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Delta-9-tetrahydrocannabinol (Δ9-THC) is the principal
active constituent of marijuana1 and acts as a agonist at

the cannabinoid CB1 and CB2 receptors.
2 Using the cannabinoid

receptor system as a pharmacological target, a variety of synthetic
cannabinoids, such as cyclohexylphenols (CP compounds) and
aminoalkylindoles (AAIs) (e.g., JWH-018, JWH-073), have been
previously investigated as new therapeutic compounds but were
abandoned, because of undesirable psychoactive properties.3

In recent years, these compounds have appeared in herbal
products, sold under popular names such as ‘K2’ and ‘SPICE’.
These products are touted for their marijuana-like effects and the

rapid increase in their use among susceptible populations
and severe clinical implications has prompted the Drug
Enforcement Agency (DEA) to classify these drugs as Sche-
dule I drugs.4

JWH-018 and JWH-073 have been the target of recent reports
of new human testing assays capable of measuring these com-
pounds and their Phase I and Phase II metabolic products in
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ABSTRACT: The aminoalkylindole agonists JWH-018 and
JWH-073 are contained in “K2/SPICE” products sold as “legal
marijuana”. Previous human metabolic studies have identified
(ω)-hydroxyl and (ω)-carboxyl metabolites as biomarkers that
are indicative of product use. However, other primary metabo-
lites exhibiting similar chromatographic properties and mass
spectra are also excreted in human urine. Analytical standards
were used in this study to identify new primary metabolites as
(ω-1)-hydroxyl derivatives of JWH-018 and JWH-073. The
liquid chromatography tandem mass spectrometry (LC-MS/
MS) procedure, coupled with an automated solid-phase extraction procedure incorporating deuterium-labeled internal standards,
provides rapid resolution of the (ω)- and (ω-1) metabolites with adequate sensitivity, precision, and accuracy for trace analysis in
human urine. Results from four urine specimens collected after individuals reportedly self-administered either JWH-018 or a mixture
of JWH-018 and JWH-073 showed the following: (1) all testedmetabolites were excreted in high concentrations, (2) (ω)- and (ω-1)-
hydroxyl metabolites were exclusively excreted as glucuronic acid conjugates, and (3) ∼5%�80% of the (ω)-carboxyl metabolites
was excreted as glucuronic acid conjugates. This is the first report to identify and quantify (ω-1)-hydroxyl metabolites of JWH-018
and JWH-073 and the first to incorporate automated extraction procedures using deuterium-labeled internal standards. Full clinical
validation awaits further testing.
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human specimens.5�11 The lack of validated and standardized
human testing methods has hindered researchers from charac-
terizing the clinical symptoms and potential public health impact
of these drugs of abuse. Early clinical publications described the
onset of extreme agitation, syncope, tachycardia, and visual and
auditory hallucinations and death in some patients following
product use.12�16 The inability to definitely link reported clinical
complications to specific synthetic cannabinoid receptor agonist
use, and to associate epidemiological and clinical data with use
patterns, significantly hinders the public health system from fully
appreciating the magnitude of potential health problems asso-
ciated with these compounds. This need can only bemet through
the development of standardized human testing capabilities.

Initial reports assessing human metabolism of AAIs5�9,11

indicate that primary oxidation sites are localized to the small
alkyl side chain present in both JWH-018 and JWH-073. Major
hydroxyl and carboxyl metabolites identified and characterized
thus far have been localized to the terminal (ω) carbon. Both the
(ω)-hydroxyl and (ω)-carboxyl derivates, as well as the glucuro-
nic acid conjugates of each, have been detected in human urine
after use of JWH-018 and JWH-073.6�9 Initial reports also
demonstrated the presence of another unidentified metabolite
exhibiting a similar chromatographic profile and mass spectra as
the (ω)-hydroxyl products.6 Since aliphatic hydrocarbons are
subject to both (ω)-carbon and (ω-1)-carbon hydroxylations, it
is plausible that the unidentified metabolite may be the (ω-1)-
hydroxyl derivative of each AAI.

