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BACKGROUND—Sativex®, a cannabis extract oromucosal spray containing Δ9tetrahydrocannabinol (THC) and cannabidiol (CBD), is currently in phase III trials as an adjunct to
opioids for cancer pain treatment, and recently received United Kingdom approval for treatment of
spasticity. There are indications that CBD modulates THC’s effects, but it is unclear if this is due
to a pharmacokinetic and/or pharmacodynamic interaction.
METHODS—Cannabis smokers provided written informed consent to participate in this
randomized, controlled, double-blind, double-dummy institutional review board–approved study.
Participants received 5 and 15 mg synthetic oral THC, low-dose (5.4 mg THC and 5.0 mg CBD)
and high-dose (16.2 mg THC and 15.0 mg CBD) Sativex, and placebo over 5 sessions. CBD,
THC, 11-hydroxy-THC, and 11-nor-9-carboxy-THC were quantified in plasma by 2-dimensional
GC-MS. Lower limits of quantification were ≤0.25 μg/L.
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RESULTS—Nine cannabis smokers completed all 5 dosing sessions. Significant differences (P <
0.05) in maximum plasma concentrations (Cmax) and areas under the curve from 0–10.5 h
postdose (AUC0→10.5) for all analytes were found between low and high doses of synthetic THC
and Sativex. There were no statistically significant differences in Cmax, time to maximum
concentration or in the AUC0→10.5 between similar oral THC and Sativex doses. Relative
bioavailability was calculated to determine the relative rate and extent of THC absorption; 5 and
15 mg oral THC bioavailability was 92.6% (13.1%) and 98.8% (11.0%) of low- and high-dose
Sativex, respectively.

© 2010 American Association for Clinical Chemistry
*

Address correspondence to this author at: Chemistry and Drug Metabolism, Intramural Research Program, National Institute on Drug
Abuse, NIH, Biomedical Research Center, 251 Bayview Blvd. Rm. 05A721, Baltimore, MD 21224. Fax 443-740-2823;
mhuestis@intra.nida.nih.gov.
Author Contributions: All authors confirmed they have contributed to the intellectual content of this paper and have met the
following 3 requirements: (a) significant contributions to the conception and design, acquisition of data, or analysis and interpretation
of data; (b) drafting or revising the article for intellectual content; and (c) final approval of the published article.
Authors’ Disclosures or Potential Conflicts of Interest: Upon manuscript submission, all authors completed the Disclosures of
Potential Conflict of Interest form. Potential conflicts of interest:
Employment or Leadership: S. Wright, G.W. Pharma.
Consultant or Advisory Role: None declared.
Stock Ownership: S. Wright, G.W. Pharma.
Honoraria: None declared.
Expert Testimony: None declared.

Karschner et al.

