
by the Institution Review Board of the New York State Psychiatric Institute and were in
accordance with the Declaration of Helsinki.

Active (5.6 % THC) and inactive (0.0 % THC) cannabis cigarettes were provided by

the National Institute on Drug Abuse. Participants received one cannabis cigarette at

each session under double-blind and randomized conditions. Cannabis was smoked, i.e.,

an aerosol generated by heating the cannabis joint was inhaled, using standardized paced-
puffing procedures (Foltin et al., 1987). Briefly, participants were told to “light” the cigarette
(30's), “prepare” (5 s), “inhale” (5 s), “hold [in lungs]” (10 s), and “exhale” every minute
until 75 % of the cigarette was smoked. The cannabis smoking procedure began 28 min
prior to cocaine administration so that cocaine administration occurred near the time of peak
cannabis effects.

Cocaine HCI was purchased from Mallinckrodt (St. Louis, Missouri). Pellets of cocaine
base were manufactured by the pharmacy at the New York State Psychiatric Institute. Fixed
dosing of placebo (0 mg) and two active doses of smoked cocaine (12 and 25 mg) were
used to examine potential dose-dependent effects; we selected these doses based on their
characterization in our previous studies (Haney et al., 2006). The cocaine (12 or 25 mg) or
placebo doses were administered repeatedly at 28, 42, 56, and 70 min following cannabis
administration. Cocaine was smoked, i.e., an aerosol generated by heating the cocaine base
was inhaled, in a single inhalation over 30 s using glass stem pipes. A study physician

or nurse held and lit the pipe with a lighter and vaporization was accomplished after the
blindfolded subject was cued to inhale (Foltin et al., 1990). Placebo was inhaled as heated
air through an empty pipe. Participants were blindfolded immediately prior to smoking to
obstruct visual cues and maintain blinding of the dose condition.

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 29.
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2.4. Pharmacokinetic measures

Plasma levels of THC, cocaine and their metabolites were quantified using capillary gas
chromatography/mass spectrometry (HP5988) in the Analytic Pharmacology Laboratory at
the New York State Psychiatric Institute as previously described (Cooper and Haney, 2009;
Haney et al., 2010). Briefly, the procedure utilizes the negative chemical ionization of

the derivitized compounds and deuterated internal standards with selected ion monitoring
and methane/ammonia as the reactant gas. Blood (7.5 mL) was drawn 30 min prior to
cannabis administration, and thereafter at 14, 32, 46, 60, 74, and 88 min following cannabis
administration. To draw blood, a 20-gauge catheter (QuikCath®; Treavenol Laboratories,
Deerfield IL, USA) was inserted into an arm vein at the beginning of each session. Plasma
was centrifuged, frozen and later analyzed for A9-THC (THC), 11-nor-9-carboxy-A9-THC
(THCCOOH), cocaine, benzoylecgonine (BZ), and ecgonine methyl ester (EME).

2.5. Cardiovascular measures

Blood pressure and heart rate were monitored at regular, two-minute intervals using a blood
pressure cuff placed on the participants’ non-dominant arm, with connections to a Sentry

Il automated vital signs monitor (NBS Medical Services, Costa Mesa, CA). Cardiovascular
measures used in the analysis were recorded immediately before blood draws occurring

at — 30 (baseline) and 14, 32, 46, 60, 74, and 88-minute time points relative to cannabis
administration. Relative to cocaine administration, the 32, 46, 60, and 74-minute time points
occurred 4 min after each of the 4 cocaine doses.

2.6. Subjective drug and mood effects

Subjective drug and mood effects were obtained immediately after blood draws occurring
at — 30 (baseline) and 14, 32, 46, 60, 74, and 88-minute time points relative to cannabis
administration. Self-report included a Cannabis Rating Form (CRF), which was not
administered at the — 30 time point, and visual analog scales (VAS), administered at all
time points. Both the CRF and VAS comprised a series of 200 mm long lines each labeled
with “not at all” and “extremely” on either end. All CRF and VVAS items were presented
individually on a computer screen and participants indicated ratings for respective items
using a mouse. CRF items asked participants to rate the strength of the cannabis, if the
cannabis was good or bad, if they liked the cannabis and if they wanted to take the cannabis
again (Haney et al., 2005). VAS items specific for cocaine effects were grouped in clusters,
which yielded the average score of collinear VAS items according to previous work (Evans
et al., 2002; Haney et al., 2006). These clusters included Good Cocaine Effect (‘Stimulated,’
‘High,” and ‘Good drug effect’), Bad Cocaine Effect (‘Depressed,” ‘Sedated,” ‘Anxious,’
“Tired,” “Irritable,” “‘Confused,” and ‘Bad drug effect’), Cocaine Quality (‘I liked this
choice,” “This choice was potent,” and ‘This choice was high quality”), Focus (‘Focused,’
‘Calm,” and “Able to concentrate’), and Social (‘Social,” ‘Talkative,” ‘Confident,” and
‘Alert’). In addition to these five VAS clusters, one VAS measure examined willingness

to pay for the cocaine dose from $0 to $25, and four additional VAS items assessed drug
craving: ‘I want cocaine,” ‘I want cannabis,” ‘I want tobacco,” and ‘I want alcohol.” One
final VAS item, ‘Hungry,” examined hunger.

