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Abstract

A comprehensive cannabinoids urine quantification method may improve clinical and forensic
results interpretation and is necessary to support our clinical research. A liquid chromatography
tandem mass spectrometry quantification method for A%-tetrahydrocannabinol (THC), 11-
hydroxy-THC (11-OH-THC), 11-nor-9-carboxy-THC (THCCOOH), A%-tetrahydrocannabinolic
acid (THCAA), cannabinol (CBN), cannabidiol (CBD), cannabigerol (CBG), A%-
tetrahydrocannabivarin (THCV), 11-nor-9-carboxy-THCV (THCVCOOH), THC-glucuronide
(THC-gluc) and THCCOOH-gluc (THCCOOH-gluc) in urine was developed and validated
according to the Scientific Working Group on Toxicology guidelines. Sample preparation
consisted of disposable pipette extraction (WAX-S) of 200uL urine. Separation was achieved on a
Kinetex C18 column using gradient elution with flow rate 0.5 mL/min, mobile phase A (10 mM
ammonium acetate in water) and mobile phase B (15% methanol in acetonitrile). Total run time
was 14 min. Analytes were monitored in both positive and negative ionization modes by scheduled
multiple reaction monitoring. Linear ranges were 0.5-100 pg/L for THC and THCCOOH, 0.5-50
ug/L for 11-OH-THC, CBD, CBN, THCAA and THC-gluc, 1-100 pg/L for CBG, THCV and
THCVCOOH and 5-500 pg/L for THCCOOH-gluc (R2>0.99). Analytical biases were 88.3—
113.7%, imprecisions 3.3-14.3%, extraction efficiencies 42.4-81.5% and matrix effect —10 to
32.5%. We developed and validated a comprehensive, simple and rapid LC-MS/MS cannabinoid
urine method for quantification of 11 cannabinoids and metabolites. This method is being used in
a controlled cannabis administration study, investigating urine cannabinoid markers documenting
recent cannabis use, chronic frequent smoking or route of drug administration and potentially
improving urine cannabinoid result interpretation.
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Introduction

A comprehensive method for multiple cannabinoids quantification may improve urine
results interpretation [1-3]. Cannabinoids intake is estimated to be 181.8 million cannabis
users worldwide [4]. Cannabis potency also increased from 3-4% to >10% over the last two
decades with some regional differences [4—6]. The ability to genetically select strains with
high cannabis potency contributed to the dramatic increase in A%-tetrahydracannabinol
(THC), the primary psychoactive ingredient in cannabis [4, 7].

Several biological specimens are objective indicators of substance abuse including urine,
blood, oral fluid and hair, each with different strengths, limitations and detection windows.
Blood and oral fluid are often selected for detecting recent drug exposure while hair
provides a much longer historical exposure [1, 8]. Drugs appear rapidly in blood and oral
fluid with short windows of detection (1-3 days) [1] while drugs typically appear in hair one
week after consumption [9, 10] and remain in the hair follicle until the hair is cut providing
windows of detection for several weeks, months or even years after consumption [1]. Drug
distribution into urine and detection windows fall between those of blood/oral fluid and hair
with drug initially appearing in urine within hours of consumption and persisting for days to
weeks after consumption [1, 11]. Urine is frequently utilized for clinical and forensic
toxicology, workplace, pain management and drug treatment testing programs [1, 8, 12-14].

Urine drug testing generally includes an initial immunoassay screen followed by a more
selective confirmation method if the screen is positive. Traditionally, gas chromatography
coupled to mass spectrometry (GC-MS) was the method of choice. Improvements in liquid
chromatography tandem mass spectrometry (LC-MS/MS) during the last decade led to
increases in drug testing by this technique. LC-MS/MS can enable simpler sample
preparation compared to GC-MS and avoids derivatization. It is sometimes possible to avoid
extraction (solid phase or liquid-liquid) and simply dilute urine [15] or precipitate plasma/
blood proteins with acid or solvent before LC-MS/MS analysis [15]. However, these simple
preparation approaches can lead to frequent instrument contamination requiring source or
mass spectrometer maintenance. In addition, suppression or enhancement of ionization may
occur when sample preparation is less extensive. Therefore, we elected to evaluate an
approach involving acetonitrile precipitation and a simple one step solid phase extraction
with DPX WAX-S tips to reduce instrument contamination and reduce ion suppression/
enhancement. Analysis without hydrolysis permits direct measurement of phase two
glucuronide cannabinoid metabolites [16].

