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ABSTRACT 

 

Title: Novel Psychoactive Substances: Analytical Approaches, Military Prevalence, and 

Human Metabolite Profiling 

 

Marisol S. Castaneto, Doctor of Philosophy, 2015 

 

Dissertation Directed by: Professor Dr. Dr. (h.c.) Marilyn A. Huestis, Chief of Chemistry 

and Drug Metabolism Section, National Institute on Drug Abuse, NIH 

The rapid and ongoing emergence of novel psychoactive substances poses a 

serious public health and safety threat. We investigated how clinical and forensic 

toxicology laboratories can best address novel psychoactive substances proliferation. We 

performed a comprehensive literature review of 913 articles to identify knowledge gaps 

in the pharmacodynamics, pharmacokinetics, epidemiology, chemistry, toxicity, and 

detection of synthetic cannabinoids. Synthetic cannabinoids provided users an alternative 

to achieve cannabis’ effects and avoid detection in routine drug tests, making synthetic 

cannabinoids intake attractive to individuals subject to drug testing including athletes, 

police, commercial drivers, and military personnel.  

We analyzed 20,017 randomly collected urine specimens from US service 

members stationed around the world for synthetic cannabinoids and piperazines with a 

biochip array technology immunoassay. We identified 1432 synthetic cannabinoids and 

840 piperazines presumptive-positive specimens. After confirmation of presumptive-

positive and randomly selected presumptive-negative specimens by liquid 



 

chromatography tandem mass spectrometry (LC-MS/MS) or LC-high-resolution MS 

(LC-HRMS), we obtained a 1.4% synthetic cannabinoids positivity rate. In addition, 

0.4% specimens confirmed for designer piperazines, the majority positive (N=72) for 1-

(3-chlorophenyl)piperazine (mCPP) and trazodone, an antidepressant metabolizing to 

mCPP and prescribed to treat insomnia and/or post-traumatic stress disorder. We also 

optimized immunoassay performance for four synthetic cannabinoids and three designer 

piperazines urine drug screening methods.  

 Our AB-FUBINACA metabolic stability and metabolite profile studies with 

human liver microsomes and human hepatocytes incubation and LC-HRMS identified 

AB-FUBINACA as a low-clearance drug (extraction ratio =0.34) with a window of 

detection in urine of a few days. Of 11 metabolites identified in human hepatocytes, AB-

FUBINACA carboxylic acid was the most dominant metabolite generated by amide 

hydrolysis. Metabolites also were verified in authentic urine specimens. 

 We present here best approaches for novel psychoactive substances identification 

in urine for clinical and forensic drug testing programs, and analytical methods for 

determining metabolic stability and profiles with human liver microsomes, human 

hepatocytes, and HRMS. Identifying specific synthetic cannabinoid intake is critical for 

tying the drug to adverse events and educating the public on the drugs’ danger. 
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Chapter 1 – Introduction 

 

The rapid and continuous emergence of novel psychoactive substances (NPS) not 

scheduled under the 1961 or 1971 United Nations Conventions1 pose a serious public 

health and safety threat. “Designer drugs,” the previous term describing these synthetic 

psychoactive compounds, may be structurally similar or completely different from 

natural or synthetic controlled drugs. NPS generally are agonists at controlled drugs’ 

receptors, and often synthesized to avoid drug regulations. In the 1980s, some of the first 

NPS were fentanyl (e.g. α-methylfentanyl, β-hydroxy-3-methylfentanyl, 3-

methylfentanyl, etc.) analogs.2 Currently, there are benzodiazepines and cocaine 

derivatives, piperazines, phenylalkylamines, phencyclidine (PCP) homologs, synthetic 

cannabinoids (SC), synthetic cathinones, synthetic opioids, and tryptamine derivatives 

(Figure 1).1 One of the reasons that “designer drug” was replaced by NPS is that it was 

not applicable to psychotropic agents extracted from plants or fungi, which also can be 

misused.  

By December 2013, 348 NPS were reported to the United Nations Office on 

Drugs and Crime (UNODC), increasing from 251 in July 2012.3 Of these additional 97 

NPS, 50% were SC, 16.7% phenethylamines, 8.3% synthetic cathinones, 4.2% ketamine 

and PCP-type substances, 3.1% piperazines, 2.1% tryptamines, 2.1% plant-based 

substances and 13.5% others. In 2011, the US Drug Enforcement Administration (DEA) 

initially placed five SC and three synthetic cathinones under the Controlled Substance 

Act (CSA) and by 2015, 49 NPS were on Schedule I, the majority being SC.4 
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Current Trends and Illicit Drug Use in the US 

The 2013 National Survey on Drug Use and Health (NSDUH) estimated that 24.6 

million (9.4%) Americans aged 12 years or older took illicit drugs in the past month, 

increasing from 8.9% in 2012.5 Illicit drugs included cannabis, cocaine, heroin, 

hallucinogens, and inhalants, and in addition, non-medical use of prescription drugs. 

Cannabis was the most frequently reported drug with 19.8 million past month users; only 

8.7 million used a non-cannabis illicit drug. The annual Monitoring the Future (MTF) 

survey tracks national substance abuse trends in 50,000 8th, 10th and 12th graders, 

reporting lifetime prevalence of illicit drug intake as 20.3%, 38.8%, and 50.4%, 

respectively.6 Cannabis represented the majority of lifetime illicit drug use, 17% in 8th, 

36% in 10th, and 46% in 12th graders, with past month use in 23% of high school seniors. 

Questions about SC and synthetic cathinones intake were added in 2011 and 2012, 

respectively. In 2012, SC intake was 4.4% in 8th, 8.8% in 10th and 11.3% in 12th graders, 

declining to 4.0%, 7.4%, and 7.9%, respectively, in 2013. Synthetic cathinones 

consumption in 12th graders fell from 1.3% (2012) to 0.9% (2013), while 8th and 10th 

graders increased intake from 0.8% and 0.6%, respectively, to 1.0% and 0.9% the 

following year. 

 In comparison, the 2011 Department of Defense (DOD)-sponsored  Health 

Related Behaviors Among Active Duty Military Personnel (HRB) survey, including 

Army, Navy, Marine Corps, Air Force, and Coast Guard personnel, estimated illicit drug 

intake (excluding misuse of prescription drugs) as 0.3%, 1.4% and 28.2% for past month, 

past year, and lifetime use, respectively, including SC and/or inhalants intake.7 Cannabis 
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also was the illicit drug most commonly reported (27.1% lifetime), with 1.1% reporting 

 

Figure 1. Classification of Novel Psychoactive Substances.The Department of 

Transportation (DOT) rule, 49 CFR Part 40, provides mandatory guidelines and 

procedures for workplace drug and alcohol testing of federally regulated transportation 

personnel including non-government employees operating vehicles on land, air, and 

water. Non-federal workplace drug testing programs generally adopt the guidelines 

established by SAMHSA and DOT.  



4 
 

SC intake in the past year. Moreover, the HRB survey reported that 89.8% of military 

personnel underwent routine drug testing within the past year. No other NPS was 

specified in the survey. By February 2011, DOD prohibited SC consumption, possession, 

and distribution in all services.8 Between March 2011 and March 2012, the Armed Forces 

Medical Examiner System (AFMES) Forensic Toxicology Division received 1,635 urine 

samples across five branches (Army, Air Force, Marine, Navy, and Coast Guard) from 

military personnel suspected of SC intake and confirmed 70.2% positive for one or more 

SC analytes.  

Drug Testing Programs 

The detection of illicit drug consumption including nonmedical intake of 

prescription medications is critical in clinical settings, criminal investigations, driving 

under the influence of drugs, performance enhancement (sports anti-doping), and 

workplace and military drug testing. Monitoring illicit drug consumption also is vital in 

evaluating the cause of observed adverse effects or impairment. Currently, many clinical 

and forensic laboratories screen samples with qualitative immunoassays and confirm 

presumptive positive samples by gas chromatography mass spectrometry (GC-MS), or 

liquid chromatography tandem MS (LC-MS/MS).  

Many civilian employees in safety sensitive positions are subject to workplace 

drug testing established by the Substance Abuse Mental Health and Services 

Administration (SAMHSA), Department of Health and Human Services (DHHS) 

Mandatory Guidelines for Federal Workplace Drug Testing Program (75 FR 71858). 

 The regulation that governs military drug abuse testing is DOD Directive 1010.1. 

The DOD forensic toxicology and drug testing laboratories (FTDTLs) operations and 
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certification are managed in accordance with DOD Instruction 1010.16 (Technical 

Procedures for Military Personnel Drug Abuse Testing Program); this instruction, 

however, does not apply to drug testing performed by AFMES. Service members 

suspected of illicit NPS intake are subject to “probable cause” urinalysis, with samples 

analyzed by AFMES. Except for SC, added into the routine drug testing panel in 

December 20139, AFMES continues to confirm samples from suspected NPS intake. 

 NPS, typically not detected in routine urine drug testing, provide recreational drug 

users alternatives that may circumvent federal legislation. In addition, NPS 

pharmacokinetics data are limited. New compounds continue to emerge with a long delay 

in availability of reference standards for analytical assays. Analytical laboratories must 

carefully choose suitable markers, and obtain commercial standards to quantify NPS 

analytes in biological matrices. NPS identification and quantification is important for 

documenting intake and evaluating drug toxicities.  

  In the military the drug positivity rate was 0.9% for cannabis, cocaine, 

amphetamines (including 3,4-methylenedioxymethylamphetamine, MDMA), and 

opioids.10 As SC and synthetic cathinones were gaining popularity among service 

members, urine drug testing for these compounds was restricted to probable cause or 

active criminal investigations. For the DOD forensic drug-testing program, several key 

questions had to be addressed before NPS could be included in the testing panel. 

Questions such as “How prevalent is NPS use?” “Is 100% testing required or could 

random pulse testing of specimens deter use?” “Do laboratories have the capability 

(technology) to analyze specimens in a high throughput manner?” “What are the best 

urinary markers to document intake and what are their windows of detection?" “What 
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administrative cutoffs should be established for NPS screening and confirmation?” “Do 

the most common SC cross-react with current immunoassays?” “Are analytes stable 

when stored at room temperature (RT), 4°C or -20°C?” “Are results forensically 

defensible?” “Is passive exposure possible?” These questions must be critically addressed 

for NPS to be added for military routine urine drug testing.  

 Starting in August 2011, the Army Medical Department Long Term Health and 

Education Training Program awarded me a 4-year scholarship to pursue my PhD (school 

of choice) in the field of Biochemistry, Pharmacology, or Toxicology. My previous duty 

assignment in a DOD FTDTL persuaded me to study Forensic Toxicology at the 

University of Maryland, Baltimore Graduate School. In addition, I have the privilege to 

work under the mentorship of Dr. Marilyn Huestis at the Chemistry and Drug 

Metabolism (CDM), National Institute on Drug Abuse (NIDA), National Institutes of 

Health (NIH). With the increasing NPS intake in the military (especially SC) and 

associated adverse effects, we addressed and evaluated key gaps in our understanding of 

NPS. The primary objective of this research was to investigate how clinical and forensic 

toxicology laboratories can best address rapid NPS proliferation in the recreational drug 

market. In support of this objective, we needed to determine the current state of SC and 

synthetic cathinones scientific knowledge, and to determine the best analytical, cost-

effective and legally defensible approaches for testing in the DOD random drug testing 

program. The Drug Demand Reduction Program Initiative, an interagency agreement 

between the DOD Office of the Under Secretary of Defense for Personnel and Readiness 

and Chemistry and Drug Metabolism, National Institute on Drug Abuse, NIH funded this 

research. 
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 The first aim was to conduct a comprehensive SC literature review including 

chemical structure and synthesis, receptor binding affinity, pharmacology, epidemiology, 

legal status, and analytical methods for detection in herbal products and biological 

matrices. The review was a tremendous undertaking involving five CDM, NIDA staff, 

and the assistance of NIH library services. Our comprehensive systematic literature 

search included seven electronic databases (PubMed®, EmbaseTM, Web of ScienceTM, 

Scopus™, Cochrane, Biological Abstracts, and Chemical Abstracts via STN® and 

SciFinder® platforms), Google Scholar, and Google up to December 31, 2013 except for 

Biological Abstracts and Chemical abstracts (up to November 30, 2011). We provided 

DOD a comprehensive report on the current knowledge on SC. This report served as the 

basis for two review manuscripts. Chapter 3 encompasses SC pharmacokinetics and 

analytical detection methods in biological matrices including 70 manuscripts up to 

December 31, 2013. An updated literature search was conducted from January 1 to 

September 30, 2014 focusing on these topics in EmbaseTM, Web of ScienceTM, PubMed 

and Google Scholar ensuring that the most recent data were included.   

 The second aim was to determine SC prevalence in the military between July 

2011 and June 2012 by analyzing 20,000 service members’ random urine specimens 

collected from personnel stationed around the world. The first commercially available SC 

biochip array technology (BAT) immunoassay (Randox, LTD) was utilized as the high 

throughput screen. All presumptive positive and randomly selected presumptive negative 

specimens were confirmed with our 29 SC marker qualitative LC-MS/MS, and 53 SC 

marker quantitative LC-MS/MS assays, which were the most comprehensive SC assays at 

the time. We hypothesized that SC would appeal to military personnel as a cannabis 
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alternative that could avoid detection in routine urine tests. We hypothesized that due to 

limited SC military drug testing (i.e. no routine drug testing) the SC positivity rate in 

urine would be similar, if not higher, than other routinely tested illicit drugs in the DOD 

drug testing program. We also evaluated Randox SC immunoassay performance and 

validated the method (Chapter 4), and quantified urinary SC metabolites (Chapter 5). 

 The third aim was to characterize in vitro Phase I and Phase II metabolism of AB-

FUBINACA, a new SC with limited published metabolism data. Our laboratory 

developed human liver microsomes (HLM) and human hepatocytes methods for 

incubating NPS and determining their full metabolic scheme by high-resolution mass 

spectrometry (HRMS). We applied these new techniques to determine the best urinary 

analytical targets for AB-FUBINACA. Due to limited preclinical SC toxicity and safety 

data, controlled SC administration to humans is not yet feasible, as stringent regulatory 

and safety reviews are required including a Food and Drug Administration (FDA) 

Investigational New Drug application. For this reason, we conduct in vitro studies with 

HLM and human hepatocytes to determine the best targets for identifying SC intake. Our 

approach enabled the first characterization of Phase I and II metabolites for 10 new SC 

from different structural families, including AB-FUBINACA (Chapter 6). I performed 

these analyses, which provided me the opportunity to learn these incubation techniques 

and HRMS experience that may be important for my future career. We hypothesized that 

AB-FUBINACA would undergo extensive oxidative biotransformation based on our 

other SC metabolism studies. 

 Lastly, we evaluated the Randox BAT urine piperazine immunoassay and 

analyzed 20,017 service members’ urine specimens. The BAT piperazine assay has three 
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different piperazines antibodies, two targeting phenylpiperazines (PNPs) and one 

targeting benzylpiperazines (BZPs). We developed and validated a LC-HRMS 

confirmation method for 40 novel psychoactive stimulants, 4 metabolites and trazodone, 

an antidepressant that produces 1-(3-chlorophenyl)piperazine (mCPP) metabolite, also a 

designer piperazine. Randox BAT urine piperazine immunoassay method validation data 

are included in Chapter 7. All designer piperazine presumptive positive and randomly 

selected presumptive negative specimens were confirmed with the validated LC-HRMS 

assay. Based on these data, we determined optimal cutoffs for each antibody. 

Furthermore, we investigated stability of 8 designer piperazines and trazodone in fortified 

negative urine at RT, 4°C, and -20°C for 2 and 4 weeks (Chapter 8). We hypothesized 

that designer piperazines’ positivity rate in US service members’ urine specimens would 

be relatively similar to that of SC, due to lack of their detection in routine workplace 

testing and their increasing prevalence in the recreational drug market. 

 Finally, Chapter 9 addresses each specific aim and hypothesis, presents 

limitations and summarizes research findings. This conclusion chapter also presents 

knowledge gaps and proposes future research for the many challenges NPS pose for 

clinical and forensic scientists. In addition, critical skills and knowledge I acquired during 

my training at NIDA are highlighted as abstracts of our published work.  



 

10 
 

Chapter 2 - Synthetic Cannabinoids: Epidemiology, 

Pharmacodynamics, and Clinical Implications 

(As published in Drug and Alcohol Dependence, August 2014)1 

Abstract 

SC are a heterogeneous group of compounds developed to probe the endogenous 

cannabinoid system or as potential therapeutics. Clandestine laboratories subsequently 

utilized published data to develop SC variations marketed as abusable “designer drugs.” 

In the early 2000’s, SC became popular as “legal highs” under brand names such as 

“Spice” and “K2,” in part due to their ability to escape detection by standard cannabinoid 

screening tests. 

The majority of SC detected in herbal products have greater binding affinity to the 

cannabinoid CB1 receptor than does Δ9-tetrahydrocannabinol (THC), the primary 

psychoactive compound in the cannabis plant, and greater affinity at the CB1 than the CB2 

receptor. In vitro and animal in vivo studies show SC pharmacological effects 2-100 

times more potent than THC, including analgesic, anti-seizure, weight-loss, anti-

inflammatory, and anti-cancer growth effects. 

 SC produce physiological and psychoactive effects similar to THC, but with 

greater intensity, resulting in medical and psychiatric emergencies. Human adverse 

effects include nausea and vomiting, shortness of breath or depressed breathing, 

hypertension, tachycardia, chest pain, muscle twitches, acute renal failure, anxiety, 

                                                           
1 Castaneto et al. Drug Alcohol Depend. 2014, 144, 12-41. 
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agitation, psychosis, suicidal ideation, and cognitive impairment. Long-term or residual 

effects are unknown. Due to these public health consequences, many SC are classified as 

controlled substances. However, frequent structural modification by clandestine 

laboratories results in a stream of novel SC that may not be legally controlled or 

detectable by routine laboratory tests.  

 We present here a comprehensive review, based on a systematic electronic 

literature search, of SC epidemiology and pharmacology and their clinical implications.  

 

Introduction 

SC interact with CB1 and CB2 cannabinoid receptors and elicit cannabimimetic 

effects similar to THC, the primary psychoactive constituent in cannabis.11 SC were 

developed as research tools to explore the endocannabinoid system and as potential 

therapeutics.12 CB1 receptors are expressed in the central and peripheral nervous systems, 

bone, heart, liver, lung, vascular endothelium, and reproductive system.13 CB2 receptors 

are primarily in the immune system, but also in the central nervous system at lower levels 

than CB1.
14 SC activate CB1 receptors, G-protein coupled receptors predominantly 

located at pre-synaptic terminals. CB1 receptor activation decreases cellular cyclic 

adenosine monophosphate (cAMP) levels and elicits cannabimimetic responses.15 SC 

agonists interact with voltage-gated ion channels and inhibit potassium, sodium, and N- 

and P/Q-type- calcium channels by reducing membrane potentials. 

 Cyclohexylphenols (CP) were synthesized between 1970 and 1980 with CP55,940 

( 2-[(1R,2R,5R)-5-hydroxy-2-(3-hydroxy-propyl)-cyclohexyl]-5-(2-methyl-octan-2yl)-

phenol), commonly utilized to localize cannabinoid receptors.16 Created in Dr. Raphael 
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Mechoulam’s laboratory at Hebrew University (HU), Jerusalem, HU-210 [(6aR)[-trans-

3-(1,1-dimethylheptyl)-6a,7,10,10a-tetrahydro-1-hydroxy-6,6-dimethyl-6H-

dibenzo[b,d]pyran-9-methanol] is a dibenzoypyran, structurally similar to THC, and a 

highly potent CB1 and CB2 agonist. 17 In the 1990s, aminoalkylindoles such as 

WIN55,212 [(R)-(+)-[2,3-dihydro-5-methyl-3-(4-morpholinylmethyl)pyrrolo[(1,2,3.de)-

1,4-benzoxazin-6-yl]-1-naphthalen-ylmethanone] were investigated as potentially safer 

(non-psychotropic) pharmacotherapies.18 John W. Huffman (JWH) created the most 

extensive SC series with chemical structures different from the classical dibenzopyran, 

but eliciting cannabimimetic effects in animals.19 Other SC developed in the last two 

decades were the AM-series (Alexandros Makriyannis)20 and indazole-carboxamide 

derivatives, e.g. AB-FUBINACA [N-[(2S)-1-amino-3-methyl-1-oxo-2-butanyl]-1-(4-

fluorobenzyl)-1H-indazole-3-carboxamide].21 To date hundreds of SC were categorized 

into the following structural groups (Figure 2): adamantoylindoles, aminoalkylindoles, 

benzoylindoles, cyclohexylphenols, dibenzopyrans, naphthoylindoles, 

naphthylmethylindoles, naphthylmethylindenes, naphthoylpyrroles, phenylacetylindoles, 

tetramethylcyclopropyl ketone indoles, quinolinyl ester indoles, and indazole 

carboxamide compounds. 

SC, synthesized in clandestine laboratories and sprayed on dried plant materials, 

were first marketed as legal cannabis alternatives in Europe in the early 2000’s.22 SC sold 

on the Internet, in head shops and convenience stores as Spice and K2 are labeled “not 

for human consumption.” Many SC are Schedule I drugs under the US CSA.23. As new 

SC groups are scheduled, more structurally-diverse cannabimimetic compounds emerge, 

which may not be covered under current regulations. 
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Figure 2. Structural classes of synthetic cannabinoids. 



 

14 
 

SC popularity are attributed to intense psychoactive effects, lack of detectability 

in routine urine drug tests, and, until recently, legal status in most jurisdictions.24 

Documented serious adverse effects and limited human pharmacology data make SC 

intake an important public health and safety concern. We present SC epidemiology, 

pharmacodynamic profiles, and clinical implications, based on a systematic and 

comprehensive electronic literature review.  

 

Methods 

We conducted a comprehensive literature search of 7 electronic bibliographic 

databases (PubMed®, EmbaseTM, Web of ScienceTM, Scopus™, Cochrane, Biological 

Abstracts, and Chemical Abstracts via STN® and SciFinder® platforms) up to December 

31, 2013, except that Biological Abstracts (Biosis) and Chemical Abstracts searches 

ended November 30, 2011. In addition, we expanded our query employing Google and 

Google Scholar, and hand-searched reference lists of identified articles. We employed 

database-specific search strategies with multiple keywords (e.g. “synthetic 

cannabinoids”, “JWH-018,” JWH-073,” “Spice,” and “K2”) , utilizing word 

truncation/wild card symbols and index terms as appropriate for each database (Table 1). 

Each identified article was categorized into the following topics (based on title and 

abstract review): animal and human pharmacology (pharmacodynamics and 

pharmacokinetics), chemistry, commercial sources, detection and identification, 

epidemiology, legal status, receptor interactions, and street use and marketing. 

Of 3,161 potentially relevant records, 2,343 were excluded because they pertained 

to plant-derived cannabinoids (e.g. cannabinol, cannabidiol, nabiximols [Sativex®]),  
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Table 1. Strategies for comprehensive electronic literature search on synthetic 

cannabinoids. 
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Table 1 Continued 
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Table 1 Continued 
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synthetic THC (dronabinol [Marinol®], nabilone [Cesamet®] ), or endogenous 

cannabinoids (e.g., anandamide, 2-arachidonoylglycerol), or were not English language. 

Articles (n=818) related to SC analytical methods, chemical synthesis, legal status, 

pharmacokinetics, and street use and marketing will be reviewed elsewhere; this review 

covers SC epidemiology (9), animal and human pharmacodynamics (338), and receptor 

interactions (42). Articles older than 10 years were included only if the study was not 

replicated more recently, yielding 215 articles included in this review. 

 

Results 

Epidemiology  

 We identified 9 SC epidemiological studies, none population- or community-

based. Two worldwide surveys of self-selected convenience samples were conducted 

between 2011-2012. The first, collecting data online between January 4th and February 

7th, 2011 recruited participants primarily from Internet drug forums providing SC 

information.24c Of 391 participants, 168 met inclusion criteria (self-reported SC intake, 

English speaking, and ≥18 years), representing 13 countries and 42 US states. The 

majority were Caucasian (90%), single (67%), men (83%), with at least high school 

education (96%), with mean first SC use at 26 years. Almost all (92%) reported alcohol 

and 84% cannabis intake, both frequently combined with SC. The most common route of 

administration was smoked (via water pipe/bong, cigarette, blunt or pipe); however, oral, 

rectal and vaporized administration also were mentioned. Curiosity was the primary 

reason (78%) for SC intake, while 58% favored the drugs’ effects. About one-third 

sought intoxication while avoiding a positive cannabinoid test. SC abuse was reported by 
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37%, dependence 15%, and withdrawal 15%. Discontinued SC intake produced similar 

cannabis withdrawal symptoms including headaches, anxiety/nervousness, depression, 

irritability.  

 The second worldwide anonymous online survey collected data between 

November 23 and December 21, 2011, yielded 14,966 participants, two-thirds men, 

median age 26 years, of whom 17% (n=2,513) reported SC intake.24b Of those using SC 

within the last year (n=980), 98% also used cannabis, and commonly other drugs. 

Although SC onset of effects was faster than for cannabis, 92.8% (n=887) preferred 

cannabis to SC due to the latter’s undesirable effects. However, 7.2% reported preference 

for SC over cannabis for reasons such as accessibility, cost, non-detection, and effects.  

Several single-country surveys of self-selected convenience samples were 

conducted. An anonymous email survey (n=852) at the University of Florida in 

September 2010 found that 8.1% reported lifetime SC use and 68% were male and 32% 

female. Smoking in a cigarette was most frequent (88%), with 25% consuming with a 

hookah and/or joint.25 A majority (91.3%) also smoked cannabis. There was no 

significant association between SC use and race, marital status, or campus living 

arrangement.  

Between December 2011-January 2012, 316 Australian SC users (≥18 years, 77% 

male, 86% high school graduates, and 30% college graduates) completed an online 

survey.26 The majority (78%) were employed, 19% were students, and <10% unemployed 

(or actively looking for work). About 10% sought aid for illicit drug and 3% for alcohol-

related problems. Almost all (94%) reported SC intake within the past year, 45% within 

30 days. SC daily use was reported by 7% and weekly intake by >33%, 96% reported 
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lifetime cannabis intake, 94% within the last year, and 61% the past month. Polydrug use 

was reported by 64% and 27 different SC brands were consumed. 

A field-based survey interviewed 1,740 adults between May-October 2012 at 

clubs in New York City.27 Mean age was 26.4 (range 18–40) years, with 55.2% male, 

35.5% homosexual, 61% Caucasian, 15% African-American, 15% Latino, 6.0% Asian, 

and 12% mixed race. Of those reporting past year SC intake (8.2%), 41.2% were 

heterosexual men and 17.4% lesbian and bisexual women. SC prevalence in this US 

sample was lower than self-reported prevalence (12.6%) among those participating 

(n=2,700) in an online survey in UK dance clubs between November 17–30, 2009.28  

 The annual MTF of approximately 50,000 US high school students included 

questions related to lifetime and past year SC intake in 2011-2013.29 For 2013, 25.8% 

reported past-year cannabis intake and 6.4% SC intake. In 2012, students reported 24.7% 

cannabis and 8.0% SC consumption, with 14.8% and 23.5% of 12th graders perceiving 

cannabis and SC intake (once or twice), respectively, as less harmful than other drugs. By 

2013, SC perceived harmfulness increased to 25.9% (not significant), while perceived 

harmfulness of most other illicit drugs, aside from synthetic cathinones (59.5%), did not 

significantly change. 

 SC possession and use were prohibited for US military personnel as early as 

2010.30 Between March 2011 and March 2012, the AFMES received 1,635 urine samples 

from service members suspected of SC intake.8 Of these, 1,148 (70.2%) specimens 

confirmed positive for SC. An Army Substance Abuse Program 2012 SC prevalence 

study of 10,000 randomly collected urine specimens, previously screened negative for 

routinely-tested drugs, reported 2.5% positivity rate.30e The 2011 HRB Among Active 
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Duty Military Personnel web-based survey reported a 1.1% past month SC use among 

39,877 non-deployed member respondents, which was higher than cannabis (0.9%).7 

Though some service members claimed that SC sold in convenience stores were 

perceived as legal,31 military officials believed that limited SC testing was a major factor 

in their illicit use.30a, 30e SC are now included in routine military drug testing.9 

 In 2012, the World Anti-Doping Agency (WADA) reported 8 samples positive for 

JWH-018 [naphthalen-1-yl-(1-pentylindol-3-yl)methanone] (n=6) and JWH-073 

[naphthalen-1-yl-(1-butylindol-3-yl)methanone] (n=2) among 4,500 samples positive for 

prohibited substances under the Anti-Doping Administration and Management System.32 

HU-210 or THC-like cannabinoids were identified in the 2010 Prohibited List,33 which 

further expanded in 2011 to include “Spice” cannabimimetics.34 

 In summary, SC appealed to young cannabis and polydrug users. US high school 

students perceive SC as safer than other drugs of abuse. Military personnel and athletes 

smoke SC to avoid a positive drug test. However, most SC smokers preferred cannabis 

due to SC’ negative effects. 

 

Animal Pharmacodynamics  

 There were 265 peer-reviewed journal articles published between 1989 and 2013 

relating to SC animal pharmacodynamics. The most frequently studied SC were the 

aminoalkylindole WIN55,212-2 (134 studies), cyclohexylphenol CP55,940 (54), and HU-

210 (39). We identified few studies with the naphthoylindoles (JWH-018 and analogs) 

and the newer SC structural families that now dominate the market.  
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Physiological and Behavioral Effects 

Acute SC intraperitoneal (i.p.), intravenous (i.v.), or oral (p.o.) administration 

produced dose-dependent physiological effects similar to THC in rodents and non-human 

primates, such as anti-emesis, cannabinoid tetrad (analgesia, catalepsy, hypomotility, 

hypothermia), and hypotension. Some SC act as anti-epileptics or enhance anti-

convulsant drug actions in rodents. SC activity at the CB2 receptor mediates anti-cancer, 

anti-inflammatory, anti-oxidative cardio-protective, and immunosuppressive properties. 

Few SC studies evaluated effects on more complex animal behavior. Chronic 

CP55,940 (0.15-0.3 mg/kg, i.p.) exposure in adolescent rats impaired short-term and 

working memory as adults, while chronic exposure in adulthood had no long-lasting 

effect.35 Acute administration of 1.2 mg/kg i.p. WIN55,212-2 to adolescent and adult rats 

affected object and social discrimination; rats continuously exposed to WIN55-212-2 

since puberty showed persistent discrimination deficits as adults.36 Behavioral deficits 

(socialization, self-grooming) were more pronounced in WIN55,212-2 (1.2 mg/kg i.p.) 

chronically-treated adolescent rats than adults.37  

Chronic exposure to HU-210 (25, 50, or 100 µg/kg i.p.), a CB1/CB2 agonist 100 

times more potent than THC in vivo, reduced body weight in adult rodents during the  

4 days, with slow weight gain thereafter, although still lower than controls after 14 

days.76a Weight loss was associated with dose-dependent CB1 receptor down-regulation 

continuing throughout chronic exposure. In contrast, adolescent rats gained weight over 

the entire study, but also showed some CB1 receptor down-regulation over 14 days. 

Single 100 µg/kg i.p. HU-210 doses significantly decreased CB1 binding in the caudate 

putamen and hippocampus of adolescent rats and increased brain glucose  
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Table 2. Synthetic cannabinoids (SC) pharmacodynamics evaluation and effects in 

animals. 
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metabolism in young adult rats, with metabolism returning to normal the following 

day.108 These studies suggest that SC’s chronic effects are influenced by age, dose, and 

exposure duration, and that drug tolerance can develop over time. Animals exposed to 

100 µg/kg i.p. HU-210 for 12 days manifested increased anxiety, correlating with higher 

plasma cortisone concentrations compared to controls.49 Repeated 3.0 mg/kg i.p. 

WIN55,212-2 induced anxiogenic-like behaviors in rats, associated with increased 

cathecholamine expression in locus coerulus, which is involved in norepinephrine 

synthesis.60 CP55,940, a nonselective cannabinoid agonist, administered acutely (10-50 

µg/kg i.p.) to an anxiety-prone rat strain elicited anxiogenesis ,73, 88 which diminished as 

tolerance developed.88 Repeated 7-day exposure to 50 µg/kg i.p CP55,940, was 

associated with 5-HT2A receptor upregulation in rat prefrontal cortex126 and 

hypothalamic paraventricular nucleus,127 as well as enhanced anxiety-like behaviors. 

These observations suggest a link between SC and anxiety that is mediated by brain 

serotoninergic activity, which is influenced by baseline anxiety level. 

Drug discrimination and drug re-instatement studies 

 In rat discrimination studies, AM5983 [(1-[(1-methylpiperidin-2-yl)methyl)]-1H-

indol-3-yl)(naphthalen-1-yl)methanone)] and AM2389 [9β-hydroxy-3-(1-hexyl-cyclobut- 

1-yl)-hexahydrocannabinol] with ED50 0.06 and 0.03 mg/kg, respectively, potency was 4– 

105 times higher than THC’s (0.26 mg/kg).128 In non-human primates, JWH-073 and 

JWH-018 induced THC-like subjective effects at concentrations as low as 0.032 mg/kg 

(JWH-018), compared to 0.1 mg/kg THC with a shorter duration of action (1.5–2.3 h 

versus 3 h for THC). Rimonabant (0.32-1 mg/kg i.v.), a CB1 receptor antagonist/inverse 
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agonist, dose-dependently attentuated SC discriminative stimulus effects,90 suggesting 

mediation through the CB1 receptor.  

 Rimonabant-elicited withdrawal symptoms (head shakes, increased heart rate) in 

monkeys previously exposed to THC were dose-dependently attenutated by 0.032–0.32 

mg/kg CP55,940 or 1-10 mg/kg WIN55,212-2 i.v. administration. CP55,940 (0.4 mg/kg 

i.p.) and WIN55,212-2 (2.0–8.0 mg/kg i.p.) exposure of adolescent rats facilitated 

desensitization to other illicit drugs.42, 64 HU-210 (4-100 µg/kg i.p.) dose-dependently 

reinstated previously extinguished cocaine self-administration (animal relapse model) in 

rats, which was blocked by 1 mg/kg rimonabant 39.  

In utero exposure  

 In contrast to adolescent exposure, there appear to be little or no adverse effects 

from SC exposure in utero. Daily oral 1, 5 and 25 µg/kg HU-210 exposure to pregnant 

rats had no significant effect on gestational progression or post-natal food and water 

intake when compared to controls.38 Offspring exposed to HU-210 in utero showed no 

significant difference from the non-exposed control group in average birth weight, body 

length, and lymphocyte immune function; however, 1 µg/kg HU-210-exposed rats had a 

17% increase in spleen size. WIN55,212-2 (0.5 mg/kg s.c.) daily administration to rats 

during gestation had no effect on gestational progression, birthweight, or brain 

development into adulthood; however, glutamic acid decarboxylase (GAD-65/67) and γ-

aminobutyric acid (GABA) expression in the cerebellar cortex was significantly higher 

than in controls.55 In summary, animal studies indicate that SC acute or chronic exposure 

during adolescence or adulthood, but not in utero, induces dose-dependent physiological 
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and behavioral effects and brain CB1 receptor downregulation. Chronic SC exposure 

during adolescence can have detrimental behavioral effects as an adult.  

 

Human Pharmacodynamics 

 The American Association of Poison Control Call Centers (AAPCC) received 

2,906 SC-related calls in 2010, 6,968 in 2011, and 5,230 in 2012, and 2,639 in 2013 

(Figure 3).129 There were 11,406 SC-related emergency department (ED) visits in 2010, 

increasing to 28,531 in 2012.130 In 2010, Texas poison control centers received 464 

reports of SC-related exposures: 73.9% men and 25% women, ranging in age from 12-67 

years.131 Adverse clinical effects were categorized as neurological (61.9%),  

 

Figure 3. Synthetic cannabinoids-related poison control calls received by the American 

Association of Poison Control Centers. 
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cardiovascular (43.5%), gastrointestinal (21.1%), respiratory (8.0%), ocular (5.0%), 

dermal (2.6%), renal (0.9%), hematological (0.4%) and miscellaneous, e.g. acidosis, 

hyperglycemia, diaphoresis (25.9%). No SC-related fatality was reported, although 

59.9% of patients manifested “moderate or major” toxicity symptoms. Treatments 

included i.v. fluids (38.8%), benzodiazepines (18.5), oxygen (8.0%), and anti-emetics 

(6.0%). 

We identified 63 peer-reviewed articles and 4 meeting abstracts, which included 

case reports/series, retrospective toxicological data reviews, driving under the influence 

of drugs (DUID) reports, criminal/forensic cases, and self- and controlled drug 

administration studies. The majority of case reports were ED visits; other toxicity data 

came from poison control center calls, inpatient psychiatric cases, and law enforcement 

drug recognition examiner (DRE) evaluations.  

