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Abstract

Introduction—The recent emergence and widespread availability of many new synthetic
cannabinoids support the need for an accurate and high-throughput urine screen for these new
designer drugs. We evaluated performance of the immunalysis homogeneous enzyme
immunoassay (HEIA) to sensitively, selectively, and rapidly identify urinary synthetic
cannabinoids.

Methods—2443 authentic urine samples were analyzed with the HEIA that targets JWH-018 N-
pentanoic acid, and a validated LC-MS/MS method for 29 synthetic cannabinoids and metabolites.
Semiquantitative HEIA results were obtained, permitting performance evaluation at and around
three cutoffs (5, 10 and 20 pg/L), and diagnostic sensitivity, specificity and efficiency
determination. Performance challenges at +25 and £50% of each cutoff level, cross-reactivity and
interferences also were evaluated.

Results—Sensitivity, specificity, and efficiency of the immunalysis HEIA K2 Spice kit with the
manufacturer's recommended 10 pg/L cutoff were 75.6%, 99.6% and 96.8%, respectively, as
compared to the reference LC-MS/MS method with limits of detection of 0.1 -10 pg/L.
Performance at 5 pg/L was 92.2%, 98.1% and 97.4%, and for the 20 pg/L cutoff were 62.9%,
99.7% and 95.4%. Semi-quantitative results for in-house prepared standards were obtained from
2.5-30 ug/L, and documented acceptable linearity from 5-25 pg/L, with inter-day imprecision
<30% (n = 17). Thirteen of 74 synthetic cannabinoids evaluated were classified as highly cross-
reactive (=50% at 10 pg/L); 4 showed moderate cross-reactivity (10-50% at 10 pg/L), 30 low
cross-reactivity (<10% at 500 pg/L), and 27 <1% cross-reactivity at 500 pg/L. There was no
interference from 102 investigated compounds. Only a mixture containing 1000 pg/L each of
buprenorphine/norbuprenorphine produced a positive result above our proposed cutoff (5 pg/L)
but below the manufacturer's recommended cutoff concentration (10 pg/L).

"Corresponding author. Tel.: +1 443 740 2524; fax: +1 443 740 2823. mhuestis@intra.nida.nih.gov (M.A. Huestis).
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Conclusion—The Immunalysis HEIA K2 Spice kit required no sample preparation, had a high-
throughput, and acceptable sensitivity, specificity and efficiency, offering a viable method for
screening synthetic cannabinoids in urine that cross-react with JWH-018 N-pentanoic acid
antibodies.
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1. Introduction

According to recent reports, cannabis is the most widely used illicit drug [1,2]. Its primary
psychoactive compound, A%-tetrahydrocannabinol (THC), exhibits partial agonist activity at
CB1 and CB2 receptors [3]. Numerous cannabimimetic compounds were synthesized to
examine the endogenous cannabinoid system and evaluate the possibility of selectively
activating individual cannabinoid receptors [4]. Selective CB2 receptor affinity could
potentially provide analgesic properties without cannabis-induced psychoactive effects and
may show promise for treating acute and chronic pain [5,6]. However, synthetic
cannabinoids initially intended for research and clinical applications possess CB1 and/or
CB2 receptor binding affinity up to 100 times more than THC and have rapidly become
drugs of abuse [7,8]. Synthetic cannabinoids are now a popular alternative to cannabis for
their psychoactive effects, availability, affordability and ability to avoid detection in routine
monitoring programs [9].

Currently, synthetic cannabinoids are categorized into at least twelve classes based on
chemical structure: adamantoylindole [10], benzoylindoles [10], cyclohexylphenols [11],
classical dibenzopyrans [12], indazole based [13], naphthoylindoles and WIN 55,212-2
[10,14], naphthoylpyrroles [15,16], naphthylmethylindoles [17], naphthylmethylindenes
[17], phenylacetylindoles [18], quinolinyl ester (indole based) [19] and
tetramethylcyclopropyl ketone indoles [16], with new synthetic cannabinoids constantly
emerging. Most synthetic cannabinoids are now structurally unrelated to traditional
cannabinoids (Fig. 1).