Cannabinoid excretion is prolonged in chronic frequent cannabis smokers after abstinence
initiation [17, 18]. This prolonged excretion confounds distinction of recent cannabis intake,
suggesting the importance of identifying new cannabinoid markers for improving
interpretation of urine cannabinoid results.
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We developed and validated a comprehensive, simple and rapid LC-MS/MS cannabinoid
urine method for quantification of THC; its active hydroxylated metabolite 11-hydroxy-THC
(11-OH-THC), the further oxidized inactive metabolite, 11-nor-9-carboxy-THC
(THCCOOQOH), cannabis constituents: cannabidiol (CBD) and cannabinol (CBN), and phase
2 glucuronidated metabolites, THCCOOH-glcuronide (THCCOOH-gluc) and THC-
glucuronide (THC-gluc). Less commonly monitored cannabinoids also were quantified
including the THC precursor, A%-tetrahydrocannabinolic acid (THCAA), the plant
constituents: cannabigerol (CBG), A%-tetrahydrocannabivarin (THCV) and its metabolite 11-
nor-9-carboxy-THCV (THCVCOOH). Urine samples collected after controlled cannabis
administration will be analyzed via this novel method to determine if THCAA, CBG, THCV,
THCVCOOH might assist identifying recent cannabis intake.

Chemicals and supplies

THC, 11-OH-THC, THCCOOH, THCCOOH-gluc, CBD, CBN, d3-THC, d3-11-OH-THC,
dg-THCCOOH, d3-CBD, d3-CBN and d3-THCCOOH-gluc (d3-THCCOOH-gluc) were
purchased from Cerilliant (Round Rock, TX, USA). CBG was obtained from Restek
(Bellefonte, PA, USA), THCAA was from Lipomed (Arlesheim, Switzerland),
THCVCOOH and THC-gluc from EISohly Laboratories (Oxford, MS, USA) and THCV
from RTI International (Research Triangle Park, NC, USA). Acetonitrile, ammonium acetate
and formic acid (LC-MS grade) were acquired from Sigma Aldrich (St. Louise, MO, USA)
and methanol (LC-MS grade) from Fischer Scientific (Fair Lawn, NJ, USA). Water was
purified in-house by an ELGA Purelab Ultra Analytic purifier (Siemens Water Technologies,
Lowell, MA, USA). WAX-S tips (DPX Labs, Columbia, SC, USA) were used to extract
samples, and a Kinetex C18 2.1 x 50 mm, 2.6 um column combined with a 2.1 x 2 mm
guard column of identical phase (Phenomenex Inc., Torrance, CA, USA) accomplished
analyte separation.

Instrumentation

Experiments were performed on an 8050 Shimadzu triple quadrupole mass spectrometer
with electrospray ionization using scheduled multiple reaction monitoring (MRM). The LC
system was a Nexera LC-30 ultra-high pressure liquid chromatograph (Shimadzu Scientific,
Columbia, MD, USA). LabSolution LCMS software version 5.72 was used for data
acquisition and ASCENT Series 3 software from Indigo BioAutomation (Indianapolis, IN,
USA,) for data analysis.

Calibrators, quality control (QC) and internal standards

Separate working cannabinoids calibrator and quality control stock solutions were prepared
in methanol. Calibrators were prepared at 0.5, 1, 2.5, 5, 10, 25, 50 and 100 pg/L for THC
and THCCOOH, at 0.5, 1, 2.5, 5, 10, 25 and 50 ug/L for 11-OH-THC, CBD, CBN, THCAA
and THC-gluc, at 1, 2, 5, 10, 20, 50 and 100 pg/L for CBG, THCV and THCVCCOOH and
at 5, 10, 25, 50, 100, 250 and 500 pg/L for THCCOOH-gluc after fortifying 20 uL working
stock solution into 200 pL blank human urine. Three QC working solutions at low, medium
and high concentrations were prepared across the linear dynamic range. QC samples were
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prepared by adding 20 uL QC working solution to 200 pL blank human urine yielding QC
samples at 1.5, 4.5 and 80 pg/L for THC and THCCOOH, at 1.5, 4.5 and 40 ug/L for 11-
OH-THC, CBD, CBN, THCAA and THC-gluc, at 3, 9 and 80 pg/L for CBG, THCV and
THCVCOOH and at 15, 45 and 400 pg/L for THCCOOH-gluc. The internal standard
working solution consisted of 50 ug/L d3-THC, dg-THCCOOH, d3-11-OH-THC, d3-CBD,
d3-CBN with 1000 pg/L d3-THCCOOH-gluc in methanol. All stock and working solutions
were stored in amber glass vials at —20°C.