Acute Intoxication 

 We identified 51 articles from 5 continents reporting >200 acute intoxication 

cases (summarized in Table 3). ED patients presenting with SC intoxication were ages 

13-59 years (mean 22, median 20). Acute SC-intoxication psychoactive symptoms 

included agitation or irritability, restlessness, anxiety, confusion, short-term memory and 

cognitive impairment, and psychosis. Physical signs included dilated pupils, reddened 

conjunctivae, nausea and vomiting, slurred speech, shortness of breath, hypertension, 

tachycardia (up to 180 beats per minute, bpm), chest pain, muscle twitches, and sweating 

or skin pallor. Physical examination (except as noted above), clinical laboratory tests, and 

electrocardiogram (ECG) were generally normal, except for some patients with mild 

leucocytosis (WBC count 13,000-14,000) or hypokalemia (<3.5 meq/L). Hyperglycemia  
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Table 3. Synthetic cannabinoid (SC) acute and sub-acute intoxication documented from 

case report/series and restrospective case reviews. 
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also was observed. Urine toxicological screens were often negative for illicit drugs. Only 

26 acute intoxication articles reported SC detection in serum, blood, oral fluid (OF) or 

urine, including ADB-PINACA [N-(1-amino-3,3-dimethyl-1-oxobutan-2-yl)-1-pentyl-

1H-indazole-3-carboxamide], AM2201 [N-(5-fluoropentyl)-3-(1-naphthoy)lindole], 

CP47,497 C8 homolog [5-(1,1-dimethyloctyl)-2-[(1R,3S)-3-hydroxycyclohexyl]-phenol], 

JWH-018, JWH-019 [(1-hexylindol-3-yl)naphthalene-1yl-methanone], JWH-073, JWH-

081 [4-methoxy-1-napthalen-1-yl-(1-pentyindol-3-yl)methanone], JWH-122 [1-pentyl-3-

(1-(4-methylnaphthoyl))indole], JWH-210 [4-ethylnaphthalen-1-yl-(1-pentylindol-3- 

yl)methanone] , JWH-250 [1-pentyl-3-(2-methoxyphenylacetyl)indole], JWH-307 [(5-(2- 

fluorophenyl)-1-pentylpyrrol-3-yl)-1-(naphthalenylmethanone)], MAM2201 [1-(5-

fluoropentyl)-3-(4-methyl-1-napthoyl)indole], RCS-4 [4-methoxyphenyl-(1-allyl-1H--

indol-3-yl)methanone], XLR-11 [(1-(5-fluoropentyl)-1H-indol-3-yl)(2,2,3,3-

tetramethylcyclopropyl)methanone], and UR-144 [(1-pentylindol-3-yl)-(2,2,3,3- 

tetramethylcyclopropyl)methanone]. Metabolites were identified in urine except 

following ADB-PINACA, JWH-250, JWH-307, and RCS-4 intake. Patients generally 

received supportive care, benzodiazepines, and i.v. saline, except in cases with serious 

complications such as seizures that often also required intubation. Some patients reported 

effect onset within minutes of smoking and intoxication for 2-5 h, with most recovering 

in <24 h. 

 Serious medical complications developed after subacute exposures (>24 h after 

intake), including myocardial infarction, ischemic strokes, seizures, and acute kidney 

injury (AKI). Among patients with AKI, XLR11 and/or UR-144 (parent and metabolites) 

were detected in urine, blood, or serum and implicated as causing injury. Some patients 
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with AKI required hemodialysis and corticosteroid treatment, while others recovered 

within 3 days of hospital admission. 

Controlled administration studies 

 We identified five peer-reviewed articles and one conference proceeding abstract 

describing SC controlled administration (Table 4). Two German investigators smoked a 

shared cigarette containing 0.3 g “Spice Diamond,” a mixture of a dimethyl CP47,497 [2-

[(1R,3S)-3-hydroxycyclohexyl]- 5-(2-methyloctan-2-yl)phenol] homologue, the trans-

diastereomer of the CP47,497 homologue, and small amounts of JWH-018.132 Acute 

effects, noticeable 10 min after smoking, included altered mood and perception, 

tachycardia, dry mouth, and reddened conjunctivae. There was no impairment in 

objective psychomotor tests, although the subjects felt they were moderately impaired. 

Objective effects resolved over 6 h; however, the investigators reported noticeable 

“minor after-effects” the next day. Two other investigator-involved studies included oral 

AB-001 [(1-pentyl-1H-indol-3-yl)adamantylmethanone] and oral and smoked AM694 [1-

(5-fluoropentyl)-3-(2-iodobenzoyl)indole]. AB-001 was ingested by 1 male (13 mg) and 

1 female (26 mg).133 AM694 (10 mg) was first ingested by one male investigator, who 

later smoked a drug-laced cigarette soaked in acetone containing 1 g/L AM694).134 In 

these studies, investigators reported no physiological effects. After 5 mg oral AM2201, 

no psychological or physiological effects were reported, with serum concentrations of 

AM2201 (0.04 µg/L), 6-hydroxyindole AM2201 (0.2 µg/L), JWH-018 N-pentanoic acid 

(0.7 µg/L), and JWH-018 5-hydroxypentyl (0.3 µg/L), 1.5 h after ingestion.135 AM2201 

was not present after 28 h, while AM2201 6-hydroxyindole and JWH-018 metabolites 

were present up to 28 and 57 h, respectively. 



 

51 
 

Table 4. Human synthetic cannabinoid (SC) administration studies. 
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 In a German study, a 33-year old woman and a 47-year old man smoked 100 and 

150 mg, respectively, of a 2.9% JWH-018 cigarette, yielding 50 μg/kg body weight JWH-

018. Immediate effects included sedation, dry mouth, feeling sick, subjective thought 

disruption, burning eyes, hot flushes, and tachycardia.136 No significant change in blood 

pressure or pupil reaction was noted. After acute effects resolved, subjects felt tired and 

exhausted for 6–12 h after smoking. JWH-018 serum concentrations after 5min were 8.1  

(Subject 1) and 10.2 (Subject 2) µg/L. Concentrations rapidly declined at 1h after intake 

and were undetected at 24 h. 

 An unpublished controlled drug administration study was conducted at the 

University of Central Missouri (Warrensburg, MO) in collaboration with NMS 

Laboratories (Willow Grove, PA).137 Six healthy research volunteers took up to three 

inhalations from a water pipe containing 0.3g SC-laced herbal product. Two subjects 

each smoked either K2 Standard (9 mg/g JWH-018 and 9 mg/g JWH-073), K2 Citron (10 

mg/g of each), or K2 Summit (11 mg/g JWH-018 and 9 mg/g JWH-073). There was no 

placebo condition and it is not clear whether raters were blinded to study conditions. 

Impairment was assessed by a DRE. Acute subjective effects began at 2-3 min and 

peaked 5-10 min after smoking and included changes in mood and perception (5 

subjects), self-assessed impairment (5), mild anxiety (4), impaired sense of time (4), loss 

of concentration (4), sedation (3), and paranoia (2). No subject experienced 

hallucinations. Physical effects included tachycardia (6 subjects), reddened conjunctivae 

(6), dry mouth (4), and burning eyes (1). Increased systolic blood pressure, body sway 

and other signs of impaired balance and motor coordination, leg and body tremor, and 

lack of eye convergence occurred in some subjects. Pupil size and reactivity, muscle tone, 
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and body temperature remained normal; no horizontal or vertical gaze nystagmus was 

observed. Acute effects resolved within a few hours, but three subjects experienced 

fatigue and exhaustion (hangover-like effect) for 6-12 h after smoking. JWH-018 and 

JWH-073 were quantified in blood at 4–5 µg/L after 1 h, while metabolites were detected 

in urine (concentrations not specified). 

Driving Impairment 

 We identified 3 peer-reviewed articles documenting DUID with SC. The first 

involved 8 drivers in Germany stopped by police for suspected DUID.138 Somnolence 

and retarded movements were the most commonly observed symptoms. SC were 

identified in serum (collected within 2 h) in all suspected cases, with concentrations 

ranging from 0.33 µg/L to 28 µg/L. Six of 8 suspects’ serum contained multiple SC. One 

motorcyclist’s serum contained 7 SC: JWH-122 (28 µg/L), JWH-210 (2.5 µg/L), and 

JWH-018 (1.9 µg/L). AM2201, JWH-307, MAM2201, and UR-144 also were detected in 

low concentrations (<0.1 µg/L). The examining physician reported “no abnormalities” 

1.5 h after arrest. 

 In the US, NMS Laboratories confirmed SC in blood from 12 suspects receiving 

DRE evaluations between 2010 and 2011.139 AM2201, JWH-018, JWH-081, JWH-122, 

JWH-210, JWH-250 blood concentrations were 0.24–9.9 µg/L. The predominant SC was 

AM2201 (7 samples, 0.4–4.0 µg/L). All suspects failed their DRE examination, with 

general poor motor coordination, but the majority were “cooperative and relaxed.” About 

25% were involved in motor vehicle accidents; none were positive for alcohol. These 

symptoms were different from ED reports of agitation, aggression, and panic attacks 

associated with SC intoxication.  
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 In a Norwegian study conducted between November 2011 and April 2012, 2.2% 

of 726 blood samples collected from DUID suspects confirmed positive for SC.140 Each 

sample quantified for only one SC, with AM2201 (0.07–1.33 µg/L) and JWH-018 (0.08–

0.46 µg/L) the most prevalent (n=5 each). All samples also were positive for other 

psychoactive drugs: THC (12), benzodiazepines (12), methamphetamine and 

amphetamine (4), methamphetamine only (3), LSD (2), ketamine (1), methadone (1), 

methylphenidate (1), and alcohol (1). The majority (11) were impaired and/or involved in 

traffic accidents. 

Subacute psychiatric effects 

 Five reports from psychiatric inpatient units and two ED visits suggested that 

some SC smokers experienced longer-lasting psychiatric effects. Fourteen apparently 

healthy men (20-30 years) with no prior psychiatric history developed new onset 

psychosis after smoking SC, including paranoia, thought disorder, and suicidal ideation 

(5 patients).141 Treatment required psychiatric hospitalization and anti-psychotic 

medications. The episode lasted up to one week in 8 patients, two weeks in 3 patients, 

and more than 5 months in 3 patients.  

Fifteen men hospitalized in a New Zealand psychiatric ward were interviewed 

about SC use.142 All had a history of cannabis intake, while the majority (13) reported 

smoking SC (JWH-018) within the past year and experiencing rapid onset of 

psychoactive effects after smoking SC alone. Of the 13 SC smokers, 9 admitted to 

experiencing psychotic symptoms. Although none reported experiencing withdrawal, 5 

patients experienced psychotic relapse after smoking SC for a day and effects lasted as 

long as “several weeks.” A retrospective audit of SC-related admissions in a New 
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Zealand acute psychiatric ward reported 17 patients with severe psychotic symptoms 

hospitalized for up to 13.1 days.143 

One 59-year old man with a history of post-traumatic stress disorder (PTSD) and 

polydrug abuse experienced “flashbacks” immediately after smoking SC.144 He had three 

hospital admissions over 60 days, recovering within 24 h with each subsequent visit. All 

his drug toxicological screens were negative for alcohol, THC, cocaine, opiates, 

barbiturates, benzodiazepines, and PCP. His episodes ceased after discontinuing SC 

intake. Another case involved a 25-year old man with a history of recurrent psychosis 

who developed anxiety and paranoid psychosis with auditory command hallucinations 

after smoking 3g “Spice” on three occasions, despite being on stable anti-psychotic 

treatment (amisulpiride 800 mg daily) for 2 years.145 Symptoms persisted for one month 

and required psychiatric hospitalization. The patient described previous similar psychotic 

exacerbations induced by smoking cannabis.  

Withdrawal 

 We identified 3 peer-reviewed articles addressing SC withdrawal. A 20-year-old 

man who smoked “Spice Gold” 3 g/day for 8 months was hospitalized about 1.5 days 

after last use with a severe withdrawal syndrome, including increased craving, 

restlessness, nightmares, tachycardia (maximum heart rate 125 bpm), hypertension 

(180/90), nausea, sweating, and muscle twitches. The syndrome resolved within one 

week with symptomatic treatment.146 A 22-year-old woman smoking 3 g/day SC 

presented to the ED complaining of severe anxiety, “vivid” dreams, headache, cramping 

of extremities, “sweats and chills”, anorexia, and craving 6 days after last use.147 She was 

discharged within 3 h of receiving i.v. saline and 2 mg lorazepam. A 20-year-old man, 
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with a history of smoking “Mr. Nice Guy” for 18 months, ceased smoking 6 days prior to 

ED presentation for headache, chest pain, profuse sweating, and body tremors. Prior to 

his ED visit, he attempted to alleviate symptoms by smoking cannabis, which was 

ineffective, but taking his roommate’s quetiapine provided relief. Benzodiazepines did 

not alleviate his symptoms, and after inpatient admission, subsequent hydroxyzine and 

diphenhydramine administrations also were unsuccessful. The patient’s symptoms 

subsided after the physician administered 50 mg quetiapine, and he was released with an 

unspecified quetiapine dose. 

A 23-year-old man, admitted to a German inpatient detoxification clinic for SC 

withdrawal symptoms, underwent positron emission tomography (PET) scans with the 

dopamine (D2/D3) receptor ligand [18F] fallypride one day after admission and after one 

week of SC abstinence.148 Compared to controls (three healthy males ages 20, 21, and 

25), the patient’s first PET scan showed globally decreased D2/D3 binding, with the 

lateral temporal cortex and hippocampus least (-15%) and most (-62%) affected, 

respectively. The second scan showed marked increases in several areas, with the 

majority returning to control values. Effects from cannabis were considered unlikely, as 

the patient’s urine drug screen was negative for cannabinoids.  

It is difficult to directly compare SC and cannabis withdrawal symptoms because 

data are limited and patients often had a history of smoking cannabis before and/or after 

SC. However, many of the symptoms reported by patients after cessation of SC use are 

also reported during cannabis withdrawal, e.g., disturbed sleep and dreaming, anxiety, 

craving, nausea, muscle twitching or cramping, and chills.129b, 149 
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Mortality 

 We identified only 4 fatalities associated with SC intake. MAM2201 (dose and 

route of administration unknown) was linked to the death of a 59-year-old Japanese man 

who was found dead at home150 with MAM2201 detected in his femoral blood (1.24 

µg/L), brain, body organs, and adipose tissues. Because there were no signs of physical 

injury and the deceased was assumed healthy, MAM2201 intoxication was considered 

cause of death. 

 In Sweden, a 17-year-old man was found alone outside (6–8°C ambient 

temperature), dead from hypothermia and acute SC intoxication.151 Prior to the man’s 

death, his friend reported smoking a foil of herb with the deceased. The friend took two 

whiffs, became light-headed and felt numbness in his hands. The friend went indoors 

afterwards, while the deceased continued smoking outside. JWH-210 was found in post-

mortem femoral blood (12.3 µg/L). 

A 26-year old man was found dead in his apartment with several bags containing 

methoxetamine.152 Femoral blood concentration of 8.6 µg/kg methoxetamine and three 

SC (AM694, AM2201, and JWH-018, all <1 pg/g) were confirmed. Although death was 

attributed to methoxetamine overdose, SC presence also may have contributed. 

A 23-year-old man died from self-inflicted injuries sustained during a violent 

severe psychosis episode after smoking AM2201.153 Prior to his death, a family member 

heard “stomping noises” for 30 min coming from his room. The man was eventually 

found dead on the floor with multiple injuries, including a fatal stab wound to his neck. A 

bag of “Mad Hatter” incense, smoke pipe, and a bag of white pills (labeled “ZAN-X”) 

were found in his room. AM2201 (12.0 µg/L) was identified in post-mortem heart blood. 
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No other drugs were found. AM2201 also was detected in the “Mad Hatter” incense and 

pipe residue. Traces of JWH-073 also were detected. “ZAN-X” did not contain any illicit 

or prescription drugs. 

Reported SC blood concentrations in these cases were 1.2–12.3 µg/L compared to 

impaired driver concentrations of 0.1-28 µg/L. This overlap between lethal and DUID SC 

concentrations precludes ready identification of a fatal SC concentration. Other factors 

also could have contributed to death, such as undetected additional SC and/or 

concentrations precludes ready identification of a fatal SC concentration. Other factors 

also could have contributed to death, such as undetected additional SC and/or other drugs 

of abuse, dose and route of administration, individual variation in SC metabolism, and 

lack of drug tolerance.  

In summary, SC intake produced physiological and psychological effects in 

humans, which were qualitatively similar but of greater magnitude and duration than 

cannabis’ effects. Acute adverse effects generally subsided within 24-48h, with patients 

treated with benzodiazepines and supportive care. Rarely, SC intake also caused acute 

kidney injury and death. In DUID suspects, SC blood concentrations were 0.7-28 µg/L, 

with no clear correlation between impairment and blood concentrations. Withdrawal 

symptoms similar to those following chronic frequent cannabis intake were observed in 

chronic SC smokers after at least 1 week of abstinence. 

Receptor affinity 

 We identified 42 peer-reviewed journal articles on the interaction of SC with 

cannabinoid receptors; the majority were in vitro receptor binding studies and functional 

assays. SC psychoactive properties are attributed to CB1 receptor activation 197. SC 
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binding affinities were studied in a variety of in vitro models and further assessed with in 

vivo studies (i.e., animal administration).  

Binding affinity at cannabinoid receptors 

Most cannabinoid receptor competitive binding affinity studies in rodent brain 

employed tritium [3H]-labeled CP55,940 or WIN55,212-2 198 to evaluate receptor was 

compared with THC affinity. THC CB1 and CB2 binding affinities were 40.7 and 

36.4nM, respectively.199 The majority of SC detected in herbal products possessed higher 

affinity and lower Ki values than THC at the CB1 receptor (Table 5). JWH-018 

metabolites retained CB1 binding affinity (in vitro) in mouse brain homogenates 

expressing CB1 receptors.89 JWH-018, and its 4- and 5-hydroxyindole metabolites had Ki 

values of 8.0, 2.6±0.3 and 4.2±1.2 nM, respectively, 5-6 times lower than THC’s Ki 

(15.3±4.5 nM) in this preparation. JWH-018 6-hydroxyindole, 7-hydroxyindole and N-5-

hydroxypentyl had equipotent (17.2±3.6, 20.8±4.9, and 25.2±5.0 nM) binding affinities 

to THC. However, JWH-018 N-pentanoic acid CB1 Ki was >10,000 nM. JWH-018 4-

hydroxyindole 10 mg/kg i.p. produced cannabinoid tetrad in mouse much greater than 

THC.89 Thus, some SC metabolites may be active and prolong the parent compound’s 

psychoactive and physiological effects and contribute to intoxication severity. 

SC receptor binding affinities and selectivity vary based upon functional group 

substitution.11, 200 For example, JWH-018 (naphthoylindole with a N-pentyl side chain) 

and its N-butyl analog (JWH-073) CB1 Ki values are 9.0±5.0 and 8.9±1.8 nM, 

respectively.200 However, AM2201 (JWH-018 5-fluoropentyl analog) has a CB1 Ki of 1 

nM.20 This single halogenated analog is frequently encountered in newly emerging SC. 

Table 5 summarizes published SC binding affinities at CB1 and CB2 receptors. Intrinsic 
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activity at cannabinoid receptors Ki presents only ligand-binding interaction. In vitro or 

inverse agonist, or neutral antagonist. However, we identified few published data on SC  

Table 5. Synthetic cannabinoid (SC) CB1 and/or CB2 receptor binding affinity. 

Compound Class CB1 Ki (nM) CB2Ki (nM) THC/SC 

CB1Ki
a 

Ref. 

AB-FUBINACA Indazole 

carboxamide 

0.9 -- 45.6 21 

ADB-FUBINACA Indazole 

carboxamide 

0.4 -- 103 21 

AM679 Benzoylindoles 13.5 49.5 3.0 20 
AM694 Benzoylindoles 0.1 1.4 410 20 
AM1220 Naphthoylindoles 3.9 73.4 10.5 20 
AM1248 Adamantylindoles 11.9 4.8 3.4 201 
AM2201 Naphthoylindoles 1.0 2.6 40 20 
AM2232 Naphthoylindoles 0.3 1.5 136 20 
AM2233 Naphthoylindoles 2.8 -- 14.6 202 
(±)CP47,497 Cyclohexylphenols 2.2±0.5 -- 18.6 203 
CP47,497(C8) Cyclohexylphenols 0.8±0.1 -- 51.3 203 
CP55,940 Cyclohexylphenols 1.1±0.04 -- 37.3 204 
HU-210 Dibenzopyrans 0.2 0.4±0.1 205 205 
JWH-015 Naphthoylindoles 336±36 13.8±4.6 0.1 200 
JWH-018 Naphthoylindoles 9.0±5.0 2.9±2.7 4.6 200 
JWH-019 Naphthoylindoles 9.8±2.0 5.6±2.0 4.2 200 
JWH-030 Naphthoylindoles 87.0±3.0 -- 0.5 206 
JWH-073 Naphthoylindoles 8.9±1.8 38.0±24.0 4.6 200 
JWH-081 Naphthoylindoles 1.2±0.03 12.4±2.2 34.2 200 
JWH-122 Naphthoylindoles 0.7±0.5 1.2±1.2 58.6 207 
JWH-200 Naphthoylindoles 42.0±5.0 -- 1.0 207 
JWH-203 Naphthoylindoles 8.0±0.9 7.0±1.3 5.1 208 
JWH-210 Naphthoylindoles 0.5±0.03 0.7±0.01 82 209 
JWH-250 Phenylacetylindoles 11.0±2.0 33.0±2.0 3.7 208 
JWH-251 Phenylacetylindoles 29.0±3.0 146±36.0 1.4 208 
JWH-307 Naphthoylpyrroles 7.7 -- 5.3 208 
THC Dibenzoypyran 41±2 36±10 1.0 199 
UR-144 Tetramethylcyclopropyl- 

indoles 

29.0±0.9 4.5±1.7 1.4 124 

WIN55,212-2 Aminoalkylindoles 62.3 3.3 0.7 210 
XLR11 Tetramethylcyclo- 

propyl indoles 

24.0±4.6 2.1±0.6 1.7 124 

aRatio calculated between THC CB1 Ki = 41 nM and mean CB1 Ki for each synthetic cannabinoid. Ratio >1 represents greater CB1 
binding affinity than for THC. 

Abbreviations: AB-FUBINACA [N-[(2S)-1-amino-3-methyl-1-oxo-2-butanyl]-1-(4-fluorobenzyl)-1H-indazole-3-carboxamide], 

ADB-FUBINACA [N-(1-amino-3,3-dimethyl-1-oxobutan-2-yl)-1-(4-fluorobenzyl-1H-indazole-3-carboxamide], AM679 [1-pentyl-
3-(2-iodo-benzoyl)indole], AM694 [1-(5-fluoropentyl)-3-(2-iodobenzoyl)indole], AM1220 [1-((N-,methylpiperidin-2-yl)methyl)-3-

(1-naphthoyl)indole], AM1248 [1-[(1-methyl-2-piperidin-yl)methyl]-1H-indol-3-yl]-adamantylmethanone], AM2201 [N-(5-

fluoropentyl)-3-1(-napthoylindole)], AM2232 [5-(3-(1-napthoyl)-1H-indol-1-yl)pentannitrile], AM2233 [(2-iodophenyl)-[1-[(1-
methyl-2-piperidinyl)methyl]-1H-indol-3-yl]methanone], CP47,497 [2-[(1S,3S)-3-hydroxycyclohexyl]-5-(2-methyloctan-2-

yl)phenol], CP47,497(C8) [trans-3-(4-(1,1-dimethyloctyl)-2-hydroxyphenyl)cyclohexanol], HU-210 [(6aR)[-trans-3-(1,1-

dimethylheptyl)-6a,7,10,10a-tetrahydro-1-hydroxy-6,6-dimethyl-6H-dibenzo[b,d]pyran-9-methanol]], JWH-015 [2-methyl-1-
propyl-3-(1-naphthoyl)indole], JWH-018 [naphthalen-1-yl(1-pentyl-indol-3-yl)methanone], JWH-019 [N-hexyl-3-(1-

naphthoyl)indole], JWH-030 [3-(1-naphthoyl)-1-pentylpyrrole], JWH-073 [N-butyl-3-(1-naphthoyl)indole], JWH-081 [N-pentyl-3-[1-

(4-methoxy)-naphthoyl]indole], JWH-122 [1-pentyl-3-(1-(4-methylnaphthoyl))indole], JWH-200 [1-(2-(morpholin-4-yl)ethyl)-3-(1-
naphthoyl)indole], JWH-203 [1-pentyl-3-(2-chlorophenylacetyl)indole], JWH-210 [1-pentyl-3-(1-(4-ethylnaphthoyl))indole], JWH-250 

[1-pentyl-3-(2-methoxy-phenylacetyl)indole], JWH-251 [2-(2-methylphenyl)-1-(1-pentyl-1H-indol-3-yl)-ethanone], JWH-307 [5-[(2-

fluorophenyl)-1-pentylpyrrol-3-yl]-1 (naphthalenyl)methanone]; THC (Δ9-tetrahydrocannabinol), UR-144  [1-pentylindol-3-yl)-
(2,2,3,3-tetramethylcyclopropyl)methanone], XLR11[(1-(5-fluoropentyl)-1H-indol-3-yl)(2,2,3,3-tetramethylcyclopropyl)methanone] 
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efficacy or intrinsic activity. SC intrinsic activities were studied in a variety of in vitro in 

vivo functional assays, which evaluate the drug’s efficacy (e.g., EC50) and potency, are 

needed to determine a drug’s intrinsic activity as a receptor ligand, i.e., full partial, or 

making direct comparisons challenging. CB1 agonist activation down regulates adenylyl 

cyclase and decreases cellular cAMP levels, which triggers a cascade of reactions that 

affects cellular signaling and neurotransmitter inhibition, including acetylcholine, 

dopamine, noradrenaline, and glutamine, and γ-aminobutyric acid (GABA).198, 211  

Reduced cellular cAMP levels also were observed with CB2 activation.212 Moreover, 

CB1 or CB2 receptor activation was measured with [35S]GTPγS functional assay, which 

involved G-protein conformational change.213 

CP55,940 inhibited adenylate cyclase production more effectively at 25nM 

compared to THC (430 nM).214 CP55,940, HU-210, and WIN55,212-2 concentration-

dependent inhibited forskolin-induced cAMP production by activating CB2 receptors 

expressed in Chinese hamster ovarian cells, which were blocked by pertussis toxin at 

10ng/mL maximal inhibition.212  

HU-210, CP55,940, and WIN55,212-2 activated CB1 receptors in a [35S]GTPγS 

binding assay with a potency order of: HU-210>CP55,940>THC>WIN55,212-2.215 JWH-

018 and its monohydroxylated metabolites produced partial G-protein activation in a 

mouse CB1 receptor preparation with greater potency than THC.89 Naphthoylindoles 

identified in seized herbal products activated CB1 receptors 216. Tetramethylpropyl-

indoles, XLR-11 and UR-144 also were reported to have CB1 and CB2 agonist 

activities.124  
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CB1 receptors activated by JWH-018, JWH-073 and CP 47,497 inhibited release 

of neurotransmitters in autaptic neurons (isolated cultured neurons that form synapses 

onto themselves) and inhibition was reversed by rimonabant treatment.217 Table 6 

summarizes SC CB1 and CB2 intrinsic activity. 

SC intrinsic activities appear to have full or partial agonist properties similar to 

that of THC; though SC produce in vivo pharmacodynamic effects at lower median 

effective dose (ED50), which is the drug dose required to produce measurable response in 

50% of the test population.  

In summary, SC binding affinities to CB1 and CB2 receptors had varying intrinsic 

values when measured by in vitro functional assays, but Ki values were not necessarily 

equivalent to ED50 in animals. The majority of SC found in seized materials have 

unknown intrinsic values. In vivo evaluation of intrinsic activities could assist clinical 

treatment development for SC-related symptoms. 

Conclusion 

Summary 

SC consumption has become widespread, despite law enforcement and regulatory 

control measures. Epidemiological data suggest that the majority of SC users are young 

adults who perceive SC as safer than non-cannabinoid illicit drugs and a favorable 

cannabis alternative eliciting cannabis-like “high” while avoiding detection by standard 

drug screens. However, data suggest that many SC users prefer cannabis over SC due to 

the drugs’ negative effects. SC are readily accessible, sold under several names and 

packaging with smoking as the most common route of administration. Most SC smokers 

are men from 13–59 years old, many with a history of polydrug use such as cannabis,  
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Table 6. Synthetic cannabinoid (SC) intrinsic activities at the cannabinoid receptors CB1 

and CB2. 

Drug Model EC50 or Ki (nM) Intrinsic 

activity at 

CB1 

receptor 

Ref. 

CB1 CB2   

AB-FUBINACA GTPγS binding 23.2 -- Full agonist 21 

ADB-

FUBINACA 

GTPγS binding 1.0 -- Full agonist 21 

AM2201 GTPγS binding 24.4 -- Full agonist 216 

AM694 GTPγS binding 52.8 -- Full agonist 216 

CP47,497 C8 Internalization 

assay 

4.4 -- Full agonist 217 

(-)CP55,940 adenylate cyclase 

inhibition 

25 0.7±0.2 Full agonist 214, 212 

CP55,940 GTPγS binding 3.4±2.4, 

25±14.4 

23±6.8 Full agonist 89, 110 

HU-210 adenylate cyclase 

inhibition 

-- 0.4±.07 -- 212 

HU-210 GTPγS binding 2.9 -- Full agonist 215 

JWH-018 Internalization 

assay 

10.1 -- Full agonist 217 

JWH-018 GTPγS binding 36, 

 6.8±2.5 

-- Partial to full 

agonist 

89, 216 

JWH-018 4-

hydroxyindole 

GTPγS binding 17.0±9.6 -- Partial to full 

agonist 

89 

JWH-019 GTPγS binding 98.9 -- Full agonist 216 

JWH-073 Internalization 

assay 

45.6 -- Full agonist 89 

JWH-210 GTPγS binding 20.4 -- Full agonist 216 

JWH-251 GTPγS binding 29.0±5.5 8.3±0.8 Full agonist 207 

JWH-302 GTPγS binding 29.3±0.8 24.4±6.9 Full agonist  207 

RCS-4 GTPγS binding 199 -- Partial 

agonist 

216 

THC adenylate cyclase 

inhibition 

430 -- Partial 

agonist  

 

THC GTPγS binding 167±4.7, 

81±34 

-- Partial 

agonist to 

full agonist 

215, 89 

UR-144 GTPγS binding 95±20 334±170 Full agonist 110 

XLR-11 GTPγS binding 159±38 145±73.8 Full agonist 110 

WIN55,212-2 adenylate cyclase 

inhibition 

24±3.7 0.7±0.2 Full agonist 210, 212 

WIN55,212-2 GTPγS binding 170±80 -- Full agonist 215 
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alcohol, and nicotine.  

SC were investigated in animals to characterize THC effects and evaluate their 

therapeutic benefits. Acute SC administration in rodents produced the cannabinoid tetrad 

of effects with dose-dependent anxiolytic and anxiogenic properties. Chronic SC 

administration was anxiogenic and produced more pronounced behavioral deficits in 

rodents exposed during adolescence, but no significant physiological effects in animals 

exposed in utero. SC substituted for THC in animal (rats and monkeys) discrimination 

studies, and also attenuated antagonist-elicited withdrawal in monkeys previously 

exposed to THC.  

Recreational SC intake arose in the 2000’s and many adverse effects were 

reported. Acute SC intoxication can lead to ED presentation and hospitalization, 

requiring supportive care, benzodiazepines, and fluids. While most such patients were 

released within 24 h of admission, severe adverse effects such as cardiotoxicity, AKI, and 

psychosis resulted in hospitalization for as long as 2 weeks. Deaths directly linked to SC 

use were quite rare. Some chronic SC users experienced withdrawal symptoms when they 

stopped drug intake.  

Most SC have greater binding affinity to CB1 receptors than does THC, 

suggesting a possible mechanism for the severity of acute clinical reactions that result in 

ED presentation. However, SC intrinsic activity data are limited, with few direct 

comparisons to THC, making it premature to draw any conclusions about mechanisms.  

 

Knowledge Gaps and Limitations 

SC epidemiology data are limited and derived mostly from cross-sectional 
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surveys of small, self-selected convenience samples. Community-based epidemiological 

surveys with large, nationally representative samples are needed to better understand SC 

epidemiology.  

Although hundreds of animal studies were conducted with SC, the majority 

focused on CP55,940, HU-210, and WIN55-212-2. Newer SC identified in herbal 

products and human clinical samples need further investigation.  

Human controlled SC administration studies and systematic in vitro and in vivo 

pharmacokinetic studies are needed to fill in important gaps in our knowledge of SC 

pharmacokinetics, tissue/organ distribution, elimination, metabolite biological activity, 

and drug-drug interactions. Human studies will be difficult to conduct in the US, as they 

must go through a rigorous multi-agency approval process (i.e., DEA, FDA, and IRB) 

before they can be conducted; the preclinical safety and pharmacokinetic data to support 

such applications are lacking. 

Analytical laboratories are challenged with SC identification in biological 

matrices due to structural diversity and similarity. Unidentified SC in a patient’s sample, 

makes it difficult to definitively evaluate SC clinical effects or develop specific 

treatments. Medical treatment must often remain symptomatic. To address the increasing 

safety and public health issues associated with SC intake, future studies are needed to 

evaluate SC abuse liability, in utero and long-term effects, which are part of developing 

withdrawal and addiction treatment similar to the effects elicited by cannabis.  
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Chapter 3 - Synthetic Cannabinoids Pharmacokinetics and Detection in 

Biological Matrices 

(Accepted in Drug Metabolism Reviews, March 2015) 

 

Abstract 

SC originally developed as research tools, are now highly abused novel 

psychoactive substances. We present a comprehensive systematic review covering in 

vivo and in vitro animal and human pharmacokinetics and analytical methods for 

identifying SC and their metabolites in biological matrices. Of two main phases of SC 

research, the first investigated therapeutic applications, and the second abuse-related 

issues. Administration studies showed high lipophilicity and distribution into brain and 

fat tissue. Metabolite profiling studies, mostly with human liver microsomes and human 

hepatocytes, structurally elucidated metabolites and identified suitable SC markers. In 

general, SC underwent hydroxylation at various molecular sites, defluorination of 

fluorinated analogs, and phase II metabolites were almost exclusively glucuronides. 

Analytical methods are critical for documenting intake, with different strategies 

applied to adequately address the continuous emergence of new compounds. 

Immunoassays have different cross-reactivities for different SC classes, but cannot keep 

pace with changing analyte targets. GC-MS and LC-MS/MS assays—first for a few, then 

numerous analytes—are available but constrained by reference standard availability, and 

must be continuously updated and revalidated. In blood and OF, parent compounds are 

frequently present, albeit in low concentrations; for urinary detection, metabolites must 

be identified and interpretation is complex due to shared metabolic pathways. A new 
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approach is non-targeted HRMS screening that is more flexible, and permits retrospective 

data analysis. We suggest that streamlined assessment of new SC’s pharmacokinetics and 

advanced HRMS screening provide a promising strategy to maintain relevant assays. 

 

Introduction 

SC, the largest class of NPS emerging over the last decade, are marketed as 

“legal” alternatives to cannabis.22 SC bind to cannabinoid CB1 and/or CB2 cannabinoid 

receptors, and were originally developed to investigate the endogenous cannabinoid 

system or as potential clinical pharmacotherapies.218 Since the mid-1960s, hundreds of 

SC were synthesized, but abuse did not begin until the early 2000s.219 Most abused SC 

are CB1 receptor agonists with significantly higher affinity than THC, yielding more 

pronounced cannabimimetic effects with more cognitive impairment, sensory perception 

changes, and transient hallucinations.220 SC also induce adverse physiological effects not 

observed with cannabis intake such as vomiting, seizures, hyperglycemia and 

hypokalemia190, stroke192, myocardial infarction165 , and AKI188. Controlled SC 

administration studies are needed; however, the lack of preclinical toxicology data makes 

conducting such studies in humans currently unfeasible.  