Synthetic cannabinoids have been documented in blood, oral fluid, serum and urine [20-23].
In urine, few parent synthetic cannabinoids are present, but more prevalent are their hydroxy
and carboxy metabolites that are more readily excreted [24]. Sobolevsky et al. published the
first report affirming JWH-018 metabolite detection in human urine [25]. Urine is the
primary matrix for drug testing due to ample sample volume and extended detection
windows.

The growing use of synthetic cannabinoids was reported in the United States [9], Europe
[26], and Japan [27]. These new designer drugs are often advertised as incense, potpourris,
and air fresheners and sold over the internet and in convenience stores, gas stations and
“head shops” [9]. The constant emergence of new synthetic cannabinoids and their
widespread availability make it difficult for regulatory agencies to stay abreast of this major
public health problem. Due to the potential for abuse, five of the most widely abused
synthetic cannabinoids were classified as Schedule | under a temporary ban by the US
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Department of Justice in March 2011 [28]. Following this initial ban, the Synthetic Drug
Abuse Prevention Act was signed into US law in July 2012. This new law explicitly bans 15
synthetic cannabinoids under Schedule I of the Controlled Substances Act [29].

Synthetic cannabinoids are not detected in standard laboratory cannabinoid screening tests,
making it an attractive alternative for users who must undergo drug testing. The current
approach is to develop analytical methods for the qualitative identification and
quantification of synthetic cannabinoids and metabolites in urine. To date, these methods
include gas chromatography mass spectrometry (GC-MS) [30,31], gas chromatography
tandem mass spectrometry (GC-MS/MS) [25], liquid chromatography tandem mass
spectrometry (LC-MS/MS) [23,32-36] and liquid chromatography time-of-flight mass
spectrometry (LC-TOF/MS) [37]. Many of these techniques require labor intensive sample
preparation and long analysis times to achieve identification.

Immunoassays provide an inexpensive, sensitive and rapid screening alternative to
hyphenated chromatographic techniques, offering high-throughput testing for targeted
synthetic cannabinoids. Of course, a definitive mass spectrometry confirmation is required,
but the number of specimens requiring confirmation will be much lower.

Although there are many evaluations of traditional cannabinoid immunoassays, there are
limited synthetic cannabinoid immunoassay methods [38]. The optimized performance of
the Immunalysis K2 HEIA (targeting the JWH-018 N-pentanoic acid metabolite) for
identifying synthetic cannabinoids in urine was evaluated and compared to an LC-MS/MS
assay for 29 synthetic cannabinoids markers.

2. Materials and methods

2.1. HEIA immunoassay

The HEIA technique is based on the principle of competitive antibody, and drug and drug-
enzyme interactions. The polyclonal antibody and enzyme-drug conjugate are provided in
ready-to-use solutions and do not require washing steps or long incubation periods common
to enzyme-linked immunosorbent assays (ELISA). Advantages of this technique include low
matrix effects, reduced sample preparation and high throughput. Semi-quantitative analysis
was performed on an Olympus AU400e (Beckman Coulter) fully automated analyzer,
capable of 400 tests per hour. Testing was performed using the Immunalysis HEIA K2 Spice
kit, which determines the enzyme activity correlated with the concentration of the targeted
JWH-018 N-pentanoic acid metabolite in urine. Enzyme activity was measured
spectrophotometrically at 340 nm. Daily calibration was performed with synthetic urine
fortified at 0, 10 and 20 pg/L of JWH-018 N-pentanoic acid metabolite. Blank urine and
calibrators were pipetted (10 uL) into quartz cuvettes. After 18 s, the first reagent,
containing the antibodies was added (100 pL) and the mixture incubated for 3 min. The
second reagent, containing the conjugate was added (70 pL), an initial absorbance taken
after 18 s and a final absorbance after 108 s. The Olympus software plotted the rate of
absorbance (mAbs/min) against concentration (ug/L). The rate of absorbance difference (A
mAbs/min) between 0 and 10 pg/L was compared to the rate of absorbance between 10 and
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20 pg/L to check for consistency. A calibration curve from 0-20 pg/L JWH-018 N-pentanoic
acid provided semi-quantitative results.

