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Abstract
Sativex is a cannabis-plant extract delivering nearly 1:1 Δ9-tetrahydrocannabinol (THC) and
cannabidiol (CBD) by oromucosal spray. It has been suggested that CBD attenuates THC-induced
tachycardia, anxiety, and euphoria. In this study, pharmacodynamic effects were compared over
10.5 h in nine cannabis smokers randomly assigned to receive placebo, 5 and 15 mg oral synthetic
THC, and low (5.4 mg THC, 5.0 mg CBD) and high (16.2 mg THC, 15.0 mg CBD) doses of
Sativex. At therapeutic doses, no substantial CBD-induced modulation of THC's effects was
evident. Oral THC and Sativex produced similar, clinically insignificant increases in heart rate,
anxiety, and “good drug effects” with no serious adverse events. Oral and oromucosal THC have
slower absorption, lower rate of THC delivery to the brain, and fewer associated adverse events as
compared with smoked cannabis. These results indicate that Sativex has a pharmacodynamic
safety profile comparable to that of oral THC at low, therapeutic doses.

Δ9-Tetrahydrocannabinol (THC) is approved in the United States as the formulation Marinol
for treatment of chemotherapy-associated nausea and vomiting, and anorexia. THC is an
analgesic and muscle relaxant1 that reduces muscle spasticity.2 Acute psychological
responses to THC include euphoria, relaxation, sedation, anxiety, paranoia, dysphoria,
psychosis, and depression.3 Another phytocannabinoid, cannabidiol (CBD), was evaluated
for efficacy in treating psychosis,4 dystonic movement disorders,5 Huntington's disease,6

and epilepsy7.

THC is extensively oxidized in the liver to equipotent 11-hydroxy-THC (11-OH-THC) and
inactive 11-nor-9-carboxy-THC. After cannabis is smoked, 11-OH-THC concentrations are
generally <10% of the THC concentrations, but after oral administration, the concentrations
of 11-OH-THC and THC are approximately equal. Therefore circulating plasma 11-OH-
THC contributes to THC's subjective effects.

THC binds reversibly to membrane receptors and elicits physiological and behavioral
effects. CB1-cannabinoid receptors are primarily located on presynaptic nerve terminals8
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and bind endogenous or exogenous cannabinoids, modulating synaptic transmission. CB1-
receptors are highly expressed in the regions of the brain that control coordination,
movement, learning, memory, and cognitive function.9 Peripheral CB1-receptors are located
in reproductive, endocrine, gastrointestinal, and vascular systems.8 CBD is a weak agonist
of CB1-receptors and may decrease nociception by binding to transient receptor potential
vanilloid10 and other receptors that have not yet been described.

Earlier research has indicated that CBD may attenuate THC-induced tachycardia,11

euphoria, and anxiety,12 but the interaction mechanism remains unclear. Sativex is a
standardized medication containing 2.5 mg/actuation CBD and 2.7 mg/ actuation THC.
Sativex is approved by Health Canada for treating neuropathic pain associated with multiple
sclerosis and pain refractory to opiates in patients with cancer. In June 2010, Sativex was
approved in the United Kingdom for multiple sclerosis–associated spasticity. Sativex is an
investigational drug in the United States, currently in phase III clinical trials as an adjunct to
opiates for cancer pain. To our knowledge, no study has directly compared the
pharmacodynamics of oral THC with that of Sativex and explored the relationships between
pharmacodynamic effects and cannabinoid pharmacokinetics in the same volunteers. The
objectives of this study were to establish physiological and subjective drug effect profiles for
oral THC and oromucosal Sativex, to determine whether CBD attenuates THC's effects, and
to evaluate relationships between plasma cannabinoid concentrations and physiological and
subjective measures.