The AAPCC reported a sharp increase in SC exposure from 2096 in 2010 to 6968 

calls in 2011, decreasing to 5230 in 2012, and further declining to 2668 in 2013; 

however, calls are trending up again with 3677 for 2014.221 The reduction in calls for 

2013 was most likely a combination of SC placement into Schedule I, reduced use due to 

public awareness of SC toxicity, and physician experience in treating these exposures. 
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Many SC are now scheduled drugs in the USA under the CSA,4 banned by the WADA,222 

and controlled in many countries.223  

SC identification in biological matrices is essential to document intake in clinical 

and forensic settings and associate intake with drug toxicity; therefore, requiring 

laboratories to establish reliable analytical methods and determine windows of SC 

detection in biological samples. Notably, SC detection is challenging in two aspects: 

First, doses and concentrations in the body are low due to high potency. Windows of 

detection in blood for acute intake are short,136 although chronic use can lead to 

accumulation in fatty tissues yielding longer detection windows.224 Second, the best 

urinary targets are metabolites, not the parent compound that is usually extensively 

metabolized. Urine is the preferable matrix to increase detection probability after SC 

intake. Structurally different from THC, neither parent SC nor metabolites are detected 

with standard cannabinoid immunoassays. SC and their metabolites’ reference standards 

are needed for method development and quantification, and for forensically-supportable 

identifications. Therefore, it is critical to identify the most important analytical targets for 

each SC by in vitro and in vivo studies. SC GC-MS and LC-MS/MS methods are 

increasingly available, but short-lived, due to the rapid emergence and need to constantly 

incorporate new SC. HRMS methods, especially when non-targeted, permit retrospective 

data interrogation and easier addition of new SC due to common acquisition parameters. 

We recently published a comprehensive review of SC epidemiology, 

pharmacodynamics, and receptor activity.218 The scope of the current review is limited to 

published literature addressing in vivo and in vitro SC pharmacokinetics and analytical 

methods for SC detection and quantification in biological matrices. 
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Methods 

We conducted a comprehensive literature search of seven electronic databases 

(PubMed®, EmbaseTM, Web of ScienceTM, Scopus™, Cochrane, Biological Abstracts, 

and Chemical Abstracts via STN® and SciFinder® platforms), Google Scholar, and 

Google up to December 31, 2013 except for Biological Abstracts and Chemical abstracts 

(up to November 30, 2011) and also used additional search strategies and keywords 

described in detail in our SC epidemiology and pharmacodynamics review.218 We 

identified 3161 potentially SC-related articles, of which 881 records were considered 

relevant addressing SC epidemiology, animal and human pharmacodynamics and 

receptor interactions, animal and human pharmacokinetics, chemical synthesis, legal 

status, and street use and marketing. Of these, 70 articles investigated animal and human 

SC pharmacokinetics or detection and quantification in human biological matrices and 

were incorporated in this review. We also expanded our search from January 1, 2014 to 

September 30, 2014, focusing on these topics in EmbaseTM, Web of ScienceTM, PubMed 

and Google Scholar using the search filters “synthetic cannabinoids” plus “blood” or 

“urine” or “saliva” or “oral fluids” or “plasma” or “serum” or “hair.” An additional 188 

articles were identified, but only 32 were topic appropriate, yielding a total of 106 articles 

for this review.  

Results 

Animal Pharmacokinetics 

We identified 19 articles (16 manuscripts, 3 abstracts) for in vivo and in vitro SC 

preclinical pharmacokinetics studies summarized in Table 7. This section highlights in 

greater detail in vivo SC dog, guinea pig, and chimeric mouse models, administration via  
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Table 7. Pharmacokinetic studies of synthetic cannabinoids (SC) and in vivo and in vitro 

biotransformation. 
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nose-only smoke exposure, and multi-dose studies demonstrating prolonged SC windows 

of detection. In vivo SC studies included CP55,940, JWH-015, JWH-018, AM2201, 

JWH-073, JWH-122, JWH-200, JWH-210, JWH-250, JWH-398, and WIN55,212-2 

administered i.v., p.o., by g.i., sm or i.p. Frequency and length of exposures varied from 

once a day for 30 min to three times a day for four weeks. SC in vitro studies with mouse 

S9 microsomal fractions, rat liver microsomes and slices, and guinea pig skin are 

included. The majority of articles (n=12) were published between 2011 and 2014, 

reported SC distribution, and parent and/or metabolite concentrations in biological 

matrices, e.g., adipose tissue, blood, brain, hair, liver, and urine. 

Animal absorption and distribution studies  

One of the earliest SC in vivo studies in 1987, included p.o. administration of 0.6 

mg/kg CP55,940 to one female dog, with blood collected over 25 h.225 CP55,940 plasma 

peak (Cmax) was about 80 µg/L 0.5 h after dosing and the half-life (T1/2) was 8 h.  

As most recreational SC intake is by smoking, pharmacokinetics in mice after 

nose-only smoke exposure to 200 mg “Buzz” herbal product containing 10.8 mg (5.4% 

w/w) JWH-018 were investigated 226. Six mice, sacrificed 20 min post-exposure, had 

JWH-018 concentrations of 82±42 µg/kg in blood, 1990±72 µg/kg in liver and 510±166 

µg/kg in brain. Later, these authors also investigated blood and brain pharmacokinetics in 

two groups of five mice after 10-min smoke exposure to “Magic Gold” containing 3.6% 

JWH-018, 5.7% JWH-073 and 0.1% JWH-398.227 The first group, sacrificed 20 min post-

exposure, had mean±SD blood concentrations of 88±42 µg/L JWH-018 and 134±62 µg/L 

JWH-073 with corresponding brain concentrations of 317±81 µg/kg JWH-018 and 

584±163 µg/kg JWH-073. JWH-398 was not detected in any sample. The second group 
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was sacrificed 20h post-exposure with measurable JWH-018 in only two mice (3.4 and 

9.4 µg/L) and JWH-073 at 4.3 µg/L in only one. Mean brain JWH-018 concentration was 

19±9 ng/g, measureable in all five mice; JWH-073 was not detectable in any 20h sample. 

Average brain-to-blood ratios after 20 min were 4.4 for JWH-018 and 5.2 for JWH-073. 

Following 150 µg/kg i.v. WIN55,212-2 administration to seven guinea pigs, 

plasma Cmax was 439±120 µg/L and t1/2 =4.9±3.0 h.228 Transdermal WIN55,212-2 was 

proposed as a route of administration to reduce the cannabinoid’s psychotropic effects. 

When guinea pig skin was incubated in 5 g/L WIN55,212-2 for 48 h at 32°C, the 

permeability coefficient was 4.33 x 10-4 cm/h with 777 ng/cm2·h steady state flux and a 

15.1±2.1 h lag time. The total skin WIN55,212-2 content was 2609±93 µg/g of skin with 

26.6 µg/cm2 cumulative drug content in 48 h. Transdermal WIN55,212-2 in guinea pig 

skin had 1.80±0.08 µg/L solubility.  

Two studies investigated SC distribution in rodent adipose tissue after single SC 

doses. In three mice, euthanized 30 min after 0.3, 1.0 or 3.0 mg/kg IP WIN55,212-2,229 

30% of total injected dose was found in adipose tissue, followed by blood (3%) and brain 

(0.3%). Four weeks after a single 20 mg/kg p.o. JWH-122 or JWH-210 dose in two rats, 

adipose JWH-122 concentrations were 116 ng/g and for JWH-210 9 ng/g.230  

 

Animal biotransformation studies 

In vivo 

One hour after 10 mg/kg i.p. JWH-018 to rats, only JWH-018 was detected in 

blood, while 3 h after dosing, mono-, di-, and trihydroxylated metabolites with 

unspecified hydroxy positions, a dealkylated hydroxy metabolite and JWH-018 N-



 

82 
 

pentanoic acid were identified.137 In urine 5 h after administration, the desalkyl hydroxy 

metabolite was predominant followed by other hydroxylated metabolites and only a trace 

amount of JWH-018 N-pentanoic acid.  

Biotransformation of 2.5 µg g.i. JWH-122 was compared between normal and 

chimeric mice transplanted with about 80% human hepatocytes.231 This model provides 

an alternative approach to determining phase I and II metabolites and their prevalence in 

humans. In both animal groups, JWH-122 monohydroxylated metabolites were the most 

prevalent urinary metabolites, with hydroxylation sites at either the N-pentyl, indole or 

naphthalene moiety; peak areas were higher in chimeric than normal mice. Additionally, 

di- and trihydroxylation at the same molecular sites, dehydrogenation at the N-pentyl 

chain, dihydrodiol formation at the naphthalene ring, N-dealkylation and reaction 

combinations occurred. No parent JWH-122 was detected in any sample.  

Using the same approach, a single 2.5 µg g.i. JWH-200 dose produced a 

predominant metabolite generated by loss of the morpholine ring followed by N-ethyl 

carboxylation in the chimeric mice.232 Other metabolites were products of mono- or 

dihydroxylation at the indole alkyl moiety or dihydrodiol formation at the naphthalene 

substructures with or without loss of the morpholine ring. Ring opening followed by 

decarboxylation or loss of ethylene also was observed. Phase II metabolites were mostly 

glucuronides, although sulfates also were observed with lower prevalence. No parent 

JWH-200 was detected in urine over 24 h.  

Following 15 mg/kg i.p. AM2201 once daily for three days to three rats, 35.9-132 

µg/L JWH-018 N-pentanoic acid was the most predominant urinary metabolite, followed 

by 11.4-17.1 µg/L AM2201 6-hydroxyindole and <2.5 µg/L (limit of quantification, 
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LOQ). AM2201 N-4-hydroxypentyl, AM2201 6-hydroxyindole, JWH-018 N-5-

hydroxypentyl, JWH-018 N-pentanoic acid and JWH-073 N-butanoic acid.233 AM2201 

was not detected.  

Five rats with and without pigmented hair received 10 mg/kg i.p. AM2201 once a 

day for 4 weeks.234 Hair samples collected the following week had 4-times higher JWH-

018 N-pentanoic acid concentrations (15.4±3.7 ng/g) than AM2201 (3.6±0.8 ng/g) in 

pigmented and 21.5±5.1 ng/g versus 4.6±0.9 ng/g, respectively, in non-pigmented hair. 

AM2201 6-hydroxyindole, AM2201 N-4-hydroxypentyl, and JWH-018-N-5-

hydroxypentyl metabolite concentrations were 0.1-0.9 ng/g (LOQ 0.1 ng/g). No 

significant concentration differences were observed for any analyte between pigmented 

and non-pigmented hair. 

In vitro studies 

There were four in vitro metabolism studies investigating SC with mouse S9 

microsomal fractions, rat liver microsomes, or rat liver slices. To determine whether SC 

with similar chemical structures to THC undergo similar oxidative metabolism and 

possibly produce pharmacologically active metabolites, tritium-labeled CP55,940, a 

cyclohexylphenol, was incubated in mouse S9 microsomal fractions.235 Five 

monohydroxylated metabolites were identified, all hydroxylated at the 1’,1’-

dimethylheptyl side chain. Side-chain hydroxylation reactions also occur with THC and 

other cannabinoids.236 Pharmacological intrinsic activity and binding studies for 

CP55,490 hydroxylated metabolites were not performed; although the authors 

hypothesized that these metabolites could remain pharmacologically active and 
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potentially cross the blood-brain barrier, as observed with other hydroxylated 

cannabinoid metabolites.  

WIN55,212-2 metabolism in rat liver microsomes produced two major 

metabolites generated from the formation of epoxide intermediates at the naphthalene 

moiety and subsequent hydrolysis producing dihydrodiol metabolites.237 Epoxide 

formation can occur on different reaction sites of the naphthalene ring yielding isomers. 

These major metabolites underwent further hydroxylation generating three tri-

hydroxylated metabolites.  

The same authors also incubated JWH-015, a naphthoylindole and CB2 agonist, 

with rat liver microsomes, and although the structures differed, the major metabolites also 

were dihydrodiols.238 Additional JWH-015 phase I metabolites were generated by mono- 

and dihydroxylation at the indole alkyl moiety, dealkylation with and without mono- or 

dihydroxylation at the naphthalene moiety, dehydrogenation, and combinations of 

reactions.  

JWH-015, JWH-098, JWH-251, and JWH-307 biotransformation in rat liver 

slices produced hydroxylated, N-dealkylated (JWH-015/JWH-098/JWH-251), 

carboxylated (JWH-251), O-demethylated (JWH-098), carbonylated (JWH-

251/JWH307), dehydrogenated (JWH-307), and glucuronidated (JWH-015/JWH-

098/JWH-251) metabolites.239 This study also evaluated an in silico metabolite prediction 

software for phase I metabolites catalyzed by cytochrome P450 and flavin-containing 

monooxygenases. The most probable predicted sites of metabolism were on the N-alkyl, 

indole, and benzyl or naphthalene substructures. Products of N-dealkylation (JWH-015), 
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aromatic hydroxylation (JWH-098), aliphatic carbonylation or dehydrogenation (JWH-

015) and aliphatic hydroxylation for all four SC scored highest. 

 

Human Pharmacokinetics 

We identified 30 manuscripts evaluating in vivo and in vitro human SC 

pharmacokinetics of AB-001, AM694, AM2201, CP55,940, JWH-015, JWH-018, JWH-

019, JWH-073, JWH-073 4-methoxynaphthoyl, JWH-098, JWH-122, JWH-200, JWH-

210, JWH-250, JWH-251, JWH-307, MAM2201, PB-22/5F-PB-22, RCS-4, RCS-4 ortho 

isomer, RCS-8, STS-135, UR-144, WIN55,212-2, and XLR-11. All were published 

between 2010 and 2014, except for one CP55,940 and WIN55,212-2 dermal absorption 

study published in 2004. In vitro experiments were performed with HLM, human 

hepatocytes and skin tissue. For in vivo human studies, SC and metabolites were 

measured in blood or serum, OF, and urine. Results of all studies are summarized in 

Table 7. 

Human absorption and distribution studies 

Eight manuscripts reported SC intake in humans; seven from self-experiments, 

and one controlled administration study approved by the local IRB but no FDA New 

Drug Application was filed. Smoking was the most common route of administration in 7 

of 8 studies, and naphthoylindoles, adamantoylindoles, and benzoylindoles were 

investigated. JWH-018 or mixtures of JWH-018 and JWH-073, two naphthoylindoles, 

were most commonly evaluated (6 articles).  

 Following 50 µg/kg smoked JWH-018, one male and one female had 8.1 µg/L 

and 10.2 µg/L JWH-018 in their serum five minutes after smoking, respectively,136 
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rapidly decreasing to 4.6 and 6.1 µg/L 15 min after intake. JWH-018 was above the 0.07 

µg/L limit of detection (LOD) in the male subject for 48 h. 

Data are published for only one of six subjects smoking over 30min 0.3g herbal 

blend containing 17 mg/g JWH-018 and 22 mg/g JWH-073.240 Blood JWH-018 and 

JWH-073 19 min after smoking were 4.8 and 4.2 µg/L, respectively, rapidly declining to 

1.5 µg/L JWH-018 and 1.0 µg/L JWH-073 at 53min, and 0.2 µg/L for both at 107min 

(0.1 µg/L LOQ). Hydroxylated and glucuronidated metabolites were detected in urine. 

 A single self-administered dose of an herbal blend containing JWH-018 and 

JWH-073 was smoked to obtain urine samples to evaluate the authors’ quantitative 

analytical method.241 Peak urine concentrations were 10 µg/L JWH-018-N-5-

hydroxypentyl, 2 µg/L JWH-018-N-pentanoic acid and 1 µg/L JWH-073 N-butanoic 

acid.  

After 5 mg PO AM2201 (N=1), serum Cmax was 0.56 µg/L and Tmax 1.5 h.135 

Serum concentrations declined to <0.02 µg/L after 21 h, but remained detectable for five 

days. AM2201 was semi-quantified in OF at 0.02 µg/L from only one sample collected 

approximately 5 h post-dose. In urine, six metabolites quantified from 0.02-6.9 µg/g 

(creatinine-normalized), and were undetectable after eleven days. 

OF contamination was evaluated in two volunteers following three puffs (without 

inhalation) of herbal blends containing 12 SC (AM2201, JWH-018, JWH-019, JWH-073, 

JWH-122, JWH-200, JWH-210, JWH-250, JWH-251, JWH-307, MAM2201, RCS-4 

ortho isomer).242 One blood sample at 3h and several OF samples up to 90h after 

inhalation were collected from each participant. All SC were detected in OF for at least 

6h, with initial concentrations of 7-577 µg/L, decreasing rapidly by 70% after 30min. 
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Windows of detection varied by SC and differed between subjects. The shortest OF 

detection window was 6 h for JWH-200 and the RCS-4 ortho isomer, whereas JWH-307 

had the longest detection at 55 h. SC were not detected in blood.  

OF was collected 20 min to 12 h after volunteer A smoked “Black Mamba” and 

volunteer B smoked “Blueberry Posh”, two herbal incenses containing JWH-018.243 

JWH-018 was 3 µg/L in OF at 20 min in volunteer A, falling to <0.5 µg/L LOQ at 5 h. 

For volunteer B, JWH-018 OF was 35 µg/L 20 min after smoking, rapidly declining to 10 

µg/L at 40 min, and detectable for 12 h.  

In vitro transdermal permeation of 5 g/L WIN55,212-2 was significantly lower in 

1 cm2  human skin than guinea pig skin, but no statistical difference in total drug 

accumulated over 48 h incubation at 32°C was observed.228 Transdermal permeation of 

human skin by CP55,940 and WIN55,212-2, prepared in 4% bovine serum albumin and 

0.5% Brij, was evaluated over 48 h.244 WIN55,212-2 skin accumulation was higher with 

Brij than bovine serum albumin solution (73.8±6.6 versus 16.9±1.4 nmol/cm2), while no 

significant difference (16.8±3.0 nmol/cm2 versus 15.2±2.0 nmol/cm2) between the two 

CP55,940 drug preparations was observed. In the same Brij solution, the diffusion rate of 

21.7±3.9 µmol/g skin WIN55,212-2 was significantly greater than that of 1.1±0.4 µmol/g 

skin CP55,940. 

 

Human biotransformation studies 

Controlled administration biotransformation studies  

In the only IRB-approved human controlled administration study, JWH-073 

mono-, di-, and trihydroxylated, dealkylated and carboxylated metabolites were  
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qualitatively confirmed in the 1 h blood sample of one subject who smoked an herbal 

blend containing JWH-018 and JWH-073.240  

In the single AM2201 oral ingestion study,135 serum concentrations of 0.04 µg/L 

AM2201 N-hydroxypentyl, 0.22 µg/L AM2201 6-hydroxyindole, 0.73 µg/L JWH-018-N-

pentanoic acid and 0.42 µg/L JWH-018 N-5-hydroxypentyl were found. Creatinine-

normalized concentrations for six urinary metabolites’ 23 h after dosing were 0.21 µg/g 

AM2201 N-4-hydroxypentyl, 0.15 µg/g AM2201 6-hydroxyindole, 1.9 µg/g JWH-018 N-

5-hydroxypentyl, 1.3 µg/g JWH-018 N-pentanoic acid, 0.06 µg/g JWH-073 N-4-

hydroxybutyl and 0.06 µg/g JWH-073 N-butanoic acid. AM2201, JWH-018, and JWH-

073 metabolites were measurable up to 113, 238, and 68 h, respectively. 

After smoking 0.15 g herbal blend containing JWH-018 and JWH-073, peak 

concentration of the primary urinary metabolite, JWH-018 N-5-hydroxypentyl, was 

10µg/L, followed by 2 µg/L JWH-018 N-pentanoic acid and 1 µg/L JWH-073 N-butanoic 

acid241 in a single self-experimenter. JWH-018 and JWH-073 metabolites were detected 

>0.1 µg/L (LOQ) for 2-3 days.  

A 47-year-old male and 43-year-old female ingested 13 mg and 26 mg of the 

adamantoylindole-type AB-001, respectively, with urine collection for 1 week.133 Seven 

AB-001 metabolites were identified as products of hydroxylation, N-dealkylation, and a 

combination of these reactions, with no unchanged AB-001 detected in urine. The 

adamantane ring was the most frequent site of biotransformation.  

A 47-year-old male ingested 10 mg AM694 (a dose equivalent to 167 µg/kg) and 

two weeks later smoked tobacco laced with AM694 (dose equivalent to 16.7 µg/kg).245 

Six urinary metabolites were identified following AM694 defluorination, hydroxylation, 
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and carboxylation with sites of reaction on the fluoropentylindole moiety. AM694 was 

not detected.  

 

Biotransformation studies performed in vitro with and without confirmation in authentic 

specimens 

 Due to insufficient SC toxicity data, which preclude IRB- and FDA-approved 

human controlled drug administrations, in vitro experiments are alternative approaches 

for metabolite profiling and structure elucidation. We identified 22 articles describing SC 

in vitro human studies, with the majority (n=20) conducted between 2010 and 2014. 

HLM was the primary in vitro system in cited studies; fewer studies utilized human 

hepatocytes. Table 7 contains data on pharmacokinetic studies for JWH-018, the most 

studied SC, as well as AB- and ABD-FUBINACA, AB-PINACA, AKB-48, AM2201, 

JWH-015, JWH-073, JWH-073 4-methoxynaphthoyl, JWH-122, JWH-200, JWH-210, 

PB-22, 5F-PB-22, MAM2201, RCS-4, RCS-8, STS-135, UR-144 and XLR-11. 

One of the earliest JWH-018 metabolite studies with HLM identified 13 phase I 

metabolites with modifications at three molecular sites, the N-pentyl (dehydrogenation, 

hydroxylation, carboxylation), indole (N-dealkylation, hydroxylation), and naphthyl 

substructure (hydroxylation and dihydrodiol formation).246 Monohydroxylated and 

dihydrodiol metabolites were most prevalent. Other investigators also incubated JWH-

018 with HLM and analyzed an authentic urine specimen from an individual who 

admitted using “Spice.”247 In HLM, they found two major metabolites 

monohydroxylated: one at the pentyl chain, and one at the indole core. The authors 

assigned the hydroxyl groups to the 5-pentyl and 6-indole position, respectively; 
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however, these assignments are not conclusive and contradict other studies. In urine, 4 

monohydroxylated, 2 dihydroxylated, 1 trihydroxylated, and JWH-018 N-pentanoic acid 

were confirmed. Moreover, HLM produced 4 monohydroxylated JWH-073 metabolites, 

one likely JWH-073 4-hydroxybutyl. These metabolites are most likely generated by 

JWH-018 N-pentanoic acid decarboxylation and further oxidation.248 Dihydrodiol 

metabolites were not reported, although they were major metabolites in another study.246 

Glucuronide formation was not observed although the required co-factor uridine-5’-

diphosphoglucuronic acid was added during incubation.  

JWH-073 N-butanoic acid was identified as the common metabolite in authentic 

urine specimens of JWH-018 and JWH-073 suspected users.249 As described above, 

JWH-073 N-butanoic acid is most likely generated by JWH-018 N-pentanoic acid 

decarboxylation, oxidation and carboxylation. JWH-073 N-3-hydroxybutyl was specific 

to JWH-073, while JWH-018 N-pentanoic acid, JWH-018 N-4-hydroxypentyl, and JWH-

018 N 4-hydroxypentyl could not be generated from JWH-073.  

Glucuronidation of JWH-018, JWH-073 and12 commercially available 

metabolites were investigated with HLM, human intestinal microsomes and 12 different 

human recombinant uridine diphosphate-glucuronosyltransferase (UGT) isoforms 

individually.250 UGT1A1, UGT1A3, UGT1A9, UGT1A10, and UGT2B7 isoenzymes 

were primarily responsible for JWH-018 and JWH-073 metabolites’ conjugation and had 

high affinity for hydroxylated metabolites (Km 12–18 µmol/L).  

When JWH-018 and AM2201 were incubated with HLM, JWH-018-N-pentanoic 

acid was the more prevalent metabolite in AM2201- than in JWH-018-incubated 

samples.251 AM2201 oxidative defluorination primarily generated JWH-018 N-5-
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hydroxypentyl, a major metabolite, followed by JWH-018 N-pentanoic acid. In contrast, 

JWH-018 primarily produced JWH-018 N-4-hydroxypentyl followed by JWH-018 6-

hydroxyindole. Metabolite prevalence was verified in authentic human urine specimens 

from JWH-018 and AM2201 users showing the same results: JWH-018 N-4-

hydroxypentyl was a major metabolite for JWH-018, JWH-018 N-5-hydroxypentyl for 

AM2201. In addition to metabolite profiling, cytochrome P450 phenotyping was 

conducted on JWH-018 and AM2201 by incubating drugs with the selected CYP450 

isoforms CYP1A2, CYP2C9, CYP2D6, CYP2E1, and CYP3A4. For JWH-018, 

generation of JWH-018 N-4- and 5-hydroxypentyl was primarily mediated by CYP2C9 

followed by CYP1A2 and CYP2C19. CYP3A4 catalyzed JWH-018 N-4-hydroxypentyl 

production but with lower activity than CYP1A2 and CP2C19. For AM2201, JWH-018 

N-5-hydroxypentyl, JWH-018 N-pentanoic acid, and AM2201 N-4-hydroxypentyl were 

catalyzed by CYP2C9 (highest activity), CYP1A2, and CYP2C19. The same group 

verified JWH-018 and AM2201 metabolite patterns in authentic human urine samples. 

Consistent with the previous study, prevalence of metabolites after JWH-018 intake was 

JWH-018 N-4-hydroxypentyl > JWH-018 N-5-hydroxypentyl > JWH-018 N-pentanoic 

acid; and after AM2201 intake, JWH-018 N-5-hydroxypentyl > JWH-018 N-pentanoic 

acid > AM2201 N-4-hydroxypentyl.252 JWH-073 N-butanoic acid was detected in both.  

Two pairs of fluorinated/non-fluorinated SC naphthoylindoles—AM2201/JWH-

018 and MAM2201/JWH-122—were incubated with HLM.253 Profiling was limited to 

metabolites with commercially available standards including JWH-018 N-4 and 5-

hydroxypentyl, JWH-018 N-pentanoic acid, AM2201 N-4-hydroxypentyl, JWH-122 N-4 

and 5-hydroxypentyl, JWH-122 N-pentanoic acid (also known as MAM2201 N-pentanoic 
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acid), and MAM2201 N-4-hydroxypentyl. Biotransformation of AM2201 and MAM2201 

predominantly generated JWH-018- and JWH-122 N-5-hydroxypentyl metabolites, 

respectively, with lower AM2201- or MAM2201 N-4-hydroxypentyl concentrations. In 

addition, pentanoic acid metabolites were detected at higher concentrations after 

consumption of the fluorinated than non-fluorinated analog. Subsequently, authentic 

urine specimens from individuals who were suspected of either MAM2201 or JWH-122 

abuse were analyzed and JWH-122 N-5-hydroxypentyl was confirmed as the 

predominant metabolite in the MAM2201 group (1.1-84.8 µg/L), but only minor in the 

JWH-122 group (0.1-2.8 µg/L). MAM2201 N-4-hydroxypentyl also was detected, but not 

in all MAM2201 samples. The same group previously investigated AM2201 metabolism 

in rats, compared findings in authentic urine specimens, and reported JWH-018 N-5-

hydroxypentyl, the product of oxidative defluorination, to be the major metabolite after 

suspected AM2201 intake.233 Although, this metabolite also was found in urine samples 

of JWH-018 users, its concentration was lower than JWH-018 N-4-hydroxypentyl 

concentration; therefore, Jang et al. suggested that in the absence of fluorinated AM2201 

metabolites, a high JWH-018 N-4-hydroxypentyl to JWH-018 N-5-hydroxypentyl ratio 

indicates JWH-018 rather than AM2201 intake. 

JWH-122 incubated with HLM generated 30 metabolites as products of mono-, 

di- and trihydroxylation, dehydrogenation, dihydrodiol formation, N-dealkylation, 

carboxylation, and combinations of these reactions.231 Hydroxylation occurred at the 

indole alkyl or naphthyl substructures. In vitro findings were compared with a chimeric 

mouse model, which confirmed most major HLM metabolites and also identified one 

murine-specific monohydroxylated metabolite. 
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In a separate study, JWH-200 incubated with HLM produced 22 metabolites 

generated by the same reactions observed for JWH-122, and also JWH-200-specific 

reactions— morpholine ring cleavage or ring opening.232 When compared to in vivo 

chimeric mouse JWH-200 metabolites, a single murine-specific monohydroxylated JWH-

200 metabolite was observed, and the hydroxylated JWH-200 dihydrodiol metabolite in 

HLM was absent in mouse urine. 

JWH-018, JWH-073, 4-methylnaphthoyl-JWH-073, and JWH-122 were 

investigated in separate HLM incubations. The most prevalent and common oxidative 

reaction was hydroxylation at the N-alkyl or indole or naphthyl substructures; 

carboxylation at the N-alkyl chain and N-dealkylation were less prevalent 254. 

JWH-015 and JWH-210 underwent mono-, di- and trihydroxylation, N-

dealkylation, dihydrodiol formation, and dehydrogenation and combinations of these 

reactions after incubation with HLM 255. In addition, JWH-210 also underwent 

carboxylation.  

HLM incubation of a UR-144 herbal extract produced sixteen UR-144 phase I 

metabolites. Hydroxylation at the tetracyclomethylpropyl ring generated the most 

abundant metabolites 256. Other phase I reactions included N-dealkylation plus indole 

hydroxylation, dihydrodiol formation, and indole dihydroxylation. Monohydroxylation 

also occurred at the indole alkyl moiety and produced minor metabolites. When HLM 

metabolites were verified in five authentic urine specimens, all in vitro metabolites, 

except for N-despentylhydroxy and dehydrogenated hydroxy UR-144, were found. One 

urine specimen contained UR-144 parent, although in low concentration. Based on self-
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reported smoking time, the urinary metabolites’ windows of detection were suggested to 

be ≥1 week.  

Our group incubated XLR-11 with human hepatocytes, identifying 14 phase I and 

16 phase II metabolites 257. The XLR-11 major metabolite was 2’-carboxy-XLR-11, a 

product of carboxylation at the tetramethylcyclopropyl substructure, followed by UR-144 

N-pentanoic acid (oxidative defluorination and carboxylation) and UR-144 N-5-

hydroxypentyl (oxidative defluorination and hydroxylation). 

Sixteen RCS-4 metabolites were identified in authentic urine specimens from 

intoxication cases as products of O-demethylation, mono- and dihydroxylation at the N-

pentyl and/or benzoyl substructures, N-dealkylation, and reaction combinations 258.  In 

comparison, we incubated RCS-4 with human hepatocytes and identified 18 metabolites, 

which were generated by O-demethylation, aromatic or aliphatic monohydroxylation, 

dihydroxylation, carboxylation, N-dealkylation, and reaction combinations.259 All phase 

II metabolites, except one sulfate conjugate, were glucuronides. We also identified O-

demethylated RCS-4 as the major metabolite, the same major metabolite identified in 

authentic urine specimens.258 Additionally, RCS-4 N-pentanoic acid (with and without O-

demethylation) and RCS-4-N-2-hydroxypentyl were found as minor metabolites in vitro, 

but these were not detected in authentic urine.  

RCS-8 incubated with human hepatocytes generated eight phase I and 15 phase II 

metabolites.260 The predominant metabolite, RCS-8-dihydroxy glucuronide, was 

hydroxylated at the cyclohexyl and phenyl moiety and further glucuronidated at the 

phenyl hydroxyl group. Five isomers were found in total. O-demethylation with or 

without hydroxylation was observed in six of 15 phase II metabolites. 
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PB-22 and 5F-PB-22 incubated with human hepatocytes produced 14 PB-22 and 

12 5F-PB-22 phase I metabolites including several phase II metabolites.261 Ester 

hydrolysis was the predominant metabolic pathway for both analytes producing 1-pentyl-

1H-indole-3-carboxylic acid (PI-COOH) and 5F-PI-COOH, which underwent further 

biotransformations. Moreover, minor metabolites with intact quinolinyl moiety were 

identified as products of epoxide hydrolysis at the quinolinyl moiety, hydroxylation at the 

indole alkyl or quinolinyl moiety, ketone formation and carboxylation at the N-pentyl 

chain and for 5F-PB-22 only— defluorination. Five PB-22 and seven 5F-PB-22 

metabolites were observed as glucuronides with one cysteine-conjugated metabolite for 

PI-COOH and 5F-PI-COOH. Others found that PB-22 and 5F-PB-22 incubated with 

HLM produced PI-COOH or 5F-PI-COOH, generated by ester hydrolysis, but did not 

observe 5F-PB-22 defluorination. 262 

AKB-48, an adamantoylindazole, generated 15 phase I and two phase II 

metabolites in hepatocytes with two major metabolites, AKB-48-hydroxy-adamantoyl 

and AKB-48-dihydroxy-adamantoyl, which also were the only phase II glucuronidated 

metabolites.263 Ketone formation at the N-pentyl side chain also was observed; notably, 

AKB48 N-pentanoic acid was undetected.  

5F-AKB-48 incubated with HLM produced 16 phase I metabolites generated by 

oxidative defluorination, hydroxylation at either the adamantane or N-fluoropentyl 

substructures, and N-dealkylation. 264 Notably, 5F-AKB-48 oxidative defluorination also 

occurred without adding the co-factor NADPH indicating involvement of enzymes other 

than CYP450. The most intense metabolite was AKB-48-hydroxy-adamantoyl-N-

pentanoic acid. Fifteen of 16 metabolites identified in vitro were verified in an authentic 
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urine sample, previously screened for 5F-AKB-48 hydroxy by LC-QTOF. In urine, AKB-

48-hydroxy-adamantoyl N-pentanoic acid was the most abundant metabolite.  

A structurally similar SC, STS-135, a fluorinated adamantoylindole, was studied with 

HLM and human hepatocytes to evaluate metabolite stability and its metabolic profile, 

respectively.265 Half-life was 3.1±0.2 min and predicted intrinsic clearance was 208.8 

mL/min·kg, which classified STS-135 as an intermediate clearance drug. Seventeen 

phase I metabolites were identified, most generated by mono-, di-, and trihydroxylation at 

the adamantane ring, and to a lesser extent oxidative defluorination, which played a less 

dominant role in STS-135 metabolism than observed for other 5-fluoropentyl side chain-

containing SC.  

 Separate HLM incubations of AB-FUBINACA and ADB-FUBINACA, and AB-

PINACA, two fluorinated and one non-fluorinated indazole carboxamides, generated one 

monohydroxylated metabolite at the aminooxobutane for AB- and ADB-FUBINACA and 

three monohydroxylated metabolites at either the aminooxobutane and N-pentyl 

substructure, for AB-PINACA.262  

Analytical methods to identify SC in human biological matrices 

 We identified 63 articles detecting SC and metabolites in human blood, plasma, 

serum, hair, OF, and urine, all published from 2010-2014. Method validation data are 

summarized in 081 that decreased by 65.8%, all SC were stable at RT after 72 h. For SC 

with indole-core structures, no analyte instability was observed in processed samples 

stored overnight on the autosampler at RT 240 or at 10°C.276 

, while metabolites identified by these methods in corresponding in vivo or in vitro 

studies are listed in Table 7. Five articles reported immunoassay method validation 
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targeting SC analytes in urine, the rest described qualitative or quantitative 

chromatographic mass spectrometry assays. 

 Sample preparation included simple dilution, liquid-liquid extraction (LLE), 

protein precipitation, solid phase extraction (SPE), salting-out LLE (SALLE), supported 

liquid extraction (SLE), acid/base/enzyme hydrolysis, washing with or without base 

digestion (for hair only), and extract derivatization. Samples were analyzed by GC-MS, 

LC-MS/MS and LC-HRMS for qualitative and quantitative confirmation. Method 

validation parameters included evaluation of LOD/LOQ, assay imprecision and bias, 

analyte recovery, interference or cross-talk, matrix effects, extraction and process 

efficiency, autosampler stability and short-term analyte stability at different storage 

conditions. Cutoff evaluation also was included in the immunoassay method validation. 

The following subsections highlight analytical methods applicable to clinical and forensic 

cases including current knowledge on SC analyte stability in different matrices. 

Validation data for all methods are provided in Table 8. It is important to note that the 

extent of the confirmation assays always depended on the commercial availability of 

standards at the time of method validation. 

Blood (blood/plasma/serum) 

Nineteen articles described method validation for qualitative (n=5) and 

quantitative (n=14) SC confirmation in blood, serum and/or plasma. For qualitative 

confirmation, we chose to highlight the most current and extensive methods identifying 

SC in blood,273 serum,274 and a method targeting SC via precursor ion scan with common 

substructures.255 We also selected quantitative assays that included the most SC analytes 

in blood275 and serum.276 
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Table 8. Analytical methods for the identification of synthetic cannabinoids (SC) in 

biological matrices. 
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Thirty SC were quantified in serum by LC-MS/MS following LLE sample 

preparation, and scheduled multiple reaction monitoring (MRM),276 achieving LOQs 

between 0.1-2.0 µg/L. The method was applied to 833 serum samples from forensic cases 

and 227 were positive for at least one SC with 80% JWH-210, 63% JWH-122, 29% 

AM2201, 10% JWH-018, and <6% for JWH-019, JWH-073, JWH-081, JWH-200, JWH-

203, JWH-307 and/or RCS-4.  

Others quantified 25 SC in ante- and post-mortem blood following LLE.275 LOQ 

were 0.5 µg/L for SC analyzed in positive ionization mode and 5.0 µg/L LOQ for SC 

requiring negative ionization mode. 

A screening method for 12 SC in blood utilized automated SPE and LC-TOF-

MS.273 Compounds exceeding a specified intensity threshold were compared to an in-

house library and evaluated retention time, accurate mass and isotopic pattern. For 

forensic purposes fragment ions and their ratios also must be evaluated, but this method 

served as a screening tool similar to an immunoassay. 

