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Abstract
Background—Δ9-Tetrahydrocannabinol (THC) in oral fluid (OF) implies cannabis intake, but
eliminating passive exposure and improving interpretation of test results requires additional
research.

Methods—Ten adult cannabis users smoked ad libitum one 6.8% THC cigarette. Expectorated
OF was collected for up to 22h, and analyzed within 24 h of collection. THC, 11-nor-9-carboxy-
THC (THCCOOH), cannabidiol, and cannabinol were quantified by 2-dimensional-GCMS.

Results—Eighty specimens were analyzed; 6 could not be collected due to dry mouth. THC was
quantifiable in 95.2%, cannabidiol in 69.3%, cannabinol in 62.3%, and THCCOOH in 94.7% of
specimens. Highest THC, cannabidiol, and cannabinol concentrations were 22370, 1000, and 1964
μg/l, respectively, 0.25 h after the start of smoking; THCCOOH peaked within 2 h (up to 560 ng/
l). Concentrations 6h after smoking were THC (0.9-90.4 μg/l) and THCCOOH (17.0-151 ng/l) (8
of 9 positive for both); only 4 were positive for cannabidiol (0.5-2.4 μg/l) and cannabinol (1.0-3.0
μg/l). By 22h, there were 4 THC (0.4-10.3 μg/l), 5 THCCOOH (6.0-24.0 ng/l), 1 cannabidiol (0.3
μg/l), and no cannabinol positive specimens.

Conclusions—THCCOOH in OF suggests no passive contamination, and CBD and CBN
suggest recent cannabis smoking. Seventeen alternative cutoffs were evaluated to meet the needs
of different drug testing programs.
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1. INTRODUCTION
The value of oral fluid (OF) as an alternative matrix to document drug exposure in
workplace, drug treatment, pain management, and driving under the influence of drugs
(DUID) programs is clearly established [1-2]. OF sampling is directly observed, less
invasive than blood collection, and may be obtained by direct expectoration (spitting) or
absorption onto a permeable pad or sponge, with or without an agent that stimulates OF
production. Expectoration is less expensive than utilizing a commercial collection device
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and offers the advantage of directly determining drug concentrations. A disadvantage is that
many drugs reduce salivary flow [3], making expectoration collection difficult and of low
volume. Low sample volumes frequently occur after cannabis smoking and stimulant
ingestion [4-5].

The oral mucosa is immediately contaminated during cannabis smoking, as Δ9-
tetrahydrocannabinol (THC), cannabidiol (CBD), and cannabinol (CBN) are contained in
cannabis vapor; thus, THC OF concentrations often exceed 1000 μg/l for a short time after
smoking [6-7]. Many prior studies did not investigate or were unable to quantify
concentrations of THC metabolites and other cannabinoids in OF following controlled
smoking [8,9]. Detection of the non-psychotropic THC metabolite THCCOOH provides
evidence of active smoking [10], as it is not present in cannabis smoke [11-12] and occurs in
OF due to passive diffusion from blood [13]. However, THCCOOH quantification requires a
highly sensitive analytical method capable of ng/l detection.

Current regulatory guidelines for OF testing suggest screening and confirmation analysis for
THC only. However, we documented that chronic therapeutic oral THC administration and
illicit oral THC use are unlikely to be identified with current guidelines [14], as THC OF
and blood concentrations decreased with chronic oral THC. Measurement of other
cannabinoids may improve the detection and interpretation of OF cannabinoid tests and
minimize the possibility of false positive results from OF contamination by passive
inhalation of cannabis smoke. This report quantifies THC, 11-OH-THC, THCCOOH, CBD,
and CBN in expectorated OF following controlled smoked cannabis.

2. Material and methods
2.1. Chemicals and reagents

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)
were from Cerilliant Corporation (Round Rock, TX). N,O-
bis(trimethylsilyl)trifluoroacetamide (BSTFA) with 1% trimethylchlorosilane was from
Thermo Fisher Scientific Inc. (Rockford, IL). Trifluoroacetic anhydride (TFAA) and
hexafluoroisopropanol (HFIP) were from Campbell Science (Rockton, IL), and CEREX®
Polycrom™ THC (3cc/35mg) solid-phase extraction (SPE) columns were from SPEware
Corporation (Baldwin Park, CA).