2.1.1. Specimens—In a project funded under inter-agency agreements between the
Department of Defense (DoD) Drug Demand Reduction Initiative and the National Institutes
on Drug Abuse, National Institutes of Health, 20,017 authentic urine specimens were
analyzed for synthetic cannabinoids using the Randox Drugs of Abuse V biochip array
technology. Specimens were collected over one year from around the world and stored at
room temperature before initial DoD immunoassay analyses occurring within days of
collection. Specimens screened negative for cannabinoids, cocaine, amphetamines,
benzodiazepines, phencyclidine and opiates during routine urinalysis testing, and were
transferred for synthetic cannabinoids analysis. Following biochip analysis for synthetic
cannabinoids, presumptive positive (1389) and selected negative (1054) specimens were
refrigerated at 4-7 °C before HEIA determination and LC-MS/MS confirmation.

2.2. Calibration and quality control

Analyses were performed utilizing a three point calibration (0,10 and 20 pg/L) from
calibrators prepared in synthetic urine. The instrument was calibrated before each run and a
positive in-house control (30 pg/L) was assayed throughout to monitor performance.
Performanceat5, 10and20 pg/Lcutoffswereevaluatedbycomparing semi-quantitative
screening results to qualitative LC-MS/MS confirmation results for 29 synthetic
cannabinoids and metabolites.

2.3. External performance challenges

JWH-018 N-pentanoic acid was purchased from Cayman Chemicals (Ann Arbor, MI). Stock
standard solutions were prepared by diluting contents with appropriate volumes of methanol.
Working performance challenges at £25% and +50% of each cutoff concentration (5 pg/L,
10 pg/L and 20 pg/L) were prepared by fortifying drug free authentic urine with stock
control solution. All external performance challenge samples were randomly assayed
throughout the sequence of specimens for assessment of assay imprecision, and the ability to
correctly classify concentrations around each cutoff.

2.3.1. Analyses—Approximately 1 mL of each authentic urine specimen, external quality
control, interference, and cross-reactivity sample was aliquotted into 4 mL polypropylene
tubes and analyzed by the HEIA. Specimens (2443), interference mixtures (32), cross-
reactivity samples (148) and performance challenges (12) were analyzed on an Olympus
AU400e automated analyzer.

2.4. Assay performance criteria

We evaluated imprecision, cross-reactivity, and interferences, and characterized sensitivity,
specificity, and diagnostic efficiency. Linearity was assessed by graphing the semi-
quantitative results of performance challenges (n = 17) with a quantile-quantile (Q-Q) plot,
allowing a comparison of the distribution of two data sets (known concentrations vs.
measured concentrations). Known concentrations were 2.5, 3.75, 5, 6.25, 7.5, 10, 12.5, 15,
20, 25 and 30 pg/L in urine.
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2.4.1. Imprecision—Semi-quantitative values of performance challenges were monitored
throughout the duration of analysis. Inter-day imprecision (n = 17) was evaluated from
individual absorbance readings for samples prepared at £25 and +50% of each cutoff
calibrator, collected over 5 separate days. For the 5 ug/L cutoff, samples were prepared at
2.5, 3.75, 6.25 and 7.5 pg/LIJWH-018 N-pentanoic acid, for the 10 pg/L cutoff, 5, 7.5, 12.5,
15 ug/L were evaluated, and for the 20 pg/L cutoff we monitored performance at 10, 15, 25
and 30 pg/L Imprecision samples were randomly assayed each day, at a minimum of once
each 8 h shift. The average percent difference of target and percent coefficient of variation
were calculated as follows:

. average concentration — target concentration
Average percent difference= -
average concentration

standard deviation
Coefficient of Variation:( - ) x 100
average concentration

Average percent difference and coefficient of variation <30% and <15%, respectively, were
considered acceptable degrees of imprecision for the semi-quantitative HEIA.

