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BACKGROUND: Sativex�, a cannabis extract oromucosal
spray containing �9-tetrahydrocannabinol (THC) and
cannabidiol (CBD), is currently in phase III trials as an
adjunct to opioids for cancer pain treatment, and re-
cently received United Kingdom approval for treat-
ment 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 in-
formed consent to participate in this randomized, con-
trolled, double-blind, double-dummy institutional re-
view 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 ses-
sions. CBD, THC, 11-hydroxy-THC, and 11-nor-
9-carboxy-THC were quantified in plasma by
2-dimensional GC-MS. Lower limits of quantifica-
tion were �0.25 �g/L.

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
(AUC0310.5) 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
AUC0310.5 between similar oral THC and Sativex
doses. Relative bioavailability was calculated to de-
termine the relative rate and extent of THC absorp-
tion; 5 and 15 mg oral THC bioavailability was
92.6% (13.1%) and 98.8% (11.0%) of low- and high-
dose Sativex, respectively.

CONCLUSION: These data suggest that CBD modulation
of THC’s effects is not due to a pharmacokinetic inter-
action at these therapeutic doses.
© 2010 American Association for Clinical Chemistry

Cannabis has been used medicinally for thousands of
years. The US Food and Drug Administration ques-
tioned the safety of smoked cannabis, citing its high
abuse potential; cardiovascular, reproductive, and pul-
monary effects; and lack of efficacy compared to the
approved oral synthetic �9-tetrahydrocannabinol
(THC,3 dronabinol, Marinol�) (1 ). Dronabinol has
proven effective in treating chemotherapy-induced
nausea and emesis and AIDS anorexia.

In 1999, the Office of National Drug Control Pol-
icy funded a study by the Institute of Medicine to eval-
uate 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 treat-
ment 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 ap-
proved for multiple sclerosis spasticity in the United
Kingdom (4 ). Each 100-�L Sativex actuation delivers
2.7 mg THC and 2.5 mg cannabidiol (CBD), a nonpsy-
chotropic cannabinoid (5 ). In addition to THC and
CBD, Sativex contains potentially synergistic cannabi-
noids, terpenes, and flavonoids, which also may con-
tribute to overall therapeutic effects (6 ).

THC oral absorption is slow and unpredictable,
with peak concentrations occurring 1–5 h postdose
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(7 ). THC bioavailability was 6% when orally adminis-
tered, compared to up to 27% (8 ) when inhaled.
Plasma THC maximum concentrations were 4.4 –11.0
�g/L after a 20 mg dose of oral THC (7 ). Once ab-
sorbed, 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 bioavailabil-
ity to THC (9 ). Following doses of 10 mg CBD � 10 mg
THC in an oral capsule, mean (SD) peak plasma con-
centrations were 2.5 (2.2) �g/L CBD and 6.4 (3.1) �g/L
THC, and after buccal Sativex (10 mg THC �10 mg
CBD) were 3.0 (3.1) �g/L CBD and 6.1 (5.4) �g/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.

Although CBD administered alone has beneficial
effects (11–12 ), it also may attenuate the euphoria pro-
duced by THC (13 ). What remains unclear is whether
this effect is attributable to a pharmacokinetic and/or
pharmacodynamic interaction. When human liver mi-
crosomes were coincubated with THC (130 �mol/L)
and CBD (up to 300 �mol/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 pharmacoki-
netic interactions when these cannabinoids were coad-
ministered to humans in vivo (15 ), others have sug-
gested that CBD inhibits cytochrome P450 (CYP) 2C
(16 ) and 3A (17 ) enzymes, reducing first-pass metab-
olism 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 in-
traocular pressure (22 ), and pain from rheumatoid ar-
thritis (23 ) and cancer (24 ). Elucidating potential
pharmacokinetic interactions is essential for under-
standing the efficacy of this new cannabinoid medica-
tion. In this study, experienced cannabis smokers were
randomly administered placebo, 5 and 15 mg oral
THC, and low-dose (5.4 mg THC and 5.0 mg CBD)
and high-dose (16.2 mg THC and 15.0 mg CBD) Sa-
tivex over 5 sessions. The aim of this research study was
to contrast CBD, THC, 11-OH-THC, and THCCOOH
pharmacokinetics after controlled administration of
oromucosal Sativex and oral THC, specifically to deter-
mine if CBD modulates THC disposition.