2.2. Participants
Participants provided written informed consent for this Institutional Review Board-approved
protocol. Inclusion criteria were ages 18-45 y, self-reported cannabis use with a minimum
frequency of ≥2 times/month during the 3 months prior to study entry, and a cannabinoid-
positive urine sample upon admission. Clinically significant medical or psychiatric disease,
history of seizures or psychosis, or cannabis-related adverse effect, and interest in or
participation in drug abuse treatment within 60 days preceding study enrollment were
exclusionary.

2.3. Study design and specimens collection
Participants smoked ad libitum for 10 min one cannabis cigarette containing approximately
6.8% THC, 0.25% CBD, and 0.21% CBN. OF specimens were collected 0.5 h before and
0.25, 0.5, 1, 2, 3, 4, 6, and 22 h after the start of smoking. Participants could be discharged 6
h after cannabis smoking if their neuromotor examination was normal and vital signs
returned to baseline, or could choose to stay overnight with an additional OF specimen
collection at 22 h. OF was collected by expectoration into polypropylene tubes. Participants
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spit into the tube until at least 3 ml OF was collected or for 5 min, whichever occurred first.
OF was centrifuged and stored at 4°C in Nunc® cryotubes until analysis within 24 h of
collection.

2.4. Oral fluid analysis
OF specimens were analyzed by a previously validated two-dimensional gas
chromatography mass spectrometry (2D-GCMS) method for THC, 11-OH-THC,
THCCOOH, CBD and CBN, with separate injections on two analytical systems with
different ionization techniques [14]. Briefly, 0.5 ml drug-free OF was fortified with
calibrator or quality control solution. Deuterated internal standards (d3-THC, d3-11-OH-
THC, d3-CBD and d3-THCCOOH; CBN utilized d3-THC) were added to calibrators,
controls, and authentic OF samples. To reduce viscosity and precipitate proteins,
expectorated specimens were diluted with deionized water (1 ml) and ice-cold acetonitrile
(0.75 ml) prior to extraction. Following vortexing and centrifugation, supernatants were
decanted onto preconditioned SPE extraction columns and washed with deionized water/
acetonitrile/ammonium hydroxide (84:15:1, v/v/v). THC, 11-OH-THC, CBD and CBN were
eluted with hexane/acetone/ethyl acetate (60:30:20, v/v/v), evaporated to dryness and
derivatized with BSTFA prior to 2D-GCMS with electron ionization. THCCOOH was
eluted into separate tubes with hexane/ethyl acetate/glacial acetic acid (75:25:2.5, v/v/v),
evaporated and derivatized with HFIP (20 μL) and TFAA (40 μl) prior to 2D-GCMS with
negative chemical ionization. The published method for analysis of cannabinoids in
expectorated OF was fully validated [14]. Limits of quantification (LOQ) and dynamic
ranges for THC and CBD were 0.25–50 μg/l, 1–50 μg/l for CBN, 0.25–25 μg/l for 11-OH-
THC and 5–500 ng/l for THCCOOH. Samples exceeding the linear range were diluted with
blank OF and reanalyzed. Intra- and inter-assay CVs were <6.5% and analytical recovery
was within ±15.2% of target. Extraction efficiencies ranged between 54.4 and 97.4%.
Electronic Supplementary Material Table S1 provides further detail and additional method
validation data.

2.5. Data analysis
Statistical calculations utilized SPSS® 14.0 for Windows (SPSS, Chicago, IL). Means are
presented for normally distributed data, and medians and ranges for non-normally
distributed data. Median concentrations included only positive (≥LOQ) specimens. For
comparative statistical analyses, OF specimens <LOQ were assigned values of 10% LOQ
(0.025 μg/l for THC and CBD, 0.1 μg/l for CBN, and 0.5 ng/l for THCCOOH).
Concentration differences between collections were evaluated by non-parametric Wilcoxon
tests. Associations between variables were assessed by Spearman correlation. A two-tailed
P<0.05 defined significance for all comparisons.

3. RESULTS
Ten (1 female Caucasian; 9 male (5 Caucasian, 4 African-American)) healthy research
volunteers [mean±SD age 30.7±8.9 y] participated in the study. Body-mass index ranged
from 18.1 to 32.0. Mean self-reported cannabis smoking was 4.9±3.2 joints/day and mean
(±SD) cannabis smoking was 11.4±2.2 of the past 14 days prior to screening. All
participants self-reported cannabis smoking within 1-4 days (mean±SD 2.0±1.1) prior to
admission, and had a positive cannabinoid urine test upon admission.