The following study tests the hypothesis that the previously
reported, unidentified JWH-018 and JWH-073 metabolites ex-
creted in human urine are the (ω-1)-hydroxyl derivatives.
Analytical standards were used to develop a rapid quanti-
tative method for measuring previously identified metabolites

of JWH-018 and JWH-073, along with (ω-1)-hydroxyl deriva-
tives of each (Figure 1). This new method confirms previous
reports identifying and quantifying urinary concentrations of
(ω)-oxidized products6,8 and, for the first time, begins to
characterize the relative urinary concentrations of the (ω-1)-
oxidized products. This method incorporates a new solid-phase
extraction procedure that improves sensitivity for the simulta-
neous quantification of all the primary JWH-018 and JWH-073
metabolites excreted in human urine. Incorporation of deuter-
ium-labeled internal standards and improved LC-MS/MS con-
ditions allows for the complete resolution of each major
metabolite and adequate sensitivity, accuracy, and precision for
low-level measurements.

’EXPERIMENTAL SECTION

Reagents and Chemicals. Optima liquid chromatography�
mass spectroscopy (LC-MS)-grade acetonitrile was purchased
from Fisher Scientific (Pittsburgh, PA). Reagent-grade for-
mic acid (99% pure) was purchased from Acros Organic
(Pittsburgh, PA). ACS spectrophotometric-grade dimethyl sulf-
oxide (DMSO, >99.9% pure) was purchased from Sigma�
Aldrich (St. Louis, MO). Deionized water was purified to a
resistivity of 18.2 MΩ cm using an ELGA PURELAB Ultra
laboratory water purification system (Woodridge, IL). β-glucur-
onidase (bovine liver, Type B-10, 13 000 units/mg) was pur-
chased from Sigma�Aldrich (St. Louis, MO). Polymeric strong
cationic exchange solid-phase extraction cartridges were kindly
provided by Phenomenex (Torrance, CA). Analytical standards
were provided by Cayman Chemical (Ann Arbor, MI) and were
assigned a sequential name (see Figure 1, Analytes 1�6). Specific
nomenclature and structures for each analyte are illustrated in
Figure 1. Deuterium-labeled internal standards (analyte 2-d4 and

Figure 1. Structures of (ω)-hydroxyl and carboxyl derivatives of JWH-018 (analyte 1 and 2, respectively) and JWH-073 (analytes 4 and 5, respectively),
and the (ω-1)-hydroxyl derivatives of JWH-018 (analyte 3) and JWH-073 (analyte 6).
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analyte 5-d5) were also provided by Cayman Chemical (Ann
Arbor, MI).
Equipment. Sample analysis from 10-μL injections was

performed using an Applied Biosystems API-4000 Q TRAP
tandem mass spectrometer (Carlsbad, CA) interfaced with an
Agilent 1200 Series quaternary liquid chromatography system (Santa
Clara, CA). Analyst software (Version 1.5, Life Technologies,

Carlsbad, CA) was used to control the overall operation of the
HPLC system and the mass spectrometer. Solid-phase extraction
procedure was automated on a Gilson Nebula 215 solid-phase
extraction system (Middleton, WI). Instrument control was
performed using Gilson 735 Sampler software.
Preparation of Analytical Standards and Quality Control

Material. Analytical standards were prepared using a DMSO

Table 1. MS/MS Experimental Conditions for Specific Reaction Monitoring (SRM) and Information-Dependent Acquisition-
Enhanced Product Ion (IDA-EPI)

analyte

Q1

(m/z)

Q3

(m/z)

collision energy,

CE (V)

entrance potential,

EP (V)

declustering potential,

DP (V)

collision cell exit potential,

CXP (V)

Specific Reaction Monitoring (SRM)

1, 3, and 5 358 155 37 10 86 12

2 372 155 37 10 86 12

4 and 6 344 155 35 10 71 12

2-d4 (IS) 376 155 37 10 86 12

5-d5 (IS) 363 155 37 10 86 12

1-, 3-, and 5-Gluc 534 358 30 10 30 15

2-Gluc 548 372 30 10 30 15

4- and 6-Gluc 520 344 30 10 30 15

Information-Dependent Acquisition-Enhanced Product Ion (IDA-EPI)

