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Rationale—Previous studies examining the combined effects of ethanol and cannabis, or its
primary psychoactive ingredient, Δ9-tetrahydrocannabinol (THC), have provided mixed results.
Data from an in vitro study suggests that combined, sub-threshold doses of these drugs may
interact to produce synergistic effects. Very low doses of the two drugs in combination have not
been tested in humans.
Materials and Methods—This study assessed whether combinations of acute, very-low doses
of ethanol and THC produce synergistic effects on subjective, cognitive, and physiological
measures. Healthy volunteers (n=11) received capsules containing placebo or THC (2.5mg), and
beverages containing placebo or ethanol (0.1 and 0.2g/kg) alone, and in combination, across
separate sessions, in a within-subjects, randomized, double-blind design. During each session,
participants completed measures of working memory, psychomotor ability, and simple reaction
time, and provided subjective mood and drug effect ratings. Cardiovascular measures were
obtained at regular intervals.
Results—As intended, when administered alone, these very-low doses of ethanol and THC had
only moderate effects on isolated measures. The combined effects of these drugs were not
synergistic, and in some cases appeared to be less-than-additive.
Conclusions—Our data provide no evidence for synergistic effects of acute combinations of
very-low-dose ethanol and THC on subjective or physiologic response, or on cognitive
performance.
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1. Introduction
Alcohol and cannabis are two of the most commonly used psychoactive drugs, and are often
used in combination. According to the 2008 National Survey on Drug Use and Health,
roughly half (51.6%) of Americans over 12 years of age report current alcohol consumption,
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and 10.3% have used cannabis in the past year (SAMHSA, 2008). Their combined effects
may be of particular concern because these drugs are frequently found together in blood
sampled from drivers involved in crashes while under the influence (Bramness et al., 2010;
Terhune et al., 1982). The effects may be additive, but they might also be synergistic, which
could unexpectedly increase performance impairments or risky behaviors (Lane et al., 2004;
2005; Liguori et al., 2002; Ramaekers et al., 2004). Studying the combined behavioral
effects of ethanol and Δ9-tetrahydrocannabinol (THC), the primary psychoactive component
of cannabis, is valuable for our understanding of these potential risks, and may additionally
provide insight into the drugs’ mechanisms of action.
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Several previous studies have examined combinations of ethanol and cannabis in humans,
with mixed results. An early epidemiological study concluded that alcohol and THC
“interact synergistically to grossly impair driving performance” (Terhune et al., 1982),
although a more recent epidemiological study concluded that their combined effects are, at
most, only additive (Bramness et al., 2010). There are a few studies which provide evidence
that ethanol and THC may produce synergistic effects on some measures. Perez-Reyes et al.
(1988) reported that a moderate dose of ethanol (0.42 g/kg, 0.85 g/kg) and a low dose of
smoked cannabis (2.4% THC) had additive, and perhaps synergistic, effects in a driving
simulator, and Robbe (1998) reported that the combined effects of a low dose of ethanol
(0.04% BAC) and smoked cannabis (0.1–0.3mg/kg THC) on road-tracking and carfollowing were “at least additive”. In one study, Macavoy and Marks (1975) reported