Materials and Methods

Volunteers gave written informed consent to partici-
pate in this double-blind, double-dummy, within- and

between-subject study, which was approved by the in-
stitutional review board of the National Institute on
Drug Abuse Intramural Research Program. Study par-
ticipants (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 di-
rected 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 partici-
pated 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.

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 ad-
verse events or that might interfere with absorption,
distribution, metabolism, or excretion of study medi-
cations. 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 ex-
cluded 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 pres-
sure, and �100 bpm heart rate. A 12-lead electrocar-
diogram and 3-min rhythm strip with normal results
also were required. Lastly, if participants were allergic
to sesame seed oil (an ingredient in dronabinol cap-
sules), propylene glycol, ethanol, or peppermint oil
(ingredients in Sativex), they were excluded from the
study.

STUDY DESIGN

Participants spent the night before each session at the
Johns Hopkins Bayview Behavioral Pharmacology Re-
search 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 pla-
cebo oral THC and 6 Sativex placebo actuations. Pla-
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cebo THC capsules formulated by the National Insti-
tute 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.

SPECIMEN COLLECTION AND ANALYSIS

A peripheral venous catheter was placed the morning
of each study session and was removed before dis-
charge. 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 cryofo-
cusing for CBD, THC, 11-OH-THC, and THCCOOH
(25 ). Plasma (1.0 mL) was treated with 0.5-mL incre-
ments of cold acetonitrile (total 3 mL) to precipitate pro-
teins. Supernatants were decanted into tubes containing 5
mL water, mixed, and subjected to solid-phase 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,O-
bis-(trimethylsilyl)trifluoroacetamide � 1% trimeth-
ylchlorosilane for 30 min at 70 °C.

Extracts were analyzed by 2-dimensional GC-MS
in the selected ion–monitoring mode. Low calibration
curves were from 0.25 to 25 �g/L for CBD and THC,
0.125–25 �g/L for 11-OH-THC, and 0.25–50 �g/L for
THCCOOH. High calibration curves from 5–100 �g/L
for THC, 11-OH-THC, and THCCOOH used a
smaller 2-�L injection volume. Analytes were quanti-
fied on the high calibration curve only if concentra-
tions exceeded the low linear dynamic range upper
limit of quantification (LOQ). Specimens quantifying
�100 �g/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

The area under the curve from 0 –10.5 h postdose
(AUC0310.5 h) was determined by linear trapezoidal
noncompartmental analysis (WinNonlin; Pharsight).
Main outcome measures were Cmax, Tmax, and
AUC0310.5 h for 4 analytes, examined by planned com-
parisons 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 treat-
ment 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, low-dose Sativex, and high-
dose Sativex) and baseline 11-OH-THC concentration
(a time-varying covariate with a different value for each
session). Twelve models were run, assessing Cmax,
Tmax, or AUC0310.5 h for each analyte, always control-
ling for the baseline concentration of the relevant ana-
lyte. In each model, the contrast statement in Proc
Mixed was used to conduct planned comparisons be-
tween different conditions (4 planned comparisons in
each model), not correcting for multiple tests. The
models used a compound-symmetry 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 concentra-
tions. 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 ana-
lytes were not detected, a 0 was reported for descriptive
statistical analyses. Relative bioavailability was calcu-
lated by normalizing for dose:

AUCA

DoseA
�

DoseB

AUCB

.

Relative bioavailability and mean peak ratios across
treatments were analyzed with 1-way ANOVA. Two-
way ANOVA was used to compare peak metabolite ra-
tios 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). Par-
ticipants 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 partici-
pants. 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 psilocy-
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bin mushrooms in the year preceding the study. The
median (range) of cannabinoid baseline concentra-
tions 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) �g/L for CBD, THC, 11-OH-THC, and
THCCOOH, respectively, across all sessions (n � 45).