1�6 [MH]+ 80�600 40 10 40 NA

Figure 2. 1H NMR confirmation data for analytes (A) 3 and (B) 6 (see Figure 1).
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calibration stock solution containing analytes 1�6 (100 μg/mL)
that was stored at �40 �C until use. Daily calibration standards
were made by first preparing an intermediate working solution in
DMSO (0.5 μg/mL), followed by serial dilution with blank
human urine and DMSO (50% final concentration) to yield final
analytical standards ranging from 0.05 to 100 ng/mL. Blank
human urine was collected from untimed urine collections
provided by volunteers. Blank urine is maintained in clinical
laboratories housed at the Arkansas Department of Health,
Public Health Laboratory and is used for routine clinical analysis.
Blank human urine pools were screened prior to use to ensure
pools were void of AAI contamination.
A second source of analytical standards was not available for

this study, but quality control (QC) samples were prepared
independent of standards by spiking blank human urine with
varying levels of analytes 1�6 (0.1, 2.0, and 50 ng/mL final
concentrations) and DMSO (50% final concentration). One-
milliliter (1-mL) aliquots of standards and each QC sample were
spiked with deuterium-labeled internal standards (100 ng/mL
final concentration) available for analytes 2 and 5 prior to sample
extraction.
β-Glucuronidase Treatment of Subject Samples. To eval-

uate the relative amount of product excreted as glucuronic acid
conjugates, 40 μL of human urine samples were incubated in the
presence and absence of β-glucuronidase (bovine liver, Type
B-10, Sigma�Aldrich, St. Louis, MO) at 37 �C, with constant
shaking for 30 or 60 min, by adding 160 μL of 0.1 M pH 5.0
sodium acetate buffer containing β-glucuronidase (final concen-
tration of 1.6 units/μL). After incubations, 150 μL of the final
reactionmixture were matrix-matched to standards by diluting to

1.0 mL with the reaction buffer (0.1 M, pH 5.0 sodium acetate)
and DMSO (50% final concentration) prior to solid-phase
extraction, and, similar to that of the standards and QC samples,
were spiked with deuterium-labeled internal standards available
for analyte 2 and 5 (100 ng/mL final concentrations). A 33-fold
correction factor was applied to final calculations to account for
differences between standards and samples. Resulting differences
in calculated concentrations were used to estimate the percent
conjugation. Hydrolytic efficiency was determined by evaluating
appropriate molecular ion species specific for the glucuronides
prior to sample extraction (see Table 1).
Solid-Phase Extraction of Standards, Quality Control Ma-

terial, and Subject Samples. Final aliquots of prepared stan-
dards, QC material, and subject urine specimens treated with
β-glucuronidase were extracted using a polymeric strong-cationic
exchange solid-phase extraction cartridge (Strata X-B, 33 μ, 30
mg/mL, Phenomenex, CA). Extraction protocols consisted of
loading 1.0-mL aliquots, followed by washing the extraction
cartridges with 1 mL of aqueous sodium acetate buffer (0.1 M,
pH 5.0) and 1 mL of the aqueous sodium acetate buffer (0.1 M,
pH 5.0) mixed with 30% acetonitrile. Analytes of interest
were eluted five times using 1.0-mL aliquots of 85%/15%

Figure 3. Resulting enhanced product ion produced from analytes (A)
3 and (B) 6 (see Figure 1). Figure 4. Resulting chromatograph produced from (A) a representative

2 ng/mLQC standard and (B) a representative urine sample (specimen
4) containing analytes 1�6 (see Figure 1). Chromatography was similar
in all standards and unknown specimens. Different color tracings are
representative of the Specific Reaction Monitoring (SRM) experiments
(Table 1) used to detect analytes 1�6 (see Figure 1). The numbers
above chromatographic peaks corresponds to retention times estab-
lished for analytes 1�6 (see Figure 1). “UK” denotes a potential
contaminant or unidentified metabolites.
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ethylacetate/isopropyl alcohol. A total of 5.0 mL of elution
solvent was used to ensure adequate recoveries of all the six
analytes of interest. Extractedmetabolites were evaporated under
a stream of N2 at 60 �C and reconstituted in 100 μL of DMSO
prior to analysis.
Liquid Chromatography/Mass Spectrometry Conditions.

