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Impact of co-administration of oxycodone and smoked
cannabis on analgesia and abuse liability
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Cannabinoids combined with opioids produce synergistic antinociceptive effects, decreasing the lowest effective antinociceptive
opioid dose (i.e., opioid-sparing effects) in laboratory animals. Although pain patients report greater analgesia when cannabis is
used with opioids, no placebo-controlled studies have assessed the direct effects of opioids combined with cannabis in humans or
the impact of the combination on abuse liability. This double-blind, placebo-controlled, within-subject study determined if cannabis
enhances the analgesic effects of low dose oxycodone using a validated experimental model of pain and its effects on abuse
liability. Healthy cannabis smokers (N = 18) were administered oxycodone (0, 2.5, and 5.0 mg, PO) with smoked cannabis (0.0, 5.6%
Δ9 tetrahydrocannabinol [THC]) and analgesia was assessed using the Cold-Pressor Test (CPT). Participants immersed their hand in
cold water (4 °C); times to report pain (pain threshold) and withdraw the hand from the water (pain tolerance) were recorded.
Abuse-related effects were measured and effects of oxycodone on cannabis self-administration were determined. Alone, 5.0 mg
oxycodone increased pain threshold and tolerance (p ≤ 0.05). Although active cannabis and 2.5 mg oxycodone alone failed to elicit
analgesia, combined they increased pain threshold and tolerance (p ≤ 0.05). Oxycodone did not increase subjective ratings
associated with cannabis abuse, nor did it increase cannabis self-administration. However, the combination of 2.5 mg oxycodone
and active cannabis produced small, yet signiﬁcant, increases in oxycodone abuse liability (p ≤ 0.05). Cannabis enhances the
analgesic effects of sub-threshold oxycodone, suggesting synergy, without increases in cannabis’s abuse liability. These ﬁndings
support future research into the therapeutic use of opioid-cannabinoid combinations for pain.
Neuropsychopharmacology (2018) 43:2046–2055; https://doi.org/10.1038/s41386-018-0011-2

INTRODUCTION
In the United States, an estimated 11.2% of the adult population
suffers from chronic pain [1] and nearly 20% of patients
presenting with acute and chronic non-cancer pain are prescribed
opioids [2]. Between 1999 and 2015, opioid prescribing tripled [3]
along with the number of deaths attributed to opioid analgesics,
with an estimated 17,500 fatalities in 2015 relative to 6160
reported in 1999 [4]. With recent recognition of the signiﬁcant
health risks associated with high doses of opioids including opioid
use disorder [5] and overdose [6, 7] physicians are asked to limit
the number of prescriptions written, shorten the duration of
opioid therapy, and decrease the total daily doses prescribed [8].
As awareness of the risks of prescription opioid use grows, medical
cannabis use is also garnering widespread acceptance, with over
half of the United States passing medical cannabis laws [9]. Pain is
the primary indication for use by patients who are prescribed
cannabis [10], and chronic pain is one indication for which strong
evidence exists supporting the use of cannabinoids (National
Academies of Sciences, Engineering, and Medicine [62, 11]). Yet
recent systematic reviews concluded that there is limited or
inconclusive evidence supporting the use speciﬁcally of cannabisbased products for neuropathic pain and insufﬁcient evidence
supporting its use for other types of chronic pain [12, 13]. These