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 deter-
mination 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) �g/L [F(1,7) � 7.56, P � 0.029] and occurred 3.7
(0.5) and 4.0 (0.5) h postdose, respectively. CBD
AUC0310.5 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.

Mean THC Cmax values were not significantly dif-
ferent [F(1,23) � 0.01, P � 0.93] for 5 mg oral THC
[4.7 (0.9) �g/L] and low-dose Sativex [5.1 (1.0) �g/L].
Similarly, mean THC plasma Cmax values were not sig-
nificantly different for 15 mg oral THC [14.3 (2.7)
�g/L] and high-dose Sativex [15.3 (3.4) �g/L]. THC
Tmax values were not significantly different across all
doses. Significant Cmax differences were observed be-
tween 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 AUC0310.5 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 cal-
culated relative bioavailability to determine the relative

rate and extent of THC absorption; 5 mg oral THC
bioavailability was 92.6% (13.1%) of low-dose 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)
�g/L for 5 mg oral THC and 4.2 (0.7) �g/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) �g/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 AUC0310.5 h also significantly increased fol-
lowing 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 sig-
nificant differences were not achieved, 11-OH-THC
Cmax and AUC0310.5 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].

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) �g/L after 5 and 15 mg
oral THC and low- and high-dose Sativex, respectively.
Both THCCOOH Cmax and AUC0310.5 h were signifi-
cantly 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.

To illustrate the observed interindividual variabil-
ity in cannabinoid concentrations, 5 dosing conditions
are shown in Fig. 3 for participants A and G. Partici-

Table 1. Demographic and self-reported drug use histories for 9 cannabis smokers.

Study
participant Sex

Age,
years Race

Weight,
kg

Height,
cm Average use

Duration of
longest

use, years
Age of 1st
use, years

Other
drugs used
in last year

A M 19 Wa 70 175 1�/month 2 15 T, A

B F 25 W 66 173 3�/week 5 16 T, A, Coc, H

C M 22 B 95 178 2�/month 1 21 A

D M 28 B 64 168 1�/week 9 16 T, A

E M 27 B 73 178 2�/month 7 12 T, A

F M 43 B 109 196 30�/week 10 16 —

G F 20 B 69 145 2�/week 2 13 T, A

H F 21 W 64 165 5–6�/week 2 17 T, A, H

I M 23 B 64 157 9�/week 5 14 A

a W, white; B, black; T, tobacco; A, alcohol; Coc, cocaine; H, hallucinogen (psilocybin mushrooms).
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Table 2. Pharmacokinetics following 5 and 15 mg oral THC and low-dose (5.4 mg THC � 5 CBD) and high-dose
(16.2 mg THC � 15 mg CBD) oromucosal Sativex (n � 9).

Dose Mean (SE) Median Range

CBD Cmax, �g/L Low Sativex 1.6 (0.4) 1.2 0.6–3.9

High Sativex 6.7 (2.0) 3.7 2.0–20.5

CBD Tmax, h Low Sativex 3.7 (0.5) 3.6 1.0–5.5

High Sativex 4.0 (0.5) 4.5 1.2–5.6

CBD AUC0310.5, h � �g/L Low Sativex 4.5 (0.8) 4.1 2.0–8.5

High Sativex 18.1 (3.6) 12.6 7.4–41.6

THC, Cmax, �g/L 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

THC, Tmax, h 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

THC, AUC0310.5, h � �g/L 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

11-OH-THC, Cmax, �g/L 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

11-OH-THC, Tmax, h 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

11-OH-THC, AUC0310.5, h � �g/L 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 34.7 (4.2) 32.6 17.1–51.8

THCCOOH, Cmax, �g/L 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

THCCOOH, Tmax, h 5 mg oral THC 4.4 (0.5) 4.3 2.7–7.5

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

THCCOOH, AUC0310.5, h � �g/L 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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pant A reported smoking cannabis once monthly, and
baseline samples contained no measurable CBD, THC,
or 11-OH-THC, but THCCOOH concentrations �5.0
�g/L were observed. Participant G, who self-reported
smoking cannabis twice per week, was admitted with
plasma THC concentrations �3.9 �g/L, 11-OH-THC
�1.5 �g/L, and THCCOOH �142.9 �g/L at each of
the 5 drug administration sessions. After receiving pla-

cebo, 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 partici-
pant G’s CBD Tmax occurred earlier, at 1.0 and 1.2 h,
respectively. THC and 11-OH-THC Tmax also were dif-
ferent 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 AUC0310.5 h was substantially larger
in participant G (97.9 h � �g/L) in relation to par-
ticipant A (9.9 h � �g/L) following 15 mg oral THC. In
fact, participant G had consistently larger THC, 11-
OH-THC, and THCCOOH AUC0310.5 h for all active
doses.