An LC-MS/MS screening method for 46 SC and 8 labeled analogs in serum was 

developed with heated electrospray ionization (ESI), which enhanced sensitivity and 

obtained an LOD range from 0.1 to 0.5 µg/L.274 The mass spectrometer was operated in 

untargeted auto MSn mode with an inclusion list and generated MS, MS/MS and MS3 

data. Candidates were evaluated based on retention time, precursor ion, and MS/MS 

spectra matching with an in-house library. Thirty authentic serum samples from forensic 

cases were analyzed by this screening method and another quantitative LC-MS/MS 

assay,276 all samples screened and confirmed positive for one or more SC. 
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A method detecting 15 structurally similar SC by LC-MS/MS in blood, urine, and 

OF using precursor ion scans for characteristic fragments of naphthoylindole SC (m/z 

127, 144 and/or 155) was developed.255 HLM samples incubated with JWH-015 and 

JWH-210 documented that all JWH-210 and eight JWH-015 metabolites retained an 

intact m/z 144 fragment and nine JWH-015 metabolites intact m/z 127 and 155. This 

method was designed to detect unknown compounds having these characteristics 

fragment even without commercial standards availability. No authentic urine samples 

were tested with the method. 

Urine 

 We identified 32 methods (five immunoassays and 27 GC-MS, LC-HRMS and 

LC-MS/MS procedures) for SC detection in urine published between 2010 and 2014. The 

majority of these required sample preparation including dilution, enzymatic hydrolysis, 

LLE, SALLE, SPE or SLE+ prior to analysis (Table 8). Almost exclusively, metabolites 

were detected in urine, with low parent concentrations, if identified. 248, 277 

Constantly emerging NPS and their growing chemical diversity compelled 

analytical laboratories to develop chromatography mass spectrometry detection strategies 

as the first approach to confirming SC in biological specimens. Initially, GC-MS and LC-

MS/MS methods focused on single or a few SC and metabolites,247, 249, 269, 271 but it 

quickly became apparent that capability to identify multiple SC was necessary.  

The first LC-MS/MS confirmation method quantified three JWH-018 urinary 

metabolites from authentic urine specimens,247 another method also included JWH-073 

metabolites.249 Covering a wider scope, an LC-MS/MS assay was developed to detect 

nine hydroxypentyl, hydroxyindole, and carboxylated metabolites from 8 parent SC with 
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0.1µg/L LOQ.241 Sample preparation included enzyme hydrolysis and LLE. This method 

was employed in analyzing urine samples from a volunteer who smoked an herbal blend 

laced with JWH-018 and JWH-073. 

We developed a comprehensive targeted LC-MS/MS qualitative confirmation 

method for 29 SC analytes in urine, requiring sample enzymatic hydrolysis and 

acetonitrile protein precipitation, achieving 0.5-10 µg/L LOD, and confirming over 2500 

presumptive positive and negative random workplace urine specimens. 278 The method 

utilized scheduled MRM followed by data-dependent enhanced product ion scans and 

identified analytes with an in-house library. A specimen was considered positive with 

≥60% library match, ±0.05min expected retention time, and presence of three 

characteristic fragments. 

Our group also developed one of the most comprehensive LC-MS/MS 

quantitative methods for 53 SC analytes in urine with LOQ 0.1-1 µg/L, following 

enzymatic hydrolysis and SLE+ extraction, and applied the assay to 777 authentic urine 

specimens.279 Two separate MRM injections—one in positive and one in negative ESI 

mode— were required. 

Freijo et al. published another quantitative LC-MS/MS MRM method for 29 SC 

including recent analogs PB-22 and AB-FUBINACA with 5 µg/L LOQ.280 Samples were 

diluted and subjected to enzyme hydrolysis prior to LC-MS/MS analysis. The method 

was applied to one authentic urine specimen containing UR-144-N-pentanoic acid and 

XLR-11-6-hydroxyindole. 

Five years after SC were first detected in herbal blends, the first validated non-

targeted LC-HRMS method for screening and confirming 75 NPS including 54 SC 
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analytes in urine was published.281 It achieved cutoffs ranging from 0.2-60 µg/L, with the 

MS alternately operated between MS and bb-CID mode, switching between low and high 

collision energies. Samples were enzymatically treated and analytes extracted by mixed-

mode SPE. Analyte identification was based on reverse database searching from an in-

house library, requiring ±3 mDa molecular ion mass accuracy, acceptable isotopic 

pattern, ±0.2min retention time, and ≥10,000 and >1000 counts for the molecular and 

qualifier ions, respectively. Fourteen urine specimens from SC-related cases were 

analyzed and all contained one or more SC metabolites. 

Another non-targeted qualitative LC-HRMS confirmation method was developed 

for 40 SC urinary metabolites with 2 µg/L LOD, requiring sample enzymatic hydrolysis 

and SALLE 282. Extracts were analyzed by LC-QTOF-MS in auto MS/MS mode. For 

analyte identification, an algorithm was employed considering retention time, accurate 

mass measurement, isotopic pattern, and library matching score. Authentic forensic urine 

samples were screened with the SC Immunalysis HEIA (homogenous enzyme 

immunoassay) immunoassay (Pomona, CA, USA) and confirmed by LC-HRMS, 

achieving 87% sensitivity and 82% specificity. In addition, the LC-HRMS method 

identified UR-144 metabolites not detected by the immunoassay due to lack of cross-

reactivity.  

We recently developed a non-targeted approach, deploying a SWATHTM 

(Sequential Windowed Acquisition of all Theoretical mass spectra) LC-HRMS method, 

specifically targeting 47 SC metabolites in urine from 21 SC families with 0.25–5 µg/L 

LOD and a 15 min run time.283 This method acquired MS/MS spectra for all precursor 

ions between 228-408 Da at 30 windows of 6 Da width, based on SC masses generally 
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between 232 and 406 Da. Sample preparation included enzymatic hydrolysis and SLE+ 

extraction. The method was applied to analysis of random workplace drug testing urine 

specimens.  

 Traditionally, laboratories utilize immunoassay screens to rapidly differentiate 

presumptive positive from negative specimens with no sample preparation and high 

throughput.284 As SC emerge, new assays must be developed, due to lack of cross-

reactivity in standard cannabinoid immunoassays. First generation SC immunoassays 

targeted JWH-018 and JWH-250 urinary metabolites with varying cross-reactivity to 

other naphthoylindoles;285 subsequently, urinary UR-144 and XLR-11 metabolites were 

targeted.286 HEIA and enzyme-linked immunosorbent assays (ELISA) for indole-core SC 

and metabolites (Table 8) in urine demonstrated 79.9-98.3% sensitivity for SC 

metabolites with cutoffs as low as 5 µg/L.285-286  

 OF 

Eight articles published between 2011 and 2014 described parent SC detection in 

OF by LC-MS/MS. OF is an alternative matrix for blood in DUID cases and for urine in 

workplace drug testing programs. Choice of OF collection device is important due to high 

SC lipophilicity. Analyte recovery from collection devices differ, with elution buffer an 

important factor for sensitivity. OF contains parent SC,287 offering a detection advantage 

over urine because target metabolites might be unknown and metabolite reference 

standards may not be available. The extent of metabolite disposition into OF is unknown, 

but metabolites are valuable targets to document active intake as passive OF 

contamination by environmental cannabis smoke was observed.288 An ELISA targeting 

JWH-200 in OF had limited cross-reactivity to naphthoylindole SC (AM1220, AM2201, 
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AM2232, JWH-015, JWH-018, JWH-022, and JWH-073), but achieved 84% sensitivity 

and 100% specificity with LC-MS/MS 0.25 µg/L cutoffs for 21 indole-core SC 287a OF 

was collected with the QuantisalTM device, and the OF buffer mixture was only diluted 

with internal standard prior to LC-MS/MS analysis.  

A quantitative LC-MS/MS method for 6 SC in OF utilized MRM in ESI+ and 

ESI- mode and achieved 0.5 µg/L LOQ.243 OF was also collected with the Quantisal 

device. Samples were subjected to SPE before LC-MS/MS analysis and SC recovery 

from the OF collection device was 55-74%.  

The most extensive LC-MS/MS method for quantification of 30 SC in OF utilized 

MRM in ESI+ mode, with LOQ ranging from 0.15-3.0 µg/L.287b OF samples collected 

with the Draeger DCD 5000 device underwent LLE, with analyte recovery from 14-77%. 

The method was applied to 264 authentic OF specimens collected from clinical and 

forensic settings, finding 12 SC in 31 OF specimens. JWH-210 was the most prevalent 

SC (n=31), followed by JWH-122 (n=17) JWH-081 (n=8), JWH-018 (n=7), and AM2201 

(n=6), and others with lower prevalence. 

An selective reaction monitoring (SRM) LC-MS/MS with ESI+ mode, quantified 

18 SC in OF collected with the Intercept® collection device.289 OF was subjected to LLE, 

achieving 0.2-2 µg/L LOQ and 19-61% analyte recovery. The method was applied to 45 

authentic OF specimens from suspected SC users, with 20% confirming positive for 

JWH-018 and/or AM2201. 

Hair 

 Hair is a useful matrix for documenting frequent SC intake or sustained drug 

abstinence. There were six SC human hair confirmation methods and one abstract 
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published between 2012 and 2014. Except for one,290 authentic hair specimens were 

washed and treated with or without base digestion prior to LLE. SC were quantified by 

LC-MS/MS or screened by LC-TOFMS (Table 8). 

The first comprehensive quantitative LC-MS/MS scheduled MRM method for 22 

indole-core SC in hair required a washing step and LLE prior to analysis, achieving 0.5 

pg/mg LOQ, except for 5.0 pg/mg for JWH-398.291 Authentic hair specimens collected 

from forensic psychiatry patients with SC-positive serum samples were analyzed. One to 

five SC (JWH-018, JWH-073, JWH-081, JWH-210, and JWJ-250) were identified with 

concentrations between 0.5-78 pg/mg. 

Gottardo et al. were the first to employ LC-HRMS for detection of 8 SC in hair 

with a 10 pg/mg LOD.290 Data acquisition was performed in TOF-MS and MS/MS mode 

with ESI+. Hair samples underwent NaOH digestion overnight prior to LLE. In 435 

authentic hair specimens from drivers with suspended licenses, 8 samples were positive 

for JWH-018, JWH-073, JWH-081, JWH-122 and/or JWH-250, at concentrations 

ranging from 0.010-1.28 ng/mgA quantitative LC-MS/MS method for 23 SC in hair 

employed NaOH digestion, LLE, and SRM in ESI+ mode, achieving LOQ 0.7-4.3 pg/mg 

except for HU-210 at 80 pg/mg.292  

Authentic hair specimens from 344 individuals with suspended driving licenses or 

drug abuse histories were analyzed; 15 specimens contained one or more SC, with JWH-

073 identified in 11 at 1.6-50.5 pg/mg concentrations. 

Analyte stability 

 SC stability studies were generally performed with fortified authentic matrices 

rather than authentic specimens. In fortified blood, 25 indole-core SC stored at -20°C 
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were stable for 1 week.275 JWH-018, JWH-019, JWH-073, and JWH-250 fortified in 

blood were stable refrigerated and at -20°C for 30 days.240 Another study observed 

acceptable analyte stability for JWH-015, JWH-018, JWH-073, JWH-081, JWH-200, 

JWH-250 and WIN55,212-2 fortified in serum after three freeze/thaw cycles and after 1 

week at -20°C.295 Except for JWH-081 that decreased by 65.8%, all SC were stable at RT 

after 72 h. For SC with indole-core structures, no analyte instability was observed in 

processed samples stored overnight on the autosampler at RT 240 or at 10°C.276 

Stabilities of cyclohexylphenols, dibenzoypyrans, indole-core SC (naphthoyl, 

benzoyl, phenylacetyl, adamantoyl, quinolinyl, tetracyclomethylpropyl-type) and 

indazole-core SC (adamantoyl, carboxamide) in urine also  were investigated.278b, 279-280, 

282-283, 293, 306 SC parent and metabolites in fortified authentic urine and stored at RT, 4°C, 

and -20°C for 24 h and after three freeze/thaw cycles, were generally stable.278b, 279-280, 293, 

306 JWH-073 7-hydroxyindole suffered a -25% analyte loss at RT after 48 h.282 This is in 

contrast to our observations of parent instability (>20% loss) after 16 h at RT in 16 

indole-core SC, except for JWH-200, CP47,487-C7, CP47,497-C8, and HU-210.279 JWH-

018 and JWH-073 alkyl hydroxy, carboxy, and indole metabolites were stable under 

long-term storage conditions (-20°C for 2-4 weeks).306 Another study evaluated N-

dealkylated JWH-018 5-hydroxyindole and 2’-hydroxynaphthoyl fortified in authentic 

urine at RT and 4°C after 4 weeks and reported no significant analyte loss after long term 

storage.293 Processed samples of SC parent and metabolites with indole-core 

substructures fortified in authentic urine remained stable up to 72 h.278b Longer periods of 

storage time than 4 weeks and stability in authentic urine specimens collected from SC-

exposed individuals have not been thoroughly investigated.  
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Authentic OF concentrations in samples collected from volunteers who smoked a 

herbal mixture containing 12 indole-core SC, were stable up to 72h at 4°C except for 

JWH-251 and JWH-203 (77-79%).308 In volunteers smoking JWH-018, SC stability in 

authentic OF was one month at 4°C.243 In the same study, JWH-073 and JWH-250 

fortified in OF were unstable (-25%) at RT for 4 days, while JWH-018, CP47,497, CP47, 

497-C8, and HU-210-fortified OF concentrations only decreased -9 to -16%. Stability 

was acceptable for all analytes at 4°C for up to 1 week. In comparison, 28 indole-core SC 

OF concentrations were stable after three freeze/thaw cycles and after 30 days at -20°C, 

except for JWH-307.287b Indole-core SC on the autosampler were stable for 7-9h at 10°C 

287b, 308 and after 24 h at 15°C.312  

Stability of indole-core SC in OF was evaluated in different storage tubes. Except 

for JWH-200, analytes stored in polypropylene tubes at 25°C quantified <65% target 

after 24 h and further degraded (9.1-54% target) after 72 h.330 Analytes stored in glass or 

borosilicate tubes were stable at 4°C and 25°C for up to 72 h.  

In hair, only in-process stability during sample preparation was investigated. Two 

studies reported that extracted analytes were within ±10% theoretical target, suggesting 

that extracted SC (in solvents) remain stable during 24 h sample preparation. 291-292  

Discussion  

Pharmacokinetics 

SC research occurred in two phases: during the first phase, SC were investigated 

as clinical therapies, e.g. to modulate appetite, 321 or treat neurological disorders.322 

Animals were dosed to determine SC pharmacodynamics and pharmacokinetics or to 

identify drugs with reduced psychotropic effects.228, 244 Publications included receptor 



 

122 
 

binding affinity and drug syntheses that later provided guidance for clandestine chemists 

to select potent SC and produce the drugs as “legal highs.”319 Research for 

pharmacotherapies continues but at a slower pace, partly due to the lack of success in 

identifying non-psychoactive cannabinoids, new research into fatty acid amide hydrolase 

(FAAH) inhibitors and other novel targets,323 and scheduling of SC in many countries.223 

The second phase was initiated by the introduction of these NPS on the designer 

drug market in the early 2000s, producing increasing numbers of emergency room visits 

and poison control calls attributed to acute intoxications. SC adverse effects continue to 

be reported, and after a decline in 2013, the number of calls to poison control centers 

trended upward again in 2014.221 Research now focuses on documenting 

pharmacodynamic effects in intoxicated drug users, determining pharmacokinetic 

properties including the most relevant metabolites to target, and developing analytical 

methods. Pharmacokinetics studies in animals or in vitro were performed as alternative 

approaches to human controlled drug administration studies and provided critical 

information for toxicity evaluations and method development. The “early” SC, JWH-018 

and AM-2201, were intensively investigated. However, it has not been possible to 

perform in-depth research for all SC due to the rapid introduction of so many chemically 

diverse compounds.  

Absorption/Distribution studies 

 There were few studies on this topic, but taking into account all results across 

different compounds in different animal species,229-230 it is evident that SC are very 

lipophilic compounds and show all characteristic pharmacokinetic properties of lipophilic 

drugs. They are distributed quickly into fat tissue, where they can accumulate leading to a 
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rapid decline of parent concentration in blood after administration as well as long 

detection windows after chronic consumption.224 The compounds investigated also 

crossed the blood-brain-barrier and accumulated in brain tissue as demonstrated by brain-

to-blood ratios >1. Cannabinoid tetrad (analgesia, catalepsy, hypomotility and 

hypothermia) effects observed in animals corresponded well with these high brain 

concentrations.226-227 

There are only two in vivo animal studies that reported plasma Cmax and t1/2 for 

CP55,540 and WIN55,212-2—one study in a dog 225 and one in guinea pigs, 228 

respectively. These data give only a first impression of plasma concentrations and half-

lives, rather than being predictive of typical values in humans, even more so as many 

different compounds are consumed, each of them with a different individual dose.  

In the human self-administration studies, acute SC smoke exposure produces peak 

concentrations within minutes after intake with low blood/serum concentrations (≤10 

µg/L), which then rapidly decline and are only detectable for hours to days, e.g., JWH-

018 up to 48 h.136, 240 In DUID cases, concentrations were similarly low.139 In contrast, in 

forensic cases from rehabilitation and psychiatric clinics or severe intoxications with 

unknown time of consumption, concentrations could be much higher (JWH-122 up to 

230 µg/L), probably due to chronic use.276 Oral SC intake produced much lower serum 

concentrations, but detectability might be extended, e.g. AM2201 was found after up to 5 

days.135 However, without further information regarding frequency or last intake. SC 

detection in blood might not necessarily mean recent intake, as it was shown that SC may 

still be detectable in chronic users’ serum 30 days after last use.224 In summary, although 

SC compounds exhibit wide structural diversity and major differences from THC, major 
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pharmacokinetic properties are similar; hence, we assume that similar problems, 

especially when interpreting results, will arise. How to detect recent use and assess 

impairment, when blood concentrations might not reflect brain concentrations? How to 

prove relapse when detection windows after chronic exposure are long? Is it possible to 

find a scientifically based cut-off for these compounds in blood? 

Similar to blood, SC peak OF concentrations are low and ranged between 3-35 

µg/L after smoking, rapidly declining until becoming undetectable after several hours.324 

This might render OF a good matrix to document recent use, if this also holds true for 

frequent users. In addition, oral contamination should be closely examined as observed 

by Kneisel et al.,287b because passive environmental SC smoke exposure can produce 

positive OF results, similar to data for THC.288 A solution is to measure metabolites that 

suggest active intake. Since no published method has targeted metabolites in OF yet, we 

consider this a valuable field of research. 

Only three human self-administration studies reported urine results.135, 137, 241 

Various metabolites in low µg/L concentrations were found; after a single smoked dose, 

detection windows were 2-3 days and after oral consumption 10 days. In authentic 

workplace urine specimens, we observed SC metabolites at much higher concentrations 

ranging from 0.1 to 2434 µg/L.325 Urine offers longer windows of SC detection than 

blood, with the major disadvantage being the absence of SC parent compounds, and the 

need to target (initially unknown) metabolites. Usually it takes longer for reference 

standards to become available, delaying method development. An important drawback is 

also the shared metabolic pathways (Figure 4) that complicate interpretation of urine SC 

results. 



 

125 
 

Hair as analytical matrix usually serves to monitor long-term consumption patterns or 

prove abstinence. In the few studies that analyzed authentic hair specimens obtained from 

different groups, e.g. forensic psychiatry patients, DUID offenders or patients undergoing 

withdrawal,234, 290-292 several naphthoylindole SC and metabolites were detected covering 

a broad concentration range. Interestingly, no correlation between measured 

concentrations and reported drug consumption could be found. Instead, concentrations 

increased from proximal to distal segments, suggesting incorporation of SC via side-

stream smoke,291 another similarity with THC and cannabis smoking.326 Hair 

pigmentation did not play a role in deposition processes.307, 327 Further investigation is 

required as to whether re-circulation of SC in blood secreted from fat tissue may 

influence the amount incorporated in hair, as this would affect detection of abstinence, 

results. Moreover, it would be helpful to know if and to which extent metabolites are 

incorporated in hair, as this can assist interpretation and rule out passive contamination.  

Metabolism studies 

 There were few published studies on SC biotransformation in the above-

mentioned first phase of SC research, namely on CP55, 940, WIN55,212-2 and JWH-

015, which were considered for therapeutic applications at the time.235, 237-238 In the 

second phase metabolism research exploded. The main focus now is to determine the 

metabolic profile of each compound, i.e. to elucidate the structure of the major 

metabolites, to identify the biotransformations involved and to check for potentially toxic 

metabolites. Less often metabolic stability is assessed, receptor affinities of metabolites 

are determined or the specific CYP450 isoenzymes predominantly active identified. 

Eventually, all research data served to identify suitable urinary markers to document  
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Figure 4. Merging metabolic pathways for synthetic cannabinoids AKB-48, JWH-018, 

JWH-073, JWH-122, PB-22, and XLR-11 and five fluoropentyl analogs. Ester hydrolysis 

of PB-22 and 5F-PB-22 produce 1-pentyl-1H-indole-3-carboxylic acid (PI-COOH) and 

5F-PI-COOH. 

intake, which helped in developing analytical methods, and clarified shared metabolic 

pathways, which further assisted in results interpretation. The time that is needed for 
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metabolism studies is one of the limiting factors that delays method development, 

especially for urinalysis. 

As controlled administration studies in humans are not feasible and animal studies 

may not completely and reliably predict human metabolites, in vitro methods with human 

enzymes or cells were the methodology of choice in most studies. In the first phase of SC 

research, in vitro metabolism studies were conducted with RLM, but most recent studies 

utilized HLM or human hepatocytes. HLM are inexpensive, easy and rapid approach, but 

with the disadvantages that phase II metabolites are not identified unless additional 

cofactors are added. Moreover, the prevalence of metabolites might not predict well what 

is later found in authentic human samples. Human hepatocytes generate phase I and II 

metabolites usually in a similar prevalence as observed in vivo. Therefore, they are 

currently considered the gold standard for in vitro metabolism studies. However, 

hepatocyte incubations are more expensive, and require special handling. Two studies 

used an in vivo chimeric mouse model, which offers a third approach for metabolite 

profiling, although it is the most complicated alternative. Compared to the in vitro 

approaches, the chimeric mouse offers metabolism in living human hepatocytes in a 

whole organism, i.e. not only metabolism can be investigated, but also distribution and 

excretion processes. However, the mice can still produce murine-specific metabolites not 

present in authentic human specimens and the whole approach requires specific technical 

knowledge in animal breeding and handling.  

In silico metabolite prediction is a different and new approach. Prediction 

software helps predict potential metabolites, which can then be specifically targeted in in 

vitro studies or when analyzing authentic specimens. Different algorithms were 
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developed, some based on expansive databases containing metabolic pathways for 

thousands of compounds (training-dependent), some simulating the docking in the 

catalytic cavity of different enzymes and calculating substrate reactivity (training-

independent). To date, in silico prediction remains a supportive tool and is still under 

evaluation. 

In any case, metabolites proposed from in vitro studies or predicted in silico 

always need to be verified in authentic human samples. Ingested dose, intake frequency, 

time after dosing, genetics and polymorphisms, analyte stability, and drug-drug 

interactions will influence the type and prevalence of metabolites in biological matrices. 

However, in most studies in vitro and in vivo biotransformations and profiles matched 

well. Differences were usually seen in the appearance of minor metabolites or the degree 

of biotransformation (earlier, first-generation metabolites in vitro vs. later, second- or 

third-generation metabolites in authentic urine samples). 

All metabolism studies demonstrated that SC undergo extensive metabolism and 

follow typical xenobiotics metabolic pathways (Table 9). Among the naphthoylindoles, 

hydroxylation was the most common biotransformation, predominantly occurring at the 

indole alkyl and to a lesser extent at the naphthyl substructure. Dihydrodiol formation at 

the naphthyl, carboxylation, and N-dealkylation also were observed. Naphthoylindoles 

with a particular substructure generated compound specific biotransformations like JWH-

200 morpholine ring opening,232 RCS-8 O-demethylation,260 and PB-22 or 5F-PB-22 

ester hydrolysis.261-262 Fluorinated SC underwent oxidative defluorination in addition or 

before further biotransformation. Interestingly, when comparing fluorinated and non-

fluorinated pentyl chain carrying SC, pentanoic acid metabolites were usually favored by 



 

129 
 

the fluorinated analogs.253, 257, 264 Other SC families e.g. tetramethylcyclopropylindoles, 

when smoked, generated pyrolysis products further undergoing oxidative 

biotransformation.303 

 One of many challenges in SC analysis is finding unique biomarkers. There are 

two primary reasons. First, shared metabolic pathways (Figure 4) make it difficult to 

distinguish the origin of some SC, and second, some compounds lose substantial parts of 

the molecule in their predominant biotransformation(s). One possible solution to the first 

problem recommended by several groups is calculating the metabolite ratios of different 

major metabolites as was done for JWH-018 and AM2201.135, 233, 251 Another approach,  

which is also a solution to the second problem, is to target specific metabolites, even if 

they are minor. These metabolites must contain the relevant molecular features, e.g. the 

fluorine atom at 5’-pentyl position or the ester linker, or generate a specific metabolite 

only observed for one compound of the analog pair, e.g. for instance, JWH-018-N- 4-

hydroxypentyl, which is not produced by AM2201.  

 The majority of phase II SC metabolites are glucuronides; other conjugates, i.e., 

sulfates, were observed to date for only three compounds (RCS-4, JWH-122 and JWH-

200), and cysteine conjugation only for the hydrolysis products of PB-22 and 5F-PB-22. 

Often major metabolites were extensively glucuronidated; hence, a hydrolysis step is 

considered mandatory for urine specimens analyzed by mass spectrometry to detect 

corresponding phase I metabolites (immunoassays generally are not preceded by 

hydrolysis). Although new compounds can always differ, the current results strongly 

suggest that glucuronidation is the major phase II reaction for SC compounds. 
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Table 9. Biotransformation of synthetic cannabinoids in vivo and in vitro. 
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Table 9 Continued 
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Table 9 Continued 
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There might be glucuronide species that are more resistant to hydrolysis than others, but 

laboratories can be confident that their common hydrolysis procedures will work 

sufficiently. From an analytical point of view, special attention should be paid to acyl 

glucuronides, which were identified for some compounds (PB-22, 5F-PB-22) and can 

undergo isomerization producing isomers more resistant to enzymatic hydrolysis.328 More 

important, acyl glucuronides are known to be potentially toxic due to covalent binding to 

protein structures. 

There is a high probability that we will continue to see new SC emerge, probably 

with the majority having no available pharmacokinetic or toxicity data. Therefore, there 

is an urgent and constant need to determine the metabolism of new compounds and to 

identify the appropriate analytical targets. Ideally, a streamlined procedure covering 

metabolic stability assessment, in vitro metabolic profiling, and confirmation of markers 

in authentic specimens is in place and will quickly enable mass spectrometry metabolite 

data to be incorporated in MS libraries. Another critical component is the synthesis of 

reference standards by commercial entities to enable forensic identifications. Further 

characterization by enzyme phenotyping, drug-drug interactions and inhibition studies are 

vital as well as desirable. Although human controlled administration studies would 

provide valuable data to understand SC pharmacodynamics and pharmacokinetics, these 

studies are not currently feasible due to the lack of preclinical and in vitro toxicity data 

and even if they were, it would be impossible to test every new compound. Therefore, we 

assume that the current in vitro HLM and human hepatocytes assays will continue to 

provide critical identification data. 
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Analytical Methods  

Documenting SC intake is important for clinical and forensic drug testing. 

Whether to document recent intoxication, identify impaired driving or monitor workplace 

use, SC identification in blood, urine, OF, and hair provide the evidence. However, new 

compounds emerge more rapidly than laboratories can develop and validate analytical 

methods.  

GC-MS and LC-MS/MS are versatile instruments often employed for 

confirmation methods, and toxicologists applied this approach to analyze biological 

specimens for SC. Initially, methods for one or a few analytes were developed,247, 302 but 

when more and more compounds appeared, the scope was extended to more than 50 SC 

markers in one method.279. However, developing and validating these methods is a time-

consuming, costly and labor-intensive endeavor.  

Immunoassay technology also was evaluated, offering advantages of high 

throughput and no sample preparation. However, immunoassays have limited to no cross-

reactivity with new SC and metabolites and require months to years to be developed and 

validated. Moreover, immunoassays are screening methods requiring further 

confirmatory testing. For these reasons, this analytical approach has difficulty identifying 

new SC. 

After more than six years of the SC phenomenon, toxicologists realize that routine 

analytical approaches are insufficient, promoting a recent surge of innovative strategies 

applying HRMS technology to develop non-targeted methods capable of detecting known 

or unknown substances at the time of analysis. The major challenge is to achieve 

sufficient selectivity to detect low SC concentrations. To date, three non-targeted LC-
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HRMS screening methods for drugs of abuse including SC in biological samples were 

published enabling laboratories to acquire accurate MS and MS/MS data without 

preselecting compounds.281-283 This methodology is more flexible and allows for 

retrospective analysis. Once laboratories expand their mass spectrometric libraries as 

reference standards become available, previously collected data can be interrogated for 

unknown compounds. HRMS instruments, complimented by metabolite prediction 

software also are powerful tools for metabolite profiling and identification, not easily 

achieved with GC-MS or LC-MS/MS. 

 

Conclusion 

 The emergence of SC will pose continuous challenges to clinical and forensic 

laboratories. With each new compound, the forensic community must address three major 

issues: 1) identification of suitable biomarkers via in vitro studies to detect intake, 2) 

reference standard synthesis, and 3) continuous updating and validation of analytical 

methods, which is a time-consuming, and cost- and labor-intensive process. 

Improvements are apparent: faced with logistic and analytical limitations, laboratories are 

applying unconventional approaches with non-targeted HRMS, permitting retrospective 

data inquiry after library updates. SC metabolite identification is becoming faster and 

more comprehensive, but should be further streamlined and complemented. Laboratories 

need to respond quickly, adapt to the new emerging drug market, and be innovative with 

new HRMS technology. Therefore, we expect to see additional technological and logistic 

advancements and improved analytical methods for SC identification in the near future.  
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Chapter 4 - Method Validation of Biochip Array Technology for 

Synthetic Cannabinoids Detection in Urine 

(As published in Bioanalysis, November 2014)2 

Abstract  

 SC are widely-abused cannabimimetic drugs that do not screen positive in 

traditional cannabinoids immunoassays, making detection difficult.  

 The first commercially-available immunoassay for urinary SC was validated. 

LOD (5-20µg/L), imprecision (<13.1% intra-, <37.7% inter-assay), and cross-reactivity 

profiles of 22 SCs and 37 metabolites were obtained. A large negative bias (-80.8 to -

28.0%) was observed. Sensitivity (98.3%), specificity (48.1%), efficiency (53.9%) were 

determined from screening 20,017 urine specimens and confirming 1,432 presumptive 

positive and 1,069 selected negative specimens by LC-MS/MS. Cutoff optimization 

improved performance to 87.6% sensitivity, 85.2% specificity, and 85.4% efficiency. 

 This high throughput urine SC assay has good sensitivity and improved 

specificity and efficiency at modified cutoff concentrations.  

 

Introduction 

SC are designer drugs eliciting cannabimimetic effects in humans similar to 

THC.329 SC are sold as packaged herbal products, labeled “not for human consumption,” 

primarily on the Internet. SC appeal to the young for their intense psychoactive effects 

and to individuals subject to drug tests, as they are not detected by routine cannabinoid 

                                                           
2 Castaneto, et al.  Bioanalysis, 2014, 6 (21), 2919-2930 
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immunoassays.219 The AAPCC reported 6,698 and 5,230 SC-related exposures in 2011, 

and 2012, respectively, which decreased to 2,643 SC-related calls in 2013.129a reported 

adverse effects were qualitatively similar, but of greater intensity, than those of cannabis 

including tachycardia, shortness of breath, agitation, vomiting, nausea, hypertension, 

muscle twitches, chest pain, seizure, hallucinations, psychosis, acute kidney injury, 

ischemic stroke, and withdrawal in chronic smokers.219 Unregulated SC manufacturing 

and unknown pharmacology raised public health and safety concerns. In the US, 15 SC 

were placed into Schedule I under the Synthetic Drug Abuse Prevention Act (SDAPA) 

effective July 9, 2012,23a with three additional SC scheduled in May 201323b and four in 

February 2014.23c SC also are controlled in many other countries 22 

First legitimately synthesized to investigate the endogenous endocannabinoid 

system, SC possess CB1 and/or CB2 receptor binding affinity 1- 100 times more potent 

than THC.15, 209 SC can be classified into 9 chemical classes: adamantoylindoles, 

benzoylindoles, cyclohexylphenols, classical dibenzopyrans, naphthoylindoles, 

naphthylmethylindoles, naphthylmethylindenes, naphthoylpyrroles, and 

phenylacetylindoles 11, 20, 330 but new SC (with different substructures and linkers – 

tetramethylcyclopropyl ketone indoles, quinolinyl ester, and indazole carboxamide 

derivatives) emerged including UR-144, XLR-11, PB-22, BB-22, ADB-FUBINACA and 

ADBICA. 331 Chemical structure and examples for each class are illustrated in Figure 2. 

SC intake is vital to document in workplace drug testing, drug treatment, criminal 

investigations, and DUID programs, and to link observed adverse effects to causative 

agents. There are currently no regulated SC screening and confirmatory cutoffs, but SC 

markers were documented in hair, 291 ante- 240, 275 and postmortem blood,300 oral fluid,242-
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243, 311 and urine 241, 247-248, 332 primarily by LC-MS/MS. Commercially available 

immunoassays also can provide rapid screening identification and semi-quantitative 

results for SC and metabolites, but critical assay evaluations are limited.285a, 311 

In 2012, Randox Laboratories Ltd. launched the first commercially available 

immunoassay—Drugs of Abuse V (DOA-V) biochip array—for urine SC detection. The 

objectives of this study were to provide the first method validation and performance 

optimization for high-throughput urine SC screening.  

Methods 

Chemicals and Reagents 

The DOA-V biochip has 11 antibodies to detect various designer drugs; three of 

these are antibodies for JWH-018 (SCI, II and III) and one for JWH-250-(SCIV). Each 

DOA V calibrator contained JWH-018, JWH-250, mephedrone, 3,4-

methylenedioxypyrovalerone, 1-benzylpiperazine, 1-(3-chlorophenyl)piperazine, 

mescaline, and salvinorin; however, for the purpose of this study, only the SC assay was 

validated. Two versions of the DOA-V immunoassay were evaluated. Prior to July 2012, 

calibrators and QCs were reconstituted in deionized water (referred to as “original kit”), 

but current (“new kit”) calibrators and QC are reconstituted in lyophilized negative urine 

with extended upper limits of linearity (ULOL) for SCI-III. SC antibodies were the same 

in the two versions. DOA-V biochips, calibrators (original: SCI-III 0-140 µg/L JWH-018, 

SCIV 0-120 µg/L JWH-250; new: SCI-III 0-204 µg/L JWH-018, SCIV 0-108 µg/L JWH-

250), QC, washing solution, displacement fluid, and signal reagents were obtained from 

Randox (Crumlin, UK). Each kit includes 4 cassettes of 10 biochip carriers with 9 

biochips per carrier, assay diluent (20 mM phosphate buffer, pH 7.2), and conjugate 
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solution (20 mM Tris-based buffer, pH 6.4 containing horseradish peroxidase, HRP). 

Biochips were analyzed on the Evidence analyzer (EV 180-120). Chemiluminescence 

was measured by a charge coupled camera interfaced with a computer and software that 

automated instrument calibration, evaluated controls, and reported sample results.  

SC standards were purchased from Cayman Chemicals (Ann Arbor, MI) and 

stored at -20oC. Intermediate (100 mg/L) and working SC concentrations (0.1–5 mg/L) 

were prepared with HPLC-grade methanol (Sigma-Aldrich, St. Louis, MO). Negative 

SC-free urine was used for standard, cross-reactivity, and negative control preparations. 

Non-SC standards were obtained from Cerilliant (Palo Alto, CA) and Sigma-Aldrich (St. 

Louis, MO).  

Immunoassay Screening 

The competitive chemiluminescence immunoassay occurred on a biochip labeled 

with multiple different antibodies. In the absence of urinary drug analytes, HRP-labeled 

drugs bind to the antibodies, allowing HRP interaction with the signal reagent mixture of 

1:1 luminol/hydrogen peroxide producing chemiluminescence. Signal intensity is 

inversely proportional to urinary drug analyte concentration. The higher the drug 

concentration in urine, the less unbound antibodies become available for the HRP-labeled 

drug to produce the chemiluminescent reaction. The sample’s signal intensity was 

compared to those of the calibrators, and a concentration was reported based on the 

calibration curve. 