ﬁndings exemplify the need for more rigorously controlled clinical
trials in this area.
With increased access to cannabis and more conservative
opioid prescribing, evidence suggests that patients are substituting cannabis for opioids. For example, opioid analgesic prescriptions ﬁlled by Medicare Part D enrollees fell signiﬁcantly in states
with medical cannabis laws [14], and patients with chronic pain
report over 60% reduction in their opioid use in these states [15].
In lieu of full substitution, some pain patients report that cannabis
increases the analgesic effects of their opioids [16] or decreases
the opioid dose needed for therapeutic effect [17]. Moreover,
some randomized controlled studies have demonstrated analgesic
effects of cannabinoids in patients taking opioids for chronic and
cancer pain [18–20]. These data suggest that cannabis may (1)
increase the pain-relieving properties of opioids and consequently
decrease the total dose used, or (2) provide adequate analgesia
on its own thus acting as a substitute. However, there are no data
from placebo-controlled studies directly addressing whether
cannabis can decrease the effective analgesic doses of opioids.
Furthermore, to date, no studies have investigated the impact of
opioid-cannabinoid drug combinations on abuse liability, a critical
aspect when considering the therapeutic utility of two drugs that
have signiﬁcant abuse liability when administered alone.
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Based on animal studies, combining opioids and cannabinoids
for pain relief is hypothesized to provide superior clinical
therapeutic effectiveness than opioid administration alone by
increasing the analgesic potency of the opioid and therefore
decreasing its effective analgesic dose (termed opioid-sparing
effects). Although this effect has yet to be conﬁrmed in humans,
preclinical evidence regarding the pro-analgesic effects of coadministration of mu-opioid agonists and cannabinoids abounds,
predominantly with Δ9 tetrahydrocannabinol (THC), a partial CB1
and CB2 receptor agonist [21] and the main psychoactive
component of cannabis [22]. Combining THC and mu-opioid
agonists has been reported to have additive or synergistic
effects across a range of routes of administration in rodents
(i.e., [23–28]) and non-human primates, depending on the
efﬁcacy of the opioid agonist (i.e., [29–31]). Achieving analgesia
with lower opioid doses may also decrease adverse effects related
to opioid use that diminish their therapeutic utility, including
constipation, respiratory depression, and the development of
opioid tolerance and dependence [32]. For instance, although
chronic administration of a CB1 or mu-opioid receptor agonist
alone produces antinociceptive tolerance and physiological
dependence, co-administration of the drugs prevents these
effects in rodents [33, 34]. In addition to reducing the development of tolerance and dependence, CB1 receptor agonists also
reduce the discriminative stimulus and reinforcing effects of
opioid agonists in non-human primates [30, 35]. This potential for
cannabinoids to decrease the abuse liability of opioids has profound implications for the most signiﬁcant adverse effects of
opioids; that is, the risk of opioid use disorders and associated
fatalities [4, 36]. Based on the preclinical literature, coadministration of cannabinoids, speciﬁcally CB1 receptor agonists
like THC, would potentially decrease the risk of developing an
opioid use disorder.
Few controlled clinical studies have sought to identify the
opioid-sparing effects of cannabinoids; one assessed the impact of
vaporized cannabis on opioid analgesia and pharmacokinetics,
however this was under non-placebo controlled conditions. In
addition, that study was not designed to assess if cannabis could
decrease the effective opioid analgesic dose [37]. Other studies
have used various cannabinoid preparations and routes of
administration (i.e., oral THC or THC:CBD oromucosal spray) and
have either lacked an opioid control (i.e., opioid placebo) or failed
to include more than one opioid dose, again making it difﬁcult to
conclude whether cannabinoids can decrease the effective opioid
dose for analgesia [18–20, 38, 39]. Furthermore, while one study
assessed the effects of cannabis and opioid co-administration on
subjective intoxication [37], no studies to date have assessed the
abuse liability of the drug combination, a critical endpoint when
determining if the combination can mitigate risks of abuse
associated with opioid administration.
This within-subject, randomized, placebo-controlled, doubleblind study sought to determine the opioid-sparing effects of
cannabis by assessing analgesia and abuse liability of subthreshold and lowest-effective doses of oxycodone (2.5 and 5.0
mg, respectively) when administered alone or in combination with
smoked cannabis over six experimental sessions in a healthy,
cannabis-smoking population. The sub-threshold dose was chosen
speciﬁcally to assess potential synergistic effects of the drug
combination that may not have been apparent with higher doses.
Analgesia was assessed using the Cold Pressor Test (CPT) an
experimental test of pain that has predictive validity for
medications used for chronic pain (opioids [40–42], gabapentin
[43], and lamotrigine [44]). Assessing analgesic effects using this
elicited pain test in a non-pain population afforded robust
experimental control by excluding signiﬁcant confounding variables that occur when studying a pain population including (1)
current use of analgesics and (2) ﬂuctuations in baseline pain
across session days.
Neuropsychopharmacology (2018) 43:2046 – 2055

METHODS AND MATERIALS
Participants
Volunteers, 21–45 years of age, who met basic inclusion/exclusion
criteria after an initial telephone screen came to the laboratory for
further screening, received a psychiatric and medical evaluation,
and provided a drug use and medical history. Eligible participants
currently smoked ≥ three cannabis cigarettes at least three times
a week for the four weeks before screening, as determined by
urine toxicology and self-report (one ‘blunt’ = two cannabis
cigarettes [45]) and were physically healthy, as determined by a
physical examination, electrocardiogram, and urine and blood
chemistries. Participants also had to have experience with opioids
without adverse effects. Volunteers were excluded if they
endorsed current pain, used over-the-counter or prescription
medications each day, with the exception of oral contraceptives,
used illicit drugs other than cannabis, as determined by urine
toxicology and self-report, or had problematic alcohol consumption. Those meeting Diagnostic and Statistical Manual (of Mental
Disorders), fourth edition revised criteria for Axis I psychopathology were excluded. Pregnant or nursing females were also
excluded. Volunteers were told that the study aimed to determine
the effects of smoked cannabis and a Food and Drug Administration (FDA)-approved medication on pain and that during each
session they would take a capsule and smoke a portion of a
cannabis cigarette. Participants were admitted into the study after
providing informed consent. Procedures were approved by the
Institutional Review Board of the New York State Psychiatric
Institute and were in accord with the Declaration of Helsinki.
Design and procedures
The study included six 8-hour outpatient sessions over the course
of 4–8 weeks at the New York State Psychiatric Institute. Sessions
were separated by >72 h to prevent medication carryover effects
and began around 9 AM. Volunteers also participated in two
additional sessions assessing the effects of naltrexone (25 mg) on
cannabis analgesia; ﬁndings will be reported separately. Before
study onset, participants were familiarized with computerized
tasks, the CPT, and study procedures during a medication-free
training. During each session, one capsule containing placebo or
oxycodone (2.5 or 5.0 mg) was administered 45 min before
cannabis was smoked (0.0 or 5.6% THC). Each combination of
cannabis (0.0 and 5.6% THC) and oxycodone strength (0.0, 2.5, and
5.0 mg) was tested. A within-subject design was used in which all
participants received all six dose conditions in randomized order.
Experimental session. Participants were instructed not to eat
breakfast before sessions as they would be served the same
standard breakfast before each session in the laboratory to control
for any possible effects of the meal or macronutrients on mood or
drug absorption. Participants were also asked not to smoke
cannabis or nicotine cigarettes after midnight the night before
each session to ensure low carbon monoxide levels in the
morning and provide a way to assess any recent cannabis
smoking. Upon arrival at the laboratory, carbon monoxide levels
were measured to conﬁrm no recent smoking, breath alcohol
levels were assessed, urine toxicology screens conﬁrmed no
recent use of illicit drugs other than cannabis, and a standardized
breakfast was provided.
Before capsule administration, participants completed a baseline pain assessment (CPT and pain ratings). Heart rate and blood
pressure were measured using a Sentry II vital signs monitor
(Model 6100: NBS Medical Services, Costa Mesa CA). Pupil
photographs were taken using a digital pupillometer (VIP-200
Pupillometer, Neuroptics, Inc., San Clemente, CA) under ambient
lighting conditions. Participants smoked 70% of an 800 mg
cannabis cigarette 45 min after capsule administration, following
a cued-smoking procedure [46]. Heart rate, blood pressure, pain
assessments (CPT and pain ratings), subjective drug effect ratings,
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Table 1.