Results
Twenty-two subjects provided written informed consent to participate in the study. Seven
were discharged prior to drug administration for various reasons: loss of contact, refusal to
provide venous access, claustrophobia during mock functional magnetic resonance imaging
(fMRI), and a positive pregnancy test. Six others were discharged after at least one drug
administration. Of these, two could not be contacted, two experienced panic attacks in the
fMRI scanner, one had inadequate venous access, and one had orthostatic hypotension,
dizziness, and nausea after the fMRI session. Additional adverse events in those who
completed the study were two episodes of transient light-headedness in one participant, each
episode occurring upon standing after the fMRI scan, and headache and neck pain during the
fMRI scan in another participant. All the adverse events were nonserious and expected.

Nine cannabis smokers completed five drug administration sessions (Table 1). Baseline
THC concentrations varied on entry and ranged from “not detected” to 6.5 μg/l. No
association was observed between self-reported use and baseline plasma THC
concentrations. The mean baseline THC concentrations were 1.6, 2.3, 1.8, 2.5, and 2.3 ng/ml
after placebo, 5 mg oral THC, 15 mg oral THC, low-dose Sativex and high-dose Sativex,
respectively. No statistically significant differences in results were observed between
sessions.

Plasma pharmacokinetics
Peak plasma concentration (Cmax) and time to Cmax (Tmax) values for THC and 11-OH-THC
after the four active dosing conditions are presented in Table 2. There were no significant
differences in Cmax values of THC and 11-OH-THC for similar doses and in the Tmax values
across doses.

Physiological effects
Although systolic blood pressure (SBP) tended to increase (Figure 1a), peaking at ~3 h,
there were no significant SBP effects following any of the treatments. Participant B had the
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largest SBP change from baseline (35.6%, from 101 to 137 mm Hg) occurring at 1.5 h after
5 mg oral THC.

Diastolic blood pressure (DBP) decreased between 4 and 8 h (Figure 1b) after dosing. The
values returned to baseline levels by 10.5 h only in the group that received 5 mg oral THC.
Relative to the placebo group, DBP was significantly lower in the group that received 15 mg
oral THC (avgdiff = 2.71 ± 1.01, P = 0.007) and also in the groups that received low-dose
Sativex (avgdiff = 4.52 ± 1.00, P < 0.001) and high-dose Sativex (avgdiff = 4.27 ± 1.01, P <
0.001). Low-dose Sativex also significantly decreased DBP as compared to 5 mg oral THC
(avgdiff = 3.05 ± 1.01, P = 0.003). The mean maximum decreases in DBP values were 14.4
± 2.4 mm Hg at 5.3 ± 0.9 h and 15.1 ± 2.3 mm Hg at 5.4 ± 1.2 h after 5 and 15 mg oral
THC, respectively, and 17.7 ± 2.1 mm Hg at 5.4 ± 1.0 h and 16.7 ± 1.6 mm Hg at 4.4 ± 1.0
h after low- and high-dose Sativex, respectively. Participant C had the greatest decrease in
DBP from baseline (31.4%, from 70 to 48 mm Hg) at 8 h after 5 mg oral THC.

Heart rate generally increased after all active treatments (Figure 1c), returning to baseline by
10.5 h for all doses. Both 15 mg oral THC (avgdiff = 5.86 ± 1.09, P < 0.001) and high-dose
Sativex (avgdiff = 6.93 ± 1.09, P <0.001) significantly increased heart rate as compared to
placebo. The higher dose of oral THC resulted in a significantly elevated heart rate than did
the lower dose (avgdiff = 4.40 ± 1.10, P < 0.001); similarly, the higher dose of Sativex
resulted in a significantly higher heart rate than did the lower dose of Sativex (avgdiff = 6.60
± 1.10, P < 0.001). The mean maximum heart rate increases were 15.3 ± 3.0 bpm at 6.3 ±
0.6 h and 17.7 ± 3.7 bpm at 5.2 ± 0.9 h for the 5- and 15-mg oral doses of THC,
respectively, and 15.7 ± 3.2 bpm at 5.0 ± 1.2 h and 22.9 ± 4.3 bpm at 4.8 ± 0.9 h for the low
and high doses of Sativex, respectively. The largest heart rate increase from baseline, from
69 to 98 bpm, occurred in participant A, who experienced this 42.0% increase at 6 h after
high-dose Sativex. Only two participants experienced transient tachycardic episodes (>100
bpm); the longest-lasting episode was experienced by participant B (102–125 bpm) from 3
to 5 h after high-dose Sativex. The participants were asymptomatic, and the observed
changes were deemed clinically insignificant. The respiration rates (Figure 1d) varied
between 12 and 24 breaths per min, with mean adjusted differences fewer than 1 breath per
min.