Analytes of interest were chromatographically separated under
isocratic conditions using an Agilent Zorbax Eclipse XDB-C18

analytical column (150 � 4.6 mm, 5 μm) heated to 40 �C.
Mobile phases consisted of 45% A (0.1% formic acid in water)
and 55% B (0.1% formic acid in acetonitrile. The XDB-C18

analytical column was washed and re-equilibrated between each
injection by ramping mobile phase B to 95% and then returning
the system to initial conditions. The total run time was 10 min.
As previously reported,6MS data were acquired in positive-ion

mode by electrospray ionization. In brief, the Turbo Ion Spray
source voltage was 2500 V, and source temperature was main-
tained at 600 �C. Nitrogen gas pressures for the GS1 and GS2
source gases, curtain gas, and collision gases were 55.0 cm/S,
55.0 cm/S, 35.0 cm/S, and “high”, respectively. Molecule-specific
parameters for Specific Reaction Monitoring�Information-
Dependent Acquisition (SRM-IDA) experiments are listed in
Table 1. The SRM-IDA transition threshold that triggered
Enhanced Product Ion (EPI) experiments was within the range
of 100�4000 counts per second (cps). Specific EPI para-
meters are summarized in Table 1. Resulting EPI mass spectra
for QC and unknown specimens were library-matched against
stored EPI mass spectra previously reported and obtained
from analytical standards (Figure 1) to ensure that similar uri-
nary metabolites that might interfere with analysis were fully
resolved. Autosampler carryover was assessed by injecting
blank urine injections that did not contain any standard material
and by injecting solvent blanks directly after the analysis of high

calibrations standards (100 ng/mL) and quality control samples
(50 ng/mL).
Human Subject Study Design. Four human subject urine

samples from the sample bank maintained at the Public Health
Laboratory at the Arkansas Department of Health were used for
this study. The study was approved by the Institutional Review
Board of theUniversity of Arkansas forMedical Sciences. Human
urine specimens were provided by the Arkansas Poison Control
Center, The New York Poison Control Center, North Shore
University Hospital in Long Island, and the Arkansas State Crime
Laboratory. Clinical information associated with the specimen
collected by the New York Poison Control Center has been
recently published.17 In some cases, specific products adminis-
tered by these individuals prior to urine collection were tested by
the Arkansas State Crime Laboratory, using standard forensic
analysis procedures.
Statistical Methods. Accuracy and precision measurements

were assessed by interday (nonconsecutive), replicate analysis
(N = 6) of prepared quality control (QC) samples. Accuracy was
calculated as the absolute percent relative error for each of the
expected QC concentrations using the following equation:

Accuracy ¼

�
�
�
�
�
nominal concentration�mean calculated concentration

�
�
�
�
�

nominal concentration
� 100

Analytical precision was calculated as the coefficient of variation
percentage (CV) for replicate measurements at the three QC
concentrations (0.1, 2.0, and 50 ng/mL). The limit of detection
was estimated as less than the lowest calibrator that was detected
in all experiments (0.1 ng/mL), while the lower limit of
quantification (LLQ) was estimated as 3 times the standard
deviation of the mean calculated concentration of the QC low
sample. The LLQvalue for analyte 3was estimated at <0.1 ng/mL;
therefore, the LLQ value was set at 0.1 ng/mL. Minimum

Table 2. Summary of Accuracy and Precision

Quality Control Low (0.1 ng/mL) Quality Control Medium (2 ng/mL) Quality Control High (50 ng/mL)

analyte

Conc. ( SD

(ng/mL)

coefficient of

variation, CV (%)

absolute relative

error, RE (%)

Conc. ( SD

(ng/mL)

coefficient of

variation, CV (%)

absolute relative

error, RE (%)

Conc. ( SD

(ng/mL)

coefficient of

variation, CV (%)

absolute relative

error, RE (%)

1 0.06 ( 0.04 76.1 42.0 2.3 ( 0.19 8.1 15.3 49.0 ( 4.4 8.9 1.9

2 0.16 ( 0.04 27.2 58.6 1.7 ( 0.20 11.6 16.1 48.2 ( 5.3 11.1 3.7

3 0.08 ( 0.02 29.6 16.7 1.95 ( 0.12 6.1 2.7 48.3 ( 4.7 9.7 3.3

4 0.09 ( 0.03 36.1 8.8 2.2 ( 0.19 8.7 7.3 48.2 ( 4.3 8.9 3.5

5 0.11 ( 0.06 59.2 6.7 1.9 ( 0.20 10.5 5.8 46.5 ( 4.8 10.3 6.9

6 0.07 ( 0.04 64.8 35.0 2.3 ( 0.26 11.1 16.0 47.9 ( 7.0 14.6 4.3

Table 3. Summary of Reporting Limits Established Through Interday Analysesa

analyte mean R2 minimum detection limit, MDL (ng/mL) lower limit of quantification, LLQ (ng/mL) minimum reporting limit, MRL (ng/mL)