Sample preparation

Blank human urine, 200 pL, was fortified with internal standard (d3-THC, dg-THCCOOH,
d3-11-OH-THC, d3-CBD, d3-CBN and d3-THCCOOH-gluc), 20 pL methanol and clarified
via centrifugation at 15,000g, 4°C for 5 min after adding 500 pL acetonitrile. Supernatant
(550 pL) was transferred to a 2.0 mL microcentrifuge tube containing 200 uL 5% aqueous
formic acid followed by aspiration 4 times through 1 mL WAX-S tips (DPX Labs,
Columbia, SC) containing 20 mg resin and 40 mg salt. 90 uL upper, organic layer was
transferred to a clean 1.5 mL microcentrifuge tube containing 210 uL mobile phase A,
followed by centrifugation at 15,000qg, 4°C for 5 min. The supernatant was transferred to a
200 pL glass insert autosampler vial and 30 pL injected onto the LC-MS/MS instrument.

LC-MS/MS analysis

Chromatographic separation was achieved with a Kinetex C18 column at 40°C. Gradient
elution was performed with mobile phase A) 10 mM ammonium acetate in water and B)

15 % methanol in acetonitrile at a flow rate of 0.5 mL/min. The gradient program was 30%
B for 0.50 min, to 50% B at 1.0 min, 70.7% B at 8.33 min, 98% B at 9.0 min holding for 3.0
min, re-equilibration to 30% B over 0.10 min and holding for 1.80 min. Total run time was
14 min. Flow was diverted to waste from 0-1 min and for the last 4.5 min of the run.
Autosampler and column oven temperatures were 4 and 40°C, respectively. MS/MS data
were acquired via electrospray ionization mode (ESI) with scheduled multiple reaction
monitoring (MRM) in both positive and negative mode. Quantifier ion and qualifier ion
transitions were monitored for each analyte and internal standard. MS/MS parameters were
optimized by injecting 5 pL of individual analytes (100 pg/L). Optimized source parameters
were nebulizing gas flow 2 L/min, heating gas flow 10 L/min, drying gas flow 6 L/min,
interface temperature 350°C, desolvation line temperature 200°C and heat block temperature
450°C. Individual MS/MS settings are displayed in Table 1.

Data analysis

Calibration curves were constructed daily from peak area ratios of analytes to their
respective internal standard, with a weighting factor of 1/x2. Calibration curves were from
0.5-100 pg/L for THC and THCCOOH, 0.5-50 pg/L for 11-OH-THC, CBD, CBN, THCAA
and THC-gluc, 1-100 ug/L for CBG, THCV and THCVCOOH and 5-500 pg/L for
THCCOOH-gluc.
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Method validation

Specificity

Method validation parameters included specificity, sensitivity, linearity, imprecision,
extraction efficiency, matrix effect, stability, dilution integrity and carryover. Method
validation was conducted according to the Scientific Working Group Toxicology
(SWGTOX) guidelines [19].

Analyte identification criteria were relative retention time within £0.05 min of the mean
calibrator retention time and transitions of quantifier/qualifier peak area ratios within £20%
of mean calibrator transition ratios. Possible endogenous interferences were evaluated by
analyzing ten urine specimens from different individuals. No endogenous interferences were
observed if low QCs fulfilled the identification (MRM ratios within £20% of mean
calibrator MRM ratios) and QC quantification criteria (quantified within £20% of expected
concentration) for all ten blank urine lots.