3. Cross-reactivity

Synthetic cannabinoids and metabolites structurally similar to the target JWH-018 N-
pentanoic acid may cross-react with the antibody, increasing the effectiveness of monitoring.
To evaluate cross-reactivity, low (10 pg/L) and high (500 pg/L) concentrations of 74
synthetic cannabinoid compounds (including the calibrator, JWH-018 N-pentanoic acid
metabolite), were prepared by fortifying drug free urine with methanolic stock solutions.
148 blank urine cross-reactivity samples contained the following drugs: JWH-018,
JWH-019, JWH-073, JWH-081, JWH-122, JWH-200, JWH-203, JWH-210, JWH-250,
JWH-398, AM 2201, MAM2201, RCS-4, RCS-8, CP 47,497, AM 694, HU 210, UR-144,
JWH-007, JWH-015, JIWH-251, AM 1220, WIN 55,212-2 mesylate, AKB 48, URB 754,
STS 135, XLR-11 and their metabolites. All synthetic cannabinoid parent and metabolite
compounds used to evaluate cross-reactivity were obtained from Cayman Chemical (Ann
Arbor, MI).

The percent cross-reactivity was calculated using the following formula:

concentration from calibration curve
%Cross — reactivity= ( ) x 100

analyte concentration

4. Interferences

Common drugs of abuse and metabolites, co-administered drugs, over-the-counter
medications and structurally similar compounds may interfere with drug-antibody
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interactions, altering assay response. Twenty-six interference mixtures, containing 96
compounds, were prepared at 1000 pg/L by fortifying 5 mL blank urine with methanolic
stock drug solutions (10— 100 pg/mL). Individual interference challenges containing:
methanol (72 pg/L), cannabigerol (100 pg/L), sodium chloride (40 g/L), ascorbic acid (4
g/L) and urine adjusted to pH > 8 with sodium hydroxide and urine also adjusted to pH < 4
with acetic acid samples also were prepared. Assay responses from 102 compounds
evaluated potential interferences relative to the lowest investigated cutoff (5 pg/L).

5. Sensitivity, specificity, and diagnostic efficiency

Sensitivity, specificity, and efficiency of the immunoassay was determined by analyzing all
presumptive positive and negative specimens by a previously published LC-MS/MS assay
for 29 synthetic cannabinoids and metabolites [32]. Specimens with a good spectral library
match (>60%), retention time within £0.05 min of target, and presence of three
characteristic masses and the molecular ion were confirmed positive. Immunoassay results
were classified as positive or negative relative to each cutoff concentration (5, 10 and 20
ug/L). Specimens with immunoassay results greater or equal to the cutoff and positive LC—
MS/MS results were true positives (TP). A true negative (TN) had negative immunoassay
and LC-MS/MS results. A false negative (FN) had negative immunoassay results, but
confirmed positive by LC-MS/MS, and a false positive (FP) had positive immunoassay
results but were negative by LC-MS/MS. Percent sensitivity, specificity and efficiency for
the assay at each cutoff were calculated as follows:

true positives

Sensitivity= { } x 100

(true positives+false negatives)

true negatives

Specificity= [ ] x 100

(true negatives+false positives)

(true negatives+true positives)

Diagnostic efficiency= { ] x 100

(total specimens)

6. Results and discussion

Linearity (2.5-30 pg/L) was investigated with assay performance challenges above (+25 and
+50%) and below (=25 and —50%) each proposed cutoff. A Q—Q plot compared distribution
of the data sets. A perfect normal distribution exhibits a straight 45° line and the closer the
data points are to this line, the closer the data set is to a normal distribution. Data that are not
normally distributed display a systematic curve away from the straight line. For semi-
quantitative purposes, the average percent difference between the target JWH-018 N-
pentanoic acid concentration and the measured concentration each day (n = 17) was
checked. Linearity was acceptable from 5-25 ug/L (Fig. 2), with % differences of actual and
predicted concentrations <30.4% in this range. There appeared to be a trend of
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overestimating linearity concentrations <5 pg/L and differences from target concentrations
below the limit of quantification were <68.0% (Table 1). Despite mean % differences of
only —14.9% from target at 30 pg/L, the graphical representation appeared to indicate the
beginning of a concentration plateau, and was excluded from the linear range. A full
evaluation of linearity may benefit with more concentration levels; however, semi-
quantitative screening results will ultimately require confirmation by another analytical
technique. Despite the trend of overestimating results, the negative performance challenges
(2.5 and 3.75 pg/L) for the 5 pg/L cutoff were always negative, and as expected the 6.25 and
7.5 pg/L were always positive. When evaluating the 10 pg/L cutoff, the 5 and 7.5 pg/L
challenges were always negative while the 12.5 and 15 pg/L were positive 16 of 17 times.
Positive and negative performance challenges (£25% and £50%) for the 20 ug/L cutoff were
always correctly classified. The differences among the performance challenges were always
significant (p < 0.05), demonstrating the ability of the assay to distinguish between
concentrations close (£25%) to each cutoff. Additionally, the performance challenges also
examined immunoassay inter-day imprecision. Coefficients of variation (CV) ranged from
3.4% to 14.9% for each drug concentration (n = 17). Based on these results, we utilized a
linear range from 5-25 ug/L when assessing semi-quantitative results from samples in the
cross-reactivity evaluation.