Subjective effect scales
The “good drug effect” peaked at 3.7 h after each of the doses, except with 15 mg oral THC,
for which Tmax was 4.5 h (Figure 2a). Visual analog scale (VAS) scores for “good drug
effects” returned to baseline by 10.5 h. Post hoc comparisons revealed significantly greater
“good drug effects” after 15 mg oral THC (avgdiff = 6.19 ± 1.64, P < 0.001) and high-dose
Sativex (avgdiff = 3.79 ± 1.65, P = 0.022) as compared to placebo. Low-dose Sativex was
associated with significantly higher (avgdiff = 3.33 ± 1.65, P = 0.044) “good drug effects”
than 5 mg oral THC. Four participants had changes ≥40% after low-dose Sativex and three
after 5 mg oral THC. “Good drug effects” were also greater (avgdiff = 6.82 ± 1.65, P <
0.001) after 15 mg vs. 5 mg oral THC. There were no significant differences in this regard
between the results after low- and high-dose Sativex. The durations to mean maximum
“good drug effects” were 2.9 ± 0.7 and 3.9 ± 0.7 h after 5 and 15 mg oral THC, respectively,
and 3.5 ± 0.7 and 3.0 ± 0.6 h after low- and high-dose Sativex, respectively. Four of the
participants who received low-dose cannabinoid, and three of those who received high-dose
cannabinoid, did not report “good drug effects” >5% above baseline values.

The mean VAS for “high” peaked at 3.7 h after each of the drug treatments, except after 15
mg oral THC, for which this occurred at 4.5 h (Figure 2b). The “high” returned to baseline
values by 7.5 and 10.5 h after low and high doses, respectively. The subjective “high” was
significantly greater after the 15 mg oral THC as compared to placebo (avgdiff = 2.94 ±

Karschner et al. Page 3

Clin Pharmacol Ther. Author manuscript; available in PMC 2013 November 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1.25, P = 0.019) and to 5 mg oral THC (avgdiff = 3.82 ± 1.26, P = 0.003). Neither of the
Sativex doses produced significant subjective “high” feelings. The mean maximum “high”
occurred 3.1 ± 0.8 and 3.4 ± 0.6 h after 5 and 15 mg oral THC, respectively, and 3.5 ± 0.7
and 3.0 ± 0.6 h after low- and high-dose Sativex, respectively. Participant H reported the
greatest increase (57%) 3.7 h after 15 mg oral THC. Six participants reported “high”
responses <5% above baseline after 5 mg oral THC, three after 15 mg oral THC, and four
after each of the Sativex doses.

Marijuana scale (M-scale) scores were highest 3.7 h after low-dose Sativex, 5.5 h after 5 mg
oral THC and high-dose Sativex and 7.5 h after 15 mg oral THC (Figure 2c). Baseline M-
scale scores ranged between 0 and 3. M-scale scores after each of the active treatments were
significantly greater than those after placebo (P < 0.036), except in the case of 5 mg oral
THC. As compared to 5 mg oral THC, both low-dose Sativex (avgdiff = 0.83 ± 0.21, P <
0.001) and 15 mg oral THC (avgdiff = 0.78 ± 0.21, P < 0.001) resulted in significantly
higher M-scale scores. The mean maximum M-scale increases were 1.0 ± 0.4 and 3.2 ± 0.8
after 5 and 15 mg oral THC, respectively, and 2.1 ± 0.7 and 1.9 ± 0.8 after low- and high-
dose Sativex, respectively. The greatest individual M-score increase (8 points) was observed
in participant B, 4.5 h after high-dose Sativex. Participant I was the only subject who did not
report a positive change in M-scale scores after either of the high-dose formulations.