Session schedule

Time (min) Event
−75

Urine toxicology, breathalyzer, carbon monoxide,
breakfast

−60

Pain assessments, BP/HR, pupil measurement, SE-VAS

−45

Capsule administration

−20

Pain assessments, BP/HR, pupil measurement, capsule-RF,
SE-VAS

0

Cannabis administration

15

BP/HR, pupil measurement, capsule-RF, cannabis-RF, SEVAS

30
60

Pain assessments, BP/HR, capsule-RF, cannabis-RF, SE-VAS,
Pain assessments, BP/HR, pupil, capsule-RF, cannabis-RF,
SE-VAS,
Pain assessments, BP/HR, pupil, capsule-RF, cannabis-RF,
SE-VAS,

(0.0, 2.5 or 5.0 mg oxycodone, oral)

(0 or 5.6%, smoked)

90
120
150

Pain assessments, BP/HR, capsule-RF, cannabis-RF, SE-VAS
BP/HR, lunch

180

Pain assessments, BP/HR, pupil, capsule-RF, cannabis-RF,
SE-VAS

195

Choice to purchase 1-3 puffs of marijuana followed by
smoking

225

BP/HR, SE-VAS

255

BP/HR, SE-VAS

285

BP/HR, SE-VAS

300

BP/HR, Field Sobriety Test, participant discharge

Timing of session events relative to cannabis smoking. Session began at
approximately 9 AM Pain assessments Cold Pressor Test, McGill Pain
Questionnaire, and Painful and Bothersome Rating Forms, BP/HR blood
pressure and heart rate readings, SE-VAS Subjective Effects -Visual Analog
Scale, Capsule-RF Capsule Rating Form, Cannabis-RFC Cannabis Rating Form

and pupil diameter were assessed at set times throughout the
session after capsule administration and cannabis smoking (refer
to Table 1). Cannabis’s reinforcing effects were assessed 195 min
after smoking (see below for details). During each session, nicotine
cigarette smokers were permitted to smoke after carbon
monoxide levels were measured (before any assessments) and
at predetermined intervals to minimize nicotine withdrawal. At the
end of each session participants were given subway fare and left
the laboratory after passing ﬁeld sobriety tasks and verbally
agreeing not to drive for the remainder of the day. Table 1
provides details related to timing of assessments relative to
capsule administration and cannabis smoking.
Pain assessments. Pain responses were measured before and
repeatedly after drug administration (Table 1). Based on earlier
reports of smoked cannabis and oral THC’s effects in the CPT [47],
these were the primary outcomes for the current study.
Cold pressor test. The cold pressor apparatus consisted of two
water coolers, each ﬁtted with a wire cradle and an aquarium
pump for water circulation. One cooler was ﬁlled with warm water
(37 °C) and the other was ﬁlled with cold water (4 °C) [47]. Brieﬂy,
each CPT began with an immersion of the left hand into the
warm-water bath for 3 min. The left hand was then immersed into
the cold-water bath, and participants were instructed to report the
ﬁrst painful sensation after immersion and asked to tolerate the
stimulus as long as possible before withdrawing their hand (up to
3 min). Pain threshold, deﬁned as latency to ﬁrst feel pain, and