Page 2

CONCLUSION—These data suggest that CBD modulation of THC’s effects is not due to a
pharmacokinetic interaction at these therapeutic doses.
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Cannabis has been used medicinally for thousands of years. The US Food and Drug
Administration questioned the safety of smoked cannabis, citing its high abuse potential;
cardiovascular, reproductive, and pulmonary effects; and lack of efficacy compared to the
approved oral synthetic Δ9-tetrahydrocannabinol (THC,3 dronabinol, Marinol®) (1).
Dronabinol has proven effective in treating chemotherapy-induced nausea and emesis and
AIDS anorexia.
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In 1999, the Office of National Drug Control Policy funded a study by the Institute of
Medicine to evaluate medicinal cannabis (2). The Institute of Medicine recommended
testing alternative cannabinoid delivery systems to smoking and clinical trials to assess
efficacy of synthetic and plant-derived cannabinoids for treatment of spasticity, movement
disorders, glaucoma, and other indications. Sativex, a whole-plant cannabis extract, is
approved in Canada to treat neuropathic pain in multiple sclerosis and as an adjunctive
analgesic in patients with cancer pain not adequately relieved by opiates (3). In the US,
Sativex is in phase III trials for the latter indication. Most recently, Sativex was approved for
multiple sclerosis spasticity in the United Kingdom (4). Each 100-μL Sativex actuation
delivers 2.7 mg THC and 2.5 mg cannabidiol (CBD), a nonpsychotropic cannabinoid (5). In
addition to THC and CBD, Sativex contains potentially synergistic cannabinoids, terpenes,
and flavonoids, which also may contribute to overall therapeutic effects (6).
THC oral absorption is slow and unpredictable, with peak concentrations occurring 1–5 h
postdose (7). THC bioavailability was 6% when orally administered, compared to up to 27%
(8) when inhaled. Plasma THC maximum concentrations were 4.4–11.0 μg/L after a 20 mg
dose of oral THC (7). Once absorbed, THC is oxidized by the cytochrome P450 hepatic
mixed-function oxidase system to equipotent 11-hydroxy-THC (11-OH-THC), and further
metabolized to inactive 11-nor-9-carboxy-THC (THCCOOH).
CBD has similar oral absorption and bioavailability to THC (9). Following doses of 10 mg
CBD + 10 mg THC in an oral capsule, mean (SD) peak plasma concentrations were 2.5 (2.2)
μg/L CBD and 6.4 (3.1) μg/L THC, and after buccal Sativex (10 mg THC + 10 mg CBD)
were 3.0 (3.1) μg/L CBD and 6.1 (5.4) μg/L THC (10). Time to maximum concentration
(Tmax) was 1.3 (0.8) h for CBD and 1.0 (0.6) h for THC after oral administration, and 2.8
(1.3) h for CBD and 2.4 (1.1) h for THC after buccal administration.
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Although CBD administered alone has beneficial effects (11-12), it also may attenuate the
euphoria produced by THC (13). What remains unclear is whether this effect is attributable
to a pharmacokinetic and/or pharmacodynamic interaction. When human liver microsomes
were coincubated with THC (130 μmol/L) and CBD (up to 300 μmol/L), in vitro
metabolism of THC to 11-OH-THC was reduced, although statistical significance was not
described (14). Although some investigators have reported no significant pharmacokinetic
interactions when these cannabinoids were coadministered to humans in vivo (15), others
have suggested that CBD inhibits cytochrome P450 (CYP) 2C (16) and 3A (17) enzymes,
reducing first-pass metabolism to 11-OH-THC.
Sativex is being considered as a treatment for a number of different therapeutic indications,
including neuropathic pain (18-19), spasticity from multiple sclerosis (20), urinary
incontinence (21), increased intraocular pressure (22), and pain from rheumatoid arthritis
3Nonstandard abbreviations: THC, Δ9-tetrahydrocannabinol; CBD, cannabidiol; 11-OH-THC, 11-hydroxy-THC; THCCOOH, 11nor-9-carboxy-THC; Tmax, time to maximum concentration; CYP, cytochrome P450; Cmax, maximum plasma concentrations; LOQ,
limit of quantification; AUC0→10.5 h, area under the curve from 0–10.5 h postdose.
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(23) and cancer (24). Elucidating potential pharmacokinetic interactions is essential for
understanding the efficacy of this new cannabinoid medication. In this study, experienced
cannabis smokers were randomly administered placebo, 5 and 15 mg oral THC, and lowdose (5.4 mg THC and 5.0 mg CBD) and high-dose (16.2 mg THC and 15.0 mg CBD)
Sativex over 5 sessions. The aim of this research study was to contrast CBD, THC, 11-OHTHC, and THCCOOH pharmacokinetics after controlled administration of oromucosal
Sativex and oral THC, specifically to determine if CBD modulates THC disposition.