80 OF specimens were collected. Six specimens from 4 individuals could not be collected
between 0.25–1 h after cannabis smoking due to reduced salivary excretion (dry mouth).
Four participants left 6 h after smoking and 6 provided a 22 h OF specimen by staying
overnight. One participant (J) had visible bleeding gums and OF mixed with blood. These
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nine specimens contained highly elevated cannabinoid concentrations; thus, their data are
described separately. For clarity, we describe cannabinoid concentrations in baseline
specimens prior to smoking (n=9) separately from OF concentrations after cannabis smoking
(n=63).

3.1. THC in oral fluid
Four of 9 participants’ OF specimens were THC-positive 0.5 h prior to smoking cannabis,
with a median concentration of 1.3 μg/l (range, 0.3–43.6) from previously self-administered
smoked cannabis (Table 1). THC baseline (0.5 h prior to smoking) OF concentrations were
significantly lower (Z=−2.6, p=0.008) than those collected 0.25 h after smoking. THC was
present in 60 of 63 (95.2%) expectorated OF specimens from 9 participants after smoking,
with a maximum concentration of 22370 μg/l. Maximum THC concentrations occurred at or
prior to the first collection at 0.25 h, decreasing rapidly during the first 3 h after smoking.
Median (range) THC concentration was 2629 μg/l (264–22370) at 0.25 h, decreasing 10-fold
within 1h to 282 μg/l (35.4–1030) and 100-fold over 3 h to 13.5 μg/l (1.5–205) (Fig.1).
Concentration decreased significantly only between 0.25–0.5 h (Z=−2.2, p=0.028), 0.5–1 h
(Z=−2.2, p=0.03), and 2–3 h (Z=−2.8, p=0.005) collections. Four of 6 specimens were
THC-positive 22 h after smoking, with a median concentration of 1.8 μg/l (0.4–10.3) μg/l.
THC concentrations significantly decreased (Z=−2.2, p=0.028) from 6 to 22 h in these 4
participants.

Participant J’s OF contained 7.1 μg/l THC at baseline, increasing to 2735 μg/l immediately
after smoking and decreasing 10-fold within 1 h. At 2 h, the concentration increased four-
fold to 1310 μg/l, but the color of that specimen indicated the highest presence of blood. The
THC OF concentration was 42.4 μg/l at the last (6 h) collection.

3.2. 11-OH-THC in oral fluid
Two of 63 (2.9%) specimens were 11-OH-THC-positive from 2 individuals at the 0.25 μg/l
LOQ. One was positive at 0.25 h (1.2 μg/l) and a second (0.3 μg/l) 1 h after smoking.
Participant J produced two 11-OH-THC positive OF specimens 1 and 2 h after smoking,
with concentrations of 0.4 and 1.3 μg/l, respectively.

3.3. THCCOOH in oral fluid
All 9 participants’ OF specimens were THCCOOH-positive at baseline, with a median
concentration of 28.0 ng/l (range 8.4–98.3). THCCOOH was present in 54 of 57 (94.7%)
expectorated OF specimens after cannabis smoking, at concentrations up to 560 ng/l. A 50-
fold dilution was required for 6 low volume expectorated specimens collected between 0.25
and 1.0 h. Although THC concentrations fell within the linear range of the assay with this
dilution, THCCOOH concentrations fell below the 50 fold higher LOQ. Thus, these data
were not included in prevalence evaluations or in Table 2, where different cutoff
concentrations were compared. Maximum THCCOOH concentrations occurred within 2 h
after smoking, with a median Tmax of 1 h (0.25–2.0). Median THCCOOH concentration at
0.25 h was 147 ng/l (20.8–467), decreasing nonsignificantly (Z=−0.7, p=0.484) to 66.4 ng/l
(22.8–560) within 1 h, and nonsignificantly (Z=−1.5, p=0.123) to 44.0 ng/l (9.1–127) after 3
h (Table 2). Significant concentration decreases were observed from 2–3 h (Z=−2.8,
p=0.005) and 3–4 h (Z=−1.9, p=0.047). Five of 6 specimens were THCCOOH-positive 22 h
after smoking, with a nonsignificant decrease (Z=−1.7, p=0.08) (median 14.2 ng/l; range
6.0–24.0) from 6 h concentrations.

At baseline (−0.5 h), participant J’s THCCOOH OF concentration was 581 ng/l. There was
no change in THCCOOH concentrations within 1 h after smoking (range 462-537 ng/l). A 7-
fold increase was observed at the 2 h collection (3519 ng/l), the specimen with the largest
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amount of blood, followed by a 10-fold decrease in the next 3 h collection. In the last (6 h)
collection, THCCOOH concentration was 529 ng/l.