pain tolerance, latency to withdraw the hand from the cold water,
were recorded. Staff administering the CPT was the same sex as
the volunteer.
Pain Intensity and Bothersomeness Scales (PIB). Immediately after
removing the hand from the cold water, participants rated pain
intensity and bothersomeness of the cold water stimulus on a
scale from 0 to 10, 0 being “not painful/bothersome at all" and 10
being “most painful/bothersome feeling imaginable.”
McGill Pain Questionnaire (MPQ). A 15-item shortened, computerized form of the MPQ was used to assess the sensory and
affective dimensions of the pain experience immediately following
the CPT. Participants were ask to describe the pain by choosing
among a series of possible answers (None [score = 1] to Severe
[score = 4]) when prompted by a descriptor (“Throbbing,” “Shooting,” “Stabbing,” etc.). Scores were added across all 15 items to
generate a sum score, ranging between 15 and 60. This
questionnaire was completed immediately after the PIB.
Subjective drug effects. Ratings of subjective drug effects were
measured repeatedly on a scale of 0 mm = no effect to 100 mm =
maximum possible effect (Table 1).
Subjective Effect-Visual Analog Scale (SE-VAS). Participants were
asked to rate their mood and physical symptoms on a modiﬁed
44-item, computerized VAS that measures affective and physical
subjective drug effects (see [47, 48]).
Cannabis Rating Form (Cannabis-RF) and Capsule Rating Form
(Capsule-RF). Subjective cannabis-and capsule-related effects
were assessed using two 5-item VASs asking participants to rate
the strength of the drug effect, good effect, bad effect, drug liking,
and willingness to take the drug again [49].
Cannabis reinforcing effects. Cannabis self-administration was
assessed by providing the participants an opportunity to purchase
up to 3 puffs ($1/puff, taken from study earnings) of the cannabis
that was smoked 3 h earlier. Self-administered cannabis was
smoked immediately after the choice according to the puffedpaced procedure.
Drugs
Capsules (size 00 opaque capsules with lactose ﬁller) containing
placebo or oxycodone (2.5 or 5.0 mg) were prepared by the New
York State Psychiatric Institute Research Pharmacy. Cannabis
cigarettes (0.0 or 5.6% THC; ca. 800 mg) were provided by the
National Institute on Drug Abuse. Cigarettes were stored frozen in
an airtight container and humidiﬁed at room temperature for 24 h
prior to the session.
Data analysis
Repeated measures analysis of variance (ANOVA) with planned
comparisons were used to assess the analgesic and subjective effects of cannabis and oxycodone administered alone and in
combination. For each drug condition, pain threshold and
tolerance were calculated for each participant as the percent of
the baseline pre-drug administration CPT response. Pain ratings
were also measured as a function of change from the baseline
response. For each dependent measure, seven planned comparisons between dosing conditions were completed. Active cannabis
and the two oxycodone strengths were compared to the placebo
(three comparisons), and the two drug combinations (active
cannabis + 2.5 mg oxycdone and active cannabis + 5.0 mg oxycodone combination) were compared to the placebo (2 comparisons). Lastly, the two drug combinations were compared to active
cannabis alone (2 comparisons). Results were considered statistically signiﬁcant when p values were equal to or less than 0.05
Neuropsychopharmacology (2018) 43:2046 – 2055
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Table 2.

Demographic characteristics of study participants

Demographics (N = 18)
Age (years)

29.9 ± 1.6

Sex (men/women)

12/6

Race (B/W/M)

10/5/3

Cannabis use
Years regular use

12.1 ± 8.5

Days/Wk
$/Wk

6.6 ± 0.9
153.8 ± 193.1

Cannabis cigarettes/day

7.9 ± 5.3

Tobacco use
Daily nicotine smokers

44%

Tobacco cigarettes/day

4.9 ± 2.9

Alcohol use
Weekly drinkers
Drinks/occasion
Opioid use

67%
3.3 ± 2.4

Past use for pain only

78%

Recreational use

22%

Occasions of recreational use

2.0 ± 1.2

Note: Data are presented as means (±SD) or as percent Race is indicated as
Black (B), White (W), and Mixed (M)

using Huynh-Feldt corrections. One participant held his hand in
the cold water for the full 3 min during all CPTs; his data were
excluded from analyses.
RESULTS
Demographic characteristics
Table 2 portrays the demographic characteristics of the participants who completed the study. An additional 12 volunteers
enrolled, but did not complete the study; nine discontinued for
personal reasons, one had a positive toxicology screen for
amphetamine, one reported unwanted effects of study medication (nausea), and one provided false information regarding
psychiatric and legal history during screening. All participants had
experience with prescription opioids with no adverse effects; 14
participants had histories of prescription opioid use for pain only,
one participant used prescription opioids for pain and for
recreational purposes on one occasion, and three participants
had a history of using prescription opioids only for recreational
purposes. Recreational use spanned 1–3 occasions. Participants
did not have a history of heroin use. Average times since last use
prior to study participation was 3.4 ± 4.4 years for therapeutic
purposes and 2.6 ± 3.7 years for recreational use.
Analgesic effects
CPT: pain sensitivity and tolerance. Figure 1 portrays the time
course of pain threshold (latency to ﬁrst report pain, top panels)
and pain tolerance (latency to withdraw the hand from cold water,
bottom panels) as a function of cannabis strength and oxycodone
dose (left column, 2.5 mg oxycodone; right column, 5.0 mg
oxycodone). Baseline and post-capsule pain threshold and
tolerance did not differ across dosing conditions. Administered
alone, only 5.0 mg oxycodone increased pain threshold (F [1, 17] =
7.5, p ≤ 0.01) and tolerance (F [1, 17] = 5.4, p ≤ 0.05) compared to
placebo (inactive cannabis and 0.0 mg oxycodone). When
administered with active cannabis, 5.0 mg oxycodone also
increased pain tolerance compared to the placebo condition
and active cannabis alone (F [1, 17] = 5.5, p ≤ 0.05). The
Neuropsychopharmacology (2018) 43:2046 – 2055

