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Abstract

Background—-Oiral fluid, a promising alternative matrix for drug monitoring in clinical and
forensic investigations, offers noninvasive sample collection under direct observation.
Cannabinoid distribution into oral fluid is complex and incompletely characterized due to the lack
of controlled drug administration studies.

Methods—To characterize cannabinoid disposition in oral fluid, we administered around-the-
clock oral A%-tetrahydrocannabinol (THC) (Marinol®) doses to 10 participants with current daily
cannabis use. We obtained oral fluid samples (n = 440) by use of Quantisal™ collection devices
before, during, and after 37 20-mg THC doses over 9 days. Samples were extracted with multiple
elution solvents from a single SPE column and analyzed by 2-dimensional GC-MS with electron-
impact ionization for THC, 11-hydroxy-THC (11-OH-THC), cannabidiol, and cannabinol and
negative chemical ionization for 11-nor-9-carboxy-THC (THCCOOH). Linear ranges were 0.5-50
ug/L, with the exception of cannabinol (1-50 pg/L) and THCCOOH (7.5-500 ng/L).

Results—THCCOOH was the most prevalent analyte in 432 samples (98.2%), with

concentrations up to 1117.9 ng/L. In contrast, 11-OH-THC was not identified in any sample;
cannabidiol and cannabinol were quantified in 3 and 8 samples, respectively, with maximum
concentrations of 2.1 and 13 pg/L. THC was present in only 20.7% of samples, with highest
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concentrations near admission (median 4.2 ug/L, range 0.6-481.9) from previously self-
administered smoked cannabis.

Conclusions—Measurement of THCCOOH in OF not only identifies cannabis exposure, but
also minimizes the possibility of passive inhalation. THCCOOH may be a better analyte for
detection of cannabis use.

Drug analysis using nontraditional matrices such as oral fluid (OF),® sweat, and hair
provides valuable information about an individual's drug exposure history. The demand for
OF drug testing in cases of driving under the influence of drugs (DUID), the workplace, and
drug treatment continues to increase (1). Samples are collected noninvasively, under direct
observation, reducing adulteration and substitution without loss of privacy. Additionally,
parent drug is frequently prominent in OF and may reflect recent drug use. OF is a greater
analytical challenge than other matrices, because of limited sample volume, lower
metabolite concentrations, and reduced salivation after drug consumption (1, 2).

Cannabis (marijuana), the most widely used illicit drug, is primarily smoked, although illicit
oral administration and licit synthetic A%-tetrahydrocannabinol (THC) oral pharmacotherapy
are common. THC, the primary psychoactive cannabis component, undergoes extensive
phase 1 metabolism to produce the equipotent metabolite 11-hydroxy-THC (11-OH-THC),
with further oxidation to the inactive metabolite 11-nor-9-carboxy-THC (THCCOOH) (3,
4). Phase 2 metabolism involves formation of glucuronide and sulfate conjugates that are
eliminated in feces and urine (5).

Several pharmacokinetic studies describe cannabinoid OF distribution after smoked
cannabis (6-8). THC contaminates the oral mucosa during cannabis smoking, yielding
>1000 pg/L THC in OF for approximately 15-30 min (7, 8). Thereafter, OF concentrations
correlate temporally with those in plasma, but because of high variability it is not possible to
accurately predict concurrent plasma or blood concentrations (9). There are few data on the
OF disposition of additional cannabinoids found in the cannabis plant, cannabidiol (CBD)
and cannabinol (CBN), (10). Initially, it was thought that cannabinoids did not pass into OF
from blood, as there was no measurable radio-activity in OF after intravenous administration
of radiolabeled THC (11). In addition, no quantifiable 11-OH-THC or THCCOOH was
found in OF after smoked THC, with a 0.5 pg/L limit of quantification (LOQ) (12, 13).
However, detection limits greatly decreased with 2-dimensional (2D) GC-MS and tandem
MS, making low OF THCCOOH concentration measurement possible. Two published
studies reported ng/L THCCOOH OF concentrations after cannabis smoking (14, 15).