Materials and Methods
Volunteers gave written informed consent to participate in this double-blind, doubledummy, within- and between-subject study, which was approved by the institutional review
board of the National Institute on Drug Abuse Intramural Research Program. Study
participants (age 18–45 years) had smoked cannabis at least once, but less than daily, during
the 3 months before study entry. Women who participated in the study could not be pregnant
or nursing and were directed to use a medically accepted form of birth control or abstain
from vaginal sexual intercourse during the study and for 3 months thereafter. Men who
participated in the study and used cannabis were instructed to use barrier-method
contraception during the period of their study participation and for 3 months thereafter.
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Individuals were screened for the presence of any clinically significant illness, as detected
by history, physical examination, and/or clinical laboratory tests, that might put the
individual at increased risk of adverse events or that might interfere with absorption,
distribution, metabolism, or excretion of study medications. Criteria for exclusion from
study participation included history of psychosis or current Diagnostic and Statistical
Manual—Version IV axis I disorder, other than caffeine or nicotine dependence or simple
phobia, as well as any history of adverse events associated with cannabis intoxication or
dependence. Individuals who ingested ≥5 standard drinks per day 4 or more times per week
and those who had donated >0.5 L blood within 30 days of study drug administration were
excluded from study participation. Blood pressure and heart rate measured while the study
participant was sitting after resting 5 min were required to be ≤140 mmHg systolic and ≤90
mmHg diastolic blood pressure, and ≤100 bpm heart rate. A 12-lead electrocardiogram and
3-min rhythm strip with normal results also were required. Lastly, if participants were
allergic to sesame seed oil (an ingredient in dronabinol capsules), propylene glycol, ethanol,
or peppermint oil (ingredients in Sativex), they were excluded from the study.
STUDY DESIGN
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Participants spent the night before each session at the Johns Hopkins Bayview Behavioral
Pharmacology Research Unit under 24-h medical surveillance to rule out acute intoxication.
Women were required to have a negative urine pregnancy test result before each dosing
session. Participants were provided with a standard breakfast the morning of each study
session prior to dosing.
Each participant received, in random order, 1 of 5 treatments: oral synthetic THC, 5 and 15
mg; 2 Sativex actuations (low dose: 5.4 mg THC and 5.0 mg CBD) and 4 Sativex placebo
actuations; 6 Sativex actuations (high dose: 16.2 mg THC and 15.0 mg CBD); or placebo
oral THC and 6 Sativex placebo actuations. Placebo THC capsules formulated by the
National Institute on Drug Abuse pharmacy contained only lactose, whereas placebo
Sativex, provided by G.W. Pharma, contained propylene glycol, ethanol, and peppermint oil.
Individuals swallowed 2 capsules with water and were subsequently administered 6
actuations of Sativex and/or Sativex placebo within 1–2 min by the study physician. Sativex
and Sativex placebo actuations were directed sublingually and at the buccal mucosa.
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SPECIMEN COLLECTION AND ANALYSIS
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A peripheral venous catheter was placed the morning of each study session and was
removed before discharge. Whole blood was collected in 7-mL green-top Vacutainer tubes
containing sodium heparin. Samples were stored on ice, centrifuged, and plasma separated
within 2 h. Plasma was transferred to cryotubes and frozen at −20 °C until analysis.
Plasma samples were analyzed with a previously described 2-dimensional GC-MS method
with cryofocusing for CBD, THC, 11-OH-THC, and THCCOOH (25). Plasma (1.0 mL) was
treated with 0.5-mL increments of cold acetonitrile (total 3 mL) to precipitate proteins.
Supernatants were decanted into tubes containing 5 mL water, mixed, and subjected to solidphase extraction with UCT SSTHC06Z columns. Analytes were eluted with 3 mL hexane/
ethyl acetate/acetic acid (49:49:2 vol/vol), dried under nitrogen, and derivatized with N,Obis-(trimethylsilyl)trifluoroacetamide + 1% trimethylchlorosilane for 30 min at 70 °C.
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Extracts were analyzed by 2-dimensional GC-MS in the selected ion–monitoring mode. Low
calibration curves were from 0.25 to 25 μg/L for CBD and THC, 0.125–25 μg/L for 11-OHTHC, and 0.25–50 μg/L for THCCOOH. High calibration curves from 5–100 μg/L for
THC, 11-OH-THC, and THCCOOH used a smaller 2-μL injection volume. Analytes were
quantified on the high calibration curve only if concentrations exceeded the low linear
dynamic range upper limit of quantification (LOQ). Specimens quantifying >100 μg/L were
diluted with blank human plasma and reextracted. Analytical method intraassay, interassay,
and total imprecision were ≤9.5% and recovery/bias was ≤9.2%.
PHARMACOKINETIC AND STATISTICAL ANALYSES