The Evidence analyzer required daily calibration of 9 multi-analyte calibrators for 

the original and new DOA-V kits (Table 10). The calibration curve was calculated 

employing four pre-defined performance parameters: A (minimum asymptote),  
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Table 10. Randox Drugs of Abuse V synthetic cannabinoids (SC) calibrators (original 

and new versions) target and mean observed concentrations (μg/L) for SCI-IV (n=10). 

SCI-III contained JWH-018, while SCIV contained JWH-250 analytes. 

       

SCI-III     SCI SCII  SCIII SCIV  

Target Mean±SD %Bias Mean±SD %Bias Mean±SD %Bias Target Mean±SD %Bias  

    Original 

 (0.0)a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 (1.1)a 1.1±0.1 3.4 1.0±0.4 -9.9 0.9±0.3 -8.2 0.9 0.9±0.1     -3.7  

 (2.2)a 2.1±0.4 -1.9     1.9±0.5 -11.1         2.2±0.2 0.1 1.9  1.8±0.2     -3.6 

 (4.4)a 4.5±0.3    2.5     4.4±1.2  0.4       4.6±0.7 5.7     3.8  3.9±0.4  3.9 

 (8.8)b 8.3±0.8      -5.5     8.0±1.7   -8.6        9.0±1.1 3.1     7.5  7.5±0.8  -0.2 

(17.5)b 17.5±2.5      -0.2 16.5±1.3   5.5      17.6±0.6 0.7 15.0  15.2±0.8 1.4 

 35.0  36.4±3.5       4.0 33.4±3.8   -4.5      35.2±1.3 0.6 30.0   30.5±1.5  1.7 

 70.0  69.5±4.9      -0.8   71.0±3.3    1.4      67.8±2.4 -3.2 60.0   58.0±5.6 -3.4 

140.0  133.6±8.4       4.6   141.2±7.9   0.8    132.8±8.3 -5.2 120.0 114.6±12.0 -4.5 

     New 

 (0.0)a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 (2.3)a 2.3±0.3 0.0 2.5±0.1 10.4 2.1±0.1 -5.1 0.8 1.0±0.2 25.5 

 (3.4)a 3.7±0.5 7.7 3.6±0.9 5.1 3.6±0.6 4.1 2.0 1.8±0.2 -9.4 

 (8.0)b 7.5±0.7 -5.7 7.7±0.6 -2.9 7.9±0.7  -0.6 4.3 3.9±0.4 -9.5 

(15.2)b 13.9±1.0 -8.6 14.3±1.1  -6.3 15.1±2.0 -1.0 8.0 6.8±0.7 -14.7 

 29.1 27.3±1.9 -6.2 26.2±1.8  -9.8 27.9±1.7 -4.6 14.6 14.4±1.0 -1.2 

 58.9 58.9±3.4 0.0 54.8±3.4  -7.0 55.4±3.9 -6.0 28.4 29.0±2.1 2.1 

108.3 112.9±4.0 4.3 114.5±3.6   5.7 108.2±6.1 0.0 55.1 59.9±3.0 8.9 

203.7c 203.2±15.9 15.9 213.9±4.2   5.2 207.4±11.4  2.1 107.9c 104.6±6.5   -3.1 

                       
aBelow manufacturer’s proposed cutoff of 10, 5, and 5 µg/L for SCI, III, and IV, respectively 
bBelow manufacturer’s proposed cutoff of 20 µg/L for SCII 
cUpper limits of linearity 

Concentrations enclosed in parentheses not considered for calibrator linearity calculations 

 

B (slope factor), C (point of inflection) and D (maximum asymptote) for each analyte. 

The calibration curve includes these parameters, observed results, and the 4 parameter 

logistic (4PL) non-linear equation: 

y = 𝐴 +  
𝐵+𝐴

1+(
𝑥

𝐶
)𝐷

  

where, y is Relative Light Unit (RLU), and x is µg/L concentration. An acceptable fit for 

calibrators was ≥0.949. Calibrations failed if ≥4 concentrations were out of range or 

r<0.949. Calibrators and QC were prepared per product inserts. Acceptable QC ranges 

were ±2 standard deviation (SD) target.  
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Specimens 

A total of 20,017 authentic anonymized urine specimens collected from service 

members stationed worldwide, whose urine first tested negative for amphetamines, 

benzoylecgonine, cannabinoids, opioids, and phencyclidine in the DOD FTDTLs, were 

analyzed. Specimens were stored at room temperature before analyses. One mL 

specimens were analyzed in a batch of 90 including 1 negative and 4 QC samples. The 

manufacturer’s recommended cutoffs were 10, 20, 5, and 5 µg/L for SCI, SCII, SCIII and 

SCIV, respectively. A specimen with an immunoassay response equal or above any of 

these cutoffs was identified as presumptive positive. Presumptive SC positive and 

negative specimens were refrigerated prior to qualitative LC-MS/MS confirmation.  

Validation Procedures 

LOD 

  Ten unique duplicate SC-free human urine samples were analyzed each day for 3 

days (n=60). LOD was defined as the minimum concentration distinguished from the 

signal produced by a negative sample.333 It is calculated as LOD = mean observed 

concentration of 10 negative samples + 3SD for SCI, II, III or IV. 

Linearity and %Bias 

In-house stock, intermediate, and working solutions were prepared in methanol 

and stored at 4–7°C. Negative urine samples were fortified to 1.0, 2.5, 5.0, 10.0, 20.0, 

45.0, 70.0, 140, 175, 205, and 255 µg/L JWH-018 for SCI-III, and 1.0, 2.5, 5.0, 7.5, 15.0, 

30.0, 60.0, 110, 120, 135, and 150 µg/L JWH-250 for SCIV. Mean observed 

concentrations were calculated across 5 batches in triplicate for SCI-IV. 4PL curve fit 

(correlation coefficient, r) was determined for SCI-IV and linearity (R2) for both kit 
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calibrators and in-house standards. %Bias for each concentration was determined as 100 

x (group mean observed concentration – target concentration)/target concentration. 

Acceptable %bias was ±20% target.  

Imprecision  

JWH-018- and JWH-250-fortified controls (15, 30, and 60 or 90 µg/L) and 3 

authentic positive urine samples were analyzed in quadruplicate across 5 batches (n=20). 

Coefficient of variation (%CV) and SD for intra- and inter-assay imprecision were 

determined. Acceptable intra- and inter-assay imprecision was ±20%. 

Cutoff Evaluation 

 Immunoassay cutoff concentrations recommended by Randox were 10 µg/L for 

SCI, 20 µg/L for SCII, and 5 µg/L for SCIII and SCIV. Assay performance was evaluated 

in fortified  SC-free authentic urine at 5, 10, 15, 20, 25, and 30 µg/L JWH-018 for SCI–

III, and 5, 10, and 15 µg/L JWH-250 for SCIV cutoffs. Performance also was monitored 

at ±25% and ±50% of each cutoff to evaluate separation around the cutoffs, analyzed in 

triplicate in one batch. Mean observed concentration, SD, intra-assay imprecision (%CV), 

and %bias were calculated for SCI-IV.  

Cross-reactivity 

Cross-reactivity of 75 SC analytes and the monoacylglycerol lipase inhibitor, 

URB754, were evaluated in triplicate in one batch. Based on the product insert, analytes 

not cross-reacting at 150 µg/L (n=6) were evaluated again at 500 µg/L. Analytes 

previously described as cross-reactive were prepared at two concentrations to elicit a 

positive response within the linear range with one or more SCI-IV. Twenty additional 

analytes not evaluated by Randox also were tested. A total of 75 other SC and potential 
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metabolites (fortified in negative urine) including 50 naphthoylindoles, 8 

phenylacetylindoles, 5 benzoylindoles, 4 tetramethylcyclopropylindoles, 3 

cyclohexylphenols, 2 adamantoylindoles , 1 adamantoylindazole ,1 aminoalkyindole and 

1 dibenzoypyran were analyzed. %Cross-reactivity was determined as 100 x (mean 

observed concentration/target concentration). 

Interference  

The method was challenged with 1 mg/L urine concentrations of 106 potentially 

interfering substances including structurally similar or co-administered compounds, 

metabolites, over-the-counter medications and common drugs of abuse and other 

potential endogenous compounds were evaluated (Table 11). Immunoassay response 

≤LOD was considered negative and interference-free. Adulterant samples containing 

10% bleach or peroxide and known amounts of JWH-018 and JWH-250 (100 µg/L) also 

were assayed and compared to adulterant-free samples.  

Carryover 

Carryover was evaluated twice by assaying two negative samples after 500 µg/L 

JWH-018 or JWH-250. If the negative urine samples were ≤LOD, no carryover was 

noted.  

Immunoassay Performance 

 Assay performance compared SCI-IV screening results to those obtained with the 

validated LC-MS/MS confirmation assay with LODs of 0.5-10 µg/L for 29 SC 

markers.278b A specimen was presumptive positive if any SCI-IV was ≥ manufacturer’s 

recommended cutoff. True positives (TP) screened and confirmed positive. True 

negatives (TN) screened and confirmed negative. False positives (FP) screened positive  



 

144 
 

Table 11. Compounds evaluated with Randox biochip array technology synthetic 

cannabinoids immunoassay. Final concentrations at 1 mg/L unless indicated. 

acetaminophen diazepam morphine 

6-acetylcodeine diphenhydramine morphine-3-glucuronide 

6-acetylmorphine ecgonine morphine-6-glucuronide 

acetyl salicylic acid ecgonine ethyl ester nicotine 

alprazolam ecgonine methyl ester nitrazepam 

7-aminoclonazepam ephedrine nor-benzoylecgonine 

7-aminoflunitrazepam 2-ethylidene-1,5-dimethyl- norbuprenorphine 

7-aminonitrazepam    3,3-diphenylpyrrolidine norcocaethylene 

amphetamine 2-ethyl-5-methyl-3,3- norcocaine 

ethyl-amphetamine    diphenyl-1-pyrroline norcotinine 

hydroxy-amphetamine flunitrazepam nordiazepam 

androecgonine methyl ester flurazepam norfluoxetine 

benzoylecgonine fluoxetine normorphine 

m-hydroxy-benzoylecgonine hydrocodone noroxycodeine 

p-hydroxy-benzoylecgonine hydromorphone noroxymorphone 

bromazepam m-hydroxy-cocaine oxazepam 

brompheniramine p-hydroxy-cocaine oxycodone 

buprenorphine hydroxy-cotinine oxymorphone 

3,4-methylenedioxyphenyl-2- ibuprofen paramethoxy- 

   butanamine (BDB) imipramine    amphetamine 

N-methyl BDB ketamine paramethoxy- 

caffeine lorazepam    methamphetamine 

cannabidiol methadone pentazocine  

cannabigerol methamphetamine phencyclidine 

cannabinol hydroxy-methamphetamine phentermine 

R-cathinone 3,4-methylenedioxy- propoxyphene 

chlorpheniramine    ethylamphetamine temazepam 

clomipramine 4-hydroxy-3-methoxy- Δ9-tetrahydrocannabinol 

clonazepam    amphetamine    (THC) 

clonidine 4-hydroxy-3-methoxy THC-A 

cocaine    methamphetamine 11-hydroxy-THC 

cocaethylene 3,4-methylenedioxy- 11-nor-9-carboxy-THC 

codeine    amphetamine THC-glucuronide 

cotinine 3,4-methylenedioxy- acetone (10g/L) 

dextromethorphan    methamphetamine ascorbic acid (4g/L) 

creatinine (7.5g/L) ethanol (5g/L) glucose (30g/L) 

hemoglobin (1.5g/L) human serum albumin (5g/L) oxalic acid (1g/L) 

ranitidine (100mg/L) riboflavin (75mg/L) sodium chloride (40g/L) 

urea (35 g/L) negative urine, pH <4.0 negative urine, pH >8.0 

 

and confirmed negative, and false negatives (FN) screened negative, but confirmed 

positive. Sensitivity was 100 X (TP/[TP+FN]), specificity 100 X (TN/[TN+FP]), and 

efficiency 100 X ([TP+TN]/total specimens. 
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Data Analysis 

 Statistical calculations utilized MS Excel 2010 for Windows. One-way analysis of 

variance (ANOVA) determined significance (P <0.05) of LOD and inter-assay 

imprecision comparisons in SCI-IV (original and new versions). Linearity 4PL curve fits 

were calculated and plotted with GraphPad Prism version 5.0 (San Diego, CA).  

Results 

Validation 

The original and new DOA-V assay performance were evaluated. Each batch 

contained 10% QC samples (DOA-V QC and negative urine), all of which assayed within 

acceptable ranges. However, 4.9% of specimens required re-analysis (re-analyzed with 

new aliquots) due to instrument errors (e.g. reference or correction spot not found, 

biochip not processed).  

Limits of Detection 

LODs were almost identical in both assays; SCI-IV were 5.2, 10.6, 2.6, and 1.3 

µg/L in the original kit and 4.6, 10.8, 2.8, and 1.2 µg/L in the new kit, respectively (Table 

12). 

Table 12. Randox Drugs of Abuse V synthetic cannabinoids (SCI-IV) assay limits of 

detection (LOD) evaluated with 10 SC-free authentic urine samples analyzed in duplicate 

in three batches (n=60). LOD = Mean observed concentration + 3SD. One-way ANOVA 

analysis showed no significant differences (P=0.98) in LODs for the original and new 

SCI-IV assays. 

 Original New                 

Randox cutoff, Mean±SD LOD Mean±SD LOD 

µg/L µg/L µg/L  µg/L µg/L    

SCI (10) 1.9±1.1   5.2  1.0±1.2   4.6 

SCII (20) 5.2±1.8 10.6 3.3±2.5 10.8 

SCIII (5) 0.8±0.6   2.6 0.7±0.7   2.8 

SCIV (5) 0.4±0.3   1.3 0.3±0.3   1.2 
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Linearity and %Bias 

With the provided DOA-V calibrators in both kits, the 4 PL curve fits for SCI-IV 

were similar and in good agreement (r>0.99) between preparations. Calibrators were 

linear (R2≥0.99) between proposed manufacturer’s cutoffs and ULOLs, with mean %bias 

of -5.5% to 5.7% (original assay) and -14.7% to 15.9% (new assay) (see Supplementary 

Table 2). We found the in-house standard preparations to be linear (R2≥0.99) between 5 

and 255 µg/L, but large differences in mean and target concentrations for the original and 

new versions showed a large negative %bias. Fortified authentic urine samples produced 

results -80.8% to -32.9% and -76.3% to -28.0% below target for SCI-IV with original and 

new kits, respectively (Figure 5).  

 

Figure 5. Randox Drugs of Abuse V synthetic cannabinoids (SCI-IV) mean %bias±SD 

(n=15) in original and new assays for JWH-018 (SCI-III) and JWH-250 (SCIV) fortified 

urine samples. Assay upper limits of linearity were 140 SCI-III and 120µg/L SCIV 

(original) and 204 SCI-III and 108 µg/L SCIV (new). 
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Imprecision  

Acceptable QC variability was ±35% of target as recommended by the 

manufacturer. Assay imprecision (both assays) was first evaluated with fortified authentic 

urine samples, which were prepared fresh at three concentrations for each batch. Intra-

assay imprecision of fortified controls was <13.1% (n=4, both assays). SCI-III inter-assay 

imprecision was 9.7-18.7% for the 15, 9.7-25.3% for the 30, and 31.9-37.7% for the 

90 µg/L QC (n=4, each of 5 days, both assays). Inter-assay imprecision for SCIV was 

<23.2% (original) and <11.5% (new) at all concentrations. Results are summarized in 

Table 13. Randox Drugs of Abuse V synthetic cannabinoids (SCI-IV) intra- and inter-

assay imprecision in original and new assays..  

Table 13. Randox Drugs of Abuse V synthetic cannabinoids (SCI-IV) intra- and inter-

assay imprecision in original and new assays.  
 

 Original      New  _____ 

 Intra (n=4) Inter (n=20) Intra (n=4) Inter (n=20) 

 Mean±SD CV Mean±SD CV Mean±SD CV Mean±SD CV  

µg/L µg/L % µg/L % µg/L % µg/L %___ 

    SCI 

15   8.6±0.7 9.3   7.8±0.5 16.7 11.0±0.6   5.7 10.9±0.4 9.7 

30 19.3±1.4 9.2 15.5±1.5 23.7 18.5±0.9   4.0 21.3±1.0 10.9 

90 68.0±2.4 5.8 41.8±6.3 34.4 78.9±7.2 11.7 61.5±8.3 32.3  

 SCII 

15   7.8±0.8 11.4   7.0±0.3 13.9   7.5±1.0 13.1   7.6±0.4 18.7 

30 11.9±0.9   8.6 10.1±0.8 19.8 18.7±2.0   4.0 15.0±1.5 25.3 

90 46.8±2.1   7.9 26.5±4.4 37.7 50.4±3.2   8.3 39.1±5.4 31.9 

 SCIII 

15   4.7±0.4   6.7   5.2±0.3 14.3 9.4±0.8   8.8   8.9±0.3 11.6 

30 15.6±0.8   6.8 11.6±1.1 22.3 16.9±2.0   4.1 16.9±0.7   9.7 

90 59.7±2.4   6.8 35.7±5.7 34.4 69.1±5.4 10.6 51.2±7.0 32.4 

 SCIV 

15   6.6±0.7   9.5   7.1±0.5 19.3 7.9±0.6   6.1   9.5±0.6 14.9 

30 12.1±0.8   5.6 14.4±1.2 19.7 20.1±1.2   6.0 19.8±0.7 10.0 

60 33.1±2.2   6.2 33.8±2.9 23.2 44.2±3.2   8.0 40.1±1.5 11.5 

     

Abbreviations: standard deviation (SD), coefficient of variation (CV).  

 

Assay imprecision was then evaluated with three authentic urine specimens that 

had previously screened positive for SCI-III with the original DOA-V kit. Re-analysis 
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with both assays yielded an intra-assay imprecision of <14.3% (n=4, on 5 days) and an 

inter-assay imprecision of <32.1% for the original assay, but <15.6% for the new assay 

(n=20). Results are shown in Table 14. 

Table 14. Stability of three (1, 2 and 3) authentic urine samples analyzed with original 

Randox Drugs of Abuse synthetic cannabinoids (SCI-III) assay. Imprecision (intra- and 

inter-assay) evaluated 27 weeks later with SCI-III original and new assays. All specimens 

were negative for SCIV. 
 

 Original  New    
 Intra (n=4) Inter (n=20) Intra (n=4) Inter (n=20) 

Initial Mean±SD CV Mean±SD CV Mean±SD CV Mean±SD CV 

µg/L µg/L % µg/L % µg/L % µg/L %  

    SCI 

(1) 31.3  38.6±2.1 8.3  24.9±3.5 32.1  26.4±2.0  8.3 24.5±1.1 13.0  

(2) 69.8  51.3±4.9 8.8  55.4±1.5   28.1  49.4±3.1  5.9  52.3±3.1    14.7  

(3) 43.1  39.1±2.4 5.8  47.2±5.9   28.6  38.4±2.9  6.5  44.2±8.3 14.5 

     SCII 

(1) 29.0 4.5±3.2  5.9 16.1±0.7 10.7 19.1±1.0  5.5 18.0±1.1 14.9 

(2) ND  ND -- ND  -- ND  -- ND -- 

(3) 349a  580a±77.2  14.3  539a±27.8  18.4 444a±57.9 13.8 420a±14.0 15.6 

    SCIII 

(1) 10.3  7.3±0.5   6.4 7.5±0.3 22.0 8.2±0.5  5.7     8.5±0.4 13.0 

(2) ND  ND -- ND  -- ND -- ND -- 

(3) 119 111.6±7.2    7.5 95.7±5.7   17.3 137±7.0 6.1 116±5.2     11.5  

 

Abbreviations: coefficient of variation (CV), not detected (ND), standard deviation (SD) 

aSample read above upper limit of linearity (>140µg/mL, original or >204 µg/mL, new), actual values were 

calculated using calibration curve fit parameters. 

Cross-reactivity 

Cross-reactivities were only evaluated with the original kit, as identical antibodies 

were utilized in both versions. All SC without cross-reactivity, per the new assay’s 

product insert, produced negative SCI-IV responses when assayed at 500 µg/L. Results 

are listed in Table 15. Cross reactivity >1% was demonstrated for 37 analytes for SCI, 34 

for SCII, 30 for SCIII and 8 for SCIV. Samples containing 50 and 100 µg/L JWH-018 

with reported 100% cross-reactivity had much lower mean %cross-reactivity 36.5% SCI, 

23.5% SCII and 31.0% SCIII. Similarly, JWH-250 samples prepared at 50 and 100 µg/L 

with 100% predicted cross-reactivity (SCIV) had 
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Table 15. Randox Drugs of Abuse V synthetic cannabinoids (SC) immunoassay % mean 

cross-reactivity (CXR, n=3) evaluated by Chemistry and Drug Metabolism (CDM) and 

published (Randox) CXR values obtained from the product insert. %CXR (bold) were 

calculated with estimated mean concentration extrapolated from calibration curve due to 

immunoassay results above uppler limits of linearity (>140 μg/L). 

 CDM Mean %CXR Randox %CXR 

Analyte µg/

L 
SCI  SCII  SCIII  SCIV  SCI SCII SCIII SCIV 

(+)WIN 55212-2 

(mesylate) 50 NEG 54.4 NEG NEG 0.4 110 0.9 <1 

(+)WIN 55212-2 

(mesylate) 100 5.9 46.6 3.4 NEG 0.4 110 0.9 <1 

(±)-CP 47,497 500 NEG NEG NEG NEG NEG NEG NEG NEG 

(±)-CP 47,497-C8 500 NEG NEG NEG NEG NEG NEG NEG NEG 

(±)-JWH 018 N-(4-

OHpentyl)† 20 65.6 134 69.4 NEG 77.7 296 127 <5.0 

(±)-JWH 018 N-(4-

OHpentyl)† 120 36.4 129 66.9 2.2 77.7 296 127 <5.0 

(±)-JWH 073 N-(3-

OHbutyl)† 20 70.8 324 95.4 NEG 92.2 436 112 2.0 

(±)-JWH 073 N-(3-

OHbutyl)† 100 42.1 260 75.0 NEG 92.2 436 112 2.0 

AKB48 50 NEG NEG NEG NEG -- -- -- -- 

AKB48 100 NEG NEG NEG NEG -- -- -- -- 

AM1220 20 91.4 726 125 NEG 34.3 328 239 0.4 

AM1220 50 22.5 126 33.7 NEG 34.3 328 239 0.4 

AM2201 30 109 134 95.9 5.4 226 102 219 <1 

AM2201 100 86.4 122 84.2 2.3 226 102 219 <1 

AM2201 6-OHindole† 50 27.1 70.3 78.3 NEG -- -- -- -- 

AM2201 6-OHindole† 100 14.7 57.7 68.3 NEG -- -- -- -- 

AM2201 N-(4-

fluoropentyl) isomer 30 123 144 125 4.7 112 189 118 3.1 

AM2201 N-(4-

fluoropentyl) isomer 100 57.2 78.0 58.8 1.9 112 189 118 3.1 

AM2201 N-(4-

OHpentyl) † 20 74.0 191 80.8 6.1 71.7 260 68.4 0.6 

AM2201 N-(4-

OHpentyl) † 150 33.9 193 67.6 1.5 71.7 260 68.4 0.6 

AM694 175 52.7 68.0 10.6 1.6 28.5 13.5 3.1 <1 

AM694 500 35.7 71.5 8.8 0.80 28.5 13.5 3.1 <1 

CP 47,497-C7-OH † 50 NEG NEG NEG NEG -- -- -- -- 

CP 47,497-C7-OH † 100 NEG NEG NEG NEG -- -- -- -- 

HU-210 500 NEG NEG NEG NEG NEG NEG NEG NEG 

AM2201 N-(4-

fluoropentyl) isomer 100 57.2 78.0 58.8 1.9 112 189 118 3.1 

JWH-007 300 4.3 4.8 1.3 0.5 16.0 17.0 2.0 <1 

JWH-007 500 3.0 3.8 1.0 0.3 16.0 17.0 2.0 <1 

JWH-015 120 7.2 26.2 2.8 NEG 26.3 44.5 5.1 <1 

JWH-015 350 4.2 25.9 2.4 NEG 26.3 44.5 5.1 <1 

JWH-018 50 37.0 23.4 29.4 3.2 100 100 100 0.7 

JWH-018 100 36.4 23.6 31.8 2.1 100 100 100 0.7 

JWH-018 2-OHindole † 500 NEG NEG NEG NEG NEG NEG NEG NEG 
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Table 15 Continued 
 

JWH-018 5-OHindole † 80 NEG 21.3 24.1 NEG 4.9 51.8 65.5 <1 

JWH-018 5-OHindole † 200 NEG 15.6 19.7 NEG 4.9 51.8 65.5 <1 

JWH-018 6-OHindole † 80 45.1 211 870 NEG 13.6 36.9 62.7 <1 

JWH-018 6-OHindole † 500 26.8 181 691 0.6 13.6 36.9 62.7 <1 

JWH-018 7-OHindole † 110 11.0 14.7 18.7 NEG 15.9 47.4 45.2 <1 

JWH-018 7-OHindole † 500 4.5 16.0 20.1 NEG 15.9 47.4 45.2 <1 

JWH-018 adamantyl 

analog 500 NEG NEG NEG NEG NEG NEG NEG NEG 

JWH-018 adamantyl 

carboxamide (2NE1) 50 NEG NEG NEG NEG -- -- -- -- 

JWH-018 adamantyl 

carboxamide (2NE1) 100 NEG NEG NEG NEG -- -- -- -- 

JWH-018 N-(5-

OHpentyl) beta-D-

glucuronide† 50 16.3 53.1 30.6 NEG -- -- -- -- 

JWH-018 N-(5-

OHpentyl) beta-D-

glucuronide† 100 11.9 50.1 24.5 NEG -- -- -- -- 

JWH-018 N-(5-

OHpentyl)† 20 112 230 120 NEG 227 415 227 0.9 

JWH-018 N-(5-

OHpentyl)† 50 78.2 255 108 2.9 227 415 227 0.9 

JWH-018 N-pentanoic 

acid† 30 NEG NEG NEG NEG 39.2 231 58.7 <1 

JWH-018 N-pentanoic 

acid† 250 4.6 66.1 12.7 NEG 39.2 231 58.7 <1 

JWH-018-N-(4-

OHpentyl) 20 65.4 129 73.1 NEG 77.7 296 127 5.0 

JWH-018-N-(4-

OHpentyl) 130 34.5 120 59.7 1.4 77.7 296 127 5.0 

JWH-019 60 126 106 128 4.2 89.0 50.0 82.0 <1 

JWH-019 100 169 117 91.9 3.3 89.0 50.0 82.0 <1 

JWH-019 5-OHindole† 200 2.6 7.9 10.8 NEG 5.0 27.4 24.8 <1 

JWH-019 5-OHindole† 400 1.4 8.7 10.9 NEG 5.0 27.4 24.8 <1 

JWH-019 N-(6-

OHhexyl)† 50 63.8 169 87.3 NEG -- -- -- -- 

JWH-019 N-(6-

OHhexyl)† 100 48.0 184 79.3 NEG -- -- -- -- 

JWH-022 70 7.8 NEG NEG NEG 53.0 80.0 70.0 <1 

JWH-022 190 55.3 75.3 56.9 1.1 53.0 80.0 70.0 <1 

JWH-073 20 72.1 92.5 70.8 NEG 116 299 128 <1 

JWH-073 100 46.3 64.6 46.9 NEG 116 299 128 <1 

JWH-073 2-OHindole† 500 NEG NEG NEG NEG NEG NEG NEG NEG 

JWH-073 4-butanoic 

acid 20 NEG 139 31.0 NEG <1 288 28.1 <1 

JWH-073 4-butanoic 

acid 350 1.8 42.0 8.3 NEG <1 288 28.1 <1 

JWH-073 4-OHindole† 500 45.0 82.6 135 <1 9.4 1.8 9.5 <1 

JWH-073 5-OHindole† 60 NEG 52.4 45.4 NEG 0.5 83.9 58.4 <1 

JWH-073 5-OHindole† 170 3.8 35.9 38.3 NEG 0.5 83.9 58.4 <1 

JWH-073 6-OHindole† 50 17.7 55.6 60.4 NEG 19.6 116 86.0 <1 

JWH-073 6-OHindole† 500 4.7 34.4 63.2† NEG 19.6 116 86.0 <1 
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Table 15 Continued 

JWH-073 7-OHindole† 100 13.8 41.3 33.6 NEG 18.0 62.8 49.1 <1 

JWH-073 7-OHindole† 500 4.6 34.4 24.1 NEG 18.0 62.8 49.1 <1 

JWH-073 N-(4-

OHbutyl)† 20 87.4 376 147 4.9 61.9 407 138 1.3 

JWH-073 N-(4-

OHbutyl)† 150 47.4 491 114 1.3 61.9 407 138 1.3 

JWH-073 N-butanoic 

acid† 30 NEG 73.0 21.2 <1 11.0 207 12.1 <1 

JWH-073 N-butanoic 

acid† 500 1.7 75.4 7.9 <1 11.0 207 12.1 <1 

JWH-073 N-(3-

OHbutyl)† 20 177 1092 280 NEG 92.2 436 112 2.0 

JWH-073 N-(3-

OHbutyl)† 100 134 332 317† NEG 92.2 436 112 2.0 

JWH-081 120 34.8 NEG NEG NEG 44.2 <1 <1 0.9 

JWH-081 230 34.3 NEG 1.4 NEG 44.2 <1 <1 0.9 

JWH-081 N-(5-

OHpentyl)† 30 117 NEG NEG 4.5 172 1.5 2.5 <1 

JWH-081 N-(5-

OHpentyl)† 60 87.1 NEG NEG 1.9 172 1.5 2.5 <1 

JWH-122 70 28.8 NEG 4.3 NEG 71.2 2.0 9.8 <1 

JWH-122 140 28.0 NEG 3.2 NEG 71.2 2.0 9.8 <1 

JWH-122 N-(5-

OHpentyl)† 50 88.6 NEG 13.4 2.5 107 6.0 11.6 <1 

JWH-122 N-(5-

OHpentyl)† 500 55.1† 5.1 6.3 <1 107 6.0 11.6 <1 

JWH-200 20 305 304 775† 8.6 269 382 115 <1 

JWH-200 100 162 4614 1023 1.8 269 382 115 <1 

JWH-200 5-OHindole† 80 7.4 61.3 29.1 NEG <5 64.1 17.1 <1 

JWH-200 5-OHindole† 500 2.7 44.4 20.7 NEG <5 64.1 17.1 <1 

JWH-200 6-OHindole† 10 81.4 291 111 NEG 73.7 540 146 <1 

JWH-200 6-OHindole† 140 7.7 68.3 35.7 NEG 73.7 540 146 <1 

JWH-203 130 6.5 NEG NEG 150† <1 <1 <1 59 

JWH-203 250 6.1 NEG 1.5 131† <1 <1 <1 59 

JWH-210 100 18.9 NEG NEG NEG 51.3 <1 1.4 <1 

JWH-210 200 26.7 NEG NEG NEG 51.3 <1 1.4 <1 

JWH-210 5-OHindole† 500 1.6 NEG 0.6 NEG 2.2 <1 0.8 <1 

JWH-210 N-(4-

OHpentyl)† 50 29.1 NEG NEG NEG -- -- -- -- 

JWH-210 N-(4-

OHpentyl)† 100 24.6 NEG NEG NEG -- -- -- -- 

JWH-210 N-(5-

COOHpentyl)† 450 5.2 NEG 0.9 NEG 12.4 <1 <1 <1 

JWH-210 N-(5-

COOHpentyl)† 500 5.6 NEG 0.9 NEG 12.4 <1 <1 <1 

JWH-210 N-(5-

OHpentyl)† 50 51.1 NEG NEG NEG -- -- -- -- 

JWH-210 N-(5-

OHpentyl)† 100 45.4 NEG NEG NEG -- -- -- -- 

JWH-250 50 NEG NEG NEG 44.2 1.5 <1 <1 100 

JWH-250 100 NEG NEG NEG 48.6 1.5 <1 <1 100 

JWH-250 5-OHindole† 500 NEG NEG NEG 0.4 -- -- -- -- 
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JWH-250 N-(4-

OHpentyl)† 50 NEG NEG NEG 14.3 -- -- -- -- 

JWH-250 N-(4-

OHpentyl)† 100 NEG NEG NEG 8.5 -- -- -- -- 

JWH-250 N-(5-

COOHpentyl)† 500 NEG NEG NEG 0.4 -- -- -- -- 

JWH-250 N-(5-

OHpentyl)† 400 12.0 10.0 1.4 30.8 1.4 <1 <1 12.8 

JWH-250 N-(5-

OHpentyl)† 500 11.5 9.2 1.2 31.4 1.4 <1 <1 12.8 

JWH-251 40 NEG NEG NEG 40.9 3.2 <1 <1 124 

JWH-251 100 NEG NEG NEG 36.6 3.2 <1 <1 124 

JWH-398 250 14.3 NEG 2.9 NEG 20.9 <1 5.6 0.2 

JWH-398 500 17.1 NEG 3.0 NEG 20.9 <1 5.6 0.2 

JWH-398 N-(5-

OHpentyl)† 100 40.5 NEG 10.6 NEG 57.9 4.6 20.1 <1 

JWH-398 N-(5-

OHpentyl)† 500 23.3 3.2 6.8 NEG 57.9 4.6 20.1 <1 

JWH-398 N-pentanoic 

acid† 50 14.9 NEG 9.5 NEG -- -- -- -- 

JWH-398 N-pentanoic 

acid† 100 8.7 NEG 6.5 NEG -- -- -- -- 

MAM2201 50 92.5 NEG 13.4 NEG -- -- -- -- 

MAM2201 100 89.7 NEG 10.1 1.5 -- -- -- -- 

MAM2201 N-

pentanoic acid 50 19.3 NEG 7.9 NEG -- -- -- -- 

MAM2201 N-

pentanoic acid 100 11.5 NEG 5.2 NEG -- -- -- -- 

RCS-4 100 23.2 NEG NEG 1.9 61.0 <1 <1 <1 

RCS-4 170 17.1 NEG NEG 1.4 61.0 <1 <1 <1 

RCS-4 2-methoxy 

isomer 100 35.1 13.1 3.1 2.5 58.9 7.2 2.0 2.4 

RCS-4 2-methoxy 

isomer 170 29.4 10.3 2.9 2.1 58.9 7.2 2.0 2.4 

RCS-4 N-(5-

COOHpentyl)† 500 3.1 NEG NEG NEG 5.5 <1 <1 <1 

RCS-4 N-(5-

OHpentyl)† 100 25.1 NEG NEG NEG 62.2 <1 <1 <1 

RCS-4 N-(5-

OHpentyl)† 170 18.8 NEG NEG <1 62.2 <1 <1 <1 

RCS-8 500 NEG NEG NEG 1.4 <1 <1 <1 0.7 

STS-135 50 NEG NEG NEG NEG -- -- -- -- 

STS-135 100 NEG NEG NEG NEG -- -- -- -- 

UR-144 50 NEG NEG NEG NEG -- -- -- -- 

UR-144 100 NEG NEG NEG NEG -- -- -- -- 

UR-144 N-(5-

OHpentyl)† 50 NEG NEG NEG NEG -- -- -- -- 

UR-144 N-(5-

OHpentyl)† 100 NEG NEG NEG NEG -- -- -- -- 

UR-144 N-pentanoic 

acid† 50 NEG NEG NEG NEG -- -- -- -- 

 



 

153 
 

Table 15 Continued 

UR-144 N-pentanoic 

acid† 100 NEG NEG NEG NEG -- -- -- -- 

URB754 50 NEG NEG NEG NEG -- -- -- -- 

URB754 100 NEG NEG NEG NEG -- -- -- -- 

XLR11 50 NEG NEG NEG NEG -- -- -- -- 

XLR11 100 NEG NEG NEG NEG -- -- -- -- 

†Metabolites 

only 46.5% mean cross-reactivity. 

SC with <1% cross-reactivity with SCI–IV antibodies were (±)-CP 47,497, (±)-

CP 47,497-C8-homologue, AKB48, CP 47,497-C7-hydroxy metabolite, HU-210, JWH-

018 2-hydroxyindole metabolite, JWH-018 adamantyl analog, JWH-018 adamantyl 

carboxamide (2NE1), JWH-073 2-hydroxyindole metabolite, STS-135, UR-144, UR-144 

N-5-hydroxypentyl metabolite, UR-144 N-pentanoic acid metabolite, URB754, and 

XLR11. JWH-200 (100 µg/L) had an estimated 1,023% cross-reactivity with SCIII; 

product insert listed 115% cross-reactivity. Most SC produced <10% cross-reactivity 

with SCIV, except JWH-251 36–41%, JWH-203 131–150%, and JWH-250 N-5-

hydroxypentyl 30%.  