Sensitivity and linearity

Decreasing concentrations of drug fortified in urine were analyzed to establish limit of
detection (LOD) and limit of quantification (LOQ) in duplicates on three different occasions.
LOD was the lowest concentration with a signal to noise (S/N) ratio of at least 3, peak area
with a quantifier/qualifier transition ratio within £20% and retention time within £0.05 min.
LOQ was defined by LOD criteria in addition to S/N ratio of at least 10 and accuracy of
+20% of target concentration. Linearity was evaluated by least square regression with at
least 7 concentrations on five separate days. Calibrators were required to be within £15% of
target except for the lowest calibrator that had to be within £20% with a correlation
coefficient >0.99.

Analytical recovery and imprecision

Intra- and inter-day analytical recovery (bias/accuracy) and imprecision were determined
from five replicates at three QC concentrations in five analytical batches (N=25). Analytical
recovery was established by comparing mean results to the nominal concentration.
Imprecision was expressed by coefficient of variation (CV%).

Extraction efficiency and matrix effect

Determination of extraction efficiency and matrix effect was according to Matuszewski et al.
[20]. Extraction efficiency was calculated by dividing mean analyte peak area of sample
fortified with analyte and internal standard prior to extraction with the mean analyte peak
area of blank sample fortified with analyte and internal standard after extraction (N=12).
Matrix effect was determined by dividing mean analyte peak area fortified with analyte and
internal standard after extraction with analyte and internal standard spiked in mobile phase
(N=12). The value was expressed in percent and subtracted from 100 to represent the signal
suppression or enhancement due to presence of matrix. In addition, matrix effect also was
evaluated by ten blank urine lots fortified with low or high QC solution and internal
standard, and processed with calibrators prepared with a different blank urine lot to verify
accurate quantification.
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Analyte stability in urine was evaluated in triplicate at low and high QC concentrations
under three conditions: short term stability in room temperature after 21h; 4°C after 72h; and
three freeze-thaw cycles at —20°C (N=3). In addition, autosampler stability was determined
after 96h at 4°C. Stability was assessed by comparing specimen concentrations with QC
specimens prepared on the day of analysis (N=5).

Dilution integrity

Carryover

Dilution integrity was demonstrated by diluting fortified urine specimens (N=3) containing
200 pg/L of THC, THCCOOH, CBG, THCV and THCVCOOH, 100 pg/L of 11-OH-THC,
CBD, CBN, THCAA and THC-gluc and 1000 pg/L of THCCOOH-gluc 1:10 with blank
human urine. Internal standard was added and samples extracted as described previously.
Dilution integrity was acceptable if specimens quantified +20% of expected diluted
concentrations.

Carryover was determined by injecting extracted blank urine (N=3) containing internal
standard after a specimen containing analytes at twice the upper limit of quantification
(ULOQ). Carryover was considered insignificant if the LOD criteria were not met.

Clinical study

Results

Urine specimens were collected from a healthy cannabis user who provided written
informed consent to participate in a National Institute of Drug Abuse (NIDA), Institutional
Review Board-approved clinical study investigating cannabinoid pharmacokinetics and
novel markers of cannabis intake following a single THC dose (6.9%, w/w; 54 mg total
dose) via three different routes of administration. This double blind, randomized and placebo
controlled clinical study will include a total of 20 participants and four dosing sessions per
participant when completed. During the four randomized sessions participants received
combinations of placebo, smoked, vaporized or THC-containing brownies (p.o.).
Participants resided in a closed research facility during each session which lasted for up to
72 h after cannabis administration; participants were admitted 15-21 h before cannabis
administration. Urine specimens were collected ad libitum upon admission for each session
starting at admission until 72 h after cannabis administration. As proof of method
applicability, results from urine specimens collected from a single participant for a cannabis
vaporizer session are presented in this manuscript. All urine specimens were stored at —20°C
prior analysis.

Method validation data

Ten urine samples from ten different individuals contained no endogenous interfering peaks
documenting specificity. Sensitivity and linearity data are shown in Table 2. The LOD and
LOQ were within 0.5-5 g/L, with results for each analyte reported in Table 2. The ULOQ
was 100 pg/L for THC, THCCOOH, CBG, THCV and THCVCOOH, 50 pg/L for 11-OH-
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THC, CBD, CBN, THCAA and THC-gluc, and 500 pg/L for THCCOOH-gluc. All
correlation coefficients exceeded 0.99. Analytical recovery and imprecision data are found
in Table 3. Intra- and inter-day analytical recoveries were 88.3-113.7 and 90.7-109.8%,
respectively. While intra- and inter-day imprecisions were 3.3-14.3 and 4.8-13.5% CV,
respectively. Mean extraction efficiency was 42.4-81.5% and mean matrix effect —10.0 to
32.5% (Table 4).