NIH-PA Author Manuscript

The area under the curve from 0–10.5 h postdose (AUC0→10.5 h) was determined by linear
trapezoidal noncompartmental analysis (WinNonlin; Pharsight). Main outcome measures
were Cmax, Tmax, and AUC0→10.5 h for 4 analytes, examined by planned comparisons
between 5 and 15 mg oral THC, 5 mg oral THC and low-dose Sativex, 15 mg oral THC and
high-dose Sativex, and low- and high-dose Sativex. Because treatment conditions were
assessed on different days for each study participant, and study participants may have
smoked cannabis between sessions, most analytes were present at baseline. We made an a
priori decision to control for this with multilevel models (SAS Proc Mixed; SAS Institute),
which are functionally similar to repeated-measures ANOVA, but permit the inclusion of
time-varying covariates. For example, to test treatment effects on Tmax for 11-OH-THC, we
ran a multi-level model with 2 predictors: treatment (5 mg oral THC, 15 mg oral THC, lowdose Sativex, and high-dose Sativex) and baseline 11-OH-THC concentration (a timevarying covariate with a different value for each session). Twelve models were run,
assessing Cmax, Tmax, or AUC0→10.5 h for each analyte, always controlling for the baseline
concentration of the relevant analyte. In each model, the contrast statement in Proc Mixed
was used to conduct planned comparisons between different conditions (4 planned
comparisons in each model), not correcting for multiple tests. The models used a compoundsymmetry error structure, which, based on the Akaike Information Criterion, provided a
better fit to the data than several other error structures examined. As a sensitivity analysis,
we reran the models without controlling for baseline concentrations. Results were
considered statistically significant if the 2-tailed P value was <0.05. All participants were
included in mean (SE), median, and range data. If analytes were not detected, a 0 was
reported for descriptive statistical analyses. Relative bioavailability was calculated by
normalizing for dose:

Clin Chem. Author manuscript; available in PMC 2013 July 21.

Karschner et al.

Page 5

NIH-PA Author Manuscript

Relative bioavailability and mean peak ratios across treatments were analyzed with 1-way
ANOVA. Two-way ANOVA was used to compare peak metabolite ratios between
participants with no detectable plasma THC and those with measurable THC at the time of
study entry.