The participants reported feeling maximally “stimulated” 7.5 h after 5 mg oral THC, 3.7 h
after 15 mg oral THC, and 3 h after each of the Sativex doses, returning to near baseline by
10.5 h. Significantly more “stimulation” was reported after the 15 mg dose of oral THC as
compared to placebo (avgdiff = 3.22 ± 1.37, P = 0.020), 5 mg oral THC (avgdiff = 3.39 ±
1.38, P = 0.015), and high-dose Sativex (avgdiff = 4.43 ± 1.38, P = 0.002). Low-dose
Sativex was significantly more “stimulating” than placebo (avgdiff = 2.95 ± 1.37, P =
0.032), 5 mg oral THC (avgdiff = 3.12 ± 1.38, P = 0.024), and high-dose Sativex (avgdiff =
4.16 ± 1.38, P = 0.003). Participant E had the greatest “stimulation” change (52%) 4.5 h
after 15 mg oral THC, similar to his increase in subjective “high” (45%) and “good drug
effects” (48%) at that time. Participants C, G, and I reported no “stimulation” changes >5%
after either of the high doses. No significant differences were observed between the
treatments for VAS “stoned, sedated, and depressed” or for any Likert scale. The subjective
effects after placebo are shown in Supplementary Figure S1 online.

State–trait anxiety inventories and VAS “anxiety”
Mean trait anxiety scores were 27.7 ± 0.8, with no significant differences across treatments.
Mean state anxiety varied from 25.7 ± 2.1 to 30.4 ± 2.1 across sessions. State anxiety
steadily increased to a maximum at 5.5 h after each of the cannabinoid doses (Figure 2d).
Relative to placebo treatment, state anxiety scores were significantly higher, after high-dose
Sativex (avgdiff = 3.81 ± 1.11, P = 0.008), 15 mg oral THC (avgdiff = 3.52 ± 1.02, P =
0.001), and 5 mg oral THC (avgdiff = 2.05 ± 1.02, P = 0.046).

Participants were most “anxious” (per VAS) at 3.7 h after the 5 mg oral THC, at 3.0 h after
15 mg oral THC, at 5.5 h after low-dose Sativex, and at 4.5 h after high-dose Sativex (Figure
2e). All the active drug treatments induced significantly more “anxiety” as compared to
placebo (avgdiff > 4.22 ± 1.27, P ≤ 0.001). State anxiety and VAS “anxiety” were
significantly higher after high-dose Sativex than after low-dose Sativex (avgdiff > 3.29 ±
1.11, P ≤ 0.004). The largest increases in VAS “anxiety” (89%) and state anxiety (20 out of
80 points) occurred 4.5 h after high-dose Sativex in participants B and H, respectively.
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Correlations between physiological and subjective effects and plasma cannabinoid
concentrations

After 15 mg oral THC, the concentration of THC in plasma was observed to have weak, but
statistically significant, positive correlations with SBP and DBP (r ≤ 0.23), “good drug
effect,” and “high” (r ≤ 0.35). Similarly, after high-dose Sativex, positive correlations (r ≤
0.32) were also observed between plasma THC concentrations and “anxious,” “good drug
effect,” “high,” “stimulated,” and M-scale scores.