combination of active cannabis and 2.5 mg oxycodone increased
pain threshold and tolerance relative to the placebo condition (F
[1, 17] = 5.9, p ≤ 0.05 and F [1, 17] = 6.5, p ≤ 0.05, respectively) and
active cannabis alone (F [1, 17] = 5.2, p ≤ 0.05 and F [1, 17] = 5.5,
p ≤ 0.05, respectively).
Pain ratings. Pain ratings including MPQ and PIB ratings did not
differ between active cannabis or oxycodone, either administered
alone or in combination, as compared to placebo (Table 3).
Baseline and post-capsule ratings for these measures also did not
differ across sessions (average baseline MPQ ratings = 20.0 ± 0.3;
average ‘Painfulness’ ratings = 5.9 ± 0.2; average ‘Bothersomeness’
ratings = 5.7 ± 0.2). MPQ ratings increased throughout the sessions
for all drug conditions. Lower ratings were observed under active
drug conditions compared to placebo, but differences were not
statistically signiﬁcant. Similarly, ‘Painfulness’ and ‘Bothersomeness’ ratings also increased across the session with no signiﬁcant
differences between dose conditions.
Subjective drug effects
Figure 2 illustrates representative subjective cannabis effects as
measured by the Cannabis RF and ratings of ‘High’ measured with
the SE-VAS. Ratings of cannabis ‘Strength,’ ‘Liking,’ and ‘High,’
were signiﬁcantly higher after active cannabis administration
relative to placebo (Strength, F [1, 17] = 83.6, p ≤ 0.0001; Liking, F
[1, 17] = 53.6, p ≤ 0.0001; High, F [1, 17] = 51.1, p ≤ 0.0001).
Oxycodone alone did not increase these ratings. While the
combination of 2.5 and 5.0 mg oxycodone and active cannabis
increased these ratings relative to placebo (2.5 mg oxycodone in
combination with active cannabis, Strength, F [1, 17] = 82.3, p ≤
0.0001; Liking, F [1, 17] = 51.7, p ≤ 0.0001; High, F [1, 17] = 64.4, p ≤
0.0001, 5.0 mg oxycodone in combination with active cannabis,
Strength, F [1, 17] = 73.7, p ≤ 0.0001; Liking, F [1, 17] = 59.4, p ≤
0.0001; High, F [1, 17] = 51.9, p ≤ 0.0001), ratings were not higher
than those engendered by active cannabis alone. The same effects
were observed for other positive subjective effects including
ratings of ‘Good’ and ‘Take Again’ (active cannabis alone, Good, F
[1, 17] = 57.4, p ≤ 0.0001; Take Again, F [1, 17] = 53.7, p ≤ 0.0001;
2.5 mg oxycodone in combination with active cannabis, Good, F
[1, 17] = 52.4 p ≤ 0.0001; Take Again, F [1, 17] = 51.7, p ≤ 0.0001;
5.0 mg oxycodone in combination with active cannabis, Good, F
[1, 17] = 67.2, p ≤ 0.0001; Take Again, F [1, 17] = 62.2, p ≤ 0.0001)
However, 5.0 mg oxycodone increased ratings of ‘Take Again’
when administered with inactive cannabis relative to placebo (F
[1, 17] = 4.8, p ≤ 0.05).
Subjective drug effects related to oxycodone as measure by the
Capsule RF are shown in Table 4. Neither active cannabis nor
either oxycodone dose alone affected ratings of capsule ‘Strength,’
‘Good (Drug Quality),’ ‘Liking,’ or ‘Take Again’ compared to
placebo. However, the combination of 2.5 mg oxycodone and
active cannabis increased these ratings relative to placebo
(Strength, F [1, 17] = 4.1, p ≤ 0.05; Good, F [1, 17] = 12.9, p ≤
0.001; Liking, F [1, 17] = 20.7, p ≤ 0.0001; Take Again F [1, 17] =
20.4, p ≤ 0.001). The combination also increased ratings of
‘Strength,’ ‘Good,’ Liking,’ and ‘Take Again’ relative to cannabis
alone (Strength, F [1, 17] = 10.5, p ≤ 0.01; Good, F [1, 17] = 11.8,
p ≤ 0.01; Liking, F [1, 17] = 12.2, p ≤ 0.01; Take Again F [1, 17] =
12.2, p ≤ 0.01). The combination of 5.0 mg oxycodone and active
cannabis increased ratings of ‘Good’ and ‘Take Again’ relative to
placebo (Good, F [1, 17] = 4.4, p ≤ 0.05; Take Again, F [1, 17] = 5.7,
p ≤ 0.05).
Reinforcing effects
Figure 3 depicts the number of cannabis puffs self-administered
and money spent during each session as a function of
cannabis strength and oxycodone dose. Active cannabis was
self-administered signiﬁcantly more than inactive cannabis
(F [1, 17] = 7.5, p ≤ 0.01). The combination of active cannabis
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Fig. 1 Cold Pressor Task pain threshold (top panels) and tolerance (bottom panels) as calculated by percent baseline latency (seconds) to
report pain and withdraw the hand from cold water. Data are presented as mean values +/- SEM according to cannabis strength, oxycodone
dose (2.5 mg, left panels; 5.0 mg, right panels), and time. Placebo oxycodone + inactive cannabis condition = PBO; placebo oxycodone + active
cannabis condition = CAN; 2.5 mg oxycodone + inactive cannabis condition = 2.5 Oxy; 2.5 mg oxycodone + active cannabis condition = 2.5 O
+ C; 5.0 mg oxycodone + inactive cannabis condition = 5.0 Oxy; 5.0 mg oxycodone + active cannabis condition = 5.0 O + C. Baseline response
is shown as BSL on the x-axis; response after oxycodone is indicated by C on the x-axis. Signiﬁcant differences from placebo are indicated by
*p ≤ 0.05 and **p ≤ 0.01; signiﬁcant differences from active cannabis alone are indicated with #p ≤ 0.05