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 29.
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2.7. Statistical analysis

Dependent measures were analyzed with repeated-measures ANOVA using cannabis and
cocaine dose as within-subject factors. The dependent measures were analyzed in two steps.
First, multifactorial ANOVASs examined the time course between different doses of cocaine
and cannabis, with significant results presented in Supp. Table 1. If the multifactorial
ANOVA:s included a significant time by cannabis or cocaine interaction, we proceeded with
additional ANOVAS examining peak change from baseline (or peak effect in the case of the
CRF, which does not measure a baseline) in addition to area under the curve (AUC) for each
of the six drug conditions (cannabis or placebo with 0, 12 or 25 mg cocaine). Dependent
measures that resulted in significant follow-up peak change ANOVAs are presented in the
main results, with AUC included in the main pharmacokinetic results. All ANOVAS were
tested for sphericity using the Mauchley Sphericity Test. Dose-dependent findings were
operationalized by linear main effects of cocaine dose and effect sizes were assessed with
partial eta squared (n;). For two measures, the multifactorial ANOVAs did not result in
significant interaction terms, but did result in significant main effects of cannabis, and these
results are presented in Supplementary material (Supp. Fig. 1). Dependent measures were
checked for skewness and kurtosis and passed normality tests with the Shapiro-Wilk test
(Supp. Table 2). All analyses were conducted with SPSS (version 26; SPSS Inc., Chicago,
IL).

3. Results

3.1. Demographic characteristics

A total of 9 participants, all males, completed the 13-day in-patient protocol and were
included in our analysis. Females were screened but did not enroll into the study.

An additional 4 participants did not complete the study. Two were withdrawn due to
cardiovascular abnormalities detected after enrollment, and two withdrew for personal
reasons unrelated to drug administration. Table 1 shows that in addition to regular cocaine
and cannabis use, the participants averaged 4 standard drinks of alcohol three times a week
and all smoked tobacco cigarettes (range: 3-20 cigarettes per day).

3.2. Pharmacokinetics

To determine whether cannabis affects cocaine plasma levels, or vice versa, we measured
plasma levels of THC, cocaine, and their metabolites under fixed dosing conditions (Fig.
1). As expected, active cannabis (5.6 % THC) significantly increased peak plasma levels of
THC (F g =14.29, p=0.007, n;, = 0.671) (Fig. 1A) and the THC metabolite THCCOOH
(F1,8=29.97, p=10.007, n; = 0.671) (Fig. 1B) relative to inactive cannabis (0.0 % THC).
These effects were also found across sessions, with increases in overall plasma levels of
THC (F1 8 = 18.97, p=0.002, 1, = 0.703) (Fig. 1A) and THCCOOH (Fy g = 99.67, p<
0.001, n; = 0.882) as assessed by AUC (Fig. 1B). Cocaine (12, 25 mg) dose-dependently
increased peak plasma levels of both cocaine (£ g = 36.87, p< 0.001, n, = 0.840) (Fig.
1C) and the cocaine metabolite BZ (F1 g = 60.96, p < 0.001, n; = 0.884) (Fig. 2D), in
addition to overall cocaine (£ g = 28.26, p < 0.001, n, = 0.780) (Fig. 1C) and BZ levels
(F1,8=69.61, p<0.001, n, = 0.897) (Fig. 1D) as assessed by AUC. However, for AUC

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 29.
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cocaine plasma levels, Mauchly’s test indicated that the assumption of sphericity had been
violated, (X2(2) = 8.95, p=0.011). The doses of cocaine did not affect cannabinoid plasma
levels when administered after active cannabis. However, pretreatment with active cannabis
significantly reduced peak plasma levels of cocaine (£ g = 6.48, p=0.038, n; = 0.481), but
not AUC cocaine levels (£ g = 4.10, p=0.078, n; = 0.339) (Fig. 1C). The active cannabis
pretreatment, relative to placebo cannabis, also significantly reduced both peak BZ levels
(F1g=11.36, p=0.010, n, = 0.587) and overall BZ levels (F g = 7.25, p=0.027, n; = 0.475,
cannabis and cocaine interaction;(F; g = 6.47, p=0.034, n; = 0.447, main effect of cannabis)
(Fig. 1D).