Discussion
In ancient China, cannabis was used for surgical analgesia;13 in Western medicine in the
nineteenth century, it was used to treat muscle cramps, convulsions, migraines,
inflammation, pain, asthma, and neuralgia.13,14 With cannabis later being designated as a
Schedule I drug,14 smoked cannabis is at the center of an ethical debate in the medical
community. In 1999, the Institute of Medicine recognized the therapeutic potential of
cannabis and requested research on alternative cannabinoid delivery systems other than
smoking, owing to its known toxicity.15 Alternative routes of administration should deliver a
consistent quantity of drug, preferably with diminished central nervous system side effects
as compared to smoked cannabis, and without delivering potential carcinogens. The first
approved cannabinoid medication was oral, synthetic THC, an appetite enhancer for AIDS
wasting disease and an antiemetic during cancer chemotherapy.16 Sativex, a cannabis-plant
extract, is delivered through the oromucosal route, offering advantages for patients with
difficulty swallowing due to nausea and vomiting. In addition, cannabinoids offer
therapeutic benefit in chronic conditions such as muscle spasticity,17 urinary incontinence,18

increased intraocular pressure19 and pain associated with neuropathic conditions,20,21

rheumatoid arthritis,22 and cancer23.

Investigators claimed that CBD was capable of modulating the undesirable effects of
THC,11,12 and also of acting on additional cannabinoid receptors24 as well as on other
known10 and unknown receptors, to produce desirable therapeutic results. These data show
the effects of two Sativex doses (one dose equal to two times the initial titration dose in two
actuations and the other a standard single dose in six actuations) and matched 5-and 15-mg
oral THC doses.

Tachycardia is the most sensitive and robust cardiovascular response to THC.25–28

Statistically significant heart rate increases relative to placebo treatment were observed after
high-dose oral THC and high-dose Sativex; consistent with other findings, CBD did not
ameliorate THC-induced heart rate escalation.12,29,30 While no significant alteration in SBP
occurred between treatments, significant diastolic hypotension was observed after almost
every active dose. In our study, statistically significant cardiovascular responses were of low
magnitude and considered clinically insignificant. This is in contrast to the tachycardia
produced by smoked cannabis, characterized by mean peak increases of 46.0 ± 18.6 and
55.8 ± 22.2 bpm after 1.75% and 3.55% THC, respectively, which are twofold greater
increases than we observed28.

Some earlier studies reported significant attenuation in THC intoxication when CBD was
administered in CBD:THC ratios of 1:1 and 2:1 by the oral route11 and 4:1 by the smoked
route,30 while others reported no change with a 2:1 ratio administered orally.29 In this study,
CBD did not decrease “good drug effects” significantly, but may have attenuated “high”
feelings. Statistical differences were determined across the entire time course; significantly
greater “highs” were reported, relative to placebo, after the 15-mg oral THC, but not after
high-dose Sativex. However, the effects of 15 mg THC and high-dose Sativex did not differ
significantly when compared directly. M-scale score differences were significantly greater
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after low-dose Sativex as compared to 5 mg oral THC, consistent with the increase in “good
drug effects.” Contrary to other studies reporting significant decreases in M-scale scores and
anxiety associated with the coadministration of CBD and THC in the ratio 2:1,11 we found
no reduction in these effects after either of the Sativex doses. The greatest change in the
VAS “anxious” score occurred 4.5 h after high-dose Sativex in participant B, corresponding
to her maximum M-score increase at 4.5 h and tachycardia at 3–5 h after the dose. It is
possible that increases in heart rate, good drug effect, and high—all of which occurred
simultaneously—contributed to the increase in anxiety. Increases in anxiety could be of
concern in a clinical setting; however, the magnitude of changes in subjective anxiety scores
was low. Low therapeutic doses of cannabinoids were perceived as “stimulating,” possibly
because of the combination of increases in heart rate, “good drug effects,” and “high.”