and 2.5 or 5.0 mg oxycodone was also self-administered more
than placebo (2.5 mg oxycodone in combination with active
cannabis, F [1, 17] = 20.3, p ≤ 0.0001; 5.0 mg oxycodone in
combination with active cannabis, F [1, 17] = 20.3, p ≤ 0.0001);
however, no signiﬁcant differences were observed between the
combination of active cannabis and oxycodone compared to
active cannabis alone.

Active cannabis increased heart rate compared to the placebo
(F [1, 17] = 7.7, p ≤ 0.05), an effect that was retained when coadministered with 2.5 and 5.0 mg oxycodone (2.5 mg oxycodone in
combination with active cannabis, F [1, 17] = 8.6, p ≤ 0.05; 5.0 mg
oxycodone in combination with active cannabis, F [1, 17] = 7.4, p ≤
0.05). Compared to active cannabis alone, the combination of active
cannabis and oxycodone did not signiﬁcantly affect heart rate.

Physiological effects
Figure 4 portrays the effects of cannabis and oxycodone on miosis
and heart rate (Fig. 4). Both doses of oxycodone administered
alone decreased pupil diameter relative to the placebo (2.5 mg
oxycodone, F [1, 17] = 7.4, p ≤ 0.01; 5.0 mg oxycodone, F [1, 17] =
8.3, p ≤ 0.01) and compared to active cannabis administered alone
(2.5 mg oxycodone, F [1, 17] = 7.5, p ≤ 0.01; 5.0 mg oxycodone, F
[1, 17] = 17.1, p ≤ 0.0001). Under active cannabis, 5.0 mg oxycodone signiﬁcantly decreased pupil diameter relative to placebo (F
[1, 17] = 9.6, p ≤ 0.01).

DISCUSSION
Preclinical studies and population ﬁndings provide a strong signal
for the potential opioid-sparing effects of cannabinoids [32]. This
study sought to determine how active cannabis affected the
analgesic dose of a frequently prescribed opioid analgesic,
oxycodone, while also assessing the impact of the opioidcannabis combination on another clinically relevant endpoint,
abuse liability. Both active cannabis and a low dose of oxycodone
(2.5 mg) were sub-therapeutic, failing to elicit analgesia on their
Neuropsychopharmacology (2018) 43:2046 – 2055
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Table 3.

Pain ratings

Drug condition

Oxycodone

0.0 mg

0.0 mg

2.5 mg

2.5 mg

5.0 mg

5.0 mg

Subjective effect

Cannabis
MPQ

0.0 %
2.2 ± 0.5

5.6 %
1.5 ± 0.5

0.0 %
2.0 ± 0.5

5.6 %
0.7 ± 0.6

0.0 %
1.7 ± 0.4

5.6 %
1.2 ± 0.4

Painfulness

0.4 ± 0.1

0.6 ± 0.1

0.6 ± 0.1

0.3 ± 0.2

0.3 ± 0.1

0.2 ± 0.1

Bothersomeness

0.6 ± 0.1

0.6 ± 0.2

0.8 ± 0.2

0.6 ± 0.2

0.5 ± 0.2

0.0 ± 0.2

Mean reductions from baseline in pain ratings ± standard error of the mean (SEM) for the McGill Pain Questionnaire (MPQ), and Painfulness and
Bothersomeness scales after administration of placebo (inactive cannabis + 0 mg oxycodone), oxycodone (2.5 and 5.0 mg) and active cannabis (0.0 and 5.6%
THC) administered alone or together