3.3. Subjective measures

Subjective responses for active cannabis (5.6 % THC) were greater than inactive cannabis
(0.0 % THC), as assessed by the Cannabis Rating Form (CRF), (Fig. 2). Specifically,
participant ratings for the strength of the cannabis (peak effect: (F; g = 16.24, p= 0.004,

1, = 0.670), Fig. 2A; AUC: (F; g = 26.66, p=0.001, n, = 0.769, Supp. Fig. 1A), ratings of
“Good cannabis” (peak effect: (£ g = 16.53, p=0.004, n, = 0.674, Fig. 2B; AUC:(F1 g =
16.04, p=0.004, n; = 0.667, Supp. Fig. 1B), and willingness to take again (peak effect: (F g
=9.06, p=0.017, n, = 0.531, Fig. 2C; AUC:(Fy g = 9.67, p=0.014, n; = 0.547, Supp. Fig.
1C) were greater for active relative to inactive cannabis. None of the subjective responses to
cannabis on the CRF were affected by inclusion of cocaine.

On the visual analog scale (VAS), cocaine dose-dependently increased participant ratings of
Good Cocaine Effect (peak change: (F1 g = 28.63, p< 0.001, n; = 0.782, Fig. 3A; AUC: (F1 8
=26.45, p<0.001, n; = 0.768, Supp. Fig. 2A), Cocaine Quality (peak change: (£ g = 39.27,

p<0.001, n, = 0.831, Fig. 3B; AUC: (F1 g = 29.85, p< 0.001, n, = 0.789, Supp. Fig. 2B), and
Willingness to Pay (peak change: (F, g = 11.60, p= 0.009, n; = 0.592, Fig. 3F; AUC: (F1 g =

16.25, p=0.004, n; = 0.670, Supp. Fig. 2F). These subjective responses to cocaine were not

affected by inclusion of cannabis.

However, while cocaine reduced ratings of Hunger (peak: (1 g = 7.45, p=0.026, n; = 0.482,
Fig. 3E; AUC: (F g =7.97, p=0.022, n; = 0.499, Supp. Fig. 2E), Calm (peak change: (F g
=14.83, p=0.005, n, = 0.650, Fig. 3D; AUC: (F1 g = 11.64, p=0.009, n; = 0.593, Supp.

Fig. 2D), and Focus (peak change: (F1 g = 7.76, p= 0.024, n; = 0.492, Fig. 3C; AUC: (F1 g =
15.21, p=0.005, n; = 0.655, Supp. Fig. 2C), the active cannabis condition increased ratings
of Hunger (peak change: (F g = 6.17, p=0.038, n; = 0.436, Fig. 3E; AUC: (F1 g =8.17, p=
0.021, n; = 0.505, Supp. Fig. 2E). Active cannabis also increased ratings of Calm and Tired,
while reducing ratings of Talkative in multifactorial ANOVAS that incorporated time as a
within-subjects factor (Supp. Fig. 3). Ratings for Cocaine Craving, which were increased by
cocaine in the multifactorial ANOVA, did not reach significance in the follow-up ANOVASs,
nor were they affected by the active cannabis condition (Supp. Table 1).

3.4. Cardiovascular measures

Active cannabis (5.6 % THC) increased heart rate responses relative to inactive cannabis
(0.0 % THC) (peak change: (F; g = 5.45, p=0.048, n; = 0.405, Fig. 4; AUC: (F g = 9.06, p=

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 29.
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0.017, n; = 0.53, Supp. Fig. 4). Cocaine also dose-dependently increased heart rate overall as
assessed by AUC (£ g = 13.27, p=0.007, n; = 0.624, Supp. Fig. 4), but did not significantly
affect peak changes in heart rate (Fig. 4). No effects on systolic or diastolic blood pressure
were observed for either cannabis or cocaine (data not shown) and neither cannabis nor
cocaine altered the cardiovascular effects of the other drug.

4. Discussion

The current study examined the behavioral and physiological effects of experimenter-
administered cannabis smoked prior to cocaine administration to identify variables that may
contribute to the continued co-use of these drugs. Cannabis (5.6 % THC) attenuated peak
plasma levels of cocaine and the cocaine metabolite BZ in addition to the overall plasma
levels of BZ as assessed by area under the curve. However, this pharmacokinetic interaction
did not have widespread effects on subjective drug ratings or cardiovascular outcomes.
Nonetheless, cannabis did attenuate some of cocaine’s subjective effects, consistent with the
reductions in cocaine and metabolite plasma levels, including cocaine-induced reductions in
appetite and feelings of calm. Additionally, administration of cannabis produced the same
effects on heart rate with or without the inclusion of cocaine (12, 25 mg).