Plasma cannabinoid ratios were examined in all
participants and for all dosing conditions (Fig. 4). Dur-
ing the placebo session, which reflected previously self-
administered smoked cannabis, 11-OH-THC/THC ra-
tios 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;
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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, re-
spectively. 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 par-
ticipants with measurable baseline THC concentra-
tions (n � 6) vs those without detectable THC (n � 3).
No consistent THCCOOH/THC ratio pattern was
evident.

Discussion

Although CBD reportedly alters THC’s pharmacoki-
netics (26 ), in the present study there were no signifi-
cant 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 AUC0310.5 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 AUC0310.5 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 �g/L) than typically achieved
in plasma (27 ). After high-dose Sativex in our study,
maximum CBD concentrations were �20.5 �g/L.
Thus, a marked pharmacokinetic interaction in vivo as
a result of microsomal enzyme inhibition is unlikely
after Sativex administration. Other possible factors
contributing to observed lower mean 11-OH-THC
Cmax and AUC0310.5 h after high-dose Sativex were fa-
cilitated THC absorption through the oral mucosa and
reduced first-pass metabolism. In the present study,
THC bioavailability was enhanced when THC was ad-
ministered by oromucosal spray, compared with oral
administration, although differences did not reach sta-
tistical 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 adminis-
tered sublingually (10 ).

Metabolite ratios were examined to evaluate THC
and metabolite disposition after multiple-dosing con-
ditions. Residual THC, 11-OH-THC, and THCCOOH
concentrations from self-administered cannabis smok-
ing before study admission were present in multiple
placebo-session samples. 11-OH-THC/THC ratios are
low after smoked cannabis (28 ). THC enters the blood-
stream directly from the alveoli, yielding approxi-
mately 5%–10% 11-OH-THC. Conversely, after oral
THC administration, first-pass metabolism yields an
11-OH-THC/THC ratio of approximately 1 (29 ). Me-
dian 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 Sa-
tivex 11-OH-THC/THC ratios; however, no statistical
difference was found. Ratio differences observed be-
tween 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, includ-
ing the small sample size, potential underreporting of
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cannabis smoking, and the need to correct for baseline
cannabinoid concentrations. Baseline cannabinoid
concentrations suggest that self-report may have un-
derestimated 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, espe-
cially for THCCOOH, to adequately characterize the
pharmacokinetics of our oromucosal and oral THC
doses. Significant differences in THCCOOH Cmax and
AUC0310.5 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 com-
parisons would survive this stringent correction. An-
other limitation of this study was the inability to eval-
uate oral THC and Sativex pharmacokinetics in
cannabis naı̈ve participants. Also, the presence of other
cannabis plant components may have contributed to
the observed effects.

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 par-
ticipant 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 partici-
pant G, CBD did not appear to influence THC absorp-
tion. Furthermore, although participants were encour-
aged to allow Sativex to absorb through their oral
mucosa, a portion of the drug was inevitably swal-
lowed, 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 re-
absorption (7 ).

Several advantages exist for oromucosal cannabis
plant extracts over single oral synthetic cannabinoids.
A combination of cannabinoids and other plant com-

pounds provide additional therapeutic possibilities for
treating a variety of medical conditions (18 –24 ). Oro-
mucosal administration also is more desirable than the
oral route for treating nausea and for increasing appe-
tite. In addition, self-titration often is necessary in this
population to control pain and spasticity, and to re-
duce 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 prelimi-
nary study, suggesting that modulation of THC’s phys-
iological or behavioral effects is not due to a pharma-
cokinetic interaction.
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