Cross-reactivity of SC not previously evaluated were <10% with SC IV except for 

JWH-250 N-(4-hydroxypentyl) with 14.3% cross-reactivity at 50 µg/L. Seven SC 

analytes (AM2201 6-hydroxyindole, JWH-018 N-5-hydroxypentyl beta-D-glucuronide, 

JWH-019 N-(6-hydroxyhexyl), JWH-210 N-(4-hydroxypentyl), JWH-210 N-5-

hydroxypentyl) , JWH-398 N-pentanoic acid, and MAM2201 N-pentanoic acid) prepared 

at 50 and 100 µg/L had cross-reactivity >10% in one or more SCI-IV. MAM2201 (50 and 

100 µg/L) had selective 91.1% and 11.7% mean cross-reactivity with SCI and SCIII, 

respectively, and no cross-reactivity with SCII and SCIV. JWH-019 N-(6-hydroxyhexyl) 

(50 and 100 µg/L) had mean cross-reactivity ranging from 63.8-176.5% with SCI–III. 
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Based on these data, DOA-V identified 22 SC and 37 potential metabolites. Cross-

reactivity profiles for SCI-IV are listed in Table 15. 

Interference 

Interfering substances fortified at 1000 µg/L yielded results ≤LOD for SCI–IV 

Supplementary Table 5. Similarly, negative urine samples with pH <4.0 and >8.0 had 

immunoassay responses below LODs and manufacturer’s cutoffs. Negative urine samples 

fortified with 100 µg/L JWH-018 or JWH-250 and 10% bleach (v/v) or 10% peroxide 

(v/v) produced increased responses (12 to 26%) compared to samples without adulterants, 

but were within the manufacturer’s stated acceptable variability of ±35%.  

Table 16. Randox Drugs of Abuse V synthetic cannabinoids (SCI-IV) performance with 

urine at different pH and in the presence of adulterants.  

Analyte µg/L SCI SCII SCIII SCIV 

   µg/L µg/L µg/L µg/L 

Urine, pH 6.5 -- <LOD <LOD <LOD <LOD  

Urine, pH <4.0 -- <LOD <LOD <LOD <LOD 

Urine, pH >8.0 -- 5.8  10.6 <LOD <LOD 

JWH-018   100 62.1 40.0  49.6 <LOD  

JWH-018 with 10% bleach (v/v)  100 71.5 46.5 56.4 <LOD 

JWH-018 with 10% peroxide (v/v) 100 68.9 50.4 54.3 <LOD 

JWH-250 100 5.8 <LOD <LOD  88.5 

JWH-250 with 10% bleach (v/v) 100 8.9 <LOD <LOD  112  

JWH-250 with 10% peroxide (v/v) 100 <LOD <LOD <LOD  99.9 

Limits of detection (LOD, μg/L): SCI 5.2, SCII 10.6, SCIII 2.6, SCIV 1.3  

 

Carryover 

No carryover (<LOD) was observed in negative samples following 500 µg/L 

JWH-018 or JWH-250.  
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Immunoassay Performance 

At manufacturer’s recommended cutoffs, 1,432 (7.2%) of 20,017 specimens 

screened presumptive positive by one or more SC antibodies (Table 17); however, only 

285 (19.9%) confirmed TP by qualitative LC-MS/MS. Most TP specimens screened 

>ULOL with multiple SC antibodies. Only 5 of 1,069 randomly selected presumptive 

negative specimens (0.5%) confirmed positive (FN). Diagnostic sensitivity, specificity 

and efficiency of the original assay were 98.3%, 48.1%, and 53.9%, respectively (Table 

17).  

Table 17. Performance of the original Randox Drugs of Abuse V immunoassay for the 

four synthetic cannabinoid antibodies SCI-IV at the recommended cutoffs. Evaluation 

with 2,501 authentic urine samples. All specimens confirmed by liquid chromatography 

tandem mass spectrometry (LC-MS/MS). 
 

 SCI-IVa SCI SCII SCIII SCIV 

 10  20 5 5 

Randox Negative 1,069 1,318 2,085 1,536 2,341 

Randox Positive 1,432 1,183b    416b    965b    160b 

True positivec    285    263    222    259      84 

True negatived 1,064 1,291 2,017 1,505 2,135 

False positivee 1,147    920    194   706      76  

False negativef 5      27      68     31    206 

Sensitivity % 98.3     90.7      76.6     89.3      29.0 

Specificity % 48.1     58.4      91.2     68.1      96.6 

Efficiency % 53.9     62.1      89.5     70.5      88.7 

 
aSamples positive for one or more SCI-IV with manufacturer’s recommended cutoffs  
bSamples positive for each specific antibody (SCI-IV) 
cTrue positive, screened positive and confirmed positive by LC-MS/MS 

dTrue negative, screened negative and confirmed negative by LC-MS/MS 
eFalse positive, screened positive but confirmed negative by LC-MS/MS 
fFalse negative, screened negative but confirmed positive by LC-MS/MS 

 

Based on the number of discordant results, multiple cutoffs were evaluated for 

each SC antibody (Table 18) to optimize assay performance. As expected, DOA-V 

sensitivity decreased with increasing cutoffs, while specificity and efficiency improved. 

For SCII and SCIV performance could not be further improved by changing cutoffs. 

SCIV’s low sensitivity (29.0%) at 5 µg/L was due to few cross-reacting SC in  
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Table 18. Evaluation of Randox Drugs of Abuse V synthetic cannabinoids (SC) 

performance for SCI-IV at different cutoffs (μg/L). 

SCI       10      15*      20      25      30 

True Positive     263  223  191  171 160 

True Negative  1,291  2,044  2,168  2,196  2,202 

False Positive 920 167   43   15     9 

False Negative   27  67   99     119 130 

Total  2,501  2,501  2,501  2,501  2,501 

Diagnostic sensitivity, %      90.7     76.9     65.2     59.0     55.2 

Diagnostic specificity, %     58.4     92.4     98.0     99.3     99.6 

Diagnostic efficiency, %     62.1     90.6     94.2     94.6     94.4 

      

SCII      20*      25      30      35      40 

True Positive     222 205  197 184 178 

True Negative  2,017  2,149  2,180  2,186  2,192 

False Positive 194   62   31   25   19 

False Negative       68       85   93 106 112 

Total  2,501  2,501  2,501  2,501  2,501 

Diagnostic sensitivity, %     76.6      70.0    67.9      63.4     61.4 

Diagnostic specificity, %     91.2    97.2    98.6      98.9     99.1 

Diagnostic efficiency, %     89.5    94.1    95.0      94.8     94.8 

      

SCIII      5      10*      15      20      25 

True Positive  259 203 176 162 153 

True Negative  1,505  2,137  2,194  2,204  2,205 

False Positive     706  74   17     7    6 

False Negative   31  87 114 128 137 

Total  2,501  2,501  2,501  2,501  2,501 

Diagnostic sensitivity, %     89.3     70.0     60.7       55.9     52.8 

Diagnostic specificity, %     68.1     96.7     99.2     99.7     99.7 

Diagnostic efficiency, %     70.5     93.6     94.8     94.6     94.3 

      

SCIV       5*      10      15       20      25 

True Positive   84   26   15     5      2 

True Negative  2,135  2,200  2,206  2,209  2,210 

False Positive   76   10    5     2      1 

False Negative 206 264 275 285 288 

Total  2,501  2,501  2,501  2,501  2,501 

Diagnostic sensitivity, %     29.0         9.0       5.2         1.7        0.7 

Diagnostic specificity, %     96.6      99.5     99.8     99.9   100 

Diagnostic efficiency, %     88.7      89.0     88.8     88.5        88.4 

 *Optimal cutoff 
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this cohort. Increasing SCI cutoff to 15 µg/L decreased sensitivity to 76.9, but 

specificity and efficiency improved to 92.4% and 90.6%, respectively. Similarly, 

increasing SCIII from 5 to 10 µg/L decreased sensitivity to 70.0 %, but specificity 

and efficiency improved to 96.7% and 93.6%, respectively. With cutoffs of 15, 

20, 10 and 5 µg/L for SCI, SCII, SCIII, and SCIV, performance improved greatly 

with slightly lower sensitivity, but much improved specificity and efficiency of 

87.6%, 85.2%, and 85.4%, respectively (  

Figure 6) 

  

Figure 6. Randox Drugs of Abuse V (original) synthetic cannabinoids (SCI-IV) assay 

performance evaluated at different cutoffs. Authentic urine samples (n=2501) screened 

with manufacturer’s recommended cutoffs (A). Sensitivity, specificity and efficiency of 

optimal cutoffs for SCI 15µg/L (B), SCII 20µg/L (C), SCIII 10µg/L (D), SCIV 5µg/L 

(E), and combination of all 4 (F) were evaluated. 

DOA-V Cutoff Evaluations 

Assay performance was further evaluated by fortifying cutoff concentrations 

prepared in SC-free authentic urine at 5, 10, 15, 20, 25 and 30 µg/L for SCI–III, and 5, 
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10, and 15 µg/L for SCIV including additional controls at ±25% and ±50% of each in-

house cutoff (Figures 7-10). These fortified samples had a large negative %bias (original) 

for SCI-IV (-71.4 to -42.0%) that improved slightly (-52.0 to -30.8%) with the new assay. 

However, large deviations from expected concentrations at all proposed cutoffs and at 

±25% and ±50% of these concentrations also prevented useful data evaluation. Therefore, 

optimal thresholds for SCI-IV were established by comparing to LC-MS/MS results as 

listed in Table 18. 

 

Figure 7. Evaluation of Randox Drugs of Abuse V synthetic cannabinoids (SC) assay SCI 

at selected cutoffs and ±25% and ±50% of these cutoffs. Original and new version 

represented with open and closed circles, respectively. Manufacturer’s recommended 

cutoff is 10 μg/L (B). Error bar represent ±SD from mean observed concentration (n=3). 

 

Discussion  

Performance of the first commercially available urine SC immunoassay for high-

throughput drug testing was evaluated and optimized. The Randox Evidence analyzer and 

DOA-V can produce 11 results for 90 samples in 120 min. Training laboratory personnel 
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to operate the Evidence analyzer was straightforward, but the software interface lacked 

flexibility (no pause run) for correcting a submitted batch or re-analyzing a sample within 

a batch. Immediate correction required instrument shutdown and re-initialization (15 

min); otherwise, a batch had to finish prior to a sample or batch re-analysis. Required 

refrigerator space was small for the DOA-V kit and universal reagents for 360 samples, 

benefiting laboratories with limited storage capacity.  

 

Figure 8. Evaluation of Randox Drugs of Abuse synthetic cannabinoids (SC) biochip 

SCII at selected cutoffs and ±25% and ±50% of these cutoffs. Original and new version 

represented with open and closed circles, respectively. Manufacturer‘s recommended 

cutoff is 20 µg/L (D). Error bars represent ±2SD from mean observed concentration 

(n=3). 

During sample collection, the most prevalent SC were AM2201, JWH-018, JWH-

122, JWH-210, and JWH-250.334 Metabolism studies demonstrated the main urinary SC 

markers are metabolites.248, 256 Knowledge of suitable urinary SC markers was limited as 

no large studies with human participants were available. Therefore, researchers predict 

potential metabolites’ structures from previously investigated compounds in the hopes of 
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finding these analytes in authentic urine samples. Commercially available analytes sold 

by Cayman Chemicals were synthesized based on predicted models, although some  

 

Figure 9. Evaluation of Randox Drugs of Abuse synthetic cannabinoids (SC) biochip 

SCIII at selected cutoffs and ±25% and ±50% of these cutoffs. Original and new version 

represented with open and closed circles, respectively. Manufacturer‘s recommended 

cutoff is 5 µg/L (A). Error bars represent ±2SD from mean observed concentration (n=3).  

metabolites were reported in the literature. Although the current literature suggests SC 

metabolites are more likely to be identified in authentic urine samples than parent 

analyte, there was no study that analyzed thousands of specimens to support these 

circumstances. This study had the opportunity to evaluate the first commercially available 

immunoassay for SC in urine with the largest number of authentic urine samples (N= 

20,017). The DOA-V SC antibodies were designed to cross-react with parent analytes – 

JWH-018 and JWH-250 and cross-reactivity profiles for the antibodies were released 

with the new kit. However, all urine specimens were analyzed with the original kit and 

cross-reactivity profiles for newly emerged SC were unknown. To independently verify 

the performance of the immunoassay and determine presence of parent analytes in 
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authentic urine specimens, inclusion of SC parent and potential metabolites were 

determined. Although the presence of parent SC in urine is rare, knowing the cross- 

reactivity of the parent compounds in the assay is valuable for understanding assay 

performance and utility. LODs for all four SC antibodies were similar for the original and 

new assays (Table 12) (P=0.98). Similar coefficients of determination (R2 >0.99) were 

achieved for the original and new SCI-III calibration curves, with extended linearity (204 

µg/L) for SCI-III and a smaller linear range (0-108 µg/L) for SCIV in the new version. 

 

Figure 10. Evaluation of Randox Drugs of Abuse synthetic cannabinoids (SC) biochip 

SCIV at selected cutoffs and ±25% and ±50% of these cutoffs. Original and new version 

represented with open and closed circles, respectively. Manufacturer recommended 

cutoff is 5 µg/L (A). Error bars represent ±2SD from mean observed concentration (n=3). 

However, there was no substantial improvement in %bias when calibrators were prepared 

in urine. The in-house fortified authentic urine calibrators, which were prepared fresh in 

each batch, also were linear (R2≥0.99), but there was a large negative concentration bias 

with the original (up to -80.8%) and new (up to -59.6%) assays, suggesting that 

preparation of the in-house calibrators in urine could not resolve this issue.  

The calculated cross-reactivities for SCI–IV seldom matched Randox’s published 

cross-reactivity values that were determined at 9 concentrations prepared in phosphate 

buffer across a wide dynamic range. Some SC showed lower %cross-reactivity, most 

likely due to the unacceptably large negative %bias as cross-reactivity samples were 
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fortified in authentic urine. However, other SC produced 6–700% higher %cross-

reactivity than expected. Of 33 SC and 42 potential metabolites tested for cross-

reactivity, 66.7% were naphthoylindoles, which were the most commonly available 

commercial standards during the method validation. SCI-III antibodies cross-react with 

JWH-018, a naphthoylindole analyte, and as expected, 62% of these had >10% cross-

reactivity in at least one SCI-III; 40% cross-reacted with all JWH-018 antibodies. SCIV 

antibody specifically targeted phenylacetylindoles and benzoylindoles; for this reason, 

less than 1% of evaluated specimens cross-reacted with SCIV. No adamantoylindole or 

cyclohexylphenol compounds cross-reacted due to pronounced structural differences.  

The three JWH-018 antibodies targeted different areas of the molecule. JWH-122 

(70 µg/L), a methylated analog of JWH-018 at the naphthyl moiety, had 28.8% and 4.3% 

cross-reactivity with SCI and III, respectively. MAM2201 (50 µg/L), a fluorinated JWH-

122, produced 92.5% and 13.4% cross-reactivity with SCI and III, respectively, with no 

SCII activity. No cross-reactivity was observed between JWH-018 2-hydroxyindole and 

any antibody, which was unusual. These data indicate that slight structural modifications 

(i.e. addition of a methyl, hydroxyl, or fluorine) can decrease or enhance cross-reactivity. 

These data aid prediction of whether a new SC will cross-react or not. Emerging SC, 

XLR-11 and UR-144, carrying the JWH-018 indole core, but not the naphthoyl moiety, 

are not cross-reactive in this assay. This demonstrates the high selectivity of JWH-018 

antibodies to SC closely similar to JWH-018. Proposed urinary metabolites of AM2201, 

JWH-018, JWH-122, JWH-210, JWH-250 and RCS-4, the most commonly identified SC 

by National Forensic Laboratory Information System (NFLIS) laboratories between 

2010–2012334 cross-reacted in the DOA-V assays 1.8% - 191%, but with a negative bias 
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of 26 – 88% compared to the published Randox cross-reactivity data. Only one 

conjugated analyte (JWH-018 N-5-hydroxypentyl beta D-glucuronide) was available as a 

reference standard at that time and yielded cross-reactivity of 11.9 – 16.3% SCI, 50.1 – 

53.1% SCII, 24.5 – 30.6% SCIII, and <LOD SCIV. Thus, the presence of other 

glucuronidated or sulfated SC urinary metabolites may have contributed to the DOA V 

positive response.  

It is possible some presumptive positive specimens contained SC analytes not 

included in the confirmation method, although it was the most extensive method 

published at the time. Over 70 FP specimens were sent to Randox for further 

confirmation, but their method only included 9 analytes, and none was confirmed. The 

analytes included in the Randox confirmation method were JWH-018, JWH-018 N-5-

hydroxypentyl, JWH-018 N-pentanoic acid, JWH-073 N-4-hydroxybutyl, JWH-073 N-3-

hydroxybutyl, JWH-073 N-butanoic acid, JWH-019 N-5-hydroxyhexyl, JWH-250, and 

JWH-250 N-5-hydroxypentyl.  

No significant carryover was observed from 500 µg/L JWH-018 or JWH-250, a 

much higher concentration than any previously reported for SC. Other medications and 

drugs of abuse did not interfere in this SC assay, demonstrating high SC specificity. 

Negative urine samples with adjusted pH <4.0 and pH >8.0 yielded immunoassay 

responses below LOD; although pH >8 urine yielded higher response than the acidic 

sample, all results were below LOD.  

 Although 1,432 presumptive positive specimens were identified, only 285 

(19.9%) confirmed positive by LC-MS/MS, and only 5 of 1,069 (0.5%) presumptive 

negative specimens confirmed positive. Of these 290 specimens, 92% contained, at least, 
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JWH-018 N-pentanoic acid and JWH-018 N-(5-hydroxypentyl). AM2201 was identified 

in only one specimen, while 54% contained AM2201 metabolites. JWH-073, JWH-122, 

JWH-200, JWH-210, and JWH-250 metabolites also were identified in 37%, 39%, 1.0%, 

4%, and 8%, respectively.  

 SCI and SCIII performed similarly with sensitivities of 90.7% and 89.3%, 

respectively, and specificity values of 58.4% SCI and 68.1% SCIII. In contrast, SCII had 

lower sensitivity (76.6%), but higher specificity (91.2%) at the proposed 20 µg/L cutoff. 

For SCIV, 76 of 160 presumptive positive tests for JWH-250 were not confirmed. The 

manufacturer’s recommended cutoffs for SCI-IV were lower (10, 20, 5, 5) than the 

optimal cutoffs determined in this validation, thus, yielding more false positive tests. 

Overall, the immunoassay performance improved with the proposed cutoffs for SCI (15 

µg/L) and SCIII (10 µg/L).  

Cutoff concentrations for immunoassays always balance sensitivity and 

specificity, with the goal of separating true positive and true negative tests, yielding 

immunoassay efficiencies of greater than 80%. Efficiencies greater than 90% are ideal 

but frequently not achieved. The proposed cutoff concentrations from this method 

validation greatly improved specificity and efficiency, with an acceptable decrease in 

sensitivity. 

DOA-V calibrator stability was ≤5 days when stored at 4–7°C, due to time on the 

instrument in the non-refrigerated sample compartment. Quality controls were stable for 

6-8 h at RT, frequently requiring reconstitution of new controls after 6 h of testing. 

Authentic specimens were only on the analyzer for the time required to test one full 

carousel (2 h), while QC samples were at RT on the instrument for much longer periods. 
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The cost of QC material is increased due to this instability. Although biochips were stable 

at RT, unused biochips should be removed from the analyzer and stored in the original 

aluminum foil packaging with desiccant silica gel at RT to avoid moisture accumulation. 

Conjugate and assay diluents were stored at 4oC (refrigerated reagent compartment) 

during analysis, unused reagents also were removed from the analyzer and stored at 4 – 

8oC. Different lot numbers of reagents and biochips could not be used together.  

A potential study limitation is that SC stability data in authentic urine samples 

collected from drug-exposed individuals has yet to be established. Short-term stability of 

SC analytes in fortified urine specimens was evaluated.279 All SC analytes were stable for 

at least 72 h at 4°C. SC parent drugs were unstable when stored for 16 h at RT except for 

JWH-200, CP 47,497-C7, CP 47, 497-C8, and HU-210, while all potential metabolites 

were stable. Jang et al. reported JWH-018 and JWH-073 metabolites fortified in authentic 

urine stable after 30 days when stored at 4o and -20oC.332a The majority of specimens 

were analyzed within 2 months of collection; however, some specimens were stored at 

RT for up to 9 months before immunoassay analysis, due to delays in receiving urine 

specimens from the military drug testing facilities after collection, time required to obtain 

waste water discharge approval, and auto analyzer performance and maintenance issues. 

Three authentic urine samples that previously screened positive for SCI-III were re-

analyzed (n=4, on 5 days) with both assays five months later. Intra-assay imprecision for 

SCI–III was acceptable (<14.3%, both assays); however, mean concentrations ranged 

from -44.5% to 38.7% of initial immunoassay results. Thus, it is difficult to distinguish 

whether analyte degradation occurred in these authentic urine specimens. 
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Future Perspective 

Immunoassay development for new target drugs requires antibody production and 

test development and validation that can take months or years before commercialization. 

These high development costs are compounded when SC targets change rapidly, but 

rapid screening and confirmation of emerging designer drugs are essential to a high-

throughput laboratory. After initiation of this project, other commercially available SC 

immunoassays were introduced, including Immunalysis Inc., Neogen Inc., Cayman, Inc., 

and National Medical Services, Inc. Compared to these assays’ product inserts, Randox 

DOA-V cross-reacted with more analytes. Clinical and forensic laboratories must 

evaluate whether immunoassays, or hyphenated analytical techniques (LC-MS/MS and 

LC-TOFMS) best fulfill the need to identify SC. Turnaround time, cost per test, 

instrument availability, operator expertise and other factors will drive these decisions. In 

addition, the list of new emergent SC will continue to rise and challenge every aspect of 

clinical and forensic drug testing.



 

167 
 

Chapter 5. Quantitative Urine Confirmatory Testing for Synthetic 

Cannabinoids in Randomly Collected Urine Specimens 

(As published in Drug and Testing Analysis, August 2014)3 

 

Abstract  

 SC intake is an ongoing health issue worldwide, with new compounds continually 

emerging, making drug testing complex. Parent SC are rarely detected in urine, the most 

common matrix employed in workplace drug testing. Optimal identification of SC 

markers in authentic urine specimens and correlation of metabolite concentrations and 

toxicities would improve synthetic cannabinoid result interpretation. We screened 20,017 

randomly collected US military urine specimens between July 2011 and June 2012 with a 

SC immunoassay yielding 1,432 presumptive positive specimens. We analyzed all 

presumptive positive and 1,069 negative specimens with our qualitative SC LC-MS/MS 

method, which confirmed 290 positive specimens. All 290 positive and 487 randomly-

selected negative specimens were quantified with the most comprehensive urine 

quantitative LC-MS/MS method published to date. 290 specimens confirmed positive for 

22 metabolites from 11 parent synthetic cannabinoids. The five most predominant 

metabolites were JWH-018 N-pentanoic acid (93%), JWH-018 N-hydroxypentyl (84%), 

AM2201 N-hydroxypentyl (69%), JWH-073 N-butanoic acid (69%), and JWH-122 N-

hydroxypentyl (45%) with 11.1 (0.1-2434), 5.1 (0.1-1239), 2.0 (0.1-321), 1.1 (0.1-48.6), 

and 1.1 (0.1-250) µg/L median (range) concentrations, respectively.  

                                                           
3 Castaneto et al. Drug Test Anal 2014, doi:10.1002/dta.1709 [Epub ahead of print] 
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Alkyl hydroxy and carboxy metabolites provided suitable biomarkers for 11 parent SC; 

although, hydroxyindoles also were observed. This is by far the largest data set of SC 

metabolites urine concentrations from randomly collected workplace drug testing 

specimens rather than acute intoxications or driving under the influence of drugs. These 

data improve the interpretation of SC urine test results and suggest suitable urine markers 

of SC intake. 

 

Introduction 

 SC bind to cannabinoid receptors and were developed for studying 

endocannabinoid pharmacology and potential therapeutic administration; although no 

drugs are currently available for clinical use to date.20-21, 198, 201, 335 SC were introduced as 

“legal” cannabis alternatives and became popular worldwide for their psychoactive 

effects and lack of detectability by routine cannabinoid testing.22 SC, sold on the Internet, 

in gas stations and head shops, are labeled “not for human consumption.” Acute adverse 

effects from SC intake include agitation, anxiety, psychosis/hallucinations, seizures, loss 

of consciousness, headache, reddened conjunctivae, nausea, vomiting, dry mouth, 

shortness of breath, tachycardia, chest pain, hypertension, stroke, and in rare cases, acute 

kidney injury and death.219 Calls to poison control centers declined since the peak of 

6,698 in 2011 to 2,643 in 2013;129a however, it is unknown if this is a reflection of 

decreased SC intake, physician’s experience in dealing with SC cases, or other reasons.  

New SC constantly emerge in response to legislative efforts worldwide. The 

SDAPA of 2012, enacted on July 9, 2012, placed JWH-018, JWH-019, JWH-073, JWH-

081, JWH-122, JWH-200, JWH-203, JWH-250, JWH-398, AM694, AM2201, CP 
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47,497, CP 47,497 C8-homolog, RCS-4, RCS-8 and their analogs under US DEA 

Schedule I regulation.23a SC also are controlled in Europe,336 Japan337 Australia,241 and 

New Zealand338 and also are banned by the WADA.222  

Identification of SC in biological matrices is critical for documenting intake in 

clinical and forensic laboratories. SC parent analytes were identified via GC-MS or LC-

MS/MS in blood,138, 176, 240 serum,136, 276 OF,243, 311 and hair,290-292  while mostly 

metabolites were found in urine.133-135, 241, 247-249, 256, 258, 309, 332a, 339 Although parent SC 

identification in blood, serum, and OF can document acute intoxication and 

impairment,138-139, 193 the window of drug detection in these matrices, generally is short. 

Longer detection may occur after chronic frequent intake,224 similar to what has been 

documented following chronic frequent cannabis intake.340 Urine drug testing is less 

invasive and offers a wider window of detection, making urine the preferred matrix for 

workplace drug testing. However, urine requires monitoring metabolites, which are 

initially unknown for new SC. Identifying these targets is critical as new compounds 

emerge, and reference standards must be synthesized before emerging compounds can be 

effectively monitored. Moreover, various SC can produce common metabolites135, 249, 339 

further complicating urine test interpretation.  

SC and their metabolites do not cross-react with routine cannabinoid 

immunoassays, making them desirable for circumventing drug detection efforts. Urine 

drug testing programs typically employ immunoassay screening for identifying 

presumptive positive specimens, and confirmation by GC-MS or LC-MS/MS.341 

Immunoassay screening for SC is challenging due to the time required to raise antibodies 

to metabolites of the constantly and varying new drugs on the market and to develop, 
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validate and commercialize new assays. Therefore, many laboratories are developing 

mass spectrometric screening methods for SC.273-274, 278b, 281-282 These assays target 

multiple metabolites in a single assay and additional analytes are readily added; however, 

metabolite standard availability limits the expediency with which this can be 

accomplished. Many available LC-MS/MS assays are qualitative, but quantifying 

synthetic cannabinoid urinary metabolites improves results interpretation allowing 

metabolite concentration correlations with toxicity and adverse outcomes, understanding 

the drug’s pharmacokinetics, and comparing relative concentrations of metabolites to 

suggest optimal markers. 

Limited SC urinary metabolites’ concentrations are available following self-

administration,135, 241 emergency room visits,188 and forensic cases.135, 241, 247, 249, 332a, 339 In 

addition, there is only one report of JWH-018 and JWH-073 metabolites concentrations 

in US Air Force personnel (n= 49) following random or probable cause drug testing.309 

Most urine concentration data are for only a few analytes following acute intoxications. 

Knowing SC urinary analytes’ concentrations in individuals without apparent signs and 

symptoms of acute intoxication can assist workplace and human performance drug 

testing programs in interpreting SC test results. To assess personnel readiness and deter 

illicit drug intake among US service members, the DOD established mandatory random 

and for cause workplace drug testing programs. Urine specimens, under chain-of-

custody, are collected from service members worldwide and shipped at RT to any of the 

five designated DOD FTDTLs for initial immunoassay screening for common drugs of 

abuse followed by GC-MS confirmation. In conjunction with routine drug testing, the 

AFMES conducts prevalence testing by analyzing previously screened negative 
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specimens for emerging drugs of abuse. This enables DOD to assess the severity and 

impact of illicit drug intake, supporting addition of new drugs into the drug testing panel.  

We investigated the suitability of different SC urinary markers and their 

concentrations in US military personnel, with specimens collected in their routine random 

urine drug testing program. We measured SC metabolite concentrations in 777 urine 

specimens with the most comprehensive published quantitative LC-MS/MS method 

targeting 53 SC analytes consisting of 20 parents and 33 metabolites.  

Methods 

Reagents and supplies 

 Standards and deuterated internal standards were purchased from Cayman 

Chemicals (Ann Arbor, MI). Acetonitrile, ammonium acetate, ethyl acetate, and formic 

acid were obtained from Sigma-Aldrich (St Louis, MO) and methanol from Fisher 

Scientific (Fairlawn, NJ). Solvents utilized in the analysis were HPLC grade or better. 

Abalone beta-glucuronidase containing 1,500,000 units/g beta-glucuronidase and 150,000 

units/g sulfatase was obtained from Campbell Science (Rockton, IL). 1mL Isolute SLE+ 

columns (Biotage, Inc. Charlotte, NC) were utilized in the sample preparation. Ultra 

Biphenyl HPLC column was purchased from Restek, Inc. (Bellefonte, PA). 

Authentic urine specimens 

Urine specimens in this study are a subset of 20,017 de-identified, randomly 

collected US service members’ specimens from around the world. Specimens were 

analyzed for routine drugs of abuse by five DOD FTDTLs between July 2011 and June 

2012. No preservatives were added to the urine per US military protocol. These 20,017 

specimens screened negative for cocaine, THC, amphetamines, opioids, and PCP. 
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Presumptive THC positive specimens were not available for our testing because they 

were confirmed and stored for a minimum of 12 months at DOD testing laboratories, as 

per chain of custody requirements. Specimens were shipped and stored at RT prior to our 

SC immunoassay screening and were subsequently stored at 4˚C. Positive specimens 

were stored at RT for 6-152 days (63.1 mean, 69 median) after collection, and 

subsequently stored at 4°C for 248-505 (330.3 mean, 330 median) days before 

quantitative analysis. 

The Randox DOA-V immunoassay has four distinct SC antibodies: three 

primarily target JWH-018 and one targets JWH-250 metabolites. Manufacturer 

recommended screening cutoff concentrations were: SCI 10, SCII 20, SCIII 5, and SCIV 

5 µg/L. Cross-reactivity with SC and metabolites included in the qualitative and 

quantitative LC-MS/MS methods were evaluated and results are summarized in Table 15. 

LOD and lower LOQ are listed in Table 19 for the LC-MS/MS qualitative and 

quantitative assays, respectively. Specimens were screened and confirmed as illustrated 

in Figure 11. We included 324 TN, 5 FN, 163 FP and 285 TP specimens based on the 

Randox immunoassay screen and LC-MS/MS qualitative confirmation to rigorously 

assess SC prevalence and concentrations in our dataset. When we screened these 20,017 

specimens with the Randox DOA-V SC immunoassay, 1,432 were identified as 

presumptive positive, and 290 confirmed positive via our 29 analyte qualitative LC-

MS/MS method.278b We qualitatively identified 16 SC metabolites and 1 parent 

compound (AM2201). Subsequently, we re-analyzed all 290 qualitatively method279 

targeting 53 SC analytes with 0.1–1 µg/L lower LOQ (LLOQ) and 50-100 µg/L upper 

LOQ (ULOQ). Specimens with analyte concentrations exceeding ULOQ 
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Table 19. Limits of detection (LOD) and lower limits of quantification (LLOQ) for the 

qualitative278b and quantitative confirmatory279 assays for synthetic cannabinoids, 

respectively. 

  Qualitative Quantitative 

Analyte Parent/Metabolite LOD (µg/L) LLOQ (µg/L) 

JWH-018 P 1.0 0.2 

JWH-018 pentanoic acid M 2.5 0.1 

JWH-018 N-hydroxypentyla M 0.5 0.1 

JWH-018 5-hydroxyindoleb M 
1.0 

0.1 

JWH-018 6-hydroxyindoleb M 0.1 

JWH-019 P -- 0.1 

JWH-019 N-hydroxyhexyla M -- 0.1 

JWH-019 5-hydroxyindole M -- 0.1 

JWH-073 P 5.0 0.1 

JWH-073 butanoic acid M 5.0 0.1 

JWH-073 N-hydroxybutyla M 2.5 0.1 

JWH-073 5-hydroxyindoleb M 
2.5 

0.1 

JWH-073 6-hydroxyindoleb M 0.1 

JWH-081 P 10.0 0.1 

JWH-081 N-hydroxypentyla M 2.5 0.1 

JWH-122 P 2.5 0.1 

JWH-122 pentanoic acid M -- 0.2 

JWH-122 N-hydroxypentyla M 0.5 0.1 

JWH-200  P -- 0.1 

JWH-200 5-hydroxyindole M 5.0 1.0 

JWH-200 6-hydroxyindole M 2.5 0.1 

JWH-203 P -- 0.5 

JWH-210 P 10.0 0.1 

JWH-210 pentanoic acid M 2.5 0.1 

JWH-210 N-hydroxypentyla,b M 1.0 0.1 

JWH-210 5-hydroxyindole M 10.0 0.2 

JWH-250 P 5.0 0.2 

JWH-250 pentanoic acid M 0.5 0.2 

JWH-250 N-hydroxypentyla,b M 1.0 0.2 

JWH-250 5-hydroxyindole M 2.5 0.1 

JWH-398 P -- 0.5 
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Table 19 Continued 

JWH-398 pentanoic acid M -- 1.0 

JWH-398 N-hydroxypentyla M -- 0.5 

AM694 P -- 0.1 

AM2201 P 1.0 0.1 

AM2201 N-hydroxypentyla M 2.5 0.1 

AM2201 6-hydroxyindole M 5.0 1.0 

CP 47,497 P -- 0.5 

CP 47,497 C7 hydroxy M -- 0.5 

CP 47,497 C8 P -- 0.5 

CP 47,497 C8 hydroxy M -- 0.5 

HU-210 P -- 0.5 

MAM2201 P 2.5 0.1 

MAM2201 N-hydroxypentyla M -- 0.1 

RCS-4 P 2.5 0.1 

RCS-4 pentanoic acid M 10.0 0.2 

RCS-4 N-hydroxypentyla M 5.0 0.2 

RCS-4 4-hydroxypentyl 4’-

hydroxyphenyl (M9) 

M -- 0.2 

RCS-4 5-hydroxypentyl 4’-

hydroxyphenyl (M10) 

M -- 0.2 

RCS-8 P -- 0.1 

UR-144 pentanoic acid M -- 0.2 

UR-144 N-hydroxypentyla M -- 0.2 

XLR-11 P -- 0.2 

aAnalytes isomeric chromatographic separation unattainable; LOQs determined for a single alkyl hydroxy 

isomer; analyzed semi-quantitatively  
bAnalytes not chromatographically separated, LOD determined together 
confirmed positive and 487 negative specimens by our published quantitative LC-MS/MS 

were diluted with blank urine and re-analyzed. Additional synthetic cannabinoid analytes 

not included in the qualitative method are listed in Table 19. All commercially available 

SC standards and internal standards (n=24) available at the time of method development 

were included.  
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Sample preparation and quantitative LC-MS/MS analysis 

We analyzed specimens with our published method.279 Briefly, 200 µL urine 

specimens were hydrolyzed with β-glucuronidase, and proteins precipitated with  

 

Figure 11. Flowchart for the analyses of 20,017 authentic urine specimens for synthetic 

cannabinoids by immunoassay and liquid chromatography tandem mass spectrometry 

(LC-MS/MS). Presumptive positive and randomly selected negative specimens were first 

confirmed by qualitative LC-MS/MS to determine true positive (TP), true negative (TN), 

false positive (FP), and false negative (FN). All TP, FN and selected FP and TN were 

subsequently analyzed by the quantitative LC-MS/MS. Limits of detection (LOD), lower 

limits of quantification (LLOQ). 
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acetonitrile prior to SLE. Analytes were eluted with ethyl acetate and dried completely 

under nitrogen. Specimens were reconstituted in mobile phase (A:B, 50:50, v/v), 

transferred to autosampler vials, and analyzed on an SCIEX 5500 QTRAP® triple 

quadrupole linear ion trap mass spectrometer. Each specimen was injected twice on an 

Ultra Biphenyl high performance liquid chromatography (HPLC) column obtaining 

sensitive positive and negative ionization mode results; two MRM transitions were 

examined for all analytes. Total analysis time was 30.9 min (19.5 and 11.4 min for 

positive and negative mode injections, respectively). Baseline chromatographic 

separation of 12 isomeric alkyl hydroxy metabolites (Table 19) was unattainable, yielding 

semi-quantitative results. Inter-day analytical recovery (bias) and imprecision (N=20) 

were 88.3-112.2% and 4.3-13.5% coefficient of variation, respectively. 