Cannabis smokers may be less responsive than drug-naive patients to subtle subjective
effects after low oral or oromucosal cannabinoid doses. However, there was no rank order
relationship between magnitude of effect produced by THC and frequency of cannabis use.
After receiving oral THC and Sativex, many of the participants reported no changes >5%
above baseline and placebo on subjective scales. VAS for “stoned,” “sedated,” and
“depressed” were low after each of the cannabinoid doses. These low VAS scores were
probably due to the oral route of administration, which provides a low rate of drug delivery
to the brain as compared to smoked cannabis. Also, Likert scales were similar after each of
the treatments, including after placebo, indicating that this instrument may not be sensitive
to small THC-induced alterations. Another potential limitation was that VAS descriptors
may have been interpreted differently by participants. For instance, “depressed” could be
interpreted as either “sedated” or a “depressive” symptom. The small sample size and
multiple comparisons limited the statistical power. Another limitation was the inability to
test effectively for drug condition × sequence interaction effects because of the limited
number of subjects and the large number of drug conditions. We minimized the influence of
such effects by dose randomization. Also, data were normalized by correcting for placebo in
addition to correcting for baseline, thereby improving accuracy in determining CBD and
THC effects. An additional limitation was the inability to evaluate improvement in
symptoms in a relevant patient population.

Subjective responses typically reached mean maxima within 1 h of plasma THC and 11-OH-
THC Tmax after each of the treatments. However, linear correlations between plasma THC
concentrations and physiological and subjective effects were weak. This is consistent with
other reports of the absence of strong, statistically significant linear relationships between
plasma THC and intoxication scores26,31–33.

Sativex facilitates self-titration, with most patients reporting pain relief at doses lower than
those producing intoxication.34 Current recommendations for Sativex suggest a maximum
daily dose of 12 sprays (30 mg CBD + 32.4 mg THC) over a 24-h period.35 Future
investigations should evaluate higher CBD:THC ratios and higher Sativex doses, which may
demonstrate greater THC effect modulation.

At these low therapeutic cannabinoid doses, physiological and subjective effects were not
robust, and no modulation of THC's effects by CBD was apparent, with the potential
exception of subjective “high.” The absence of clinically significant increases in
cardiovascular parameters and euphoria, typical of smoked cannabis, is an advantage in the
therapeutic use of Sativex. As compared to smoked cannabis, oral or oromucosal THC
administration is characterized by slower THC absorption and less rapid as well as
decreased THC delivery to the brain, thereby delaying the onset and magnitude of effects
and resulting in fewer adverse events. No strong cardiovascular or intoxication effects or

Karschner et al. Page 6

Clin Pharmacol Ther. Author manuscript; available in PMC 2013 November 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



serious adverse events were observed, indicating that Sativex has a pharmacodynamic safety
profile comparable to those of 5- and 15-mg oral doses of THC.

Methods
Participant screening

Cannabis smokers, 18–45 years of age, were recruited through print, radio, and television
advertisements to participate in this double-blind, double-dummy, within-subject,
institutional review board–approved protocol. The participants were restricted to those who
had smoked cannabis at least once, but less often than daily, within the 3 months prior to
participation. Screening included drug use history, physical examination, 12-lead
electrocardiogram, and laboratory tests to detect clinically significant illnesses. SBP, DBP,
and heart rate were required to be ≤140 mm Hg, ≤90 mm Hg, and ≤100 bpm, respectively,
while seated, after resting for 5 min. Blood donation >500 ml within 30 days prior to the
scheduled administration of the study drug precluded enrollment in the study. Individuals
with a history of psychosis or current DSM-IV axis I disorder (other than caffeine or
nicotine dependence and simple phobia), and those who had earlier experienced significant
adverse events associated with cannabis intoxication were excluded. An estimated
intelligence quotient ≥85 per the Wechsler Abbreviated Scale of Intelligence and <24 on the
Attention Deficit Hyperactivity Disorder Screening Rating subscales were required.
Additionally, participants were excluded if they were allergic to sesame seed oil (dronabinol
ingredient), propylene glycol, ethanol, or peppermint oil (Sativex ingredients). Pregnant or
nursing female volunteers were excluded, and participants were encouraged to use birth
control for at least 3 months after completion of the study.