Results
Six male and 3 female cannabis smokers, ages 19–43 years, each completed 5 study sessions
(Table 1). Participants were predominantly (66.7%) black, and 3 were identified as white.
Mean (SE) height and weight were 170.5 (4.8) cm and 74.9 (5.4) kg, respectively. Cannabis
smoking frequency varied between participants. Mean age of first experience with cannabis
was 15.6 (0.9) years, with the duration of longest use ranging from 2 to 10 years. Most
participants reported drinking alcohol (88.9%) and smoking tobacco (66.7%) within the last
year. One participant reported use of cocaine, and 2 reported consumption of psilocybin
mushrooms in the year preceding the study. The median (range) of cannabinoid baseline
concentrations 0.5 h before dosing were 0.0 [not detected (ND)–0.4], 1.6 (ND–6.5), 0.5
(ND–2.4), and 51.0 (ND–269.7) μg/L for CBD, THC, 11-OH-THC, and THCCOOH,
respectively, across all sessions (n = 45).
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We report descriptive statistical data (Table 2) and median cannabinoid concentrations (Fig.
1). CBD mean (SE) time to first detection was 2.5 (0.4) h (n = 8) for low and 2.0 (0.3) h (n =
9) for high-dose Sativex. One participant had plasma CBD greater than the LOQ at baseline
for the low Sativex dose, precluding determination of time to first detection for this
individual. CBD mean plasma Cmax after low-dose (Fig. 1) and high-dose Sativex (Figs. 1
and 2) were 1.6 (0.4) and 6.7 (2.0) μg/L [F(1,7) = 7.56, P = 0.029] and occurred 3.7 (0.5)
and 4.0 (0.5) h postdose, respectively. CBD AUC0→10.5 h also was significantly different
between low and high doses [F(1,7) = 16.11, P = 0.005]. CBD was <LOQ by 10.5 h in 7
participants after low-dose and 2 participants after high-dose Sativex.
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Mean THC Cmax values were not significantly different [F(1,23) = 0.01, P = 0.93] for 5 mg
oral THC [4.7 (0.9) μg/L] and low-dose Sativex [5.1 (1.0) μg/L]. Similarly, mean THC
plasma Cmax values were not significantly different for 15 mg oral THC [14.3 (2.7) μg/L]
and high-dose Sativex [15.3 (3.4) μg/L]. THC Tmax values were not significantly different
across all doses. Significant Cmax differences were observed between the low and high doses
of oral THC [F(1, 23) = 14.15, P = 0.001] and low and high doses of Sativex [F(1,23) =
13.34, P = 0.0013]. Also, THC AUC0→10.5 h was significantly larger for 15 mg oral THC
[F(1,23) = 28.12, P < 0.0001] and high-dose Sativex [F(1,23) = 20.47, P = 0.0002]
compared to lower doses. We calculated relative bioavailability to determine the relative rate
and extent of THC absorption; 5 mg oral THC bioavailability was 92.6% (13.1%) of lowdose Sativex, whereas 15 mg oral THC was 98.8% (11.0%) of high-dose Sativex. No
significant differences were found in relative bioavailabilities.
11-OH-THC mean Cmax values were 3.0 (0.4) μg/L for 5 mg oral THC and 4.2 (0.7) μg/L
for low-dose Sativex. At the higher doses, the mean 11-OH-THC Cmax values were 11.1
(2.0) (oral) and 8.4 (1.2) μg/L (Sativex), respectively. Mean 11-OH-THC Cmax was
significantly higher for 15 mg [F(1,23) = 11.30, P = 0.0027] compared with 5 mg oral THC
and for high- vs low-dose Sativex [F(1,23) = 31.38, P < 0.0001]. 11-OH-THC Cmax
occurred 1.0–5.6 h after oral THC and 1.0–7.5 h after Sativex doses. Mean 11-OH-THC
AUC0→10.5 h also significantly increased following 15 mg oral THC [F(1, 23) = 19.60, P =
0.0002] and high-dose Sativex [F(1,23) = 48.93, P < 0.0001] compared to the lower doses.
Although statistically significant differences were not achieved, 11-OH-THC Cmax and
AUC0→10.5 h were lower following high-dose Sativex compared with 15 mg oral THC
[F(1,23) = 3.18, P = 0.09; F(1,23) = 3.25, P = 0.085].
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THCCOOH Cmax was attained 1.2–7.5 h postdose. THCCOOH Cmax values were 69.3
(17.6), 133.6 (36.3), 108.0 (30.5), and 126.6 (25.9) μg/L after 5 and 15 mg oral THC and