Molar ratios of metabolites within each parent SC were determined by dividing 

molar concentration of each metabolite by molar concentration of the most frequently 

observed metabolite for each parent synthetic cannabinoid. The qualitative LC-MS/MS 

assay’s performance was evaluated by comparing qualitative and quantitative results. 

Sensitivity, specificity, and efficiency were determined per Ellefsen et al.342 Sensitivity 

was calculated as the number of TP specimens divided by the sum of TP and FN 

specimens multiplied by 100. Specificity was calculated as the number of TN specimens 

divided by the sum of TN and FP specimens multiplied by 100. Efficiency is equal to the 

sum of TP and TN specimens divided by the total number of samples (n=777) multiplied 

by 100. 
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Results 

 Of 777 urine specimens analyzed, 290 contained one or more of 22 SC 

metabolites from 11 parent SC. No parent compounds were identified. Mean, median, 

range of concentrations and number of confirmed specimens for each synthetic 

cannabinoid metabolite are listed in Table 20. The following 11 parent SC were identified 

in various combinations (JWH-018, JWH-073, JWH-081, JWH-122, JWH-210,  

Table 20. Concentrations of synthetic cannabinoid metabolites quantified by liquid 

chromatography tandem mass spectrometry in 290 positive authentic urine specimens. 

Median molar ratio between metabolite and most frequently identified metabolite for 

each parent synthetic cannabinoid was calculated. 

 

Metabolite 

 

N 

µg/L % 

Mean Median Range Median Metabolite Ratio 

(Range) 

JWH-018 pentanoic acid 271 121 11.1 0.1 – 2434 -- 

JWH-018 N-hydroxypentyl 243 59.7 5.1 0.1 – 1239 44.1 (0.1 – 671) 

JWH-018 5-hydroxyindole 2 0.2 0.2 0.2 – 0.2 0.4 (0.1-0.7) 

JWH-018 6-hydroxyindole 7 0.5 0.4 0.1 – 1.1 0.1 (0 – 4.0) 

JWH-073 butanoic acid 199 4.6 1.1 0.1 – 48.6 -- 

JWH-073 N-hydroxybutyl 77 1.3 0.5 0.1 – 13.2 10.3 (0.4 – 76.5) 

JWH-081 N-hydroxypentyl 1 0.1 0.1 0.1 -- 

JWH-122 pentanoic acid 43 3.0 1.0 0.2 – 17.0 11.3 (0.8 – 607.9) 

JWH-122 N-hydroxypentyl 129 11.3 1.1 0.1 – 250 -- 

JWH-210 N-hydroxypentyl 13 0.4 0.2 0.1 – 1.7 -- 

JWH-210 5-hydroxyindole 3 1.0 0.7 0.3 – 2.2 126.2 (37.5 – 242.9) 

JWH-250 pentanoic acid 19 17.2 1.3 0.2 – 275 -- 

JWH-250 N-hydroxypentyl 6 0.7 0.3 0.3 – 1.4 30.1 (25.4 – 54.9) 

JWH-250 5-hydroxyindole 6 5.3 0.3 0.1 – 30.4 5.2 (0.6 – 12.7) 

JWH-398 N-hydroxypentyl 3 0.9 0.9 0.8 – 1.0 -- 

AM2201 N-hydroxypentyl 201 16.4 2.0 0.1 – 321 -- 

AM2201 6-hydroxyindole 40 3.5 2.0 1.2 – 18.6 5.7 (2.3 – 13.2) 

MAM2201 N-hydroxypentyl 16 0.7 0.5 0.1 – 2.1 -- 

RCS-4 pentanoic acid 2 0.3 0.3 0.3 – 0.3 2.7(0.7 – 4.7) 

RCS-4 M9 metabolite 8 0.4 1.5 0.4 – 36.4 -- 

UR-144 pentanoic acid 63 19.8 3.0 0.2 – 183 185 (8.8 – 3992) 

UR-144 N-hydroxypentyl 65 7.7 1.9 0.2 – 83.2 -- 

 

JWH-250, JWH-398, AM2201, MAM2201, RCS-4, and UR-144); JWH-018, JWH-073, 

JWH-122, and AM2201 were the most frequently found (Table 21). Among 22 

metabolites, the most commonly observed were JWH-018 N-pentanoic acid (mean 121, 
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median 11.1, range 0.1–2,434 µg/L), JWH-018 N-hydroxypentyl (mean 59.7, median 5.1, 

range 0.1–1,239 µg/L), JWH-073 N-butanoic acid (mean 4.6, median 1.1, range 0.1-48.6 

µg/L), JWH-122 N-hydroxypentyl (mean 11.3. median 1.1, range 0.1–250 µg/L),  

Table 21. SC Distribution of synthetic cannabinoid metabolites quantified in 290 positive 

authentic urine specimens. 

JWH-
018  

JWH-
073  

JWH 
-081  

JWH 
-122  

JWH 
-210  

JWH 
-250  

JWH 
-398  

AM 
2201  

MAM 
2201  

RCS 
-4  

UR 
-144  

# SC 
parent 

# Positive 
(%) 

+ +           +       3 62 (21.4) 

+ +   +       +       4 44 (15.2) 

+                     1 30 (10.3) 

+ +           +     + 4 18 (6.2) 

+ +   +       +     + 5 16 (5.5) 

+             +       2 13 (4.5) 

+     +               2 8 (2.8) 

+                   + 2 8 (2.8) 

      +               1 7 (2.4) 

+     +             + 3 7 (2.4) 

+ +                   2 6 (2.1) 

+ +       +   +       4 6 (2.1) 

+ +   + +     +       5 6 (2.1) 

+             +     + 3 5 (1.7) 

+ +   +       + +   + 6 5 (1.7) 

+ +   +   +   +       5 4 (1.4) 

  +                   1 3 (1.0) 

+ +   +               3 3 (1.0) 

                    + 1 3 (1.0) 

+ +   +       + +     5 3 (1.0) 

+ +   +       +   +   5 3 (1.0) 

  +   +               2 2 (0.7) 

+     +   +           3 2 (0.7) 

+     +       +       3 2 (0.7) 

+     +         +     3 2 (0.7) 

+ +   +         +     4 2 (0.7) 

+ +   + +     +     + 6 2 (0.7) 

+ +                 + 3 1 (0.3) 

      +             + 2 1 (0.3) 

+ +     +     +       4 1 (0.3) 

+ +   +             + 4 1 (0.3) 

+     +   +       +   4 1 (0.3) 

+ + +     +   +       5 1 (0.3) 

+ +     + +   +       5 1 (0.3) 

+     +         +   + 4 1 (0.3) 

+         +   +     + 4 1 (0.3) 

+ +   + +           + 5 1 (0.3) 

+ +       +   +   +   5 1 (0.3) 

+ +   + +   + +       6 1 (0.3) 

+ +   +   + + +       6 1 (0.3) 

+ +   +   +   + +     6 1 (0.3) 

+ +   +       + + +   6 1 (0.3) 

+ +   +       +   + + 6 1 (0.3) 

+ +   +   +   +   + + 7 1 (0.3) 

+ +   + +   + + +   + 8 1 (0.3) 
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AM2201 N-hydroxypentyl (mean 16.4, median 2.0, range 0.1–321 µg/L), UR-144 N-

pentanoic acid (mean 19.8, median 3.0, range 0.2–183 µg/L), and UR-144 N-

hydroxypentyl (mean 7.7, median 1.9, range 0.2–83.2 µg/L). 

Metabolite distributions from each parent SC are presented in Table 15. Of the 

specimens positive for JWH-018 metabolites (233/290), most contained JWH-018 

pentanoic acid and JWH-018 N-hydroxypentyl. For JWH-073 metabolites positive 

specimens (199/290), all contained JWH-073 N-butanoic acid. Only one specimen 

contained JWH-081 N-hydroxypentyl. For JWH-122 metabolites positive specimens 

(130/290), 129 contained JWH-122 N-hydroxypentyl, and for JWH-210 metabolites 

positive specimens (13/290), all contained JWH-210 N-hydroxypentyl. JWH-250 

pentanoic acid was identified in 19/20 specimens containing JWH-250 metabolites. Three 

specimens contained JWH-398 N-hydroxypentyl. All 201 specimens positive for 

AM2201 metabolites contained AM2201 N-hydroxypentyl. Sixteen specimens contained 

MAM2201 N-hydroxypentyl. All eight specimens positive for RCS-4 contained the RCS 

4 M9 metabolite, while 65 of 73 containing UR-144 metabolites were positive for UR-

144 N-hydroxypentyl. 

Comparing qualitative and quantitative confirmation assay results revealed 14 

discordant results. Our LC-MS/MS qualitative analysis found 6 specimens containing 

single analytes: JWH-018 N-pentanoic acid (1), JWH-018 N-hydroxypentyl (3), JWH-

073 N-hydroxybutyl (1), and AM2201 N-hydroxypentyl (1); and one specimen contained 

both JWH-018 N-pentanoic acid and JWH-018 N-hydroxypentyl, but none of these 

analytes exceeded LLOQ when specimens were analyzed by quantitative LC-MS/MS. In 

addition, seven qualitatively negative specimens quantified >LLOQ; 3 contained JWH- 
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Table 22. Distribution of synthetic cannabinoid metabolites identified in 290 of 777 

authentic urine specimens by liquid chromatography tandem mass spectrometry. 

Parent 

Compound 

Metabolites identified  

Limits of Quantification (µg/L) 

# Positive % 

Positive 

JWH-018 N-pentanoic acid 

0.1 

N-OH-pentyl 

0.1 

5-OH-indole 

0.1 

6-OH-indole 

0.1 

  

 + + + + 2 0.7 
 + +  + 5 1.7 

 + +   233 80.3 

 +    31 10.7 
  +   3 1.0 

     274 94.5 

JWH-073 N-butanoic acid 

0.1 

N-OH-butyl 

0.1 

5-OH-indole 

0.1 

6-OH-indole 

0.1 

  

 + +   77 26.5 

 +    122 42.1 

     199 68.6 

JWH-081 N-OH-pentyl 

0.1 

     

 +    1 0.3 

JWH-122 N-pentanoic acid 
0.1 

N-OH-pentyl 
0.1 

    

 + +   42 14.5 

  +   87 30.0 
 +    1 0.3 

     130 44.8 

JWH-210 pentanoic acid 

0.1 

N-OH-pentyl 

0.1 

5-OH-indole 

0.2 

   

  +   10 3.4 

  + +  3 1.0 

     13 4.5 

JWH-250 N-pentanoic acid 

0.2 

N-OH-pentyl 

0.2 

5-OH-indole 

0.1 

   

 + + +  2 0.7 

 + +   3 1.0 

 +  +  4 1.4 

 +    10 3.4 

  +   1 0.3 

     20 6.9 

JWH-398 N-pentanoic acid 

1.0 

N-OH-pentyl 

0.5 

    

  +   3 1.0 

AM2201 N-OH-pentyl 

0.1 

6-OH-indole 

1.0 

    

 
 + +   40 13.8 

 +    161 55.5 

     201 69.3 

MAM2201 N-OH-pentyl 
0.1 

     

 +    16 5.5 

RCS-4 N-pentanoic acid 

0.2 

N-OH-pentyl 

0.2 

M9 

0.2 

M10 

0.2 

  

 +  +  2 0.7 

   +  6 2.1 

     8 2.8 

UR-144 N-pentanoic acid 

0.2 

N-OH-pentyl 

0.2 

    

 + +   55 19.0 
  +   10 3.4 

 +    8 2.8 

     73 25.2 

Note: Several synthetic cannabinoids can produce common metabolites. For example, AM2201 intake can produce JWH-018 and 

JWH-073 metabolites or MAM2201 can produce JWH-122 metabolites. However, metabolites in this table were grouped under their 

respective parent synthetic cannabinoid based on structure.  
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018 N-pentanoic acid (0.1–0.2 µg/L) and/or JWH-018 N-hydroxypentyl (0.3 µg/L), 3 

contained UR-144 N-pentanoic (1.1–11.9 µg/) and/or UR-144 N-hydroxypentyl (9.34–

29.0 µg/L), and one contained JWH-018 N-pentanoic acid (0.4 µg/L), JWH-018 N- 

hydroxypentyl (0.1 µg/L), JWH-122 N-hydroxypentyl (0.1 µg/L), UR-144 N-pentanoic 

acid (0.9 µg/L) and UR-144 N-hydroxypentyl (2.4 µg/L). Thus, qualitative LC-MS/MS 

sensitivity and specificity were 97.6% and 98.5%, respectively, compared to the 

quantitative LC-MS/MS LLOQs. The overall positivity rate in the US military between 

July 2011 and June 2012 for synthetic cannabinoid intake was 1.4%, based on analysis of 

20,017 randomly collected urine specimens. 

Discussion 

Based on our extensive method validation of the Randox DOA-V immunoassay, 

we documented that two of the four manufacturer’s recommended screening cutoffs were 

inappropriately low, producing a high FP rate for our authentic specimens. We also 

examined potential FN immunoassay samples and only identified 5 FN with our 

qualitative LC-MS/MS from 1,069 presumptive negative samples (Figure 11). For 

evaluation of the quantitative LC-MS/MS performance, we reanalyzed all 285 TP, and 5 

FN specimens, and randomly selected 487 additional samples to analyze including 163 

FP and 324 TN specimens to specifically investigate potential FN tests. Our qualitative 

LC-MS/MS assay identified 480/487 TN when compared to our quantitative LC-MS/MS 

method. The small inconsistency is explained by the addition of newly available analytes 

not included in the qualitative LC-MS/MS and the quantitative LC-MS/MS method’s 

lower LOQs for some analytes (Table 19).  
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Only eight reports detail SC metabolite concentrations in urine, primarily in small 

datasets of 1-49 individuals,135, 241, 247, 249, 293, 309, 332a, 339 while we present the largest 

dataset of 290 from 777 randomly collected specimens reporting quantitative SC results 

determined with the most comprehensive LC-MS/MS quantitative method published to 

date. Our main objectives were determining suitable SC urinary targets and concentration 

ranges in randomly collected specimens under a workplace drug-testing program. Study 

limitations include limited immunoassay cross-reactivity, potential SC metabolites’ 

instabilities, semi-quantitative concentrations for 12 alkyl hydroxy analytes due to 

unattainable isomeric baseline chromatographic resolution, and lack of commercially 

available standards precluding quantification of additional urinary SC metabolites that 

were possibly present in our urine specimens. Metabolites for 5 parent SC (AM694, HU-

210, JWH-203, RCS-8, and XRL11; though the latter shares UR-144 N-pentanoic acid 

metabolite with UR-144) included in the quantitative method were unavailable at the time 

of method validation, which also limited our ability to detect intake. 

Most specimens collected from service members are shipped to their designated 

FTDTL within 24-72 h of collection. These specimens are stored at RT during shipment 

and up to the point of immunoassay screening. Only presumptive positive specimens are 

stored at 4-7°C; confirmed positive specimens are subsequently stored at -20°C for 1 

year. Specimens from military units located outside of United States (e.g. Europe, Asia, 

and Middle East) are often stored for weeks to months at RT prior to shipment. 

Therefore, we also assessed the feasibility of detecting SC in these urine specimens 

stored in non-ideal, yet realistic conditions encountered during DOD testing. To our 

knowledge, there are no published data regarding SC analytes’ stability in authentic urine 
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specimens. During our quantitative method validation, SC metabolites fortified in urine 

were stable for 72 h at 4°C and 16 h at RT; however, parent analytes degraded after 16 h 

at RT except for JWH-200, CP 47, 497-C7, CP 47, 497-C8, and HU-210.279 This short-

term parent SC instability suggests that instability may be one reason that parent analytes 

are rarely detected in urine. Because our samples were collected from random routine 

drug testing and stored at RT for prolonged periods of time (mean 62 days, median 63.5 

days, range 6–236 days) prior to LC-MS/MS analysis, it is possible metabolite instability 

occurred, reducing urinary metabolite concentrations. However, some synthetic SC were 

detected in specimens kept at RT for up 152 days and 505 days at 4°C, suggesting longer 

urinary analyte stability. Our reported 1.4% positivity rate could be an underestimation 

due to analyte instability.  

Urine specimens were collected from July 2011 to June 2012. Of 1,144 seized 

materials analyzed for SC by the USACIL between November 2011 and June 2012 

(report received by personal communication), the top four most prevalent were AM2201, 

JWH-122, JWH-210, and JWH-018 at 40.3%, 18.1%, 15.1%, and 7.1%, respectively 

(Figure 12). JWH-073, JWH-081, JWH-250, MAM2201, RCS-8, UR-144, and XLR-11 

were identified in less than 5% of total seizures while JWH-398 was not detected at all. 

Overall, our trend mirrored USACIL seizures considering AM2201 metabolism yields 

JWH-018 and JWH-073 metabolites.135, 251, 339 Although JWH-210 had a higher rate of 

prevalence in seized materials than our confirmed specimens, the compound’s prevalence 

peaked in August 2011 but steadily declined by January 2012. Most of our specimens 

were collected between February 2012 and June 2012, which coincided with the period of 

JWH-210 decline and AM2201 emergence. Thus, JWH-018 metabolites presence in 201 
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specimens also containing AM2201 metabolites may have originated from AM2201 

intake, or a mixture of AM2201 and JWH-018 consumption. Herbal mixtures also may 

contain one or more SC as identified by other laboratories.343 Therefore, consumption can 

produce common urinary metabolites from different parent analytes and may impact 

immunoassay screening rates.  

 

Figure 12. Distribution of synthetic cannabinoid metabolites assigned to their respective 

parent analyte, regardless of shared metabolic pathways with other parents, identified in 

290 authentic urine specimens collected between November 2011 and June 2012. 

Positivity rates in authentic urine specimens (left y-axis) compared with the United States 

Army Criminal Investigation Laboratory (USACIL) drug seizures (n= 1,144) positivity 

rate (right y-axis) from military bases analyzed within the same period for synthetic 

cannabinoids. 1-Pentyl-3-(1-adamantoyl)indole, 2NE1, AM2233, CP 47,497 C8 

homologue, RCS-4 methoxy isomer, RCS-4 butyl homologue, RCS-8, and XLR-11 also 

were identified (≤0.3%) in seizures, but not included in the graph. 
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Of 22 metabolites from 11 parent SC (JWH-018, JWH-073, JWH-081, JWH-122, 

JWH-210, JWH-250, JWH-398, AM2201, MAM2201, RCS-4 and UR-144), JWH-018 

pentanoic acid had the highest mean (121 µg/L) and median (11.1 µg/L) concentrations. 

Except for JWH-018 N-hydroxypentyl, median concentrations for other SC metabolites 

were <3 µg/L suggesting lower doses, a greater time between use and urine collection, or 

greater analyte instability. Many SC possess stronger CB1 receptor binding affinity than 

THC,219 requiring lower dosages for achieving desired cannabimimetic effects, 

and also producing lower urinary metabolite concentrations than observed for THC and 

metabolites. Brent et al. determined the CB1 Ki for JWH-018 and its 4-hydroxyindole 

metabolite were 1.2±0.3 nM and 2.7±0.3 nM, respectively, which were 5-6 times lower 

than THC’s Ki (15.3±4.5 nM).89 Moreover, JWH-018 and 4-hydroxindole also are full 

CB1 agonists with EC50 values 6.8±2.5 and 17.01±9.6 nM, respectively, compared with 

THC’s EC50 of 167.4±85.7 nM.  

SC urinary concentration ranges found in our authentic specimens were compared 

to those reported in the literature. In 2010, ElSohly Laboratories analyzed 33 forensic 

urine samples, submitted for workplace drug testing programs, and identified JWH-018 

N- pentanoic acid in 17 samples with concentrations between 11.6–27,256 µg/L and 

JWH-018 N-hydroxypentyl (21.9–5530 µg/L), but only 35% contained JWH-018 6-

hydroxyindole (3.1–35.7 µg/L).247 No other metabolites were included in their LC-

MS/MS assay. In contrast, our JWH-018 N-pentanoic acid and JWH-018 N-

hydroxypentyl concentrations were lower, possibly suggesting lower exposures, longer 

times since administration or instability during storage for our specimens. Lovett et al. 

reported SC results for 49 urine specimens collected after March 2012 from US Air Force 
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service members suspected of SC intake or subject to random drug testing.309 Specimens 

contained JWH-018 N-pentanoic acid (0.7–458 µg/L), JWH-018 N-4-hydroxypentyl 

(0.1–152 µg/L), JWH-018 N-5-hydroxypentyl (0.4–706 µg/L), JWH-073 butanoic acid 

(0.8–305.5 µg/L), and JWH-072 N-propanoic acid (4.7–943.8 µg/L). All specimens 

contained JWH-018 pentanoic acid and JWH-072 N-propanoic acid metabolites; 46/49 

and 33/49 contained JWH-073 N-butanoic acid and JWH-018 N-5 hydroxypentyl, 

respectively. JWH-072 propanoic acid concentrations were 1.6–16.6 times higher than 

those of JWH-018 N-pentanoic acid. The authors suggested that JWH-072 N-propanoic 

acid was a common biomarker for JWH-018, JWH-073, and AM2201. JWH-072 N-

propanoic acid (or JWH-018 N-propanoic acid) was not commercially available prior to 

our method validation. Our observed JWH-018 N-pentanoic concentrations were similar 

to those reported by Lovett et al. Jang et al. investigated urinary AM2201- and JWH-018 

metabolites in individuals arrested for suspected AM2201 (n=9) and JWH-018 (n=11) 

abuse.339 AM2201 N-4-hydroxypentyl (5.1–38.2 µg/L) and AM2201 6-hydroxyindole 

(3.6–24.4 µg/L) were detected in 5 and 6 AM2201 suspected, respectively. However, all 

specimens (n=9) also contained JWH-018 N-pentanoic acid (9.6–401 µg/L) and JWH-

018 N-5-hydroxypentyl (3.1–150 µg/L). Four specimens positive for AM2201 

metabolites also contained JWH-073 butanoic acid (4.2–16.9 µg/L). None contained 

JWH-018 6-hydroxyindole. All urine samples collected from individuals who abused 

JWH-018 (n=11) were positive for JWH-018 N-4-hydroxypentyl at 2.9– 604 µg/L; 

however, 8 also contained JWH-018 N-5-hydroxypentyl (2.5–213 µg/L) and JWH-018 N-

pentanoic acid (2.7–241.8 µg/L), 6 contained JWH-073 N-butanoic acid (3.3–219.3 µg/L) 

while only 2 contained JWH-018 6-hydroxyindole (3.5–4.9 µg/L). We observed co-
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occurrence of JWH-018 N-pentanoic acid, JWH-018 N-hydroxypentyl, JWH-018 5-

hydroxyindole, and JWH-018 6-hydroxyindole in 2 specimens. We also observed 179 

(61.7%) positive specimens contained JWH-018 pentanoic acid, JWH-073 N-butanoic 

acid, and AM2201 N-hydroxypentyl. Metabolite concentrations of AM2201 4-

hydroxypentyl reported by Jang et al. were similar to our mean and median 

concentrations of 16.4 and 2.0 µg/L, respectively. Although AM2201 N-hydroxypentyl is 

indicative of AM2201 intake, the median concentration for this metabolite in specimens 

also positive for JWH-018 metabolites was 2.2 µg/L compared to 11.1 µg/L JWH-018 N-

hydroxypentyl and 35.1 µg/L JWH-018 N-pentanoic acid suggesting that the fluorinated 

metabolite is rapidly metabolized. These highlight the challenges of interpreting results 

and determining the most suitable urinary biomarker.  

Converging metabolic pathways for similar SC produce common metabolites and 

most synthetic cannabinoid products contain one or more parent drugs, explaining the 

presence of multiple synthetic cannabinoid metabolites in individual specimens. 

Structurally similar SC, especially halogenated compounds, produce common metabolites 

to their non-halogenated analogs. Chimalakonda et al. 2012 published human liver 

microsomal AM2201 and JWH-018 metabolic studies and reported common metabolites 

(JWH-018 pentanoic acid, JWH-018 N-hydroxypentyl) from both.251 Oral ingestion of 5 

mg pure AM2201 produced JWH-018 N-pentanoic acid, JWH-018 N-5-hydroxypentyl, 

JWH-073 butanoic acid, JWH-073 N-4-hydroxybutyl, AM2201 N-4-hydroxypentyl, and 

AM2201 6-hydroxyindole.135 JWH-073 N-butanoic acid also was detected in specimens 

from individuals who reported JWH-018 intake.297 We also observed co-occurrence of 

AM2201 N-hydroxypentyl, JWH-018 N-pentanoic acid, and JWH-073 N-butanoic acid in 
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180 specimens. Either the JWH-018 N-pentanoic acid and/or JWH-073 N-butanoic acid 

were also derived from AM2201 or all three parent analytes were taken in any 

combination. Similar patterns can be expected for other fluorinated SC such as 

MAM2201 and XLR-11. MAM2201 intake can potentially produce JWH-122 N-

pentanoic acid and JWH-122 N-hydroxypentyl metabolites. For this reason, we cannot 

assign JWH-122 metabolites from JWH-122 intake alone. We observed 16 positive 

specimens containing all three metabolites: MAM2201 N-hydroxypentyl (0.1-2.1 µg/L), 

JWH-122 N-pentanoic acid (0.5-17.0 µg/L), and JWH-122 N-hydroxypentyl (1.3-250 

µg/L) and 87 positive specimens contained only JWH-122 N-pentanoic acid (0.1-19.1 

µg/L). USACIL reported about 20% seized materials contained JWH-122 while 

MAM2201 was found in less than 5%. In comparison, 5.5% of our specimens contained 

MAM2201 N-hydroxypentyl and 30% contained JWH-122 metabolites. Others 

recommended including metabolites unique for the parent compound, i.e. AM2201 4-

hydroxypentyl for AM2201251 and JWH-018 4-hydroxypentyl for JWH-018.135  

In evaluating the most suitable markers for each SC, JWH-018, JWH-073, and 

JWH-250 carboxy (pentanoic or butanoic acid) metabolites were most frequently 

identified. Alkyl hydroxy metabolites occurred more frequently for JWH-122, JWH-210, 

JWH-398, and UR-144. However, median molar ratios between carboxy and alkyl 

hydroxy metabolites from each parent compound were highly variable (between 0.1–

3992%), making it difficult to distinguish optimal markers but lead us to propose 

targeting carboxy and alkyl hydroxy metabolites. Median molar ratios of JWH-018, 

JWH-250 and AM2201 hydroxyindole metabolites were lower (<20%) than alkyl 

hydroxy metabolites and carboxy metabolites, highlighting that hydroxyindole 



 

189 
 

metabolites are minor metabolites. Alkyl hydroxy and carboxy metabolites proved to be 

effective targets in our study, but other SC with different structures could produce 

different major metabolites. For instance, our hepatocyte studies with AKB48 and STS-

135 identified monohydroxylated metabolites at the adamantane ring moiety as more 

predominant than monohydroxylated metabolites at the indole or indazole alkyl chain.263, 

265 We also observed carboxy formation at the tetramethylcyclopropyl ring as the major 

metabolite for XLR-11 compared to UR-144 pentanoic acid for UR-144.257 Adamowicz 

et al. also detected UR-144 mono-, dihydroxylated, and carboxy urinary metabolites in 

authentic specimens including metabolites generated from the opened-ring pyrolysis 

product.303 These metabolites were unavailable during our method development. 

Metabolite molar concentration also can be affected by time since last intake, analyte 

stability, and inter-subject metabolism variability.  

 

Conclusion 

 We measured concentrations of urinary SC metabolites in 290 urine specimens 

collected from November 2011 to June 2012, the largest dataset of authentic workplace 

drug testing urine specimens yet published. We quantified concentrations of 22 alkyl 

hydroxy and carboxy metabolites from 11 parent SC (JWH-018, JWH-073, JWH-081, 

JWH-122, JWH-210, JWH, 250, JWH-398, AM2201, MAM2201, RCS-8, and UR-144) 

by the most comprehensive LC-MS/MS quantitative method to date. The highest SC 

metabolite concentration was 2,434 µg/L for JWH-018 pentanoic acid, although the 

majority (92.2%) of concentrations were less than 100 µg/L. We determined JWH-018 

and AM2201 metabolites were the predominant analytes quantified in our urine 
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specimens, a trend matching seized materials analyzed by USACIL. No parent SC was 

identified in urine, but in many cases, multiple metabolites were present from a single 

parent compound. Based on in vitro metabolic studies, structurally similar synthetic 

cannabinoids can produce common metabolites and can make data interpretation 

challenging. We observed that alkyl hydroxy and carboxy metabolites provided suitable 

urinary metabolite targets for most synthetic cannabinoids present in our specimens; 

however, this may vary for newly emerging compounds.  
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Chapter 6 - Identification of AB-FUBINACA Metabolites in Human 

Hepatocytes and Urine using High-Resolution Mass Spectrometry 

(Accepted in Forensic Toxicology, March 2015) 

Abstract: 

 AB-FUBINACA, N-(1-amino-3-methyl-1-oxobutan-2-yl)-1-(4-fluorobenzyl)-1H-

indazole-3-carboxamide, is a SC indazole identified in drug seizures around the world. 

Few metabolism data are available, despite the need for human urinary markers to detect 

AB-FUBINACA intake. Our main objective was to identify suitable analytical targets by 

analyzing human hepatocyte incubation samples with HRMS and to confirm the results in 

authentic urine specimens. We also determined AB-FUBINACA’s metabolic stability in 

HLM and compared hepatocyte and urine results with in silico predictions. 

 Metabolic stability of AB-FUBINACA was determined in pooled HLM (1 

µmol/L, up to 1 h). Metabolite profile human hepatocytes (10 µmol/L, 1 and 3 h) and 

urine samples from two subjects were determined by HRMS using information-

dependent MS/MS acquisition. Data were analyzed with MetabolitePilotTM software 

utilizing processing algorithms including generic peak finding, mass defect filtering, 

neutral loss, and product ion filtering. In silico metabolite prediction was performed with 

MetaSiteTM software. 

 AB-FUBINACA’s half-life in HLM was 62.6±4.0 min. AB-FUBINACA 

produced 11 metabolites (2 glucuronides) in human hepatocytes and ten were identified 

in authentic human urine. Major metabolic pathways were terminal amide hydrolysis, 

acyl glucuronidation and hydroxylation at the aminooxobutane moiety. Epoxidation 
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followed by hydrolysis, hydroxylation at the indazole moiety and dehydrogenation were 

minor pathways. Defluorination did not occur. Seventeen first-generation metabolites 

were predicted in silico, of which seven were observed in vitro and eight in vivo.  

 We recommend AB-FUBINACA carboxylic acid, hydroxy AB-FUBINACA 

carboxylic acid, dihydrodiol AB-FUBINACA and dihydrodiol AB-FUBINACA 

carboxylic acid as suitable urinary markers.  

 

Introduction 

 SC were originally synthesized to investigate the endocannabinoid system or for 

their potential therapeutic benefits, but none progressed to clinical use.218 Many SC are 

potent CB1 agonists eliciting cannabimimetic effects similar to plant-derived THC. SC 

are the most commonly identified NPS in the recreational drug market since they were 

first introduced in the early 2000s and are abused for their psychoactive effects.223 The 

US SDAPA of 2012 placed many synthetic cannabinoids under Schedule I,23a but 

clandestine laboratories circumvent regulations by modifying compounds. 

 AB-FUBINACA, N-(1-amino-3-methyl-1-oxobutan-2-yl)-1-(4-fluorobenzyl)-1H-

indazole-3-carboxamide, was first developed by Pfizer, as a potent CB1 agonist (EC50=28 

nM and Ki=0.9 nM)21 compared to THC (EC50=167±84 nM and Ki=15.3±4.5 nM).89 AB-

FUBINACA has an indazole core with a 4-fluorobenzyl moiety and a carboxamide-

linked aminooxobutane moiety (Figure 13), was first detected in Japan in 2012, 331c in the 

US in 2013,344 and scheduled by the US DEA in early 2014.23cThere are no controlled 

drug administration studies on AB-FUBINACA investigating adverse effects directly 

linked to it. However, several hospitalizations followed intake of a structurally similar 

indazole carboxamide, ADB-PINACA 190 that produced nausea and vomiting, seizures, 
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Figure 13. Chemical structures of AB-FUBINACA and its analog, ADB-PINACA 

somnolence, hyperglycemia, hyperkalemia, tachycardia, myocardial infarction, 

pneumonia and rhabdomyolysis. Fatalities and numerous hospitalizations were due to 

consumption of the methyl ester of AB-FUBINACA carboxylic acid according to the 

Russian Federal Drug Control Service.345 In rare cases, other SC produced kidney 

toxicity and/or death.219 Drug user forums can help in assessing a compound’s effects, 

although user reports are subjective and might be inaccurate since individuals cannot 

verify the package’s content.346 

 Identification and quantification of SC and metabolites in biological matrices are 

critical for documenting intake and correlating toxicity to analyte concentrations. Parent 

SC can be identified in blood, OF, and hair, whereas metabolites are predominantly 

identified in urine and extend the window of detection.219 Due to limited pharmacology, 

toxicity and safety data, controlled in vivo human pharmacokinetic studies are not 

possible, with data confined to self-administration experiments.218 In vivo animal,232, 246, 

271 in vitro HLM 246, 264, 347 and in vitro human hepatocyte experiments,257, 260-261, 263, 265 
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provide alternative approaches, which can be supplemented by in silico metabolite 

prediction.239 

 Currently, AB-FUBINACA metabolism data are limited. After AB-FUBINACA 

incubation with HLM, Takayama et al. reported a single metabolite hydroxylated at the 

aminooxobutane moiety.347a Thomsen et al. found AB-FUBINACA carboxylic acid and 

hydroxy AB-FUBINACA metabolites following incubation with HLM and identified 

carboxylesterase 1 as the major enzyme responsible for amide hydrolysis.348 Our aims 

were to determine AB-FUBINACA metabolic stability with HLM, identify AB-

FUBINACA phase I and II metabolism after human hepatocyte incubation by HRMS and 

to confirm metabolites in authentic urine specimens. Additionally, we assessed the utility 

of the in silico metabolite prediction software MetaSiteTM.  

Methods 

Chemical and reagents 

AB-FUBINACA (98.4% purity) was generously donated by the DEA Special Testing and 

Research Laboratory. The AB-FUBINACA stock solution was prepared by dissolving 

11.7 mg in 1 mL DMSO. Pooled (n=10) cryopreserved human hepatocytes, pooled HLM 

(n=50), thawing and incubation media, Kreb-Henseleit buffer (KHB) and NADPH-

regenerating solutions were obtained from BioreclamationIVT (Baltimore, MD, USA). 

Acetonitrile and ethyl acetate were purchased from Sigma Aldrich (St. Louis, MO, USA). 

Potassium phosphate, glacial acetic acid, and formic acid were acquired from Fisher 

Scientific (Waltam, MA, USA). All reagents were HPLC grade or better. Isolute (1 mL) 

SLE+ columns (Biotage, Inc. Charlotte, NC, USA) were utilized in sample preparation. 

Water was purified in-house by an ELGA Purelab Ultra Analytic purifier (Siemens Water 
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Technologies, Lowell, MA, USA). Diclofenac was obtained from Cayman Chemicals 

(Ann Arbor, MI, USA).  

Metabolic stability assessment with HLM 

HLM experiments were performed in duplicate by incubating 1µmol/L AB-

FUBINACA in 1 mg/mL HLM suspensions prepared in a final volume of 1mL with 

50mmol/L potassium phosphate buffer (pH 7.4) and NADPH regenerating system 

(glucose-6-phosphate, MgCl2 and glucose-6-phosphate dehydrogenase). The organic AB-

FUBINACA stock solution was diluted with phosphate buffer to 1 µmol/L; final organic 

content was <0.04%. Samples were gently mixed, incubated at 37°C for up to 1h in a 

shaking water bath, and the reaction stopped by mixing 100 µL incubation sample with 

100 µL ice cold acetonitrile after 0, 3, 8, 13, 20, 30, 45, and 60 min. Samples were 

centrifuged at 15,000g, 4˚C for 5 min and supernatants stored at -80°C before analysis. 

For LC-MS/MS analysis, samples were thawed and centrifuged at 15,000g, 4°C for 5 

min. A 1:100 supernatant dilution was prepared in mobile phases A and B (90:10, v/v) 

and 10 µL injected onto the LC-MS/MS system.  