synergistic effects between ethanol (0.05 and 0.1% BAC) and THC (2.6 and 5.2 mg) on
attention in non-users of cannabis, but not in cannabis users; although, these findings were
not replicated in a subsequent study (Marks and MacAvoy, 1989). Cheshire and colleagues
(1976) reported possible synergism between moderate doses of ethanol (0.5g/kg) and THC
(10mg/70kg) on perceptual, cognitive, and motor functions. Finally, in rats, Dar (2000)
found that ethanol potentiated THC-induced motor incoordination, a finding that was
interpreted as behavioral synergism. Nonetheless, most of the controlled studies designed to
assess cognitive and subjective mood measures after moderate doses of both drugs found
that their combined effects were, at most, only additive (Belgrave et al., 1979; Bramness et
al., 2010; Chait and Perry, 1994; Chesher et al., 1977; Lamers and Ramaekers, 2001;
Liguori et al., 2002; Lukas and Orozco, 2001; Manno et al., 1971; Perez-Reyes et al., 1988;
Ramaekers et al., 2000). Thus, while a few studies provide evidence to suggest that
moderate and high doses of ethanol and THC may combine to produce synergistic effects on
some mood and performance measures, they appear to contrast with the majority of others,
which found that their combined effects are not more-than-additive.
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Drug interactions may be either pharmacokinetic or pharmacodynamic. In at least one study,
ethanol increased plasma levels of THC after smoked cannabis (Lukas and Orozco, 2001),
providing some evidence for a pharmacokinetic interaction. Additionally, two studies found
that smoked cannabis increased blood alcohol concentrations (BACs) (Adams et al., 1978;
Chesher et al., 1976), although other studies did not see this effect (Belgrave et al., 1979;
Bird et al., 1980; Chait and Perry, 1994; Hansteen et al., 1976; Manno et al., 1971; PerezReyes et al., 1988). Pharmacodynamically, ethanol and THC act on some of the same
neurotransmitter systems, such as the mesolimbic dopamine pathway (Boileau et al., 2003;
Di Chiara and Imperato, 1988; Diana et al., 1998; Gessa et al., 1998; Tanda et al., 1997;
Weiss et al., 1993). As well, the endocannabinoid system appears to play an important role
in ethanol’s effects. Perra et al. (2005) showed that pharmacological blockade of CB1
receptors with an inverse agonist abolished ethanol-induced stimulation of dopamine
neurons in the ventral tegmental area, and inhibition of neuronal excitability in the nucleus
accumbens. Furthermore, mice that were chronically exposed to ethanol exhibited decreased
central CB1 receptor density (Basavarajappa et al., 1998) and receptor functionality
(Basavarajappa and Hungund, 1999). There is also some indication that ethanol and THC
Pharmacol Biochem Behav. Author manuscript; available in PMC 2012 February 1.
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may have synergistic effects on downstream signaling cascades, at very low doses. Results
from an in vitro study suggested that sub-threshold doses of ethanol and cannabinoid
receptor agonists synergistically increase protein kinase A (PKA) signaling (Yao et al.,
2003), an enzymatic pathway implicated in addictive behaviors (Lee and Messing, 2008;
Nestler, 2001). Thus, there may be both pharmacokinetic and pharmacodynamic interactions
between ethanol and THC, which may combine to synergistically affect behavior.
Based on the Yao et al (2003) observation, the present study investigated the interactive
effects of combined very-low doses of ethanol and THC in healthy volunteers. We selected
marginally active doses of both ethanol and THC, and hypothesized that the combination of
the drugs would produce synergistic behavioral effects.