Cannabis also is abused by the oral route through THC ingestion in food, tea, and hemp oil
(16-18). Synthetic THC (dronabinol; Marinol®) is approved by the US Food and Drug
Administration for nausea and vomiting after cancer chemotherapy and for anorexia in
AIDS patients (19). Oral ingestion generally produces lower and later peak blood
concentrations and effects than smoked THC (20). Owing to first-pass hepatic metabolism
and rapid tissue uptake, only 6%—20% of an orally administered THC dose reaches the
systemic circulation (21-23). Plasma cannabinoid disposition after single and multiple oral
THC doses was recently characterized (24-26).

To our knowledge, OF cannabinoid pharmacokinetics after controlled, multiple, high oral
THC dosing has not been evaluated. We investigated THC and metabolite OF disposition
after single and multiple around-the-clock oral synthetic THC administration to chronic

SNonstandard abbreviations: OF, oral fluid; DUID, driving under the influence of drugs; THC, Ag-tetrahydrocannabinol; 11-OH-
THC, 11-hydroxy-THC; THCCOOH, 11-nor-9-carboxy-THC; CBD, cannabidiol; CBN, cannabinol; LOQ, limit of quantification; 2D,
2-dimensional; BSTFA, N,O-bis(trimethylsilyl)trifluoroacetamide; TFAA, trifluoroacetic anhydride; HFIP, hexafluoroisopropanol.
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cannabis smokers using a newly developed 2D GC-MS assay for THC, 11-OH-THC, CBD,
CBN, and THCCOOH (27). We also determined cannabinoid detection windows after
multiple THC doses.

Materials and Methods

Chemicals And Reagents

Participants

We purchased THC, 11-OH-THC, THCCOOH, CBD, and CBN for calibrators and quality
control samples and corresponding internal standards (d3-THC, d3-11-OH-THC, d3-
THCCOOH, d3-CBD) from Cerilliant; N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA)
with 1% trimethylchlorosilane from Thermo Fisher Scientific; trifluoroacetic anhydride
(TFAA) and hexafluoroisopropanol (HFIP) from Campbell Science; and CEREX®
Polycrom™ THC (3 cc/35 mg) extraction columns from SPEware. Quantisal™ OF
collection devices and Quantisal transport buffer for diluting calibrators and quality control
samples were obtained from Immunalysis.

Daily cannabis smokers resided on a secure clinical research facility, under continuous
medical supervision, while participating in a protocol designed to investigate cannabis
tolerance and withdrawal. The National Institute on Drug Abuse, University of Maryland,
and Maryland Department of Health and Mental Hygiene Institutional Review Boards
approved the study, and all participants provided written informed consent. Participants'
inclusion criteria were age between 18 and 45 years, self-reported cannabis smoking >1
years, averaging daily cannabis use >3 months before study entry, and having a
cannabinoid-positive urine sample on admission. Exclusion criteria were any clinically
significant current medical or psychiatric disease, history of seizures or cannabis-related
psychosis or other adverse effect, consuming more than 6 alcoholic drinks/day >4 times/
week, or allergy to sesame oil. Participants were admitted the evening before the first oral
THC dose and discharged 23 h after the final dose.

Oral Thc Dosing And Sample Collection

Over 8 days, 37 doses of 20 mg synthetic THC (dronabinol, Marinol®; Unimed
Pharmaceuticals) were orally administered with increasing frequency (every 4-8 h around
the clock) for total daily dosages of 40-120 mg/day. Dose frequency was increased rather
than dose amount to minimize adverse events previously reported with 30-mg THC doses
(28). This dosing regimen was designed to standardize cannabis tolerance in daily, heavy
cannabis smokers.