Three synthetic cannabinoid metabolites, JWH-073 N-(butanoic acid), JWH-073 N-(4-
hydroxybutyl) and JWH-073 N-(3-hydroxybutyl) were the most cross-reactive (Table 2a)
with a high affinity for the antibody, similar or better than the calibrator (JWH 018 N-
pentanoic acid metabolite). Ten additional compounds were classified as highly reactive
(=50% cross-reactivity at 10 pg/L). Four compounds and metabolites showed moderate
cross-reactivity (10-50%). Thirty compounds displayed low cross-reactivity (=1% and
<10% at 500 ug/L) (Table 2b), and 27 compounds had cross-reactivity <1% at the same
tested concentration (Table 2c). For semi-quantitative purposes, only compounds with
concentrations in the linear range of the assay (5— 25 pg/L) were evaluated in terms of
percent cross-reactivity. These results indicate that the antibody is capable of recognizing a
wide range of synthetic cannabinoids and metabolites.

JWH-073 N-butanoic acid had the highest cross-reactivity of the 74 compounds evaluated.
The metabolite is a naphthoylindole with a carboxylated 4-carbon N-alkyl chain, differing
from the target structure only by a shorter alkyl side chain length. It appears that decreasing
the side chain length by one carbon increased cross-reactivity. Comparing the number of
carbons on the side chain, JWH-073 (4C), JWH-018 (5C) and JWH-019 (6C), cross-
reactivity for parent drugs was JWH-073 >JWH-018 >JWH-019. This order of reactivity
appeared to be the same considering the terminal hydroxyl metabolites or the carboxyl
metabolites for each. In general, the n-terminal carboxyl metabolites were more reactive
than the correspondent hydroxyl metabolite and both cross-reacted more than the parent.
Hydroxylation, carboxylation and fluorination of the alkyl side chain appeared to have a
strong positive affect on cross-reactivity. Similar responses were observed for hydroxyl
metabolites that differ in the location of the hydroxyl on the side chain, as evident when
comparing JWH-018 N-(4-hydroxy) vs. N-(5-hydroxy) and JWH-073 N-(4-hydroxy) vs. N-
(3-hydroxy). Synthetic cannabinoids having a hydroxyl on the indole ring displayed lower

Forensic Sci Int. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Barnes et al.

Page 8

cross-reactivity than the parent compound. These structural characteristics are useful in
anticipating cross-reactivities of new synthetic cannabinoid variations as they emerge on the
market.

Additionally, other commonly abused drugs, over-the-counter and prescription medications,
and structurally similar compounds that could produce false positive results or discrepant
absorbance readings were investigated. One hundred of the 102 interference samples, 97 of
which were tested at 1000 pg/L, yielded a concentration less than the lowest cutoff evaluated
(5 pg/L) (Table 3). Only the buprenorphine and norbuprenorphine mixture (1000 ug/L each)
produced a value of 7.3 pg/L, above our recommended cutoff, yet lower than the
manufacturer's recommended cutoff (10 pg/L). These results indicate that although the
antibody recognizes drugs other than synthetic cannabinoids, there is negligible contribution
to the concentration of the analyte of interest (at 10 and 20 pg/L).