2. Materials and methods
2.1. Subjects
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Healthy human volunteers (n = 11) aged 21–35 were recruited from the community through
newspaper advertisements, poster and words of mouth referrals. Telephone and in-person
screening ensured that candidates met the following inclusion criteria: native English
speakers; a high school diploma or the equivalent; cannabis use between 2 and 10 times in
the lifetime but not more than 4 times in the last month; no diagnosis of cannabis or alcohol
dependence; and no contraindicated medical issues by physical exam by a study physician.
Candidates were excluded if they had a current or prior diagnosis of a Major Axis I DSM-IV
disorder including Substance Abuse or Dependence, history of adverse responses to
cannabis or alcohol, or if they smoked more than 5 tobacco cigarettes a week. Qualifying
participants signed a consent form that detailed the study procedures. Participants were told
to abstain from any drugs other than their usual amounts of caffeine or tobacco within 24
hours of scheduled sessions, and not to smoke cannabis within the week preceding the
session. The study was approved by the local institutional review board and carried out in
accordance with The Code of Ethics of the World Medical Association (Declaration of
Helsinki).
2.2. Study Design
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The study used a within-subject cross-over design consisting of six sessions conducted from
1pm–5pm at least 1 week apart. On each session, participants received a capsule containing
placebo or THC (2.5 mg), and a beverage containing 0, 0.1, or 0.2 g/kg ethanol, in
randomized order. The six conditions were: (a) placebo capsule / placebo beverage, (b)
2.5mg THC / placebo beverage, (c) placebo capsule / low ethanol (0.1 g/kg) beverage, (d)
2.5mgTHC / low ethanol (0.1 g/kg) beverage, (e) placebo capsule/ moderate ethanol (0.2 g/
kg) beverage, and (f) 2.5mgTHC / moderate ethanol (0.2 g/kg) beverage. At the end of the
study, the participants were debriefed about the study aims and received payment ($200).
2.3. Experimental Procedure
After screening, participants attended an orientation session to explain the procedures,
schedule the sessions, and familiarize participants with tasks and self-report questionnaires.
Drug administration sessions were conducted in comfortably furnished rooms with a
television/VCR, magazines, and a computer for administering questionnaires.
On arrival at the laboratory at 1pm for each of the six sessions, participants provided breath
and urine samples to test for recent drug and alcohol use. Thereafter, they completed predrug questionnaires, psychomotor performance, working memory, and risk taking tasks, and
measures of blood pressure and heart rate were obtained. Participants then consumed a
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capsule that contained either placebo or 2.5mg THC (1:30pm), and 10 minutes later
completed further subjective and physiological measures. Thirty min after ingesting the
capsule, participants completed behavioral tasks, and then 60 min after the capsule
consumed a beverage containing either 0.1 or 0.2 g/kg ethanol or placebo (2:30pm). Ten
minutes after consuming the beverage, they completed subjective ratings and physiological
measures. Subjective ratings and physiological measures were also completed at 40 and 70
min after the beverage, along with behavioral measures. Between measurements,
participants were allowed to watch television, movies, or read.
2.4. Dependent Measures
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2.4.1. Subjective and physiological measures—Subjective effects of drugs were
assessed using the Drug Effects Questionnaire (DEQ; (Fischman and Foltin, 1991)), Visual
Analog Scale (VAS; (Folstein and Luria, 1973)), Profile of Mood States (POMS; (McNair et
al., 1971)), Addiction Research Center Inventory (ARCI; (Martin et al., 1971) including
marijuana scale (Chait et al., 1985)), Biphasic Alcohol Effects Scale (BAES; (Martin et al.,
1993)), and an end-of-session questionnaire (ESQ). On the DEQ, participants rate the extent
to which they are experiencing certain, drug-specific effects (i.e. feel, like, dislike, high, and
want more). On the VAS, they rate the extent to which they are feeling specific subjective
effects (i.e. sleepy, hungry, stimulated, anxious, sedated, elated, and nauseated). On the
POMS, participants rate the extent to which 72 mood adjectives apply to them at the
moment. These adjectives form scales (i.e. friendliness, anxiety, depression, elation, anger,
depression, fatigue, vigor, arousal, and confusion). The ARCI is a standardized measure of
drug effects and consists of six empirically derived scales, which measure drug-induced
euphoria (morphine-benzedrine group; MBG), stimulant like effects (amphetamine; A),
intellectual efficiency and energy (benzedrine group; BG), sedation (pentobarbitalchlorpromazine alcohol group; PCAG), dysphoria and somatic effects (lysergic acid; LSD),
and cannabis effects (M). The BAES is a 14-item adjective rating scale that consists of
“stimulation” and “sedation” subscales. Each adjective item is scored on an 11-point scale
from 0 (not at all) to 10 (extremely), where higher scores indicate greater levels of
stimulation and sedation.
Heart rate and blood pressure were measured at repeated intervals using a digital monitor
(Dinamap 1846SX, Critikon, Tampa, Florida). Blood alcohol concentration (BAC)
measurements were obtained with an alco-sensor III hand-held device (Intoximeters, Inc.,
Saint Louis, Missouri).
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2.4.2. Behavioral measures—Digital Symbol Substitution Test (DSST; (Wechsler,