Study design
The subjects provided their written informed consent to participate in the study. They
resided at the research unit under continuous medical surveillance for at least 10 h prior to
dosing to ensure that there was no acute intoxication. Female participants were required to
have a negative urine pregnancy test prior to each treatment session. A standard breakfast
was provided ～1 h before each drug administration. The participants were trained on
neurocognitive tasks and screened for claustrophobia in a mock fMRI scanner prior to
session 1. At 90 min after each dose, the participants underwent neurocognitive testing by
means of fMRI.

Each of the participants received two capsules and six sprays in each of five sessions.
Placebo THC capsules contained only lactose, while placebo Sativex contained propylene
glycol, ethanol, and peppermint oil. The participants took two capsules with water;
subsequently the study physician administered Sativex and/or Sativex placebo actuations
sublingually and buccally, within 1–2 min. Five different treatments were administered in
random order: (i) one 5 mg oral THC capsule and one placebo THC capsule and six Sativex
placebo actuations (administered from two containers); (ii) one dose of 15 mg oral THC
(one 5 mg and one 10 mg oral THC capsule) and six Sativex placebo actuations
(administered from two containers); (iii) two placebo oral THC capsules; and two Sativex
actuations (low-dose 5.4 mg THC and 5.0 mg CBD) and four Sativex placebo actuations
(administered from two containers), and (iv) two placebo oral THC capsules and six Sativex
actuations (high-dose 16.2 mg THC and 15.0 mg CBD, administered from two containers)
and (v) two placebo oral THC capsules and six Sativex placebo actuations (administered
from two containers). There were at least 5 days between sessions.
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Physiological monitoring
With the subject seated, measurements of blood pressure, heart rate, and respiration were
taken at baseline (−0.3 h or −20 min) and at 0.3, 0.8, 1.3, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 7.0,
8.0, 9.0, and 10.5 h after the dose.

Subjective tests
Subjective effects scales consisted of seven 100-mm VASs, seven five-point Likert scale
items, and the 12-item M-scale from the Addiction Research Center Inventory.36 Subjective-
effects scales were administered prior to (−0.5 h) and at 0.3, 0.5, 1.0, 1.5, 2.3, 3.0, 3.7, 4.5,
5.5, 7.5, 9.5, and 10.5 h after drug administration. The 100-mm VASs were anchored with
“not at all” and “most ever” and included “good drug effect,” “high,” “stoned,”
“stimulated,” “sedated,” “anxious” and “depressed.” Likert Scales included: “difficulty
concentrating,” “altered sense of time,” “slowed or slurred speech,” “body feels sluggish or
heavy,” “feel hungry,” “feel thirsty,” and “shakiness/tremulousness.” Participants’ responses
were scored as none–1, slight–2, mild–3, moderate–4, and severe–5. The M-scale consisted
of 12 true-or-false questions relating to cannabis intoxication. Each true response was given
one point, for a maximum of 12 points.

The Spielberger State–Trait Anxiety Inventory (Mind Garden, Menlo Park, CA) is a method
of assessing anxiety. The state anxiety scale evaluates the degree of anxiety the person feels
at that moment, whereas trait anxiety assesses the baseline anxiety level. Participants were
administered the trait anxiety inventory prior to each dosing session (−0.3 h). The state
anxiety test was administered prior to dosing (−0.3 h) and at 1.0, 3.0, 4.5, and 5.5 h after the
dose. The participants answered 20 state questions with “not at all,” “somewhat,”
“moderately so,” or “very much so,” and 20 trait questions with “almost never,”
“sometimes,” “often,” or “almost always.” Each question was scored from 1 to 4 using the
scoring key provided by Mind Garden. Potential state and trait scores ranged from 20
(minimum) to 80 (maximum), with high scores indicating increased anxiety or stress37.

Plasma specimen collection and analysis
Whole blood was collected through peripheral venous catheters into 7-ml tubes containing
sodium heparin. The samples were stored on ice and then centrifuged within 2 h to separate
plasma. Plasma was frozen in cryotubes at −20 °C until analysis.