own; however, when administered together, pain responses as
measured by the CPT were signiﬁcantly reduced, pointing to the
opioid-sparing effects of cannabis. Oxycodone did not signiﬁcantly increase cannabis self-administration. However, the combination of 2.5 mg oxycodone and active cannabis produced
modest increases in positive subjective ratings related to
oxycodone. These are important data to consider in light of
ﬁndings from observational studies that prescription opioid use is
associated with greater likelihood of CUD [49], and that certain
features of problematic prescription opioid use (i.e., high doses,
non-adherence with medication dosing regimens) were greatest
among chronic pain patients who also used cannabis [16]. No
consistent changes in oxycodone-induced or cannabis-induced
physiological effects were observed when the two drugs were coadministered. Overall, these ﬁndings demonstrate opioid-sparing
effects of cannabis for analgesia that is accompanied by increases
in some measures of abuse liability.
The current ﬁndings correspond to preclinical literature
demonstrating the additive and synergistic effects of opioids
and cannabinoids on antinociception [32]. These results are also
similar to previous human laboratory studies and clinical trials
demonstrating that the addition of a THC-based cannabinoid (i.e.,
dronabinol, THC:CBD oral preparation, or vaporized active
cannabis) enhances the analgesic effects of an opioid [18–20,
37–39]. This study extends those ﬁndings in a number of
important areas in that it (1) assessed the effects of smoked
cannabis on opioid analgesia and used a placebo comparison, (2)
determined cannabis’s effects on multiple doses of oxycodone,
and (3) assessed the impact of the combination on markers of
abuse liability. Previous controlled laboratory and clinical studies
have not been explicitly designed to measure whether THC-based
therapies decrease the effective analgesic dose of an opioid, with
the exception of one study that assessed the impact of
dronabinol and a single, sub-therapeutic dose of morphine on
responses to experimental thermal pain in healthy volunteers
[39]. They found that ineffective analgesic doses of dronabinol
and morphine produced an affective analgesic response (i.e.,
reduced the negative valence of the nociceptive stimulus) when
administered together. However, the combination did not
produce sensory analgesia, a different dimension of pain
measured by ratings of sensation intensity. The mixed results
may have been due to the timing of the experimental pain test.
Analgesia was assessed at a single time-point, 105 min after
dronabinol (5 mg) administration and 15 min after intravenous
morphine (1.4 mg/70 kg) administration. With peak analgesia of
dronabinol previously reported to occur 180 min after administration [47], it is possible that peak effects of the dronabinol/
morphine combination weren’t captured in that study. Another
controlled laboratory study that found potentiation of opioid
analgesia with a cannabinoid for one endpoint, failed to ﬁnd an
effect for others; 20 mg dronabinol and 30 mg morphine had an
additive analgesic effect in an electrical stimulation pain test, but
did not elicit an additive effect in thermal, pressure, or cold
experimental pain tests [38].
Neuropsychopharmacology (2018) 43:2046 – 2055

In the present study pain threshold and tolerance were
affected by the combination of oxycodone and cannabis, while
pain ratings (MPQ and PIB) assessed after termination of the
painful stimulus were not. These discrepant ﬁndings point to
potential limitations related to the quality of the pain relief
associated with opioid-cannabis combinations. Findings from
controlled clinical trials with chronic pain populations administered a THC-based cannabinoid as an adjunct to currently
prescribed opioid analgesics have also varied. Dronabinol (10
and 20 mg) provided additional analgesia relative to placebo in
patients taking opioids for chronic non-cancer pain [19]. In a
clinical population with intractable cancer-related pain, THC:CBD
oromucosal spray increased analgesia as measured by mean pain
severity rating score (NRS), and THC oromucosal spray signiﬁcantly
decreased pain as measured by the Brief Pain Inventory–Short
Form (BPI-SF) compared to placebo [18]. A later study in chronic
cancer-related pain patients treated with opioids demonstrated
the dose-dependent nature of a THC:CBD oromucosal preparation
on pain and clinical outcomes; improvement in pain endpoints
were observed in the low and medium dose groups, but not in the
high-dose group [20]. The lack of consistent additivity or synergy
across and within laboratory and clinical studies highlights the
importance of dose (both opioid and cannabinoid), route of
administration (oral, oromucosal, intrapulmonary), time-course,
endpoint, and modality of experimental pain for laboratory
studies.
Abuse-related and reinforcing effects of active cannabis were
not signiﬁcantly altered with the administration of oxycodone.
However, subjective ratings related to oxycodone abuse liability
showed small, but reliable, increases after active cannabis
administration warrants consideration. Future studies should
assess the impact of cannabis administration on oxycodone’s
reinforcing effects, the primary public health concern related to
abuse liability of opioid-cannabinoid combinations. Additionally,
employing a more sensitive cannabis self-administration procedure may help to detect potentially subtle changes in reinforcement as a function of opioid co-administration. A
pharmacotherapeutic strategy that capitalizes on THC’s opioid
sparing effects while also minimizing its positive subjective effects
should be prioritized. For example, to decrease the intoxication
observed with active cannabis while maintaining opioid-sparing
effects, the impact of oral THC on low-dose oxycodone analgesia
should be assessed; oral THC produces analgesic effects that are
longer lasting than smoked cannabis while eliciting lower ratings
of intoxication and positive subjective effects [47]. Although oral
THC administered with a single dose of morphine failed to elicit
synergistic sensory analgesia in experimental pain [39], this may
have been due to the time when the drug combination was tested
as discussed above. Another possibility is that opioid-sparing
effects in volunteers may be most prominent with higher
efﬁcacy opioid agonists, like oxycodone, relative to lower efﬁcacy
opioids [31].
The current ﬁndings provide evidence of the opioid-sparing
effects of smoked cannabis; however, these results should be
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Fig. 2 Subjective ratings of representative abuse-related subjective effects (‘Strength,’ ‘Liking’) as measured by the Cannabis Rating Form and
intoxication (‘High’) as a function of time, cannabis strength, and oxycodone dose. Data are presented as mean ratings +/- SEM. Signiﬁcant
differences from placebo are indicated by ***p ≤ 0.0001