After 21h at room temperature, THC, CBD, CBN, THCV and THCAA concentrations
decreased 42-63%. Concentrations for all other analytes were within £21.3%. All analytes
were stable refrigerated for 72h at 4°C with concentrations within £16.4%. After three
freeze-thaw cycles, concentrations were within +14.7% (Table 4). Autosampler stability was
+16.8% for all analytes except for THCAA, which decreased 40%. Dilution integrity (1:10
with blank urine) was within £19.9% of target concentration for all analytes. No carryover
was observed for cannabinoids after injecting negative specimens after samples containing
twice the ULOQ. Negative specimens did not contain analyte above the LOD.

Proof of method

Chromatograms from a blank urine specimen, a blank urine specimen fortified with analytes
at the LOQ and a urine specimen from a study participant 20 h after inhalation of 6.9% THC
are shown in Figures 1 and 2.

This urine cannabinoid method is being used for samples collected in a controlled cannabis
administration study following ad libitum inhalation over 10 min of 6.9% vaporized THC
(54 mg) (Figures 1, 2 and Table 5). Four analytes were quantified in urine; THCVCOOH,
THC-gluc, THCCOOH-gluc and THCCOOH. Concentrations ranged from <1-9.2 ug/L
THCVCOOH, 8.6-65.8 pg/L THC-gluc, 655-1780 pg/L THCCOOH-gluc, and 5.3-217.7
pg/L THCCOOH (Table 5). Urine concentrations are not creatinine normalized. THC, 11-
OH-THC, THCAA, THCV, CBD, CBG and CBN did not exceed LOQ in any urine
specimen.

Discussion

We report a validated LC-MS/MS method for simultaneously quantifying eleven
cannabinoids and metabolites in urine. This novel LC-MS/MS method employs an efficient
and rapid disposable pipette tip extraction procedure without hydrolysis. The method was
designed for analysis of urine specimens collected in a controlled cannabis administration
study to investigate new urinary markers for recent cannabis intake.

Our laboratory’s previous urine method was updated with four new cannabinoids and
metabolites, simplified sample preparation and a shorter run time [2]. To our knowledge,
there is no method that simultaneously detects CBG, THCAA, THCV and THCVCOOH.
The minor plant cannabinoid CBG was previously quantified in oral fluid [21] and identified
in urine [22]. The THC precursor, THCAA, was evaluated as a marker for differentiating
illicit cannabis intake from licit THC pharmacotherapy [23]. THCAA concentrations were
monitored in plasma and whole blood [24], blood serum and urine [25] and oral fluid [26,
27]. THCAA also was demonstrated in hair after cannabis consumption, passive exposure
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and external contamination [28, 29]. The plant constituent THCV was recently administered
in a controlled study investigating if THCV inhibits THC effects [30], as it was suggested
that THCV is a receptor neutral antagonist [31]. THCV and its metabolite THCVCOOH also
were targeted for distinguishing intake of illicit cannabis and Marinol, synthetic THC
indicated for treatment of weight loss and nausea [32]. This new urine cannabinoid method
would be highly useful for simultaneous quantification of all of these cannabinoid analytes
in these different clinical applications, and for our goal of finding a urinary cannabinoid
marker that may assist in identifying recent cannabis intake.

Disposable pipette tip extraction offers advantages over traditional solid phase or liquid-
liquid extraction procedures. The WAX-S tip contains a small amount of loosely packed
solid phase sorbent between two filters. This design decreases solvent consumption and
minimizes required sample volume. Since the flow is bidirectional, sample and solvent
easily flow in and out of the tip reducing the time required for extraction. Also, no
conditioning or washing steps are required. DPX procedures were utilized for THC in whole
blood and THCCOOH in urine [33, 34]. In only 200 uL urine, we simultaneously quantified
11 cannabinoids at low pg/L concentrations within clinically relevant linear ranges. The
method was highly reproducible, with analytical bias <113.7% and imprecision <14.3% for
low, mid and high QC concentrations for all analytes.