low- and high-dose Sativex, respectively. Both THCCOOH Cmax and AUC0→10.5 h were
significantly larger after high-dose Sativex [F(1,23) = 11.58, P = 0.002; F(1,23) = 13.66, P =
0.0012] and 15 mg oral THC [F(1,23) = 14.82, P = 0.0008; F(1,23) = 11.88, P = 0.0022] in
relation to the low doses administered by similar routes.
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To illustrate the observed interindividual variability in cannabinoid concentrations, 5 dosing
conditions are shown in Fig. 3 for participants A and G. Participant A reported smoking
cannabis once monthly, and baseline samples contained no measurable CBD, THC, or 11OH-THC, but THCCOOH concentrations <5.0 μg/L were observed. Participant G, who selfreported smoking cannabis twice per week, was admitted with plasma THC concentrations
≥3.9 μg/L, 11-OH-THC ≥1.5 μg/L, and THCCOOH ≥142.9 μg/L at each of the 5 drug
administration sessions. After receiving placebo, participant G’s CBD concentrations
fluctuated around the LOQ multiple times during a 10.5-h period. Participant A’s CBD Tmax
were 5.5 and 4.5 h for low- and high-dose Sativex, respectively, whereas participant G’s
CBD Tmax occurred earlier, at 1.0 and 1.2 h, respectively. THC and 11-OH-THC Tmax also
were different for these participants, occurring at 2.8–4.5 h for participant A and 1–5.6 h for
participant G. 11-OH-THC and THCCOOH Cmax were higher after 15 mg oral THC
compared with high-dose Sativex in both participants. THC AUC0→10.5 h was substantially
larger in participant G (97.9 h · μg/L) in relation to participant A (9.9 h · μg/L) following 15
mg oral THC. In fact, participant G had consistently larger THC, 11-OH-THC, and
THCCOOH AUC0→10.5 h for all active doses.
Plasma cannabinoid ratios were examined in all participants and for all dosing conditions
(Fig. 4). During the placebo session, which reflected previously self-administered smoked
cannabis, 11-OH-THC/THC ratios ranged from 0.0 to 0.5 through 10.5 h. Ratios increased
after Sativex and THC administration. Mean peak 11-OH-THC/THC ratios were 1.1 (0.2),
2.1 (0.6), 1.5 (0.3), and 1.4 (0.3) after 5 and 15 mg oral THC and low- and high-dose
Sativex, respectively. Mean peak ratios were not significantly different between doses;
however, there were individual differences in peak 11-OH-THC/THC ratios. Participant A’s
peak ratios after 5 and 15 mg oral THC were 1.8 and 3.0, respectively, and 2.0 and 2.6 after
low- and high-dose Sativex, respectively. Peak 11-OH-THC/THC ratios were 1.0 for both 5
and 15 mg oral THC and 1.3 and 1.0 for low- and high-dose Sativex, respectively, for
participant G. Though not significant (P = 0.095), consistently lower 11-OH-THC/THC
peak ratios were observed for participants with measurable baseline THC concentrations (n
= 6) vs those without detectable THC (n = 3). No consistent THCCOOH/THC ratio pattern
was evident.
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Discussion
Although CBD reportedly alters THC’s pharmacokinetics (26), in the present study there
were no significant pharmacokinetic differences in similar oral THC and Sativex doses
administered to 9 cannabis smokers. We did, however, observe lower, but not significant,
11-OH-THC Cmax (P = 0.09) and AUC0→10.5 h (P = 0.085) after high-dose Sativex in
relation to 15 mg oral THC. The same changes were not noted after low-dose oral THC and
Sativex. Decreases in mean 11-OH-THC Cmax and AUC0→10.5 h after only high-dose
Sativex might indicate that CBD does not interact with THC at lower doses (5 mg), but
could alter THC metabolism at higher CBD doses (≥15 mg). However, in vitro cytochrome
P450 inhibition studies have revealed that CBD inhibits microsomal CYP1A2, CYP2C9,
CYP2C19, CYP2D6, and CYP3A4, but at much higher concentrations (≥2201 μg/L) than
typically achieved in plasma (27). After high-dose Sativex in our study, maximum CBD
concentrations were ≤20.5 μg/L. Thus, a marked pharmacokinetic interaction in vivo as a