1958)) was used to assess non-specific drug-induced impairment. Participants were shown a
code table with pairs of digits and symbols, and rows of double boxes with a digit in the top
box and nothing in the bottom box. The task was to use the code table to find the symbol
associated with each digit in the box, and write in order as many symbols as possible in the
empty boxes below each digit in 30 s. The Digit Span (Wechsler, 1958) was used to measure
working memory performance. In this task, participants are read progressively longer series
of numbers ranging from two to nine digits and then asked to repeat the series, forward and
backward. Finally, a simple reaction time task from the Automated Neuropsychological
Assessment Metrics (ANAM; (Reeves et al., 1993)) was used. In this task the participant is
instructed to press a button as quickly as possible each time a "*" symbol appears on the
computer monitor.
2.5. Drugs
THC (Marinol® [dronabinol]; Solvay Pharmaceuticals, Marietta, Georgia) capsules were
placed in opaque size 00 capsules in doses of 2.5mg, with dextrose filler. Placebo capsules
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contained only dextrose. Ethanol was administered at the dose of 0.1 or 0.2 g/kg, with 95%
ethanol, diluted with cranberry juice. The placebo beverage contained cranberry juice with 1
ml of 95% ethanol floating at the top to mask the taste.
2.6. Data Analyses
Three-way repeated measures ANOVAs were undertaken, with Ethanol (0, 0.1g/kg, 0.2g/
kg), THC (0, 2.5mg), and Time as within-subjects variables. Change from baseline scores
from time points following administration of both drugs were used for subjective and
physiological, and the majority of cognitive, measures. ANAM measures were only taken
once during sessions; hence raw scores were used for this analysis. Significance was set at
p≤0.05, and significant main and interaction effects were examined further by paired t-tests
with Bonferroni correction for individual drug doses compared to placebo scores, or at
individual time points as necessary. Due to a computer malfunction, data from a few
subjective measures from one participant at a single condition (i.e., THC +EtOH 0.2g/kg)
were lost – accounting for <2% of data for the affected scales. In order to retain use of this
participant’s data from the 5 other treatment conditions for analysis, mean group changefrom-baseline scores were substituted for the missing values. We additionally verified that
exclusion of this participant from analysis of affected measures had no effect on significance
outcome.
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3. Results
A total of 11 participants (5 female) with a mean age (±S.D.) of 25.3 (±3.1) years took part
in this study. Seven were White, 2 were Black or African-American, and 2 were Asian.
Participants reported smoking cannabis a mean of 4.6 ± 2.6 times in their lifetime, and only
one participant reported using cannabis in the month prior to participation. Other lifetime
drug use was light – three participants reported any lifetime recreational use of stimulants
and/or ecstasy, one had used hallucinogens such as psilocybin, and one reported use of
inhalants. In the 30 days prior to participation, four participants reported smoking cigarettes
at least weekly and all but one had consumed alcohol at least weekly (Table 1).
3.1. Ethanol Effects
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When given alone, 0.1 and 0.2g/kg ethanol produced only modest effects on subjective
ratings and measures of cognitive performance. Interestingly, participants reported liking the
effects of the moderate dose of ethanol (0.2g/kg), and wanting more of this dose (Table 2),
but neither dose of ethanol significantly affected DEQ ratings of drug “feel” compared to
placebo. Despite a significant main effect of ethanol on feelings of euphoria as measured by
the ARCI MBG scale (Table 2), neither dose of ethanol differed significantly from placebo
on post hoc tests. Ethanol did not impair digit span performance overall, although visual
inspection and a follow-up post hoc test indicated that 0.1g/kg ethanol impaired total
performance at 70 minutes post-ethanol (Table 2). Ethanol significantly increased BACs,
with doses of 0.1 and 0.2g/kg resulting in BACs of 0.02 and 0.04%, respectively, at 10 min
post-ethanol, and these dropped to 0.01 and 0.02% at 40 min (Table 2). No other significant
effects were seen on behavioral or physiological measures.
3.2. THC Effects
When given alone, 2.5mg THC produced modest effects on subjective ratings, measures of
cognitive performance, and physiological measures. Although participants did not report
feeling any drug effects, THC significantly reduced POMS ‘vigor’ scale scores (Table 3)
and increased sedation as measured by the ARCI PCAG scale. THC altered POMS
‘friendliness’ scale scores (THC × Time: F[2,9] = 4.99; p = 0.035) but none of the individual
time points differed significantly in post hoc tests. Additionally, THC slightly impaired
Pharmacol Biochem Behav. Author manuscript; available in PMC 2012 February 1.
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performance on the DSST overall (F[1,10] = 4.60; p = 0.058), and visual inspection and a
follow-up post hoc test indicated that THC significantly impaired performance on this task
at 100 min (Table 3). THC also significantly reduced diastolic blood pressure overall (Table
3). No other significant effects were seen on behavioral or physiological measures.
3.3. THC × Ethanol Interaction Effects
The only interaction observed between ethanol and THC was on DEQ ratings of “want
more” (Figure 1; THC × Ethanol: F[2,9] = 4.11; p = 0.054). Whereas THC alone did not
affect ratings of “want more”, THC attenuated the increased ratings seen after administration
of ethanol (0.2g/kg).