3.4. CBD and CBN in oral fluid
CBD was present in 43 (69.3%) of 62 and CBN in 38 (62.3%) of 61 specimens, always in
conjunction with THC. No baseline specimens were positive for CBD or CBN. Maximum
CBD and CBN concentrations occurred prior to or at the first collection after smoking, with
maximum concentrations of 1000 and 1964 μg/l, respectively. CBD (Table 3) and CBN
(Table 4) significantly (Z=−2.6, p= 0.008) decreased 10-fold between 0.25 h and 1 h
collections. One CBD (0.3 μg/l) and no CBN positive specimens were found 22 h after
smoking. CBD and CBN were highly (p<0.001) correlated (ρ = 0.963) in all specimen
collections. Both analytes were significantly (p<0.001) correlated with THC concentrations
(THC-CBD ρ = 0.952, THC-CBN 0.944).

Participant J’s baseline OF specimen was negative for CBD and CBN prior to smoking. At
0.25 h after smoking, CBD and CBN concentrations were 113 and 185 μg/l, respectively. A
10-fold decrease (CBD – 12.8 μg/l, CBN – 19.3 μg/l) was observed within 1 h. CBD and
CBN concentrations in the specimen with visible blood (2 h) were 42.2 and 23.3 μg/l,
respectively. Participant J’s last 6 h OF specimen was positive for CBD (2.2 μg/l) and CBN
(2.8 μg/l).

3.5. Recommended and proposed OF cannabinoid concentration cutoffs
Table 5 summarizes OF results according to recommended THC concentration cutoffs from
the Driving under the Influence of Drugs, Alcohol and Medicines (DRUID) (≥ 1 μg/l) and
Substance Abuse and Mental Health Services Administration (SAMHSA) (≥ 2 μg/l)
guidelines. In addition, we include results based on a number of proposed cutoff
concentrations for one or more cannabinoids in OF. One specimen for CBD, 2 for CBN, and
6 for THCCOOH were not included in the cutoff evaluation, due to the need for a 50 fold
dilution as a result of low specimen volumes. These negative results due to the higher LOQs
of 12.5 μg/l, 50 μg/l, and 250 ng/l, respectively, are not appropriate for evaluation of
different cutoff concentrations.

4. DISCUSSION
This controlled cannabis smoking study describes the disposition of THC, 11-OH-THC,
THCCOOH, CBD, and CBN in expectorated OF specimens analyzed within 24 h of
collection. Several studies investigated THC OF concentrations after cannabis smoking with
a variety of commercially-available collection devices [7, 15]. These devices employed
buffers to extract drugs from the absorbent pad or sponge and stabilize analytes, but also
diluted OF and reduced assay sensitivity. Expectoration provides undiluted OF, permitting
direct determination of drug concentrations in excreted saliva. However, collection and
analysis of expectorated specimens also has limitations, including low specimen volume,
and presence of highly-viscous mucous. We previously published data on cannabinoids in
expectorated OF specimens after controlled oral dosing that revealed challenges in utilizing
this alternative biological specimen [14]. Cannabis smoking, as well as stimulant
consumption, reduces salivary flow, leading to xerostomia, increased froth, and low-volume,
viscous specimens [2,16]. In the current study, 6 participants could not provide expectorated
OF within the 1st h after smoking due to dry mouth and decreased salivation. Specimens
could not be collected 0.25 h (1), 0.5 h (4), and 1 h (1) after cannabis smoking. An
additional 6 specimens had low specimen volumes, but were analyzed with dilution,
increasing LOQs for these specimens.
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Viscous OF specimens prevent flow and effective analyte binding to the sorbent bed of the
SPE columns [14]. Freezing and thawing specimens prior to analysis helps decrease OF
viscosity, improving pipetting accuracy. Sample centrifugation also removes some mucous,
but may change concentrations if cannabinoids bind to precipitant; these factors are to date
poorly characterized [17-19]. Expectorated specimens from the present study were stored at
4°C and analyzed within 24 h. Ice-cold acetonitrile was added to reduce viscosity, and
centrifugation precipitated much of the mucous and mouth debris in expectorated OF,
substantially improving SPE performance, as reported previously [14,20].