Concentrations of THC and 11-OH-THC in plasma were quantified using a validated two-
dimensional gas chromatography mass spectrometry (2D-GCMS) method.38 Briefly, 1.0 ml
of plasma was precipitated with 3 ml cold acetonitrile, the supernatants were decanted, and
solid phase extracted. Derivatized analytes were analyzed by 2D-GCMS in selected ion-
monitoring mode. Low calibration curves were from 0.25 to 25 ng/ml for THC and 0.125–
25 ng/ml for 11-OH-THC. Analytical method intra-run, inter-run, and total imprecision were
≤9.5%, and recovery/bias was ≤9.2%.

Statistical methods
In order to estimate physiological and subjective differences between drug conditions,
changes relative to baseline values and relative to the placebo session were calculated after
the administration of active drug treatments. Mixed models for repeated measures analysis
of variance fit the data: changes in response measures relative to baseline and placebo were
calculated as (drug condition + time + time × drug condition), where time denotes the data
collection time point. Post hoc comparisons were carried out on the results of all active drug
treatments with placebo and 5 to 15 mg oral THC, 5 mg oral THC with low-dose Sativex, 15
mg oral THC with high-dose Sativex, and low-dose Sativex with high-dose Sativex. SAS
PROC MIXED was used for estimating mean differences (avgdiff ± standard errors) among
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placebo and the various active drug conditions, averaging across the post-baseline time
points. In addition, time × treatment interactions were tested to ascertain whether the
differences among the various treatment results varied significantly over time. Mean
maximum responses were assessed by determining the maximum change from baseline and
placebo for each participant and calculating the mean response and mean time at which
maximum response occurred. To examine whether the administered drug had an effect on
Likert scales, we computed changes in parameters relative to baseline and placebo in each
drug condition and performed a Mantel–Haenszel χ-test stratified by participant to test for
differences over time in mean change scores. With only nine subjects, and five drug
conditions assigned in random order, it was impossible to test effectively for the existence of
drug condition × sequence interaction effects.

The association between changes in plasma cannabinoid concentrations and concurrent
changes in pharmacodynamic effects was determined. Because plasma collection and
physiological measurements did not occur at exactly the same time points, corresponding
plasma THC concentrations were evaluated if they were collected within 30 min of the
parameter; otherwise, if a time difference >30 min occurred, plasma THC concentrations
before and after the time point were averaged. Within each active drug condition, the
Spearman rank correlation coefficient was calculated between changes relative to baseline
THC concentrations and changes relative to physiological and subjective baseline and
placebo data. The mean correlation across participants within each active drug condition was
calculated. Correlation estimates from individuals were normalized using Fisher’s z-
transformation, z(r) = ½loge[(1+r)/(1−r)], and a one-sample t-test was performed on
transformed correlation scores to test whether mean correlations were significantly different
from zero.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mean ± SE (n = 9) changes in (a) systolic blood pressure, (b) diastolic blood pressure, (c)
pulse rate, and (d) respiration rate relative to baseline and placebo after 5 and 15 mg oral Δ9-
tetrahydrocannabinol (THC) and low-dose (5.4 mg THC + 5 mg cannabidiol (CBD)) and
high-dose (16.2 mg THC + 15 mg CBD) oromucosal Sativex.
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Figure 2.
Mean ± SE (n = 9) changes in (a) “good drug effect,” (b) “high,” (c) marijuana (M)-scale,
(d) state anxiety, and (e) “anxious” relative to baseline and placebo after 5 and 15 mg oral
Δ9-tetrahydrocannabinol (THC) and low-dose (5.4 mg THC + 5 mg cannabidiol (CBD)) and
high-dose (16.2 mg THC + 15 mg CBD) oromucosal Sativex. “Good drug effect,” “high,”
and “anxious” scores were based on a maximum score of 100, M-scale on a maximum of 12,
and state anxiety on a maximum of 80 points.
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