Few studies in either humans or laboratory animals have examined the pharmacokinetic
interaction of cocaine and cannabinoids (Daldegan-Bueno et al., 2021). Only one prior
report has examined the pharmacokinetics of this drug combination, but with insufflating
as opposed to smoked cocaine. In that study, smoked cannabis 30 min prior to insufflating
cocaine increased both peak and area under the curve cocaine plasma levels from 140

to 240 ng/mL (Lukas et al., 1994), opposite in direction to our findings. The authors

of that study linked the increases in cocaine plasma levels to the route of cocaine
administration, speculating that cannabis-related vasodilation of the nasal mucosa may
have counter-acted the vasoconstrictive effects of cocaine to increase its absorption. In

our study, we hypothesized that we would find a similar impact of cannabis on cocaine
plasma levels, despite differences in route of administration. Instead, we found that the
cannabis pretreatment resulted in overall reductions, as opposed to increases, in cocaine
and cocaine metabolite plasma levels. We cannot speculate as to the pharmacokinetic
mechanisms contributing to the reductions in our study. In rodents, lower doses of THC
(15 or 30 mg/kg, i.p.) pretreatment did not affect brain levels of cocaine (40 mg/kg, i.p.), but
significantly higher brain cocaine levels were observed at a substantially higher THC dose
(120 mg/kg, i.p.; (Reid and Bornheim, 2001).

In terms of subjective effects, we found that cannabis prior to cocaine administration
modulated some cocaine responses, while cocaine did not alter the magnitude or quality of
any of cannabis’s effects. Relevant to co-use, inclusion of cannabis attenuated some effects
of cocaine, including loss of appetite, while maintaining levels of reported calm otherwise
reduced by cocaine during sessions. Additionally, tiredness increased while talkativeness
was reduced by cannabis pretreatment. These findings contrast with prior studies. One study
found that smoked cannabis (2.7 % THC) 13 min prior to intravenous cocaine (32 mg)
increased cocaine’s subjective effects, including the magnitude and duration of ‘High’ and
‘Stimulated,” relative to cocaine alone (Foltin et al., 1993). A separate study found that
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smoked cannabis (2.5 % THC) prior to insufflating cocaine (63 mg/70 kg) decreased the
latency to detect cocaine’s subjective effects, while increasing the duration of subjective
ratings of cocaine-induced euphoria (Lukas et al., 1994). Together, the profile of subjective
effects in our study indicate that cannabis pretreatment does not increase the positive
subjective effects of cocaine, but rather, might attenuate some of cocaine’s effects.

Cannabis and cocaine each produce elevations in heart rate when administered
independently, (Foltin et al., 1995; Liu et al., 2018). However, findings from the few studies
examining the co-administration of these two drugs have been mixed. One study found

that cannabis (2.7 % THC) smoked 13 min prior to intravenous cocaine (32 mg) increased
both the magnitude and duration of drug-induced tachycardia compared to administration
of either drug alone (Foltin et al., 1987). In another study examining cardiovascular effects
of insufflating cocaine (4-96 mg), the inclusion of cannabis (2.9 % THC) did not increase
heart rate relative to cannabis alone (Foltin and Fischman, 1989). A third study found that
cannabis (2.64 % THC) administered 30 min prior to insufflating cocaine (63 mg/70 kg)
increased cocaine-induced tachycardia, however there was no cannabis-only condition to
enable the assessment of potential additive effects (Lukas et al., 1994). In the current study,
we found that cannabis and cocaine increased heart rate across the 0, 12, and 25 mg cocaine
sessions as expected. However, our results do not suggest that these increases are greater
than those seen with either drug alone.

How might pharmacodynamic factors play into our observed subjective and physiological
effects and relate to previous studies? Although the impact of cannabis on the
pharmacokinetics of cocaine might primarily account for the cannabis-related changes in
cocaine’s subjective and cardiovascular responses, it is important to consider the known
pharmacodynamic interactions between these two drugs and their receptor targets. THC is
a partial agonist of cannabinoid receptors (CB1Rs), which, in the brain, act to inhibit the
release of several neurotransmitters and neuromodulators, including dopamine (Piomelli,
2003, 2014), the neuromodulator well-known to mediate the subjective effects of cocaine
(Ikegami and Duvauchelle, 2004). Although CB1Rs are not expressed on dopaminergic
axon terminals, they are densely expressed in brain nuclei that house dopamine cell
bodies (Bloomfield et al., 2019). Within these nuclei, CB1Rs are primarily expressed