1 0.988 <0.1 0.13 4.4

2 0.996 <0.1 0.13 4.3

3 0.993 <0.1 0.10b 3.3

4 0.991 <0.1 0.10 3.3

5 0.995 <0.1 0.19 6.3

6 0.987 <0.1 0.13 4.3
aData are based on six single, independent experiments conducted on nonconsecutive days. bActual LLQ calculations yielded 0.074 ng/mL, but was
established at 0.1 ng/mL as described in the Experimental Section.
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reporting limits (MRLs) were calculated as 33 times the LLQ
value, to account for dilution factors necessary to develop β-
glucuronidase treatment and solid-phase extraction procedures
that can be easily adopted by most clinical and forensic testing
laboratories.

’RESULTS AND DISCUSSION

AAIs have distinct structures when compared toΔ9-THC, and
they retain varying affinity toward these receptors. These have
emerged as the new “legal” designer drugs.16,18�21 Forensic
reports have identified JWH-018 and JWH-073 as primary sub-
stances contained in productsmarketed as “legalmarijuana”.4,18,20�23

Furthermore, it appears that the use of these “K2” products is on
the rise among teenagers and other susceptible populations.
Close to three thousand new emergency cases were reported to
poison control centers in the United States during in the first
quarter of 2011,24 and recent reports in Europe suggest that

populations in forensic and psychiatric patients commonly use
these products.18

Little is known about the clinical pharmacology of JWH-018
or JWH-073 in humans.12�15 The lack of a standardized and
validated assay for commonly used AAIs, coupled with limited
data on the metabolism of these analytes has hindered the study
of these new drugs of abuse. New information is beginning to
emerge that will help define the route of human metabolism that
could inform the development of sensitive biomarkers for “K2/
SPICE”exposure.5,7�9,11,25 Several reports5,7�9,11,25 indicate that
the small alkyl side chain of both JWH-018 and JWH-073 is a
target of cytochrome P450 oxidation. Both (ω)-hydroxyl and
(ω)-carboxyl metabolites have been identified in human urine
and serum after self-administration of JWH-018 and JWH-
073.6�9 However, several unidentified metabolites exhibiting
similar chromatographic properties and mass spectra have also
been detected in these studies.6

This report incorporates solid-phase extraction techniques
and deuterated internal standards to provide adequate sensitivity
and precision for measuring the previously identified oxidized
metabolites of JWH-018 and JWH-073 at levels excreted in a
typical population of AAI users. Also reported is the use of
analytical standards for the (ω-1)-hydroxyl derivatives of JWH-
018 and JWH-073 (Figure 1) to identify and quantify these new
metabolites in human urine.

Analytes 3 and 6 (Figure 1) were synthesized by Cayman
Chemical Company. 1HNMR confirmation studies show chemi-
cal shifts and coupling constants that were in agreement with the
chemical structures (see Figure 2). Mass spectra analyses of
analytes 3 and 6 were also consistent with predicted chemical
structures (see Figure 3). Appropriate molecular ions [MH+],
m/z 358 and 344, were observed for analytes 3 and 6, respec-
tively, along with other diagnostic fragment ions characteristic of
AAIs (m/z 127 and 155; see Figure 3). NMR and mass spectra
information for analytes 1 and 2 and analytes 4 and 5 has been
previously reported.6

The described LC-MS/MS procedure provides baseline re-
solution for each analyte of interest within 6.5 min (see Figure 4).
Retention times were consistent between all standards, QCs, and
samples and did not shift upon subsequent injections. While all
analytes of interest consistently elute within 6.5 min, the total
analytical run time was extended to 10 min, to incorporate the
high organic wash gradient and to allow time for column
equilibration. Comparisons of mass spectra collected for subject
samples and QC material with mass spectra collected using
analytical standards were essentially identical (see Figure 3).
Spectra comparisons were used to monitor for potential un-
known contaminants or other unidentified metabolites in subject
samples. Autosampler carryover was assessed by injecting blank
urine specimens that did not contain any standard material and
solvent blanks directly after the analysis of high calibration stan-
dards (100 ng/mL) and quality control samples (50 ng/mL).
Throughout method validation, autosampler carryover was not
detected while monitoring for analytes of interest, when metha-
nol was used as the needle rinse solvent.