Table 4.

Abuse-liability ratings of oxycodone

Drug condition
Subjective effect

Oxycodone

0.0 mg

0.0 mg

2.5 mg

2.5 mg

5.0 mg

5.0 mg

Cannabis

0.0%

5.6%

0.0%

5.6%

0.0%

5.6%

Strength

10.1 ± 1.5

16.5 ± 1.9

12.6 ± 1.8

27.2 ± 2.4**,

Good drug
Liking
Take again

10.8 ± 1.6
11.1 ± 1.7
6.9 ± 1.3

11.7 ± 1.7
16.7 ± 1.9
12.1 ± 1.7

11.1 ± 1.8
17.9 ± 2.0
12.9 ± 2.0

#

***, ##

31.1 ± 2.9
39.0 ± 2.7***,

#

***, ##

39.3 ± 2.8

16.18 ± 1.9

20.5 ± 2.1

11.7 ± 1.7
18.4 ± 2.1

22.6 ± 2.5*
20.6 ± 2.3

15.9 ± 2.1

18.7 ± 2.3*

Mean subjective ratings ± standard error of the mean (SEM) for the Capsule Rating Form under placebo conditions (inactive cannabis + 0 mg oxycodone), and
oxycodone (2.5 and 5.0 mg) and active cannabis administered alone or together. Signiﬁcant differences from placebo are indicated by **, p ≤ 0.01, and ***,
p ≤ 0.001; signiﬁcant differences from active cannabis alone are indicated with #, p ≤ 0.05, ##, p ≤ 0.01, and ###, p ≤ 0.001.

interpreted within the context of experimental and therapeutic
limitations. Analgesia was assessed using an experimental pain
model in a group of young, healthy, cannabis-experienced
participants. Enrolling participants without pain and assessing
analgesia using an experimental test that has predictive validity
for analgesics (i.e., [40–42]) affords a degree of control that cannot
be achieved with a patient population. Baseline pain sensitivity
did not differ across sessions, and the inﬂuence of concomitant
medications on outcomes was avoided, two outstanding factors
that would have impacted experimental control had a pain
population been utilized. Further, that the participants were
current cannabis smokers assured that cannabis would be welltolerated. These factors limit the generalizability of the current
ﬁndings supporting opioid-sparing effects of cannabis and
cannabinoids to patient populations, many of which are not
current cannabis users. Understanding the safety and tolerability
of cannabis or cannabinoids in non-cannabis as well as cannabisexposed patients is an important consideration given that
tolerability of cannabinoid products is contingent upon experience [20, 50, 51]. Another signiﬁcant consideration is that the
current study used smoked cannabis because this is the most
common method of medical cannabis use [52]. However, the
therapeutic utility of smoked cannabis may be limited by

respiratory risks including chronic bronchitis [53], the presence
of combustion by-products [54, 55], a lack of regulation regarding
medical cannabis strength (i.e., THC concentration) and other
cannabinoid content [56], and subjective effects related to abuse
liability which are not as apparent with other methods of
administration (i.e., [47]). Adverse respiratory effects and combustion by-products would be avoided by vaporizing cannabis [61, 63,
64], while the superior bioavailability of THC afforded by the
intrapulmonary route relative to oral administration would be
preserved [57]. However, other risks associated with smoked
administration including intoxication and lack of dose regulation
would still be a concern [57, 58] for intrapulmonary cannabis.
Other routes of THC administration should be explored that would
retain analgesic and opioid-sparing effects, while reducing
unwanted subjective effects and other risks. An additional
limitation to the study design was that cannabis effects on opioid
respiratory depression, a signiﬁcant risk associated with their use
[59], was not assessed.
CONCLUSION
Cannabinoids may provide a therapeutic strategy to enhance
the analgesic effects of opioids while mitigating their serious
Neuropsychopharmacology (2018) 43:2046 – 2055
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opioid-related positive subjective ratings. These ﬁndings warrant future well-controlled, double-blind, placebo-controlled
studies designed to assess the opioid-sparing effects of
cannabinoids across therapeutically viable routes of administration, employing multiple nociceptive stimuli, patient populations, and importantly, addressing the impact of the drug
combination on other critical endpoints including opioid selfadministration, tolerance, and dependence. Such studies will
determine the generalizability of these ﬁndings and the clinical
beneﬁt of combined cannabinoid-opioid therapy to treat
chronic pain.
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