on interneurons that release GABA, an inhibitory neurotransmitter that regulates the
activity of surrounding dopamine cells (Tsou et al., 1998). The presence of THC in the
brain activates CB1Rs to reduce GABA release and disinhibit dopamine cell activation,
facilitating the release of dopamine throughout dopamine pathways in the brain (Araque
et al., 2017; Augustin and Lovinger, 2018; Cheer et al., 2007; Wang and Lupica, 2014).
From a pharmacodynamic perspective, pretreatment of cannabis prior to cocaine exposure
might buffer the impact of additional dopaminergic-related activity associated with cocaine,
especially at high doses of THC. Our study used a higher THC strength (5.6 % THC) than
earlier reports (< 2.9 % THC), which might have contributed to the absence of THC-related
increases in ratings such as “Stimulated’ reported in earlier studies (Foltin et al., 1993;
Lukas et al., 1994). We also note that these studies occurred decades before our study,
and differences related to cannabis use, including potency in cannabis products or cultural
attitudes toward cannabis, may have influenced the results.
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This study included both strengths and limitations. The major strength of the study was

a systematic design that included two active cocaine doses in a previously untested drug
combination, smoked cocaine with cannabis. The inpatient setting enabled control for acute
and residual drug effects, while ensuring adequate sleep and food intake before testing. Our
study was limited by a relatively small sample size, the inclusion of only males and mostly
Black participants. These factors limit the generalizability of the findings. Additionally, the
co-administration schedule included cannabis pretreatment but never cocaine pretreatment
nor any co-administration at the same time. The testing schedule might also have influenced
the pharmacodynamics and pharmacokinetics of the study drugs. Future studies may assess
co-administration using a design that includes cocaine administration prior to cannabis,
which may offer additional insight in a potentially more etiologically relevant model of
co-use. That is, anecdotally, our participants suggested that cannabis was often used to end a
cocaine-related binge, which was not modeled by the current study.

In conclusion, our examination of smoked cannabis (5.6 % THC) prior to smoked cocaine
(12, 25 mg) found few interactions between the drugs, despite both drugs showing robust
effects on their own. Although we found no evidence for enhanced cocaine effects after
cannabis, we found evidence for reductions in some cocaine effects, including reductions in
peak plasma levels of cocaine and reductions in cocaine’s effect on appetite and reported
calm. Future studies should explore additional doses of each drug, and in reverse order of
administration, including whether the drug interactions impact cocaine’s reinforcing effects.
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This research was supported by the US National Institute on Drug Abuse (NIDA: DA027755 and DA047296)
and the Semel Charitable Foundation. We are grateful to NIDA for providing the cannabis cigarettes and to
Rajkumar Kalapatapu, Audrey Perez, Janet Murray and Claudia Tindall for assisting with the sessions, and Philip
Kamilar-Britt, Stephanie Riviera, and Mikiko Thelwell for their expert assistance in data collection.

References

Abelson HI, Miller JD, 1985. A decade of trends in cocaine use in the household population. NIDA
Res. Monogr. 61, 35-49. [PubMed: 3932880]

Anderson AL, Reid MS, Li SH, Holmes T, Shemanski L, Slee A, Smith EV, Kahn R, Chiang N, Vocci
F, Ciraulo D, Dackis C, Roache JD, Salloum IM, Somoza E, Urschel HC 3rd, Elkashef AM, 2009.
Modafinil for the treatment of cocaine dependence. Drug Alcohol Depend. 104 (1-2), 133-139.
[PubMed: 19560290]

Araque A, Castillo PE, Manzoni OJ, Tonini R, 2017. Synaptic functions of endocannabinoid signaling
in health and disease. Neuropharmacology 124, 13-24. [PubMed: 28625718]

Augustin SM, Lovinger DM, 2018. Functional relevance of endocannabinoid-dependent synaptic
plasticity in the central nervous system. ACS Chem. Neurosci. 9 (9), 2146-2161. [PubMed:
29400439]

Barrett SP, Darredeau C, Pihl RO, 2006. Patterns of simultaneous polysubstance use in drug using
university students. Hum. Psychopharmacol. 21 (4), 255-263. [PubMed: 16783813]

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Murray et al.

Page 11

Bloomfield MAP, Hindocha C, Green SF, Wall MB, Lees R, Petrilli K, Costello H, Ogunbiyi MO,
Bossong MG, Freeman TP, 2019. The neuropsychopharmacology of cannabis: a review of human
imaging studies. Pharmacol. Ther. 195, 132-161. [PubMed: 30347211]

Cheer JF, Wassum KM, Sombers LA, Heien ML, Ariansen JL, Aragona BJ, Phillips PE, Wightman
RM, 2007. Phasic dopamine release evoked by abused substances requires cannabinoid receptor
activation. J. Neurosci. 27 (4), 791-795. [PubMed: 17251418]

Cooper ZD, Haney M, 2009. Comparison of subjective, pharmacokinetic, and physiological effects
of marijuana smoked as joints and blunts. Drug Alcohol Depend. 103 (3), 107-113. [PubMed:
19443132]