We obtained 4 OF samples before the first THC dose: duplicates on admission and single
samples 7.0 h before and 0.0 h after the first oral THC dose. THC dosing preceded
collection when both were scheduled. The first dose (20 mg) was administered at 1500 on
day 1 (16.9-19.3 h after admission), followed by 5 hourly samples to examine single-dose
cannabinoid pharmacokinetics. During continuous dosing, we collected OF samples daily at
about 1000, 2000, and 2200. We administered 5 daily doses on days 2—4 (total 100 mg) and
6 on days 5-7 (total 120 mg). After the final dose, collections occurred every 90-180 min
for 23 h. Eight duplicate samples were simultaneously collected 2.2 h after the final daily
evening dose. Duplicate OF samples were collected to evaluate reproducibility of the
collection and analytical methods. Supplemental Table 1, which accompanies the online
version of this article at http://www.clinchem.org/content/vol56/issue8, further details study
design.
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OF was collected by use of the Quantisal collection device, which has an absorptive
cellulose pad on a polypropylene stem with a volume adequacy indicator. OF cannabinoid
concentrations collected in this manner were highly reproducible, and high recoveries of
THC and THCCOOH (81.3%-91.4%) were achieved (29). The pad was placed into the
participant's mouth until 1.0 (0.1) mL [mean (SD)] was collected, then put into a plastic tube
containing 3 mL buffer, yielding a 1:4 OF dilution. Pads were removed from stems and
squeezed dry with a serum separator. OF was stored in Nunc cryotubes at —20 °C until
analysis.

We analyzed OF samples using a validated 2D GC-MS method for THC, 11-OH-THC,
CBD, CBN, and THCCOOH, with separate injections on 2 analytical systems with different
ionization techniques (27). LOQ and dynamic ranges for THC, 11-OH-THC, and CBD were
0.5-50 ug/L; quantification limits for CBN and THCCOOH were 1-50 pg/L and 7.5-500
ng/L, respectively. Samples exceeding the linear range were diluted with blank OF/
Quantisal buffer mixture and reanalyzed. Intra- and interassay imprecision were <6.6%, and
analytical recovery was within 13.8% of target.

Data Analysis

Results

For statistical calculations, we used SPSS 14.0 for Windows. Calculation of the %THC
decrease from admission to predosing baseline was determined as [(admission — baseline)/
admission] x 100. We averaged duplicate samples before proceeding to descriptive
statistical analysis. Median concentration reflects positive samples only (=LOQ).
Concentration ranges of positive samples are presented without averaging duplicate sample
results. For comparative statistical analysis only, values of 0.5*LOQ for THC and
THCCOOH, 0.25 pg/L and 3.75 ng/L, respectively, were included if concentrations were
<LOQ. We examined intersubject variations for samples collected before the first oral dose,
after the first and last dose, and on each of days 2—7 by use of nonparametric Friedman
ANOVA (x?) after verifying failure in normal distribution (Kolmogorov—Smirnov normality
test) and homogeneity (Levene test) of variances. We tested differences between
concentrations on the first and last day by nonparametric Wilcoxon test. We used a paired t-
test for comparison between each day's results. For concentration differences in duplicate
samples, we evaluated 2 sets of data (n = 80 each) by paired t-test analysis. A 2-tailed P <
0.05 defined significance for all comparisons.

We collected 440 OF samples from 10 male participants over 9 days. Participants (range 18—
32 years) self-reported daily cannabis smoking of 1-24 joints/day. All participants self-
reported cannabis smoking in the 24 h before admission and had positive cannabinoid urine
tests on admission (Table 1).

THCCOOH was the primary analyte in 432 samples (98.2%), with concentrations up to
1117.9 ng/L. THCCOOH concentrations gradually increased throughout the dosing period
and remained unchanged 23 h after the final dose (see online Supplemental Fig. 1). In
contrast, THC was present in only 20.7% of samples (n = 91), and concentrations generally
decreased from admission (Table 2). 11-OH-THC was not identified in any sample at an
LOQ of 0.5 pg/L, whereas CBD and CBN were present in 3 and 8 samples, with maximum
concentrations of 2.1 and 13 pg/L, respectively.