4. Discussion
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The aim of this study was to evaluate the subjective, cognitive, and physiological effects of
very-low doses of ethanol and THC in combination in healthy volunteers. Based on
preclinical evidence of synergistic effects at sub-threshold doses, we hypothesized that
combined very-low doses of these drugs might similarly produce synergistic effects on some
of these measures. As intended, and consistent with other studies (Chait and Perry, 1994;
Koelega, 1995), these doses of ethanol and THC produced only modest subjective,
cognitive, and physiologic effects when administered alone. However, contrary to our
hypothesis, the combined effects of the two drugs were not additive or synergistic on any
measure.
The only measure on which ethanol and THC interacted was on participants’ ratings of
desire to consume more of the drug they received. On this measure, THC, when given in
combination with ethanol, appeared to reduce the increased ratings of wanting more ethanol
after ethanol administration. While this finding was contrary to our hypothesis, it is
consistent with a previous study in which participants consumed less ethanol when cannabis
was concurrently available (Mendelson et al., 1986). This suggests that THC may either
dampen the effects of ethanol, or replace the desire for more. However, our findings are
apparently not consistent with some animal studies in which THC increased consumption of
freely-available ethanol solutions (Linsenbardt and Boehm, 2009; McMillan and Snodgrass,
1991). It is difficult to reconcile the animal and human findings because of the array of
methodological differences.
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In our study, there also was no evidence for a pharmacokinetic interaction. The ethanol
doses of 0.1 and 0.2g/kg produced peak BAC levels of 0.02 and 0.04% at 10min,
respectively, and this was not different in the conditions when participants were pretreated
with THC. This lack of effect of THC on BAC is in agreement with several studies
(Belgrave et al., 1979; Bird et al., 1980; Chait and Perry, 1994; Hansteen et al., 1976;
Manno et al., 1971; Perez-Reyes et al., 1988) but not consistent with others which found that
smoked cannabis can potentiate BAC (Adams et al., 1978; Chesher et al., 1976).
Our hypothesis was that very-low doses of ethanol and THC in combination might produce
synergistic effects in humans, even though this has not been observed at higher doses
(Belgrave et al., 1979; Bramness et al., 2010; Chait and Perry, 1994; Chesher et al., 1977;
Lamers and Ramaekers, 2001; Liguori et al., 2002; Lukas and Orozco, 2001; Manno et al.,
1971; Perez-Reyes et al., 1988; Ramaekers et al., 2000). In our study, neither drug alone
increased reports of feeling a drug effect. The moderate dose of ethanol (0.2g/kg) produced
small increases in ratings of drug liking and wanting more drug, and produced a small
working memory impairment in the digit span task. THC alone produced small decreases in
‘vigor’ ratings on the POMS and increases in ARCI PCAG scale scores, and slightly
impaired psychomotor performance on the DSST. Thus, the doses we used were threshold
Pharmacol Biochem Behav. Author manuscript; available in PMC 2012 February 1.
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doses, and no synergistic effects were detected. It remains to be determined whether,
consistent with the in vitro findings, the drugs interact under other conditions.
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Our data suggest that, contrary to in vitro findings, combined very-low doses of ethanol and
oral THC do not produce synergistic effects in humans. These findings do not rule out the
possibility that there may be interactions between ethanol and smoked whole plant cannabis,
either through other chemical components in cannabis (Wachtel et al., 2002) or related to
dose or time course. Although interactions between ethanol and whole plant cannabis may
account for epidemiological reports of synergism, most laboratory studies using higher
doses and smoked cannabis also found no synergistic effects. It additionally remains
possible that synergism would be detected with a larger sample, or if there was greater
control over plasma levels of THC. Future studies employing intravenous drug
administration and careful monitoring of blood levels may reveal interactions at discrete
dose combinations of these drugs. Notwithstanding these considerations, we failed to
observe synergistic effects of very-low-dose ethanol and THC in humans. This disparity
could be related to a multitude of discrepancies between the PKA signaling model used by
Yao et al, and the behavioral measures used here. Whereas the in vitro findings provide
insight into the molecular mechanisms of these two drugs at a neuronal level, their potential
significance to explain behavior remains unclear.
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In summary, we found no evidence of synergistic effects of low, threshold doses of ethanol
and THC in healthy volunteers. Indeed, on at least one measure their combined effects were
less-than-additive. Taken together, it does not appear that such low doses of ethanol and
THC combine to produce a substantially greater risk of cognitive impairment than either
drug taken alone.
Research Highlights
•