Crummy EA, O’Neal TJ, Baskin BM, Ferguson SM, 2020. One is not enough: understanding and
modeling polysubstance use. Front. Neurosci. 14, 569. [PubMed: 32612502]

Daldegan-Bueno D, Maia LO, Glass M, Jutras-Aswad D, Fischer B, 2021. Co-exposure of cocaine

and cannabinoids and its association with select biological, behavioural and health outcomes:
a systematic scoping review of multi-disciplinary studies. Eur. Neuropsychopharmacol. 51, 106—
131. [PubMed: 34273801]

Elias D, Kleber HD, 2017. Minding the brain: the role of pharmacotherapy in substance-use disorder
treatment. Dialog. Clin. Neurosci. 19 (3), 289-297.

European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) (2022) European drug report
2022: trends and developments. Luxembourg: Publications Office of the European Union. https://
www.drugsandalcohol.ie/36441/.

Evans SM, Haney M, Foltin RW, 2002. The effects of smoked cocaine during the follicular and
luteal phases of the menstrual cycle in women. Psychopharmacology 159 (4), 397-406. [PubMed:
11823892]

Foltin R, Fischman M, 1989. Effects of the combination of cocaine and marijuana on the task-elicited
physiological response. NIDA Res. Monogr. 95, 359-360. [PubMed: 2640994]

Foltin RW, Fischman MW, 1992. The cardiovascular and subjective effects of intravenous cocaine and
morphine combinations in humans. J. Pharm. Exp. Ther. 261 (2), 623-632.

Foltin RW, Fischman MW, Pedroso JJ, Pearlson GD, 1987. Marijuana and cocaine interactions in
humans: cardiovascular consequences. Pharmacol. Biochem. Behav. 28 (4), 459-464. [PubMed:
2829241]

Foltin RW, Fischman MW, Nestadt G, Stromberger H, Cornell EE, Pearlson GD, 1990. Demonstration
of naturalistic methods for cocaine smoking by human volunteers. Drug Alcohol Depend. 26 (2),
145-154. [PubMed: 2242715]

Foltin RW, Fischman MW, Pippen PA, Kelly TH, 1993. Behavioral effects of cocaine alone and
in combination with ethanol or marijuana in humans. Drug Alcohol Depend. 32 (2), 93-106.
[PubMed: 8508730]

Foltin RW, Fischman MW, Levin FR, 1995. Cardiovascular effects of cocaine in humans: laboratory
studies. Drug Alcohol Depend. 37 (3), 193-210. [PubMed: 7796714]

Foltin RW, Haney M, Bedi G, Evans SM, 2016. Modafinil decreases cocaine choice in human cocaine
smokers only when the response requirement and the alternative reinforcer magnitude are large.
Pharmacol. Biochem Behav. 150-151, 8-13.

Goode E, 1969. Marijuana and the politics of reality. J. Health Soc. Behav. 83-94. [PubMed: 5791239]

Haney M, Spealman R, 2008. Controversies in translational research: drug self-administration.
Psychopharmacology 199 (3), 403—-419. [PubMed: 18283437]

Haney M, Rabkin J, Gunderson E, Foltin RW, 2005. Dronabinol and marijuana in HIV(+) marijuana
smokers: acute effects on caloric intake and mood. Psychopharmacology 181 (1), 170-178.
[PubMed: 15778874]

Haney M, Hart CL, Foltin RW, 2006. Effects of baclofen on cocaine self-administration: opioid-
and nonopioid-dependent volunteers. Neuropsychopharmacology 31 (8), 1814-1821. [PubMed:
16407903]

Haney M, Gunderson EW, Jiang H, Collins ED, Foltin RW, 2010. Cocaine-specific antibodies blunt
the subjective effects of smoked cocaine in humans. Biol. Psychiatry 67 (1), 59-65. [PubMed:
19846066]

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 29.


https://www.drugsandalcohol.ie/36441/
https://www.drugsandalcohol.ie/36441/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Murray et al.

Page 12

Haney M, Rubin E, Denson RK, Foltin RW, 2021. Modafinil reduces smoked cocaine self-
administration in humans: effects vary as a function of cocaine ‘priming’ and cost. Drug Alcohol
Depend. 221, 108554. [PubMed: 33610094]

Higuera-Matas A, Luisa Soto-Montenegro M, del Olmo N, Miguéns M, Torres I, José Vaquero
J, Sénchez J, Garcia-Lecumberri C, Desco M, Ambrosio E, 2008. Augmented acquisition of
cocaine self-administration and altered brain glucose metabolism in adult female but not male
rats exposed to a cannabinoid agonist during adolescence. Neuropsychopharmacology 33 (4), 806—
813. [PubMed: 17551541]

lkegami A, Duvauchelle CL, 2004. Dopamine mechanisms and cocaine reward. Int. Rev. Neurobiol.
62, 45-94. [PubMed: 15530568]