Ellison reported an extraction efficiency of 57.2% for THCCOOH [34]. In our previous
published urine cannabinoid method using supporting-liquid extraction (SLE), extraction
efficiency was 34-73% [2]. With WAX-S tips, we further improved extraction efficiency to
42.4-81.5% for our entire 11 cannabinoid analyte panel. The lowest extraction efficiency
was for the new analyte THCAA. Despite this low recovery, we achieved the required
sensitivity and met all LOQ requirements. In addition, our previous method contained only 4
deuterated internal standards, while d3-THCCOOH-gluc and d3-CBN are now incorporated,
yielding a total of six deuterated internal standards for the 11 analytes (Table 2).
Commercially available deuterated internal standards were not available for all analytes;
deuterated internal standards were assigned based on similar retention time, recovery and
matrix effect and their effect on calibrator and QC accuracy. Matrix effects ranged from
-10% to +32%. High signal enhancement was observed for THC-gluc, but this analyte did
not have a matched deuterated internal standard. d3-THCCOOH-gluc was selected as the
internal standard.

Urinary cannabinoid stability is a well-known concern. Contributing factors for decreasing
urine concentrations are oxidative degradation, fungal and bacteria growth and storage
conditions such as tube selection, pH and temperature [1-3, 35]. All analytes were stable in
urine, quantifying within £20% of expected low and high QC concentrations, when stored
refrigerated or frozen. At room temperature for 21 h, THCAA, THCV, CBD, CBN and THC
concentrations decreased 42—-63%; all other analytes were stable with concentrations within
+21.3% of expected concentrations (Table 4). Our stability results are consistent with studies
employing authentic urine specimens showing frozen storage at —20°C is recommended for
accurate analysis of urine specimens during urine cannabinoid testing [3].
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We present a novel urine cannabinoid method for simultaneous quantification of a
comprehensive panel of 11 cannabinoids. With disposable pipette tip extraction, rapid
sample preparation achieved the required sensitivity and selectivity in a small 200 pL urine
sample. This analytical method is utilized for quantifying cannabinoids in urine specimens
obtained in our controlled cannabis administration study following smoked, inhaled and oral
6.9% THC. Prolonged cannabinoids excretion in urine of frequent cannabis users confounds
distinguishing recent cannabis intake from prolonged excretion [11, 17, 18]. We will employ
the current method during our current clinical study to test our hypothesis that monitoring
unconjugated minor cannabinoids and/or their unconjugated metabolites may assist
distinguishing recent intake from prolonged cannabinoids excretion. We desired to
simultaneously monitor free and conjugated forms of all our analytes to maximize the utility
of our method; however, only THC-gluc and THCCOOH-gluc standards were commercially
available when we developed this method. This analytical method enables investigation of
urine cannabinoid markers for documenting recent cannabis use, chronic frequent smoking
or route of drug administration, and may potentially improve urine cannabinoid result

interpretation.
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of quantification for blank urine extracts.
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Page 20

Cannabinoids concentrations in urine collected from a participant after vaporizing a single 54 mg THC dose
ad libitum over 10 minutes. Urine concentrations are not creatinine normalized.

Time after vaporized cannabis (h)

THCVCOOH (ug/L)

THC-gluc (ug/L)

THCCOOH-gluc (ug/L)

THCCOOH (ug/L)

-17.0 2.2 65.8 1069 51.4
-11.4 1.9 147 1075 414
-105 33 130 791 69.5
-3.0 51 26.4 1780 91.8

7.7 1.0 8.6 716 145

9.5 16 128 921 22.4
118 <L0Q? 14.0 969 113
20.0 6.4 19.0 956 111
26.8 <L00Q4 17.7 1223 16.2
325 <L0Q? 131 981 205
34.6 <L0Q? 109 655 53
36.2 <L0Q? 17.9 851 18.9
44.0 6.9 234 781 164
55.1 <L0Q? 193 1083 10.0
58.6 <L0Q? 17.4 1058 116
613 33 14.7 820 63.6
68.0 9.2 292 1543 218

aTHCVCOOH was less than limit of quantification (1.0 pg/L)
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