Ethanol and THC effects are not synergistic in healthy volunteers

•

THC dampens desire for alcohol
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Fig. 1.

Combined effects of THC and Ethanol on DEQ ratings of “want more drug”. Data are mean
change from pre-drug baseline scores ± 1 SEM.
*p≤0.05 compared to placebo/placebo condition; Bonferroni pairwise comparisons.
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Table 1

Participant demographics and summary of drug use
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Demographic characteristics
Ethnicity (White / Black / Asian)
Age (mean years ± SEM)
Gender (male / female)

7/2/2
25.3 ± 3.1
6/5

Education (mean years ± SEM)

16.5 ± 2.3

Current drug use
Alcohol use (mean drinks/week ± SEM)
Tobacco cigarette use (N smoking > 1 cigarette/week)
Caffeine use (mean cups / week ± SEM)

5.8 ± 3.8
4
6.9 ± 6.5

Lifetime recreational drug use
Cannabis (mean times used, ever ± SEM)

4.6 ± 2.6
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Stimulants (# ever used / total)

3 / 11

Sedatives or opiates (# ever used / total)

0 / 11

Hallucinogens (# ever used / total)

1 / 11

Inhalants (# ever used / total)

1 / 11
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Table 2

Effects of Ethanol
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Mean change from pre-drug baseline ± SEM scores for placebo, 0.1, and 0.2g/kg EtOH averaged across all
post-beverage time points (DEQ, ARCI and BAC). Values for Digit Span task are mean change from baseline
performance at 70 min post-beverage.
Measure

Placebo

EtOH 0.1g/kg

EtOH 0.2g/kg

F2,9 (p-value)

DEQ – Like

0.06 ± 0.04

0.15 ± 0.03

0.20 ± 0.06*

9.88 (0.005)

DEQ – Want More

0.09 ± 0.05

0.16 ± 0.05

0.20 ± 0.07*

8.54 (0.008)

ARCI – MBG

0.03 ± 0.12

0.27 ± 0.46

1.00 ± 0.35

6.32 (0.019)

Digit Span Total

1.00 ± 0.69

−2.55 ± 0.84*

−0.09 ± 0.81

4.48 (0.045)

BAC (%)

0.00 ± 0.00

0.01 ± 0.00

0.02 ± 0.00

32.20 (<0.001)

*

p≤0.05 compared to placebo; Bonferroni pairwise comparisons.

NIH-PA Author Manuscript
NIH-PA Author Manuscript
Pharmacol Biochem Behav. Author manuscript; available in PMC 2012 February 1.

Ballard and de Wit

Page 13

Table 3

Effects of THC
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Mean change from pre-drug baseline ± SEM scores for placebo and 2.5mg THC averaged across all postcapsule time points (POMS, ARCI, and diastolic BP). Values for DSST are mean change from baseline
performance at 100 min post-capsule.
Measure

Placebo

THC

F1,10 (p-value)

POMS – Vigor

−2.18 ± 0.69

−4.76 ± 0.84*

5.58 (0.040)

ARCI – PCAG

1.55 ± 0.68

3.73 ± 0.83*

9.02 (0.013)

DSST

1.45 ± 1.32

−3.64 ± 1.75*

5.27 (0.045)

Diastolic BP

2.86 ± 1.85

−3.14 ± 1.52*

5.25 (0.045)

*

p≤0.05 compared to placebo; Bonferroni pairwise comparisons.
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