A linear instrument response (IR � Peak areaAnalyte/Peak
areaIS) over the calibration range (0.05�100 ng/mL) was
observed in all experiments when a least-squares linear regres-
sion with 1/X weighting was used to calculate a line of best fit.
A high degree of accuracy and precision was observed for all
analytes of interests, as assessed by interday (nonconsecutive),
replicate analysis (N = 6) of prepared QC standards (Table 2).

Figure 5. Resulting extracted total ion chromatograph (TIC) from a
representative urine sample treated with β-glucuronidase for (A) 0, (B)
30, and (C) 60 min. This sample (specimen 1) was chosen as a
representative sample, because it contains relatively high concentrations
of JWH-018 and JWH-073 metabolites. The numbers above chromato-
graphic peaks corresponds to retention times established for analytes
1�6 (see Figure 1). “UK” denotes a potential contaminant or uni-
dentified metabolites.
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Regression coefficients show a high degree of linearity for all
experiments (Table 3), and LLQ and MRL calculations for each
metabolite ranged approximately from 0.1 ng/mL to 0.19 ng/mL
and 3.3 ng/mL to 6.3 ng/mL, respectively (see Table 3).

It is important to realize that the inclusion of solid-phase
extraction procedures effectively removes conjugated metabo-
lites and that hydrolysis efficiency assessments prior to extr-
action may be necessary. Sixty-minute (60-min) incubations at
37 �C were previously established as adequate for complete
hydrolysis;6 however, other time points have not been fully
evaluated. It is possible that some samples may require
longer incubation times, or perhaps this procedure can be
further streamlined. To better optimize sample pretreatment

procedures, β-glucuronidase efficiency was evaluated at 0, 30,
and 60 min at 37 �C. Figure 5 demonstrates a representative
chromatograph generated from the analysis of urine collected
from a subject that presumably self-administered JWH-018 and
JWH-073. At 0 min, almost all the measured metabolites were
present as glucuronic acid conjugates, whereas after 30 and 60
min of β-glucuronidase treatment (1.6 units/μL) at 37 �C, >80%
and 94% of the conjugated metabolites were hydrolyzed, respec-
tively. Results from all the specimens tested in this study are
presented in Table 4, and this table illustrates the importance of
assessing hydrolysis efficiency; otherwise, urinary metabolite
concentrations may be underestimated.

To begin testing the utility of this new assay, urinary con-
centration of analytes 1�6 were measured in urine specimens
collected from four human subjects who had recently self-
administered either JWH-018 or a mixture of JWH-018 and
JWH-073. No information was available on the specific product
used prior to collecting urine sample from specimen 1. This
sample was included in this study, because of its high metabolite
concentrations (Table 5). Two individuals reported using JWH-
018 prior to urine collection (specimens 2 and 3), while a third
subject used a mixture of JWH-018 and JWH-073 (specimen 4).
Products that were reportedly used by patients 2�4 were
evaluated by the Arkansas State Crime Laboratory to detect
the presence of synthetic cannabinoids and other drugs, using
methods capable of detecting trace levels.

Chromatographic resolution of the primary metabolites ex-
creted by a representative subject is presented in Figure 4, and
resulting concentrations are summarized in Table 5. Retention
times and product ion mass spectra comparisons were consistent
with mass spectra libraries created with analytical standards
(Figure 3).6 Experiments with β-glucuronidase were also con-
sistent with previous reports6,8 showing that the detected oxi-
dized metabolites were excreted primarily as glucuronic acid
conjugates (Figure 5 and Table 5). Quantification of these
metabolites confirm previous reports6,8 determining that (ω)-
hydroxyl and (ω)-carboxyl metabolites (analytes 1 and 2) are
major metabolites excreted after JWH-018 use. New data now
show that the (ω-1)-hydroxyl metabolite (analyte 3) is also a
primary urinary metabolite of JWH-018 and is excreted at higher
concentrations than (ω)-hydroxyl (analyte 1) and (ω)-carboxyl
metabolite (analyte 2) in these four subjects. The rank order for
the concentrations of JWH-018 metabolites excreted in urine of
these four subjects is analyte 3 > analyte 1 > analyte 2.