Justinova Z, Panlilio LV, Goldberg SR, 2009. Drug addiction. Curr. Top. Behav. Neurosci. 1, 309-346.
[PubMed: 21104390]

Leri F, Bruneau J, Stewart J, 2003. Understanding polydrug use: review of heroin and cocaine co-use.
Addiction 98 (1), 7-22. [PubMed: 12492751]

Lindsay JA, Stotts AL, Green CE, Herin DV, Schmitz JM, 2009. Cocaine dependence and concurrent
marijuana use: a comparison of clinical characteristics. Am. J. Drug Alcohol Abus. 35 (3), 193—
198.

Liu Y, Williamson V, Setlow B, Cottler LB, Knackstedt LA, 2018. The importance of considering
polysubstance use: lessons from cocaine research. Drug Alcohol Depend. 192, 16-28. [PubMed:
30195242]

Liu Y, Cheong J, Setlow B, Cottler LB, 2021. Cocaine and marijuana polysubstance use and cocaine
use disorder: investigating mediated effects through patterns of cocaine use. J. Dual Diagn. 17 (1),
23-33. [PubMed: 33300839]

Lukas SE, Sholar M, Kouri E, Fukuzako H, Mendelson JH, 1994. Marihuana smoking increases
plasma cocaine levels and subjective reports of euphoria in male volunteers. Pharmacol. Biochem.
Behav. 48 (3), 715-721. [PubMed: 7938127]

Piomelli D, 2003. The molecular logic of endocannabinoid signalling. Nat. Rev. Neurosci. 4 (11),
873-884. [PubMed: 14595399]

Piomelli D, 2014. More surprises lying ahead. The endocannabinoids keep us guessing.
Neuropharmacology 76 Pt B, 228-234. [PubMed: 23954677]

Reid MJ, Bornheim LM, 2001. Cannabinoid-induced alterations in brain disposition of drugs of abuse.
Biochem Pharmacol. 61 (11), 1357-1367. [PubMed: 11331071]

Rosenbaum M, Irwin K, 1998. Pregnancy, Drugs, and Harm Reduction. Drug Addiction Research and
the Health of Women. National Institute on Drug Abuse,, Rockville, MD, pp. 309-318.

Socias ME, Kerr T, Wood E, Dong H, Lake S, Hayashi K, DeBeck K, Jutras-Aswad D, Montaner J,
Milloy MJ, 2017. Intentional cannabis use to reduce crack cocaine use in a Canadian setting: a
longitudinal analysis. Addict. Behav. 72, 138-143. [PubMed: 28399488]

Tsou K, Brown S, Sanudo-Pena M, Mackie K, Walker J, 1998. Immunohistochemical distribution
of cannabinoid CB1 receptors in the rat central nervous system. Neuroscience 83 (2), 393-411.
[PubMed: 9460749]

U.S. Department of Health and Human Services, S.A.a.M.H.S.A, Center for Behavioral Health
Statistics and Quality, 2010. National Survey on Drug Use and Health 2010 (NSDUH-2010-
DS0001). <https://datafiles.samhsa.gov/) .

Wang H, Lupica CR, 2014. Release of endogenous cannabinoids from ventral tegmental area
dopamine neurons and the modulation of synaptic processes. Prog. Neuropsychopharmacol. Biol.
Psychiatry 52, 24-27. [PubMed: 24495779]

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 29.


https://datafiles.samhsa.gov/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Murray et al.

A. Plasma THC

200

THC ng/mL
o o @
o o o o

0.0% THC

BL 14,32 ,46 60,74 88

e

Time (min)

B. Plasma THCCOOH

30
25
20
15
10

5

0

THCCOOH ng/mL

0.0% THC

-%-0-0-0-0-9

BL 14 32 46 60 74 88
PPy

Time (min)

C. Plasma Coc

Coc ng/mL
= = NN W
oo oo ao
O O O O O o o

0.0% THC

BL 14 32 46 60,74 88

L

Time (min)

D. Plasma BZ

0.0% THC

BL 14,32 46 60 74 88
o

Time (min)

Fig. 1.