All 10 subjects were initially THC-positive at admission from previously self-administered
smoked cannabis, with 2 subjects having only 1 of the duplicate samples above the LOQ
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(0.5 pg/L). THC was present in 35 of 40 predose samples, with a wide range of
concentrations, from 0.5-481.9 ug/L (Table 3). There was a significant decrease in mean
THC concentrations during the predose period (x2 = 9.1, df = 2, P = 0.011). Mean THC
concentrations decreased 75.1% (19.0%) in 9 participants during the first 20 h after
admission, although in the subject C, THC concentrations increased 348%, from 0.7 pg/L on
admission to 3.1 pg/L at the time of first dose.

Nine participants were positive for THCCOOH at admission. THCCOOH was measurable
in 37 of 40 predose collections at an LOQ of 7.5 ng/L (Table 4), with concentrations up to
499.4 ng/L. Predose concentration changes for THCCOOH varied substantially, with a mean
decrease of 37.7% (18.1%) in 4 participants, a mean increase of 44.6% (38.8%) in 3
participants, and no consistent pattern in 2 participants. Interestingly, in participant C, a
continuous increase in THCCOOH concentrations from <LOQ at admission to 24.0 ng/L
predose was observed. No significant differences were observed for mean THCCOOH
concentrations during the predose period (x2 = 1.8, df = 2, P = 0.408).

CBD was present in only 2 subjects' OF. Three of 20 duplicate samples acquired
immediately on admission were >L.OQ for CBD (range 0.5-2.1 pg/L). Similarly, CBN was
quantifiable in only 8 of 30 samples collected within 11 h of admission (range 1.3-13.0 ug/
L). No other samples were positive for CBD or CBN during the remainder of the study
(Table 3).

Samples collected at the time of the first 20-mg THC dose (1500 on the day after admission)
had THC and THCCOOH concentrations of 2.7 (2.6) and 42.3 (61.8) ng/L, respectively.
Thirty-two (64.0%) THC (range 0.5-6.7 pg/L) and 49 (98.0%) THCCOOH (range 7.5-
557.1 ng/L) positive OF samples were obtained within the first 5 hourly collections after the
first dose. Significant increases in mean THCCOOH concentrations were observed (x2 = 9.8,
df = 4, P = 0.045) over the 5 h after the first oral dose, although no changes in THC (3~ =
6.6, df = 4, P = 0.157) concentrations were observed during this time period (Fig. 1). On
days 2—7, THC was measurable in 15 of 240 (6.3%) samples from 6 participants (Table 4).
Three participants' OF were continuously THC positive, and those of 2 others were
occasionally positive until the beginning of day 2 (35 h since admission), with last positive
THC concentrations ranging from 0.6 to 8.0 pg/L. One participant (subject I) produced
consecutive THC positive samples for 49.0 h (3.9 pug/L) and was thereafter occasionally
positive until day 7 (0.7 ug/L). The remaining 4 participants’ OF samples were consistently
THC negative after the first dosing day.

THCCOOH was positive in 98.3% of samples throughout days 2—7, with concentrations of
9.7-1117.9 ng/L. Median Tyax for THCCOOH was 161 h (range 104-170 h) after the first
dose. The dose increase from 100 to 120 mg/day on day 5 was associated with a significant
increase in daily overall mean THCCOOH (t = —3.10, df = 29, P = 0.004) OF concentration,
although there was no significant change (t = —1.03 to —0.59, df = 29, P = 0.309-0.934) on
days with the same THC dose. Median OF THCCOOH concentration on day 4 (100 mg/day)
was 102.8 ng/L (range 18.0-607.5), whereas on day 5 (120 mg/day) it was 133.0 ng/L
(range 8.3-1087.7).