Quantification of JWH-073 metabolites differed somewhat
from JWH-018 metabolites. In the four specimens, analyte 5 was
shown to be the primary metabolite, with urinary concentrations
in the range of 6.2�46 ng/mL, with the percent glucuronic acid

Table 4. Assessment of β-Glucuronidase Hydrolysis Efficiency (Final Concentration of 1.6 units/μL) at 30 and 60 min at 37 �C

% Hydrolysis

JWH-018-OH-Gluc JWH-018-COOH-Gluc JWH-073-OH-Gluc

specimen 30 min 60 min 30 min 60 min 30 min 60 min

1 81 94 100 100 93 100

2 100 100 100 100 100 100

3 96 96 100 100 100 100

4 94 97 100 100 82 100

Table 5. Urinalysis Summarya

JWH-018

specimen analyte 1 analyte 2 analyte 3

1 urinary concentration (ng/mL) 156 77 233

1 (%) GA-conjugate 100 79 100

2 urinary concentration (ng/mL) 129 41 162

2 (%) GA-conjugate 95 71 100

3 urinary concentration (ng/mL) 94 16.5 149

3 (%) GA-conjugate 100 37.2 100

4 urinary concentration (ng/mL) 23 17 46

4 (%) GA-conjugate 100 54 100

JWH-073

specimen analyte 4 analyte 5 analyte 6

1 urinary concentration (ng/mL) — 46 —

1 (%) GA-conjugate — 68 —

2 urinary concentration (ng/mL) — 6.2 —

2 (%) GA-conjugate — 33 —

3 urinary concentration (ng/mL) — 7.3 —

3 (%) GA-conjugate — 5.5 —

4 urinary concentration (ng/mL) 6.2 16 50

4 (%) GA-conjugate 100 31 100
aDash (—) denotes that no value was detected.
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conjugation ranging from 5.5% to 68%. With the exception of
specimen 4, the remaining specimens had nondetectable levels of
the (ω)-hydroxyl and (ω-1)-hydroxyl metabolites (Table 5). It is
unclear why these differences exist, and further controlled studies
are necessary to account for these differences. It is interesting to
note that (ω)- and (ω-1)-hydroxyl derivatives (analytes 4 and 6)
were only detected in the specimen known to have administered
JWH-073 (specimen 4) and that analyte 5 was present in
specimens that were presumably administered only JWH-018.
It is possible that humans can demethylate JWH-018 to form
JWH-073 metabolites, or it is possible that these subjects may
have had a previous unexpected exposure to JWH-073. This
anomaly could be due to unknown contaminations known to be
present in “K2/SPICE” products.

’CONCLUSION

This is the first report to use LC-MS/MS methods and
analytical standards for ω-1 hydroxylated metabolites of JWH-
018 and JWH-073 to simultaneously identify and quantify
metabolic products of JWH-018 and JWH-073 excreted in
human urine. Using β-glucuronidase pretreatment protocols also
allows for quantification and identification of the glucuronic acid
conjugates. The incorporation of deuterium-labeled internal
standards and development of new automated solid-phase
extraction techniques meets sensitivity, precision, and accuracy
requirements for most clinical and forensic laboratories. This
analytical procedure can be used in future studies to characterize
the humanmetabolism and clinical effects of JWH-018 and JWH-
073. For example, this method provides the ability to begin
linking clinical symptoms and toxicological profiles with specific
use patterns and relative concentrations of primary metabolites
of two common AAIs used in ‘K2’ and ‘SPICE’ products. Data
suggest that analytes 1, 2, and 3 are the primary urinary
metabolites of JWH-018. Analyte 4, 5, and 6 are the primary
urinary metabolites of JWH-073, but more-controlled studies are
needed to determine if analyte 5 is excreted after JWH-018 use.
Inconsistencies in product formulations and the virtual lack of
manufacturing quality control measures may introduce an un-
expected exposure to JWH-073 and other AAIs. Further con-
trolled clinical studies are needed to continue validating these
initial findings.
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