Clin Chem. Author manuscript; available in PMC 2013 July 21.

Karschner et al.

Page 7

NIH-PA Author Manuscript

result of microsomal enzyme inhibition is unlikely after Sativex administration. Other
possible factors contributing to observed lower mean 11-OH-THC Cmax and AUC0→10.5 h
after high-dose Sativex were facilitated THC absorption through the oral mucosa and
reduced first-pass metabolism. In the present study, THC bioavailability was enhanced when
THC was administered by oromucosal spray, compared with oral administration, although
differences did not reach statistical significance. Similarly, increased THC relative
bioavailability was observed in a phase I open-label study, in which 10 mg oral THC had
93.9% relative bioavailability of 10 mg CBD + THC administered buccally, and 87.2% of
10 mg CBD + THC administered sublingually (10).
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Metabolite ratios were examined to evaluate THC and metabolite disposition after multipledosing conditions. Residual THC, 11-OH-THC, and THCCOOH concentrations from selfadministered cannabis smoking before study admission were present in multiple placebosession samples. 11-OH-THC/THC ratios are low after smoked cannabis (28). THC enters
the blood-stream directly from the alveoli, yielding approximately 5%–10% 11-OH-THC.
Conversely, after oral THC administration, first-pass metabolism yields an 11-OH-THC/
THC ratio of approximately 1 (29). Median 11-OH-THC/THC ratios increased after all
active doses as THC was metabolized to 11-OH-THC (Fig. 4). If THC in Sativex was
primarily absorbed through the oral mucosa, bypassing first pass metabolism, we might
expect to see a difference between oral THC and Sativex 11-OH-THC/THC ratios; however,
no statistical difference was found. Ratio differences observed between participants with no
detectable THC vs those with THC at baseline were likely due to more frequent cannabis
smoking and increased THC adipose stores, yielding decreased 11-OH-THC/THC ratios.
There were several limitations of the study, including the small sample size, potential
underreporting of cannabis smoking, and the need to correct for baseline cannabinoid
concentrations. Baseline cannabinoid concentrations suggest that self-report may have
underestimated cannabis exposure; thus, we were unable to utilize self-report to compare
light vs heavy cannabis smokers on the basis of self-report. It was necessary to correct for
baseline cannabinoid concentrations, especially for THCCOOH, to adequately characterize
the pharmacokinetics of our oromucosal and oral THC doses. Significant differences in
THCCOOH Cmax and AUC0→10.5 h were not observed following low- and high-dose oral
THC if baseline concentrations were not corrected. We did not adjust data for multiple
comparisons; if Bonferroni-corrected, acceptable P values would be ≤.0013. Eight of 15
significant comparisons would survive this stringent correction. Another limitation of this
study was the inability to evaluate oral THC and Sativex pharmacokinetics in cannabis naïve
participants. Also, the presence of other cannabis plant components may have contributed to
the observed effects.
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Variable cannabinoid concentrations between study participants could be due to multiple
factors. Shorter THC Tmax in participant G following high- dose oral THC and low- and
high-dose Sativex could be due to saturated THC fat stores, resulting in a more rapid
increase in blood THC and earlier Cmax. In participant A, THC in blood may be rapidly
distributed into tissues, leading to a later Cmax. Because THC Tmax was similar after both
oral THC and Sativex in participant G, CBD did not appear to influence THC absorption.
Furthermore, although participants were encouraged to allow Sativex to absorb through their
oral mucosa, a portion of the drug was inevitably swallowed, contributing to overall
variability. Also, Sativex may have variable absorption in different areas of the oral mucosa
(10). Oral THC is subject to degradation in the gut, first-pass metabolism, and enterohepatic
reabsorption (7).
Several advantages exist for oromucosal cannabis plant extracts over single oral synthetic
cannabinoids. A combination of cannabinoids and other plant compounds provide additional
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therapeutic possibilities for treating a variety of medical conditions (18-24). Oromucosal
administration also is more desirable than the oral route for treating nausea and for
increasing appetite. In addition, self-titration often is necessary in this population to control
pain and spasticity, and to reduce unwanted subjective effects. To our knowledge, this is the
first time the pharmacokinetics of 2 oral THC and 2 Sativex doses were compared. These
data will improve interpretation of CBD, THC, and metabolite concentrations. There were
no clinically significant pharmacokinetic differences between Sativex and oral
administration of similar THC doses in this preliminary study, suggesting that modulation of
THC’s physiological or behavioral effects is not due to a pharmacokinetic interaction.
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Fig. 1.

Median (n = 9) CBD, THC, 11-OH-THC, and THCCOOH concentrations following
controlled administration of placebo, 5 and 15 mg oral THC and low-dose (5.4 mg THC + 5
mg CBD) and high-dose (16.2 mg THC + 15 mg CBD) oromucosal Sativex.
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Fig. 2.

Mean (SE) CBD, THC, 11-OH-THC, and THCCOOH concentrations following high-dose
oromucosal Sativex (16.2 mg THC + 15 mg CBD).
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Fig. 3.