THCCOOH was present in all samples collected over the 23 h after the final THC dose
(0930 on day 8) at 25.4-1055.5 ng/L (Table 4). The median THCCOOH concentration was
114.3 ng/L (range 25.5-922.5) at the time of final dose and 137.3 ng/L (range 25.4-965.9)
23 h later, with no significant change (x2 = 4.9, df = 7, P > 0.05) over the interval. There was
a significant increase in THCCOOH (Wilcoxon) concentrations between the first and last
study days (Table 4).

Clin Chem. Author manuscript; available in PMC 2011 September 12.
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In total, 80 OF duplicates were collected and analyzed for collection and analytical method
reproducibility. If the quantitative result was less than the LOQ, a value of half the LOQ was
substituted for paired t-test analysis. THC was measureable in only 29 of 160 samples. No
significant differences (t = —0.9, df = 79, P = 0.331) were found in duplicate THC samples.
THCCOOH was measureable in 157 of 160 samples, with no significant difference (t =
—1.9,df =79, P =0.060) in duplicate THCCOOQOH concentrations.

Discussion

Cannabinoid OF quantification is an analytical challenge because of the wide range of
concentrations encountered, from tens to hundreds of ug/L for THC (8, 10) to a few ng/L for
THCCOOH (15, 30). Our fully validated method for quantifying THC, 11-OH-THC,
THCCOOH, CBD, and CBN enabled us to capture these low cannabinoid concentrations
(27).

This research was the first to characterize major cannabinoids and metabolites in OF after
around-the-clock controlled oral THC administration. Measurable THC, CBD, CBN, and
THCCOOH at admission reflected self-administered smoked cannabis, with variable
concentrations due to different times since last administration (and possibly different doses).
Participants' self-reported drug use history indicated that their last smoking episode occurred
from just before admission up to 1 day earlier, explaining in part the wide range in initial
concentrations. These predose concentrations were similar to those reported within 4 h after
smoking a single cannabis cigarette, with THC concentrations from 3.6 to 5800 pg/L (7).
Kauert et al. (8) reported mean peak OF THC concentrations of 1041 (652) pg/L 0.25 h after
smoking, with a 50-fold decrease to 18 (12) ug/L over 6 h. Others observed OF THCCOOH
concentrations from 2 to 352 ng/L in 109 randomly collected samples (30).

In the present study, CBD and CBN were detected in only 11 samples with the highest THC
concentrations and were measurable on average for 11 h after admission, indicating recent
cannabis smoking. Others found CBN only up to 4 h (range 0.9-4.1 ug/L) after a single
smoking session in OF from habitual cannabis smokers (10). No measurable 11-OH-THC
(LOQ 0.5 pg/L) was found in OF collected pre- and postdose during 8 days of oral THC
administration in our study, despite high THCCOOH concentrations up to 1117.9 ng/L.

THC concentrations decreased variably during the study, possibly because of differences in
frequency and amount of cannabis smoked. Subject F, who was negative for THC
immediately after admission, self-reported smoking 1 joint/day for 1.5 years. Subject I,
however, who self-reported smoking 21 joints/day for 10 years, was still positive for THC
on day 7. Samples from subject C collected during the first dosing day were occasionally
positive for THC (0.59-3.1 pg/L), possibly due to residual THC from self-reported heavy
cannabis smoking (Table 1). In 6 study participants, THC concentrations continuously
decreased, whereas in 4 others there were negative or only occasional THC-positive OF
samples for 5 h after the first 20-mg THC dose. THC, a lipophilic substance, forms a depot
in the oral mucosa during smoking, which serves as the main source of THC in OF (11).
Tissue stores increase with frequency of use and amount of exposure, leading to prolonged
THC excretion in chronic cannabis users (31). Some THC in OF also may be due to
equilibration with unbound drug in blood (7).