The sensitivity, specificity and efficiency of the Immunalysis HEIA for detection of
JWH-018 N-pentanoic acid were assessed. Semi-quantitative results from authentic urine
specimens were compared to LC-MS/MS results. As there are currently no mandated
screening cutoffs for synthetic cannabinoids by any regulatory body, assay performance at 5,
10 and 20 pg/L cutoffs was evaluated. Sensitivity, specificity, and efficiency were 92.2%,
98.1% and 97.4% for the 5, 75.6%, 99.6% and 96.8% for the 10, and 62.9%, 99.7% and
95.4% for the 20 pg/L cutoff, respectively (Table 4). As expected, the lowest cutoff (5 pg/L)
exhibited the highest sensitivity (92.2%) and efficiency (97.4%) while the highest (20 ug/L)
cutoff gave the greatest specificity (99.7%). Using the 5 pg/L cutoff produced fewer FN
specimens (22), but more false positive tests (42). With the 10 pg/L cutoff, there were 69 FN
and 9 FP results, whereas the 20 pg/L cutoff had 105 FN and 7 FP. Although there is only a
marginal difference between the specificity and efficiency of the assay using the 5, 10 and
20 pg/L cutoffs, improvements in sensitivity by using a cutoff of 5 pg/L should be
considered. However, suitable negative immunoassay controls must be employed and
established confirmation methods must be able to verify these presumptive positive
screening results.

This evaluation of the Immunalysis HEIA synthetic cannabinoid assay demonstrated good
performance at 5 and 10 ug/L cutoffs as compared to an LC-MS/MS assay for 29 synthetic
cannabinoids and metabolites (Table 5). Immunoassays have many advantages, making
them attractive, cost-effective options for workplace drug testing or high-throughput military
laboratories. Simple and rapid sample preparation, short analysis times and the potential for
automation are advantages compared to the expense of screening samples by LC-MS/MS
that include the high cost of instrumentation, need for highly trained personnel and reduced
throughput. However, there are limitations as well, especially in the ever-changing synthetic
cannabinoid market. As manufacturers constantly create subtle differences in chemical
compounds to avoid existing laws, laboratories are tasked with identifying these newer
synthetic compounds. Unfortunately, the antibodies in the Immunalysis K2 HEIA that are
capable of identifying first generation synthetic cannabinoids based on the targeted
napthoylindole structure may not cross react with the most recent compounds on the market.
Confounding this problem is the length of time required to produce, develop and validate
new immunoassay methods that will be able to detect second generation synthetic
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cannabinoids. Despite these limitations, the current antibody is capable of recognizing a
wide range of synthetic cannabinoids and metabolites, although it will be critical to evaluate
cross-reactivities of newly emerging compounds.

Evaluation of synthetic cannabinoid use by sensitive and specific drug screens is necessary
for clinical, forensic, drug treatment and workplace drug screening programs. After
investigating 2443 authentic urine specimens, performance challenges, cross-reactivity and
mixtures of potentially interfering compounds, the Immunalysis K2 HEIA was demonstrated
to be a highly sensitive and selective method for rapidly monitoring synthetic cannabinoids
in urine by targeting the JWH-018 N-pentanoic acid metabolite at a cutoff concentration of 5

pa/L.
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Fig. 2.
Linearity evaluation with the quantile-quantile plot for fortified performance challenge

samples (5-30 pg/L) analyzed in 17 batches. Duplicate values were averaged in each run and
mean concentrations were plotted vs. known concentrations. Straight line corresponds to
100% agreement with the predicted concentration. Dashed lines are £30% of target
concentrations.
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Table 2a

Synthetic cannabinoids with high and moderate levels of cross-reactivity. Cross-reactivity was calculated with
concentrations of 10 pg/mL when initial measured concentrations exceeded the upper limit of linearity (25

HO/L).