Participants’ A and G plasma CBD, THC, 11-OH-THC, and THCCOOH concentrations
after placebo, 5 and 15 mg oral THC and low-dose (5.4 mg THC + 5 mg CBD) and highdose (16.2 mg THC + 15 mg CBD) oromucosal Sativex.
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Fig. 4.
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Median 11-OH-THC/THC and THCCOOH/THC ratios in 9 participants administered
placebo, 5 and 15 mg oral THC and low-dose (5.4 mg THC + 5 mg CBD) and high-dose
(16.2 mg THC + 15 mg CBD) oromucosal Sativex.
THC and THCCOOH LOQs were 0.25 μg/L and 11-OH-THC LOQ was 0.125 μg/L.
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Pharmacokinetics following 5 and 15 mg oral THC and low-dose (5.4 mg THC + CBD) and high-dose (16.2
mg THC + 15 mg CBD) oromucosal Sativex (n = 9).
Dose
CBD Cmax, μg/L

CBD Tmax, h

CBD AUC0→10.5, h · μg/L

THC, Cmax, μg/L

THC, Tmax, h

NIH-PA Author Manuscript

THC, AUC0→10.5, h · μg/L

11-OH-THC, Cmax, μg/L

11-OH-THC, Tmax, h

NIH-PA Author Manuscript

11-OH-THC, AUC0→10.5, h · μg/L

Mean (SE)

Median

Range

Low Sativex

1.6 (0.4)

1.2

0.6–3.9

High Sativex

6.7 (2.0)

3.7

2.0–20.5

Low Sativex

3.7 (0.5)

3.6

1.0–5.5

High Sativex

4.0 (0.5)

4.5

1.2–5.6

Low Sativex

4.5 (0.8)

4.1

2.0–8.5

High Sativex

18.1 (3.6)

12.6

7.4–41.6

5 mg oral THC

4.7 (0.9)

4.6

1.4–10.4

15 mg oral THC

14.3 (2.7)

11.2

3.3–28.5

Low Sativex

5.1 (1.0)

5.1

1.2–9.6

High Sativex

15.3 (3.4)

14.5

3.2–38.2

5 mg oral THC

3.2 (0.3)

3.1

1.5–4.5

15 mg oral THC

3.4 (0.5)

3.4

1.2–5.5

Low Sativex

3.3 (0.3)

3.5

1.2–4.5

High Sativex

4.0 (0.5)

4.5

1.2–5.6

5 mg oral THC

30.6 (9.0)

21.2

2.6–76.8

15 mg oral THC

50.2 (9.2)

43.5

9.9–97.9

Low Sativex

32.3 (7.1)

30.6

6.3–67.8

High Sativex

58.8 (9.7)

68.6

10.2–95.3

5 mg oral THC

3.0 (0.4)

2.6

1.8–5.9

15 mg oral THC

11.1 (2.0)

9.3

3.6–19.5

Low Sativex

4.2 (0.7)

3.7

2.1–7.5

High Sativex

8.4 (1.2)

7.6

3.8–13.7

5 mg oral THC

3.3 (0.4)

3.3

1.5–5.6

15 mg oral THC

3.4 (0.4)

3.6

1.0–5.5

Low Sativex

3.6 (0.6)

3.3

1.0–7.5

High Sativex

3.9 (0.5)

3.7

1.2–5.6

5 mg oral THC

14.8 (3.2)

12.5

4.2–38.0

15 mg oral THC

42.4 (6.3)

40.1

15.8–71.2

Low Sativex

21.0 (3.4)

19.9

10.0–41.6

High Sativex
THCCOOH, Cmax, μg/L

THCCOOH, Tmax, h

34.7 (4.2)

32.6

17.1–51.8

5 mg oral THC

69.3 (17.6)

57.1

15.9–179.7

15 mg oral THC

133.6 (36.3)

102.1

44.5–409.0

Low Sativex

108.0 (30.5)

79.8

19.1–281.6

High Sativex

126.6 (25.9)

92.4

55.9–304.1

4.4 (0.5)

4.3

2.7–7.5

5 mg oral THC
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Dose
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THCCOOH, AUC0→10.5, h · μg/L

Mean (SE)

Median

Range

15 mg oral THC

4.9 (0.5)

5.5

2.4–7.5

Low Sativex

4.4 (0.7)

4.5

1.2–7.5

High Sativex

4.8 (0.3)

5.0

2.6–5.6

5 mg oral THC

581.6 (172.6)

366.8

104.2–1671.8

15 mg oral THC

1015.9 (331.9)

663.0

298.1–3539.5

Low Sativex

849.5 (257.7)

680.3

116.6–2176.8

High Sativex

921.8 (221.6)

692.4

338.2–2451.7
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