In contrast to THC, THCCOOH was detected in almost all samples (98.2%), albeit at a
much lower LOQ. LOQ differences were critical to the percentage of samples positive for
these analytes; if THC had been quantified with an LOQ similar to THCCOOH (7.5 ng/L), a
much longer detection window might have been achieved, but it is unknown if detection at
this concentration could differentiate active cannabis smoking from passive inhalation.

Clin Chem. Author manuscript; available in PMC 2011 September 12.
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At admission, relatively low THCCOOH concentrations were noted, with decreasing
concentrations in 4 participants before the first THC dose. Four subjects displayed the
opposite pattern, with THCCOOH increasing before dosing. This increase might indicate
recent cannabis smoking before admission. Subject C, a heavy chronic user, self-reported
smoking 24 joints/day for 8 years, with the most recent being 1 day before the study.
Although below the LOQ (<7.5 ng/L) at admission, THCCOOH concentrations for subject
C increased to 24 ng/L before the first oral THC dose. Despite chronic cannabis self-
administration, his THCCOOH concentrations were low to moderate compared with those
of other participants, possibly indicating fast metabolism and elimination patterns.

Mean THCCOOH concentrations increased significantly from the first to the last day of the
study (Table 4). Mean THCCOOH concentrations varied during continuous oral THC
dosing (days 2—7) but were not significantly different on days with the same total THC dose.
In contrast, there was a statistically significant increase in mean THCCOOH concentration
between days 4 and 5, when the total THC dose increased from 100 to 120 mg/day. This
increase could be due to the increase in THC dose and/or accumulation of THCCOOH
following around-the-clock THC dosing. Moore et al. (32) reported a similar pattern of
increasing THCCOOH concentrations in OF after smoking of a single cannabis cigarette in a
single participant. This THCCOOH concentration increase was observed in OF samples
collected with the Quantisal device from the subject who self-reported smoking cannabis
every other day for >20 years. Before, immediately after, and 48 h after a single cannabis
cigarette, THCCOOH OF concentrations were 33, 46, and 77 ng/L, respectively.

Moore et al. (14) reported 2 THCCOOH maxima in samples collected for 8 h after a single
smoked dose in only 1 participant, with a first maximum 45 min after smoking. Although a
different route of drug administration was used in our study, 2 THCCOOH maxima were
observed in only 2 of 10 participants after oral administration of the first 20-mg oral THC
dose, with the first maximum occurring within 1 h. Moore et al. postulated that 2 maxima
could be reflective of THCCOOH disposition from the blood, due to previously self-
administered smoked cannabis. However, in our heavy, chronic cannabis smokers, 2
THCCOOH maxima were not noted in the majority of participants' OF. Further research is
needed to determine if 2 THCCOOH OF maxima typically occur after smoked cannabis.

Simultaneously collected Quantisal OF samples produced equivalent qualitative results for
THC and THCCOOH, satisfying the requirement for “split specimens,” as defined in the
Department of Health and Human Services Substance Abuse and Mental Health Services
Administration mandatory guidelines for federal workplace drug testing programs (33).

This study expands our knowledge of cannabinoid OF pharmacokinetics after cannabis
smoking, single oral THC dosing, and around-the-clock multiple THC doses. We show that
THC in OF appears to primarily reflect previously self-administered smoked cannabis rather
than diffusion from the bloodstream after controlled oral administration. THCCOOH
concentrations gradually increased with continuous oral THC doses and were detected in
relatively high concentrations 23 h after the last dose. THCCOOQOH measurement not only
identifies cannabis exposure, but also minimizes the possibility of passive inhalation of
cannabis smoke and consequently may serve as a good biomarker for detection of cannabis
use.
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Fig. 1. Median (range) THC (W) and THCCOOH (<) OF concentrations collected on admission
and after the first 20-mg THC dose
The first point is the mean of the first duplicate collections. Time on x axis is related to the

first dose administration.
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