Synthetic cannabinoid Concentration obtained for Concentration obtained for Cross reactivity (%)
samples at 500 pg/L@ samples at 10 pg/L at 10 pg/L
JWH 073 N-(butanoic acid) metabolite 321 11.8 118
JWH 073 N-(4-hydroxybutyl) metabolite 33.0 8.8 88
JWH 073 N-(3-hydroxybutyl) metabolite 33.7 8.3 83
JWH 018 N-(5-pentanoic acid) metabolite 331 8.3 83
AM 2201 (4-hydroxypentyl) metabolite 34.2 7.5 75
JWH 018 N-(5-hydroxypentyl) metabolite 325 7.4 74
JWH 200 (6-hydroxyindole) metabolite 30.6 7.3 73
JWH 200 31.6 7.1 71
JWH 018 N-(4-hydroxypentyl) metabolite 33.2 7.1 71
AM 1220 31.6 6.9 69
JWH 18 N-(5-hydroxypentyl)-8-D-glucuronide  33.1 6.9 69
JWH 200 (5-hydroxyindole) metabolite 26.3 6.5 65
JWH 019 N-(6-hydroxyhexyl) metabolite 33.2 5.0 50
MAM 2201 29.0 44 10-5002
JWH 073 (6-hydroxyindole) metabolite 27.7 3.8
AM 2201 30.5 2.7
JWH 073 26.9 1.3

a . . -
Measured concentrations out of the semi-quantitative range.
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Table 2b

Page 16

Synthetic cannabinoids with a low level of cross-reactivity. Measured concentrations of fortified challenges
were within the semi-quantitation range (5-25 pg/mL) at known concentration of 500 pg/L.

Synthetic cannabinoid

Concentration obtained for samples at 500 pg/L

Cross-reactivity (%)

JWH 073 (7-hydroxyindole) metabolite
JWH 018 (6-hydroxyindole) metabolite
JWH 398 N-(pentanoic acid) metabolite
JWH 398 N-(5-hydroxypentyl) metabolite
JWH 022

MAM2201 N-(pentanoic acid) metabolite
JWH 122 N-(5-hydroxypentyl) metabolite
AM694

JWH 018 (7-hydroxyindole) metabolite
JWH 018

JWH 019

JWH 073 (5-hydroxyindole) metabolite
WIN 55,212-2 (mesylate)

JWH 018 (5-hydroxyindole) metabolite
AM 2201 (6-hydroxyindole) metabolite
RCS-4 2-methoxyisomer

JWH-015

AM2201 N-(4-fluoropentyl isomer)

JWH 081 N-(5-hydroxypentyl) metabolite
JWH 210 N-(5-hydroxypentyl) metabolite
JWH 019 (5-hydroxyindole) metabolite
JWH 210 N-(5-pentanoic acid) metabolite
JWH 398

JWH 250 N-(4-hydroxypentyl) metabolite
JWH 250 N-(5-hydroxypentyl) metabolite
JWH 210 N-(4-hydroxypentyl metabolite)
JWH 122

JWH-007

JWH 250 N-(pentanoic acid) metabolite
JWH 073 (4-hydroxyindole) metabolite

24.9
23.7

23

22
21.4
20.3
20.4
20.5
19.8
19.7
18.7

17
16.3
12.6
12.6
121
12.2
11.4
111

9.2
8.7
7.5
6.8
6.8
6.9
7.1
6.3
6.4
6.5

5.0
4.7
4.6
44
4.3
4.1
41
41
4.0
3.9
3.7
34
3.3
25
25
2.4
2.4
2.3
2.2
1.8
1.8
1.7
15
14
1.4
14
1.4
1.3
13
1.3
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Synthetic cannabinoids with cross-reactivity <1%.

Synthetic cannabinoid

AKB 48

CP 47,497

JWH 018 adamanty| carboxamide

URB 754

JWH-251

STS-135

UR144

JWH 108 adamantyl analog

JWH 250 (5-hydroxyindole) metabolite
RCS-4

UR144 N-(pentanoic acid) metabolite
JWH 250

HU210

XLR-11

CP 47, 497 C8 homolog

CP 47, 497 (C7-hydroxy) metabolite
RCS-8

UR144 N-(5-hydroxypentyl) metabolite
JWH 203

JWH 018 (2-hydroxyindole) metabolite
RCS-4 N-(5-pentanoic acid) metabolite
JWH 210

JWH 210 (5-hydroxyindole) metabolite
JWH 073 (2-hydroxyindole) metabolite
RCS-4 N-(5-hydroxypentyl) metabolite
JWH 081
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Table 3

Immunoassay interference during the detection of synthetic cannabinoids.