THC concentrations were highest 0.25 h after smoking and decreased on average 100-fold 3
to 6 h later. Similarly, Kauert et al. [7] observed highest THC concentrations in OF in the
first collection at 0.25 h, with 900±589 and 1041±652 μg/l following 18.2±2.8 mg and
36.5±5.6 mg smoked THC, respectively. Concentrations decreased to 18±12 μg/l 6 h later.
Niedbala et al. [9] reported mean±SEM peak OF THC concentrations of 83.4±18.6 and
75.9±19.5 μg/l for 5 chronic and 5 casual smokers, respectively, in the first collection 1 h
following a single smoked cannabis cigarette. In our study, mean±SD THC concentration 1
h after smoking was 361±292 μg/l. This much higher mean concentration could be explained
by the greater amount of THC in the smoked cannabis cigarette in our study, 54 mg THC,
compared to 20-25 mg in the Niedbala study [9]. Furthermore, in the later study, OF was
collected with the OraSure collection device, which dilutes OF 1:3 with extraction/
stabilization buffer; analyte adsorption to the collection pad, recovery from the pad, and
variability in OF specimen volume may have contributed to lower concentrations compared
to expectorated specimens. Huestis and Cone [6] reported OF THC as high as 5800 μg/l 0.2
h after a cannabis cigarette containing 3.55% THC and 81 μg/l after 0.33 h. These samples
were collected by expectoration under stimulated (citric acid-type sour candy) conditions
and were frozen prior to analysis. Although stimulation enhances sample volume, it also
changes salivary composition and pH, affecting cannabinoid OF concentrations [21]. In
addition, inter-individual variability in cannabinoid concentrations might derive from
different smoking topographies due to varied inhalation volumes, hold duration, puff
number, time between puffs, and side-stream smoke losses [22,23].

In contrast to THC, THCCOOH was detected in all specimens 0.5 h prior to smoking, albeit
at a much lower LOQ of 5 ng/l. Six specimens from 3 participants were THCCOOH-
negative the 1st h after smoking; however, these specimens had low specimen volumes, and
were diluted with negative OF prior to analysis. THCCOOH, a phase I metabolism product,
is not present in cannabis smoke [11,12] and is quantified in OF in ng/l concentrations after
active cannabis consumption [13,24]. THCCOOH is suggested as a promising biomarker for
cannabinoid detection because it would minimize the possibility of external contamination
from cannabis smoke [10] and detect oral THC (medications) or cannabis intake [13].
THCCOOH peak concentrations occurred within 2 h after smoking, while analytes present
in cannabis smoke, THC, CBD, and CBN, peaked within the first 0.25 h after initiation of
smoking. Peak THCCOOH concentrations varied considerably between participants,
ranging from 24.5 to 314 ng/l. Residual THCCOOH from previously self-administered
cannabis may contribute to the total measured THCCOOH, depending upon the frequency
and chronicity of cannabis smoking.

For participant J, with clearly observable blood in the expectorated OF specimens, THC and
THCCOOH OF concentrations were noticeably higher than other participants. Cannabinoids
in blood presumably contaminated and increased expectorated OF concentrations.
Cannabinoid concentrations could be misinterpreted in bloody expectorated OF specimens;
thus, OF appearance should be noted and recorded. It is unknown whether small amounts of
blood would be detectable in OF specimens collected with devices, rather than by
expectoration. Although this is to date the only OF specimen we have collected in any of our
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controlled cannabis administration studies that contained visible blood, it is an important
issue for the testing community to consider. OF specimens containing blood should be
recollected at a different time or an alternative matrix should be considered, as blood will
alter OF cannabinoid results.

THCCOOH OF concentrations significantly (Z=−2.803; p=0.005) decreased from 2 to 3 h,
before and after lunch in all participants. Presumably, this decrease was induced by food and
drink consumption, reducing drug concentrations in the oral cavity [25].

Four OF specimens from 3 participants had quantifiable 11-OH-THC. Two positive
specimens contained blood in the expectorated OF and were collected from participant J. 11-
OH-THC, a psychoactive phase I intermediate THC metabolite, generally is not found in OF
with a 0.25 μg/l cutoff. Previously, we reported a single 11-OH-THC-positive specimen (0.5
μg/l) in expectorated OF collected after 36 oral THC doses that was detected concurrently
with the highest THCCOOH (Cmax=1390.3 ng/l) concentration [14]. Analysis of 11-OH-
THC in OF with a lower LOQ, similar to that employed for THCCOOH, would most likely
yield additional 11-OH-THC-positive specimens. In plasma, 11-OH-THC concentrations
range from 50 to 100% of THC concentrations following oral cannabinoid administration,
compared to only 10% after smoked administration [26]. Further research should address the
value of inclusion of 11-OH-THC in the interpretation of OF cannabinoid results.