Coc ng/mL THCCOOH ng/mL THC ng/mL

BZ ng/mL

50

30
25
20
15
10

300
250
200
150
100

50

300
250
200
150
100

50

5.6% THC

O omg
@ 12mg

@ 25mg (:,J:
'—

BL 14,32 ,46 ,60,74 88

e

Time (min)

5.6% THC

THCCOOH

BL 14 32 46 60 74 88
o

Time (min)

5.6% THC

Coc
ng/mL x min

Coc

BL 14,32 46 60,74 88
o

Time (min)

5.6% THC

Bz
ng/mL x min

:

BL 14,32 46 60,74 88
o

Time (min)

ng/mL x min

THC

ng/mL x min

THCCOOH

5000
4000
3000
2000
1000

2000
1500
1000

500

-500

7500

5000
4000
3000
2000
1000

-1000

Area Under Curve
[J0.0% THC
W5.6% THC

0 12 25

Cocaine (mg)

Area Under Curve

0 12 25

Cocaine (mg)

Area Under Curve

0 12 25

Cocaine (mg)

Area Under Curve

0 12 25

Cocaine (mg)

Concentration (ng/mL) Concentration (ng/mL) Concentration (ng/mL)

Concentration (ng/mL)

200
150
100

50

30
25
20
15
10

300
250
200
150
100

50

300
250
200
150
100

50

Page 13

Peak Change
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Plasma levels of THC, cocaine, and metabolites after co-administration of cannabis and
cocaine. Area Under Curve and Peak Change plasma levels of A9-tetrahydrocannabinol
(THC) (A) and metabolite 11-nor-9-carboxy-A9-THC (THCCOOH) (B) increased after
active cannabis (5.6 % THC) relative to inactive cannabis (placebo; 0.0 % THC), but were
unaffected by cocaine dose (0, 12, 25 mg) (repeated-measures ANOVA, main effects of

cannabis, ps < 0.05). Area Under Curve and Peak Change plasma levels of cocaine (C)

and metabolite benzoylecgonine (BZ) (D) dose-dependently increased after cocaine (12, 25
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mg) (repeated-measures ANOVA, main effects of cocaine, ps < 0.05). Peak cocaine and BZ
were significantly reduced by active cannabis (repeated-measures ANOVA, significant main
effect of cannabis, p < 0.05). Area Under Curve BZ levels were also significantly reduced by
active cannabis (repeated-measures ANOVA, significant cannabis and cocaine interaction,

p < 0.05 and main effect of cannabis, p < 0.05). Data expressed as mean = SEM. Arrows
indicate cocaine administrations.
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Cannabis Rating Form responses after co-administration of cannabis and cocaine. Active
cannabis (5.6 % THC) increased peak ratings of cannabis strength, “Strong cannabis”

(A), good cannabis effects, “Good cannabis” (B), and willingness to take the cannabis
again, “Take cannabis again” (C), relative to inactive cannabis (placebo; 0.0 % THC). CRF
responses were not affected by cocaine dose (0, 12, 25 mg) (repeated-measures ANOVA for
each CRF item, main effects of cannabis, ps < 0.05). Peak Effect indicates that this measure
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did not include a baseline from which a peak change score would be derived. Data expressed
as mean + SEM. Arrows indicate cocaine administrations.
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Visual analog scale responses after co-administration of cannabis and cocaine. Cocaine

(12, 25 mg) dose-dependently increased peak ratings of Good Cocaine Effect (A), Cocaine
Quality (B), and Willingness to Pay (up to $25) (F) (repeated-measures ANOVA for each

VAS (mm)
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VAS item, main effects of cocaine dose, ps < 0.05). Cocaine also dose-dependently reduced
ratings of Focus (C), Calm (D), and Hunger (E), the latter of which was increased by

active (5.6 % THC) relative to inactive (placebo; 0.0 % THC) cannabis (repeated-measures

ANOVA for each VAS item, interactions not significant, main effects of cocaine dose, ps
< 0.05; for Hunger, main effect of cannabis, p < 0.05). Data expressed as mean + SEM.
Arrows indicate cocaine administrations.
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Heart rate after co-administration of cannabis and cocaine. Peak heart rate increased after
active cannabis (5.6 % THC) relative to inactive cannabis (placebo; 0.0 % THC) (repeated-
measures ANOVA, interaction not significant; main effect of cannabis, p < 0.05). Data
expressed as mean £ SEM. Arrows indicate cocaine administrations.
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Demographics.

Table 1

Category n or Mean + SD (Range)
Age, years 2 43.2 £6.1 (34-53)
BMI (kg/m?) 28.8 £ 3.6 (22.7-33.5)

Race / Ethnicity

Black or African American

Asian

Cannabis Use

Age first used, years
Days/week

$/week

Cocaine Use

Age first used, years
Days/week

$/week

Alcohol Use days/week
Days/week
Drinks/occasion

Cigarettes/day

[ee)

18.6 +10.2 (12-43)
2.3+1.2(1-4)
23.8 +16.9 (10-60)

21.1 % 7.5 (14-34)
46+2.1 (15-7)
288.3 + 218.5 (100-800)

32420 (1-7)
41+2.4(1-8.3)
8.7 £5.1 (3-20)
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