Page 18

Compound/Mix Analyte concentration (ug/L) Immunoassay
detected
concentration
(Mg/L)
Methanol 72 0.0
Buprenorphine, norbuprenorphine 1000 7.3
Cocaine, benzoylecgonine, norcocaine, nor-benzoylecgonine 1000 24
Ecgonine ethyl ester, ecgonine methyl ester, anhydroecgonine methyl ester, ecgonine 1000 18
Cocaethylene, norcocaethylene 1000 17
m-OH-cocaine, p-OH-cocaine, m-OH-benzoylecgonine, p-OH-benzoylecgonine 1000 15
Morphine, normorphine, M3G, M6G 1000 1.9
Codeine, norcodeine, 6-acetylmorphine, 6-acetylcodeine 1000 3.0
Hydrocodone, hydromorphone, oxycodone 1000 0.9
Noroxycodone, oxymorphone, noroxymorphone 1000 1.0
Propoxyphene, 3,4-methylenedioxyphenyl-2-butanamine (BDB), N-methyl BDB 1000 2.2
R-cath, EAMP, 2-CB (4-bromo-2,5-dimethoxiphenethylamine) 1000 2.2
Diazepam, lorazepam, oxazepam, alprazolam 1000 2.2
Imipramine, clomipramine, fluoxetine, norfluoxetine 1000 1.2
Paroxetine, 7-aminoclonazepam, 7-aminoflunitrazepam, 7-aminonitrazepam 1000 3.3
Clonidine, ibuprofen, pentazocine, caffeine 1000 0.7
Diphenhydramine, chlorpheniramine, brompheniramine 1000 1.9
Salicylic acid, acetaminophen, ibuprofen, caffeine 1000 0.4
Bromazepam, clonazepam, flurazepam 1000 1.4
Nitrazepam, flunitrazepam, temazepam, nordiazepam 1000 2.7
Nicotine, cotinine, OH-cotinine, norcotinine 1000 21
Methadone, 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP) 1000 25
Paramethoxyamphetamine, paramethoxymetamphetamine 1000 0.4
Amphetamine (AMP), Methamphetamine (MAMP), MDMA, MDA, MDEA, HMMA, 1000 1.2
HMA, OH-AMP, OH-MAMP
Ephedrine, pseudoephedrine 1000 2.2
Ketamine, dextromethorphan, phentermine 1000 24
Cannabigerol 100 2.2
THC, 11-OH-THC, THCOOH, CBD, CBN 1000 2.7
NaCl 402 -2.6
Ascorbic acid 42 -0.1
Urine pH > 8 (NaOH) - 1.0
Urine pH < 4 (acetic acid) - -1.0

ag/L.
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Table 5

Limits of detection for the LC-MS/MS qualitative screening reference method.

Analyte Limit of detection (ug/L)
JWH-200 5-hydroxyindole 5
JWH-200 6-hydroxyindole 25
RCS-4 pentanoic acid 10
RCS-4 5-hydroxypentyl 5
JWH-250 pentanoic acid 0.5
JWH-250 4/5-hydroxypentyl 1
JWH-073 butanoic acid 5
JWH-073 4-hydroxybutyl 25
JWH-018 pentanoic acid 25
JWH-018 5-hydroxypentyl 0.5
AM2201 4-hydroxypentyl 25
AM2201 6-hydroxyindole 5
JWH-081 5-hydroxypentyl 2.5
JWH-122 5-hydroxypentyl 0.5
JWH-073 5/6-hydroxyindole 25
JWH-250 5-hydroxyindole 2.5
JWH-210 pentanoic acid 25
JWH-210 4/5-hydroxypentyl 1
JWH-018 5/6-hydroxyindole 1
AM2201 1
RCS-4 25
JWH-210 5-hydroxyindole 10
MAM2201 25
JWH-250 5
JWH-073 5
JWH-018 1
JWH-081 10
JWH-122 2.5
JWH-210 10
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