CBD and CBN had similar concentration profiles as THC, but always at much lower
concentrations. Unlike THC, no specimens were positive for CBD and CBN at baseline.
Moore et al. [27] reported OF specimens positive for CBN for 2 h after cannabis smoking
with no measurable CBD in OF collected with the Quantisal collection device from 3
chronic smokers. Previously, we reported 5 CBD- and 14 CBN-positive OF specimens from
28 chronic, daily cannabis smokers enrolled in a 30-day abstinence study [5]. OF specimens
were collected with the Quantisal device; only specimens collected upon admission were
CBD and CBN positive, demonstrating a detection window of <24 h. THC was always
present concurrently with CBD and CBN, generally quantifiable for 48 h. In some subjects
OF was THC positive for as long as 28 days in chronic daily smokers during sustained
abstinence. In contrast, THCCOOH detection times were much longer, up to 29 days, with a
median of 13 days. Data collected in the present study indicate that CBD and CBN
concentrations decreased 10-fold within the 1st h after smoking in OF collected by
expectoration, and were detectable for at least 22 and 6 h with LOQs of 0.25 and 1 μg/l,
respectively. Participant J’s CBD and CBN concentrations in OF did not change, despite the
obvious presence of blood in the 2 h collection. CBD and CBN were not quantifiable in
participant J’s whole blood and plasma specimens collected at the same time. Maximum
whole blood and plasma concentrations were 2.1 and 3.4 μg/l for CBD, and 2.9 and 4.7 μg/l
for CBN, respectively [28]. Monitoring CBD and/or CBN at 1 μg/l in addition to THC
reduced the detection window to no more than 6 h after smoking.

Quantifying multiple cannabinoids in OF and applying different cutoffs provides different
detection windows and improves interpretation of cannabinoid OF results. We evaluated
seventeen alternative cutoffs based on the needs of different drug testing programs.
Monitoring THC with CBD and/or CBN provides valuable information about recent
cannabis intake that is useful in DUID and accident investigations. Of the cutoffs tested, the
current recommended SAMHSA (≥2 μg/l) and DRUID (≥1 μg/l) confirmation cutoffs
yielded a greater number of positive specimens. Modifying the criteria to include
THCCOOH ≥20 ng/l reduced positive specimens by 17 to 23%, but provided protection
against false positive OF results due to passive inhalation [10].
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These data increase our knowledge of cannabinoid pharmacokinetics in authentic
expectorated OF specimens collected after controlled smoked cannabis administration. Low
OF volume due to cannabinoid-induced dry mouth may hinder quantitative analysis close to
the time of smoking. The present study demonstrates that quantification of THC together
with CBD and CBN in OF can improve interpretation of results by suggesting recent
cannabis smoking, helping distinguish this from residual cannabinoid excretion after chronic
daily smoking. In addition, measurement of THCCOOH in OF reduces the potential for
contamination by passive environmental cannabis smoke exposure. Finally, the presence of
blood in OF can artificially increase cannabinoid concentrations in expectorated OF.
Inclusion of additional cannabinoids during OF testing could improve test interpretation in
drug treatment, workplace, driving under the influence of drugs (DUID), and pain-
management programs.
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Refer to Web version on PubMed Central for supplementary material.
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OF oral fluid

DUID driving under the influence of drugs

CBD cannabidiol

CBN cannabinol

2D-GCMS 2-dimensional gas chromatography mass spectrometry

BSTFA N,O-bis(trimethylsilyl)trifluoroacetamide

TFAA trifluoroacetic anhydride

HFIP hexafluoroisopropanol

DRUID Driving under the Influence of Drugs, Alcohol and Medicines
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• THC quantification with CBD and CBN in oral fluid suggests recent cannabis
smoking.

• Quantification of multiple cannabinoids improves oral fluid interpretation
results.

• Blood in expectorated oral fluid artificially increase cannabinoid concentrations.

• Low oral fluid volume due to dry mouth hinders quantitative analysis after
smoking.
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Figure 1.
Median and interquartile ranges THC, CBD, CBN, and THCCOOH concentrations in
expectorated oral fluid from 9 participants after smoking a single 6.8% cannabis cigarette.
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