Chromatographic separation was performed on a KinetexTM C18 column (100 mm 

x 2.1 mm, 2.6 µm) fitted with a KrudKatcher Ultra HPLC in-line filter (0.5 µm x 0.1 mm 

ID) (Phenomenex, Torrance, CA, USA) and on a Shimadzu (Columbia, MD, USA) 

HPLC system with two LC-20ADxr pumps, a DGU-20AR degasser, a SIL-20ACxr 

autosampler, and a CT20A column oven equipped with the Kinetex C18 column. The 

HPLC mobile phase consisted of 0.1% formic acid in water (A) and 0.1% formic acid in 

acetonitrile (B). Column and autosampler temperatures were set at 40 and 4°C, 

respectively. A 0.3 mL/min flow rate was maintained with 10% B for 0.3 min, ramped to 
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55% B at 20.0 min, increased to 95% B at 20.1 min for 1.8 min, then 10% B at 22 min, 

for a total 25 min run time. Positive ESI mass spectrometric analysis was performed on a 

5500 QTRAP (SCIEX, Redwood City, CA, USA) with data acquired via SCIEX Analyst 

(version 1.6) in MRM mode. Two MRM transitions for AB-FUBINACA (target: 

369.2253.1; qualifier 369.2324.2) were monitored. Declustering potential, entrance 

potential, exit potential and collision energy were optimized to 80 V, 10 V, 10 V, 35 eV 

(target) and 23 eV (qualifier), respectively.  

AB-FUBINACA peak areas were plotted against time and used to calculate in 

vitro microsomal half-life (T1/2) and intrinsic clearance (CLint, micr) using Baranczewski et 

al. equations.349 The microsomal intrinsic clearance was scaled to whole liver dimensions 

according to McNaney et al. 350, yielding intrinsic clearance (CLint). Human hepatic 

clearance (CLH) and extraction ratio (ER), excluding plasma protein binding parameters, 

also were calculated.349 

Metabolite profiling in human hepatocytes 

Hepatocyte incubations were performed as previously published.265 AB-

FUBINACA (10 µmol/L) was incubated with cryopreserved human hepatocytes (5 

x105cells/0.5 mL/well) with ≥80% cell-viability. The stock solution was dissolved in 

KHB buffer to a final concentration of 20 μmol/L, yielding an organic solvent percentage 

in the hepatocyte incubate of <0.7%. To confirm pooled hepatocytes enzymatic activity, 

10 µmol/L diclofenac (CYP2C9 substrate) served as a positive control. Cells were 

incubated at 37°C under constant gentle shaking. Reactions were stopped with 0.5 mL 

ice-cold acetonitrile after 0, 1, and 3 h. After centrifugation, supernatants were removed 

and stored at -80°C. For analysis, hepatocytes samples were thawed and centrifuged at 
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15,000g, 4°C for 10min. Supernatants were diluted 1:5 in mobile phase and 25 µL 

injected onto the LC-TOF system.  

HPLC separations were performed on a Shimadzu ProminenceTM system outfitted 

with two LC-20ADxr pumps, a DGU-20A5R degasser, a SIL-20ACxr autosampler and a 

CTO-20AC column oven. HPLC column, mobile phases, and gradient conditions utilized 

in the half-life determination were employed. Column and autosampler temperatures 

were held at 40 and 4°C, respectively. Mass spectrometric analysis was performed on a 

5600+ TripleTOF mass spectrometer (SCIEX) with data acquired via SCIEX Analyst TF 

software (version 1.6). MS and MS/MS data were acquired in positive ESI mode with 

information-dependent acquisition (IDA) and dynamic background subtraction (DBS). 

For IDA, TOF-MS signals exceeding 500 cps were selected for the dependent scan 

(exclusion of isotopes within 3 Da; mass tolerance ±50 mDa). TOF-MS were acquired 

within m/z 100-950 mass range followed by product ion scans m/z 60-950 with 

accumulation times of 0.1 and 0.075 s, respectively. Declustering potential and collision 

energy were optimized via infusion and were 80 V and 32±18 eV, respectively. 

Calibrators were injected every third injection. 

Metabolites were detected by data mining with MetabolitePilotTM, version 1.5 

(SCIEX), employing multiple peak finding algorithms, which included scanning for 

predicted metabolites, generic peak finding, mass defect filtering, and product ion and 

neutral loss filterer that targeted at least two characteristic common product ions and 

neutral losses. The extracted ion chromatogram peak intensity threshold was set at 1500 

cps with minimum MS and MS/MS peak intensities of 400 and 100 cps, respectively. 

Structures of potential AB-FUBINACA metabolites were determined based on mass 



 

198 
 

shift, fragmentation patterns, and retention time. Possible adduct formation or in-source 

collision-induced dissociation or water loss were excluded from the final metabolite list. 

Metabolite profiling in authentic human urine specimens 

We analyzed two urine samples from DUID suspects from the National Board of 

Forensic Medicine in Linköping, Sweden. We analyzed the matching urine specimens 

from two blood samples containing 9 and 42 ng/g AB-FUBINACA, respectively. Both 

hepatocytes and urine samples were prepared with and without enzymatic hydrolysis. In 

separate tubes, 250 µL urine and 50 µL hepatocyte samples were diluted with 600 and 

800 µL 0.4 mol/L ammonium acetate buffer pH 4.0, respectively. Beta glucuronidase 

from red abalone (40 µL, 15,625 IU/mL, BG100™ from Kura Biotec, Chile) was added 

and samples incubated at 55°C for 1h. Subsequently, 200 µL cold acetonitrile was added 

followed by centrifugation at 15,000g, 4°C for 10min. Samples were loaded onto SLE+ 

columns and eluted twice with 3 mL ethyl acetate. Extracts were dried under nitrogen at 

42°C, reconstituted in 150 µL mobile phase and analyzed under the LC-TOFMS 

conditions utilized in the metabolite profiling  

Peak areas for metabolites previously identified in hepatocytes were monitored 

with MultiQuant software (SCIEX). We also processed urine specimen data with 

MetabolitePilotTM data mining procedures. Data review and processing included 

identification for metabolites previously identified in hepatocyte samples and 

identification of the overall top 20 most intense metabolites in authentic urine (molecular 

weight >250 Da, ≤±5 ppm mass measurement accuracy), whether present or not in 

hepatocyte samples.  
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In silico prediction of AB-FUBINACA metabolism 

AB-FUBINACA metabolism was predicted with MetaSiteTM software (version 5, 

Molecular Discovery Ltd, Pinner, UK). Potential hepatic metabolites were predicted with 

a list of 39 common cytochrome P450 biotransformations, including hydroxylation, 

dealkylation, carbonylation and dehalogenation. For each potential metabolite, the 

software assigns a probability score representing the likelihood of the metabolite being 

generated, with 100% being the maximum score. Only metabolites >150Da were 

included in the final summary. The most probable second-generation metabolites were 

predicted for the top three first generation metabolites. 

 

Results 

Metabolic stability of AB-FUBINACA in human liver microsomes 

AB-FUBINACA T1/2 was 62.6±4.0 min, in vitro microsomal intrinsic clearance 

(CLint, micro) 11.0 uL·min-1·mg-1 and intrinsic clearance (CLint) 10.5 mL·min-1·kg-1. 

Hepatic clearance CLH was predicted as 6.9 mL·min-1·kg-1 with an extraction ratio of 

0.34. 

Metabolic profiling of AB-FUBINACA in human hepatocytes 

In the control, diclofenac concentration decreased by 90% after 3 h incubation. In 

addition, time-dependent concentration increases of 4’-hydroxydiclofenanc and 

diclofenac β-D acyl glucuronide confirmed active hepatocyte enzymatic activity. We 

identified 11 AB-FUBINACA metabolites - nine phase I metabolites (M1, M3, M4, M5, 

M6, M7, M9, M10, and M11) and two phase II metabolites (M2 and M8) with mass 

measurement accuracy ≤2.0 ppm in the 3 h hepatocytes samples (Table 16). M4, M6, 
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M8, and M11 were also detected in the 1 h sample. Metabolic reactions included terminal 

carboxamide hydrolysis (M11), epoxidation followed by hydrolysis (M1), hydroxylation 

(M3-M6), dehydrogenation (M9) and reaction combinations (M7, M10). Glucuronide 

conjugation of M11 produced M8 and glucuronidation of a monohydroxylated phase I 

metabolite generated M2. No defluorinated metabolite was observed. Based on MS peak 

areas, M11 and M6 were the two most intense metabolites. Retention times, accurate 

masses, mass accuracies, peak areas, and characteristic fragments of AB-FUBINACA 

and metabolites are summarized in Table 23. Figure 14A and 14B exhibit metabolite 

profiles in human hepatocytes. 

Metabolite confirmation and profiling in authentic urine specimens 

 All metabolites were detected in the hepatocyte samples subjected to SLE+ 

preparation with only minimal analyte loss when compared to the diluted 3 h hepatocyte 

samples (Table 24, Figure 14). Beta-glucuronidase successfully cleaved M2, but M8 

hydrolysis was less efficient. All AB-FUBINACA metabolites previously identified in 

hepatocytes samples also were found in both authentic urine specimens, except for M9 

(Figure 14C and D). As we observed for hepatocytes, M11 was the most predominant 

metabolite observed in both urine specimens. Overall, metabolite prevalences were  

similar to what was observed in the hepatocyte samples and similar for both authentic 

urine specimens. Only prevalences for M6 (intensity↓), M7 (↑) and M8 (↑) differed when 

compared to the hepatocyte profile (Table 24).  

 In specimen 1, the most intense metabolites were M11, M7 and M8 while M1-M6 

and M10 were minor metabolites. Enzymatic hydrolysis increased M1, M3, M4, M5, M7 

and M11 peak areas between 25 and 920%. Notably, a small signal for AB- FUBINACA 
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Table 23. Retention time, accurate mass protonated ion ([M + H]+ m/z), elemental 

composition, diagnostic product ions, mass error and MS peak areas (1 and 3 h) of AB-

FUBINACA and its metabolites in human hepatocyte samples. Peak area for AB-

FUBINACA parent at time 0 h was 5.17E+06. Metabolites in 3 h sample are ranked by 

most to least intense peak areas. Each sample was analyzed once. 
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Figure 14. Combined extracted ion chromatograms of AB-FUBINACA and its 

metabolites identified in hepatocytes samples and authentic urine specimens. Signal 

obtained after enzymatic hydrolysis are shown in broken lines.  

(A) 3 h hepatocyte sample, 1:5 diluted 

(B) 3 h hepatocyte sample with and without enzyme hydrolysis treatment and solid-

supported liquid extraction (SLE+)  

(C) authentic urine specimen 1 with or without hydrolysis and SLE+  

(D) authentic urine specimen 2 with or without hydrolysis and SLE+.  
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Table 24. Analysis of hepatocyte samples and authentic urine specimens associated with 

AB-FUBINACA intake: The 3 h hepatocyte sample at 1:5 dilution was analyzed, after 

supported liquid extraction (SLE+) and after enzymatic hydrolysis followed by SLE+. 

Two authentic urines (specimen 1 and 2), with or without hydrolysis, were subjected to 

SLE+ and analyzed by HRMS. Metabolites’ peak areas were quantified by MultiQuant 

and ranked from the most abundant to least peak areas. Peak areas for M8’s co-eluting 

isomers were quantified conjointly. Each sample was analyzed once. 
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parent was detected in this urine specimen.  

In specimen 2, the most intense metabolites, again, were M11, M7, M8 and M1 

with M2-M6 and M10 being minor and no parent detectable. Especially, M1 and M4 

peak areas increased after hydrolysis (64-88%), only slight increases were observed for 

M6 and M7 (11-20%). 

 Results for the top 20 most intense metabolites in authentic urine samples are 

shown in Table 25 and Figure 15. At least six of eleven metabolites identified in 

hepatocytes also were among these top 20 metabolites. Still, M11, M7, and M8 were the 

three most intense metabolites followed by dihydrodiol AB-FUBINACA carboxylic acid 

(metabolite g) and a metabolite generated by loss of the fluorobenzyl moiety (N-

dealkylation) and hydroxylation (metabolite a). Many additional metabolites not observed 

in hepatocytes were identified in urine and generated by combination of dihydroxylation 

(f, i). epoxidation followed by hydrolysis with hydroxylation (c) or terminal amide 

hydrolysis (g), terminal amide hydrolysis with hydroxylation (d, u, x, y) or 

dihydroxylation (o) with glucuronidation (k, l, n, p, q) or dehydrogenation (z). 

Carboxylation (m), internal amide hydrolysis (j) with hydroxylation of the 

fluorobenzylindazole (w), internal carboxamide hydrolysis with hydrogenation (s), N-

dealkylation of aminooxobutane (t) with hydroxylation (e, h) and N-dealkylation of 

fluorobenzyl with hydroxylation (a) or dehydrogenation (b) also were observed. We 

identified metabolite “v” as another M8 isomer, whereas metabolite “r” was 

glucuronidated AB-FUBINACA with unassigned structure. 
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Figure 15. Combined extracted ion chromatograms of the top 20 most intense AB-

FUBINACA metabolites identified in urine specimen 1 (A) and specimen 2 (B). 

Specimens, with and without hydrolysis treatment, were further subjected to solid-

supported liquid extraction (SLE+) prior to analysis. Metabolites identified after 

hydrolysis are represented in broken lines. Extracted ion chromatograms for the acyl 

glucuronide metabolite M8 (C and D), which has four isomers: three shown as clusters 

and metabolite “v” with identical product ion spectra in the unhydrolyzed samples. M8* 

denotes isomers 1 and 2 co-eluting while M8† represents isomer 3. M11 maximum peak 

heights in unhydrolyzed/hydrolyzed specimen 1 (A) was 1.52e7/2.0e7 and in specimen 2 

(B) 1.5e6. 

In silico prediction 

MetasiteTM predicted 17 potential metabolites with ten metabolites (P1-P10) 

scoring ≥20% Table 26. The top three candidates, all scoring 100%, were products of 

aliphatic hydroxylation or dehydrogenation at the 2” -position of the aminooxobutane 

moiety or dealkylation of the aminooxobutane moiety. Other predicted metabolites were 

products of hydroxylation at the fluorobenzyl methylene carbon, aminooxobutane moiety 

or indazole moiety, N-dealkylation of the fluorobenzyl moiety or aliphatic carbonylation 

at the fluorobenzyl methylene carbon. Defluorination was not predicted. 
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Table 25. Top 20 most intense AB-FUBINACA metabolites identified in two authentic 

urine specimens with matching blood specimens positive for AB-FUBINACA. 

Metabolites previously identified in hepatocytes were assigned the corresponding ID, 

additional metabolites were assigned alphabetically in order of their retention time (RT). 

Peak areas for metabolites not in the top 20 were not listed; conversely, blank peak areas 

does not necessarily represent undetected metabolites. Each sample was analyzed once. 
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Table 25 Continued 

 



 

208 
 

Second-generation metabolites of the top three first-generation metabolites (P1, 

P2, and P3) scoring 100% were generated by hydroxylation at the aminooxobutane (P1a 

and P3a) or methylene carbon of fluorobenzyl (P2a), N-dealkylation (loss of 

fluorobenzyl, P1b and P2b), carbonylation (P1c, P2c, and P3c), carboxylation (P3d) and 

dehydrogenation (P3b). Results are also listed in Table 19. 

 

Discussion 

Metabolic Stability 

 AB-FUBINACA’s half-life was calculated as 62.6±4.0 min, consistent with the 

moderate 26% and 22% decrease in peak areas observed after 1 and 3 hours of 

hepatocyte incubation, respectively. Predicted CLH was 6.9 mL·min-1·kg-1, extraction 

ratio was 0.34. Based on different classifications, the first value would classify AB-

FUBINACA as a low-clearance, the second value as an intermediate-clearance drug. 

According to McNaney et al., drugs with hepatic clearance below 15 mL·min-1·kg-1 are 

low clearance drugs 350 while Lave et al. placed drugs with extraction ratio between 0.3 

and 0.7 in the intermediate category.351 As a result we assume that metabolites generated 

from AB-FUBINACA can be seen in urine for a few days post-dosing.  

Identification of AB-FUBINACA metabolites after human hepatocyte incubation 

AB-FUBINACA fragmentation pattern 

 We observed four distinct product ions for AB-FUBINACA (Figure 11): Bond 

cleavage between the carbon and nitrogen of the internal carboxamide group produced 

the most intense fragment, m/z 253. Removal of the terminal carboxamide yielded m/z 

324; m/z 109 was associated with the 4-fluorobenzyl substructure, and cleavage between  
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Table 26. In silico metabolite prediction of AB-FUBINACA metabolites by MetaSite™ 

software. Metabolites are ranked according to their probability score. 

 

 



 

210 
 

Table 26 Continued 
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the carboxamide carbon and nitrogen atom produced m/z 352. Interestingly, no fragment 

at m/z 145, theoretically corresponding to the indazole acylium ion, was observed, which 

might be caused by fluorobenzyl being an excellent leaving group. The unique 

fragmentation pattern of AB-FUBINACA was utilized for metabolite detection (via the 

product ion filter or neutral loss filter) as well metabolite structural elucidation. 

Metabolites generated by carboxamide hydrolysis 

 AB-FUBINACA carboxylic acid (M11), a product of terminal carboxamide 

hydrolysis, was the most intense metabolite observed in 1 and 3 h hepatocyte samples 

(Table 23, Figure 14), which is consistent with Thomsen et al.’s findings.348 Figure 16 

depicts product ion spectra of all eleven metabolites identified in hepatocytes. M11 

product ion spectrum showed three distinct fragments of the native AB-FUBINACA 

molecule (m/z 109, 253, and 324) suggesting no modification at these areas of the 

molecule. To compare our HLM findings with Takayama et al.’s, we re-analyzed our 

samples by the previous HLM LC-MS/MS method that was updated to include MRM 

transitions for all metabolites identified in the hepatocytes. We found M11 was the most 

predominant metabolite in our HLM samples and should have been detectable in 

Takayama et al.’s experiment 347a. Further glucuronidation of M11 yielded M8 at m/z 

546. M8 product ion spectrum showed a characteristic fragment at m/z 370, which is 

produced by cleavage of glucuronic acid, and the same three distinct fragments of AB-

FUBINACA carboxylic acid (m/z 109, 253, and 324).  

M7 was the product of amide hydrolysis and further hydroxylation at the 

aminooxobutane moiety as suggested by presence of m/z 109, 253 and 350. The first two 

fragments correspond to an unchanged fluorobenzyl indazole structure, leaving the  
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Figure 16. Product ion spectra and assigned fragmentation pattern for AB-FUBINACA 

and all metabolites that were identified after human hepatocytes incubation. Markush 

bond indicates unassigned hydroxy position. The exact location of the dihydrodiol 

structure at the indazole moiety (M1) is not clear. 
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modifications to the remaining parts of the molecule. However, the exact position of the 

hydroxyl group at the aminooxobutane moiety is unclear. Most likely, M7 was mainly 

formed by amide hydrolysis of M6 since M6 was major in hepatocytes (Figure 14 A/B) 

and minor in human urine (Figure 14 C/D) while M7 was minor in hepatocytes and major 

in urine. M10 is a metabolite generated by combined amide hydrolysis and 

dehydrogenation at the aminooxobutane moiety. Characteristic fragments were m/z 109, 

253, 322, and 350. 

 Metabolites generated by hydroxylations 

Three monohydroxylated metabolites (M4, M5, and M6), one dihydroxylated 

metabolite (M3) and a further glucuronidated monohydroxylated metabolite (M2) were 

identified. Hydroxylations occurred at different sites of the molecule, but predominantly 

at the aminooxobutane moiety. M6 was the most and second most intense peaks after 1 

and 3h incubation showing fragments at m/z 109, 253, 310, 340, and 368 that suggest 

hydroxylation at the aminooxobutane moiety. The exact position of the hydroxyl group is 

unclear, although in silico prediction proposes hydroxylation at 2”-position with the 

highest possible score of 100%. M6 might correspond to the single AB-FUBINACA 

monohydroxylated metabolite that Takayama et al. identified in their HLM 

experiment347a and to M4 in Thomsen et al.’s study.348 Eluting closely and showing the 

same fragments, M5 is another metabolite monohydroxylated at the aminooxobutane 

moiety. The dihydroxylated metabolite M3 showed fragments at m/z 109, 253, 326, 356, 

366, and 384, which are consistent with two hydroxyl groups at the aminooxobutane 

moiety. 
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In contrast, M4 product ion spectrum showed a distinct fragment at m/z 269, 

which was not observed for M5/M6 and suggests that hydroxylation occurred on the 

indazole moiety with m/z fragment 109 still intact. As for all unassigned hydroxyl 

positions, further analysis with nuclear magnetic resonance or testing reference standards 

is necessary to confirm the exact structure.  

The glucuronidated monohydroxylated metabolite, M2, was hydroxylated on 

either the indazole or methylene carbon of the fluorobenzyl moiety (m/z 269) and might 

be the phase II metabolite of M4 as the peak area increased after hepatocytes sample 

hydrolysis while M2 was undetected. The distinct fragment m/z 445 is generated by 

cleavage of the internal carboxamide splitting off the aminooxobutane moiety. This 

supports our assumption that glucuronidation did not occur at this substructure.  

Metabolites generated by dehydrogenation and epoxide hydrolysis  

AB-FUBINACA also underwent other biotransformations, e.g. dehydrogenation 

and epoxidation followed by hydrolysis. We suggest that M9, a minor metabolite with 

fragments at m/z 109, 253, 322, and 350, is dehydrogenated. We did not observe any 

indication that this metabolite might be an artifact created by water loss during ionization 

as there was no co-eluting corresponding metabolite. The exact double bond location 

cannot be definitely determined; however, MetaSiteTM proposes dehydrogenation at 2’’-

position with a probability score of 100% (Table 26). 

As observed with AM2201256 and PB-22,261 epoxide hydrolysis to a dihydrodiol 

structure occurred for AB-FUBINACA producing M1. The characteristic fragments at 

m/z 109, 241, 269, 287, and 358 are consistent with AB-FUBINACA undergoing this 
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two-step reaction, epoxide formation and subsequent hydrolysis, to produce a dihydrodiol 

at the indazole core at several possible sites. 

Prevalence of AB-FUBINACA metabolites 

 Among the nine phase I metabolites in human hepatocyte samples, AB-

FUBINACA carboxylic acid (M11) was the predominant metabolite at both time points 

followed by hydroxy AB-FUBINACA (M6) and AB-FUBINACA carboxylic acid 

glucuronide (M8). M11 and M6 also were the most intense metabolites in our HLM 

samples, where we additionally identified M4 and M7 with a ten times lower intensity. 

These are more metabolites than Takayama et al. found,347a but less than in Thomsen et 

al.’s study.348 However, the latter group incubated for 3h instead of 1h. The proposed 

AB-FUBINACA metabolic pathway is illustrated in Figure 17.  

Metabolite profiles in human authentic urine specimens 

Analogous to the hepatocyte samples, AB-FUBINACA carboxylic acid (M11) 

was the predominant metabolite in both authentic urine samples with or without β-

glucuronidase treatment. Equally important, all metabolites but one that were previously 

identified in the hepatocyte samples were also observed in both urine samples (Figure 14 

C/D), confirming the hepatocytes utility for in vivo metabolite prediction. However, there 

was a shift towards second-generation metabolites: Instead of M6 (ranked #2 in 

hepatocytes), M7 and M8 (ranked #4 and #3 in hepatocytes) dominated in the hydrolyzed 

urine specimens. As described above, M7 probably started as M6 and further underwent 

amide hydrolysis (or the other way round). Definitely, M8 is the phase II metabolite of 

M11. Information regarding AB-FUBINACA dose, intake frequency, and collection time 

of our samples were unknown. Thus, it is possible that the urinary profile we obtained  
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Figure 17. Proposed metabolic pathway of AB-FUBINACA in human hepatocytes. 

Unassigned hydroxy positions are depicted as Markush structurs. The exact location of 

the dihydrodiol structure of M1 is not clear. Based on the changes in peak areas observed 

in the hepatocytes and urine specimens, M7 is probably generated from M6. Assignment 

of the exact location of the hydroxy group in M4 and M2 is unclear, which is why it 

cannot be definitely determined that M2 is generated from M4. 

represent a later time point in the metabolism than the 3h hepatocyte profile, or are results 

of multiple intakes. The first hypothesis is supported by the fact that we identified 

additional metabolites in the urine samples (Figure 15), suggesting more extensive AB-

FUBINACA metabolism.  

When considering all metabolites present, six and seven metabolites, respectively, 

identified in the hepatocyte sample were also among the top 20 AB-FUBINACA 

metabolites in urine specimen 1 and 2. Moreover, M11, M7, and M8 remained the top 
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three most intense metabolites in both specimens. Only one additional metabolite – 

metabolite “g” in specimen 1, generated by epoxide hydrolysis and amide hydrolysis – 

reached similar intensity. The consistency of in vitro and in vivo major metabolic 

pathways for AB-FUBINACA, again, confirms the usefulness of hepatocytes for in vivo 

predictions. Although the metabolic rate in HLM was low, oxidative metabolism rather 

than direct elimination of the parent was the major clearance pathway. These findings 

taken together lead us to expect a detection window in the range of days for the 

metabolites in urine.  

Interestingly, we observed a cluster consisting of at least three peaks in the 

chromatogram for the acyl glucuronide M8 at RT 14.7-15.1 min (Table 25, Figure 15 

C/D), each peak at m/z 546.187 yielding identical MS/MS spectra. M8 was assigned as an 

acyl glucuronide since multiple isomers of M8 were observed in human urine specimens, 

probably formed after keeping them at room temperature for several hours. Acyl 

glucuronides are commonly observed conjugates of carboxylic acid-containing 

compounds 328 and are electrophilic and highly reactive compounds. The rate of acyl 

glucuronide isomer formation from non-enzymatic intra-molecular rearrangement is 

influenced by pH and temperature; some isomers may be resistant to ß-glucuronidase 

hydrolysis. This could explain why peak 2 decreased after enzymatic hydrolysis, whereas 

peaks 1 and 3 did not. We also observed a 4th peak for m/z 546.188 at 14.26 min with 

identical product MS/MS spectra to M8 in both urine specimens; however, this 

metabolite was only in the top 20 before hydrolysis of specimen 1. Although acyl 

glucuronide metabolites formation may form protein adducts resulting in drug-drug 
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interactions and potential hepatoxicity,328 further research on AB-FUBINACA acyl 

glucuronide adducts is needed. 

Amide hydrolysis appears to be a major elimination pathway with the majority of 

the top 20 prevalent metabolites being second-generation products of amide hydrolysis. 

Another common biotransformation was N-dealkylation of the fluorobenzyl ring 

producing metabolites missing a characteristic part of the AB-FUBINACA molecule. 

These metabolites are potentially shared with other synthetic cannabinoids (e.g. AB-

PINACA and AB-CHIMINACA), making them less valuable for forensic interpretations. 

Interestingly, AB-FUBINACA was detected in urine specimen 1 that had a 

matching whole blood specimen containing 42 ng/g AB-FUBINACA. Parent synthetic 

cannabinoids are typically not found in urine due to instability and/or extensive 

metabolism.248, 325 Collection time, drug dose and frequency and storage conditions can 

all affect AB-FUBINACA detectability in urine. 

Another interesting observation is the absence of defluorinated metabolites in 

both hepatocyte and authentic urine specimens. This is in contrast to many fluoropentyl 

indole/indazole synthetic cannabinoids, for which aliphatic defluorination was a major 

metabolic pathway.257, 264, 347b Our results suggest that aromatic defluorination of AB-

FUBINACA does not occur. 

We propose M11 and M7 as suitable phase I AB-FUBINACA urinary markers, as 

these were predominant in hepatocytes and authentic urine specimens. We also suggest 

M1 or M6, metabolites with intact terminal carboxamide groups, as the most effective 

metabolites for clearly determining AB-FUBINACA intake during urine drug testing. 
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In silico prediction of AB-FUBINACA metabolites  

Metabolite prediction software predicts potential metabolites independent of in 

vitro or in vivo experiments. We used the commercially available software (MetaSiteTM) 

to predict metabolites and to evaluate how well the predictions match the in vitro/in vivo 

results. It is important to remember that MetaSiteTM is capable of predicting phase I 

metabolites generated by CYP450 biotransformations only, implying that any metabolites 

generated by other enzymes, e.g. carboxylesterases, will be missed. Therefore, the most 

intense metabolite M11 (and all metabolites derived from it) will not be among the top 10 

predicted metabolites 348. We identified nine phase I metabolites in our 3h hepatocyte 

samples, of which six qualified for being predicted, ranking M6>>M4>M1, M9, M5>M3. 

M6 might correspond to predicted metabolite P1 that scored 100%; M4 to P4, P8 or P9; 

M9 to P3 that scored 100%; M5 to P1, but more likely P7 or P10. The dihydrodiol 

structure in M1 was not predicted. For final evaluation of the software’s accuracy, exact 

metabolite structures are needed. 

 

Conclusion 

We identified 11 AB-FUBINACA metabolites in our human hepatocyte samples 

with AB-FUBINACA carboxylic acid (M11), hydroxy-aminooxobutane AB-FUBINACA 

(M6), and AB-FUBINACA carboxylic acid glucuronide (M8) being the most intense. In 

authentic urine specimens, AB-FUBINACA carboxylic acid (M11), hydroxy-

aminooxobutane AB-FUBINACA carboxylic acid (M7) and AB-FUBINACA carboxylic 

acid glucuronide (M8) were the three most prevalent metabolites and are recommended 

as suitable urinary markers for AB-FUBINACA intake. M1 and M6 also could be 

helpful. In brief, the major metabolic pathways of AB-FUBINACA in human in vitro and 
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in vivo were consistent. Although AB-FUBINACA had low to medium clearance in 

HLM, low concentrations of the parent drug were identified in human urine, suggesting 

biotransformations to M11 and M6 were major drug clearance pathways. It is expected 

that M11, M6 and/or their further metabolites, M7 and M8 can be present in urine a few 

days post intake.  
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Chapter 7 - Simultaneous Determination of 40 Novel Psychoactive 

Stimulants in Urine by Liquid Chromatography High-Resolution Mass 

Spectrometry 

(Accepted in Journal of Chromatography A, March 2015) 

Abstract 

 The emergence of NPS is an ongoing challenge for analytical toxicologists. 

Different analogs are continuously introduced in the market to circumvent legislation and 

to enhance their pharmacological activity. Although detection of drugs in blood indicates 

recent exposure and link intoxication to the causative agent, urine is still the most 

preferred testing matrix in clinical and forensic settings. We developed a method for the 

simultaneous quantification of 8 piperazines, 4 designer amphetamines and 28 synthetic 

cathinones and 4 metabolites, in urine by LC-HRMS. Data were acquired in full scan and 

data dependent MS2 mode. Compounds were quantified by precursor ion exact mass, and 

confirmed by product ion spectra library matching, taking into account product ions’ 

exact mass and intensities. One-hundred µL urine was subjected to solid phase cation 

exchange extraction (SOLA SCX). The chromatographic reverse-phase separation was 

achieved with gradient mobile phase of 0.1% formic acid in water and in acetonitrile in 

20 min. The assay was linear from 2.5 or 5 to 500µg/L. Imprecision (n=15) was <15.4%, 

and accuracy (n=15) 84.2-118.5%. Extraction efficiency was 51.2-111.2%, process 

efficiency 57.7-104.9% and matrix effect ranged from -41.9 to 238.5% (CV<23.3%, 

except MDBZP CV<34%). Authentic urine specimens (n=62) were analyzed with the 

method that provides a comprehensive confirmation for 40 new stimulant drugs with 

specificity and sensitivity. 
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Introduction 

NPS consumption grew rapidly, as “legal” alternatives to illicit drugs.352 NPS are 

synthesized to circumvent drug regulations, and/or to enhance pharmacological activity. 

NPS are categorized based on chemical structures and psychotropic effects. The main 

groups are synthetic cannabinoids and stimulants, including but not limited to synthetic 

cathinones, piperazines and designer amphetamines. Recreational use of these new 

stimulants resulted in acute and even fatal toxicities.353 

Continuous NPS synthesis is an ongoing difficulty for toxicologists, since the 

majority is undetectable by established analytical methods. Triple-quadrupole MS with 

MRM is the most commonly adapted technique for confirmatory and quantitative drug 

analysis. Although MRM methods are sensitive and specific, their main drawback is that 

other drugs not included in the method are undetected, even if present at high 

concentrations. Due to dwell time and time segment restrictions, MRM methods 

generally include few compounds with retention time dependence. Qualitative and 

quantitative target MRM methods for urinary synthetic cathinones, piperazines and 

designer amphetamines target parent compounds.354 NPS stimulants are generally 

consumed in high enough doses that the parent drugs are detected in urine.354e 

HRMS, TOF, and Orbitrap, offer several advantages for NPS detection. 

Depending on acquisition mode, unknown compounds can be identified retrospectively 

via data re-interrogation or newly emerging compounds can be easily incorporated.283, 355 

Paul et al.356 developed a urine screening method for NPS stimulants and common drugs 

by LC-QTOFMS operated in data-dependent acquisition mode. However, no Orbitrap 

methods were published for NPS screening/confirmation with this approach. Li et al.355 
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developed a urine screening method of 65 common drugs of abuse (amphetamines, 

cocaine, opiates, cannabinoids and hallucinogens) by LC-hybrid linear ion trap-Orbitrap 

MS. 

We developed a sensitive and specific confirmation method for 40 NPS 

stimulants and 4 metabolites in urine by LC-hybrid quadrupole-Orbitrap MS (Q 

Exactive). With 100-µL urine, LOQ of 2.5-5 µg/L were achieved. Data were acquired in 

full scan and data-dependent MS2 (ddMS2) mode. Compounds were determined by 

precursor ion exact mass and confirmed by product ion exact mass spectrum. 

Materials and methods 

Chemicals and materials 

 Benzylpiperazine (BZP), buphedrone, buphedrone ephedrine, butylone, 

cathinone, diethylcathinone, ethylcathinone, ethylone, methcathinone, 4-

Fluoromethcathinone, 4-Methoxymethcathinone (methedrone), 4-Methylephedrine, 

methylenedioxypyrovalerone (MDPV), 3’,4’-Methylenedioxy-α-pyrrolidinobutiophenone 

(MDPBP), 4-methylethcathinone (4-MEC), 4-methyl-N-ethyl-norephedrine (4-MEC 

metabolite), methylone, mephedrone, naphyrone, pyrovalerone, pentedrone, pentylone, 

trazodone and 1-(3-trifluoromethyl)-piperazine (TFMPP) (1g/L) and internal standards 

(IStd) BZP-d7, butylone-d3, ethylone-d5, diethylcathinone-d10, 1-(3-chlorophenyl)-

piperazine-d8 (mCPP-d8), MDPV-d8, mephedrone-d3, methylone-d3, naphyrone-d3, 

trazodone-d6 and TFMPP-d4 (100µg/mL) were obtained from Cerilliant (Round Rock, 

TX, USA). 2C-B-Benzylpiperazine (2C-B-BZP), 4-(Chloro-2,5-dimethoxyamphetamine 

(4-Cl-2,5-DMA), 4-methoxy-α-pyrrolidinovalerophenone (4-MeO-α-PVP), 5-(2-

aminopropyl)-2,3-dihydrobenzofuran (5-APDB), 6-(2-aminopropyl)benzofuran (6-APB), 
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1,4-dibenzylpiperazine (DBZP), α-ethylaminopentiophenone, benzedrone, buphedrone, 

butylone, diethylcathinone, ethylcathinone, ethylone, 4-fluoromethcathinone, 1-(4-

Methoxyphenyl)-piperazine (MeOPP), methiopropamine, mCPP,4-Methyl-α-

pyrrolidinobutiophenone (4-MPBP), 4’-methyl-α-pyrrolidinohexanophenone (MPHP), 

MDPBP, 3’,4’-methylenedioxy-α-pyrrolidinopropiophenone (MDPPP), MDPV, 4-MEC, 

3,4-DMMC, methedrone, methylone, naphyrone, normephedrone, pentedrone, pentylone, 

1-(p-fluorophenyl) piperazine (pFPP), α-piperidinobutiophenone (α-PBP), α-

pyrrolidinopentiothiophenone (α-PVT), α-pyrrolidinopentiophenone (α-PPP), PV8 and α-

PVP powders were purchased from Cayman Chemical Company (Ann Arbor, MI, USA). 

1-Piperonylpiperazine (MDBZP) powder was from Sigma-Aldrich (St. Louis, MO, 

USA). SPE was performed with SOLA SCX 10 mg 1 mL cartridges (Thermo Scientific, 

Fremont, CA). Glacial acetic acid, formic acid, methanol, acetonitrile, water and 

methylene chloride were acquired from Fisher Scientific (Fair Lawn, NJ, USA). 2-

propanol was purchased from Sigma (Milwaukee, WI, USA). Ammonium hydroxide 28-

30%, dibasic sodium phosphate and monobasic sodium phosphate were obtained from JT 

Baker (Phillipsburg, NJ, USA). All solvents employed in the extraction were HPLC 

grade, and LC-MS grade in the chromatographic system. Water for buffer preparation 

was purified-in-house by an ELGA Purelab Ultra Analytic purifier (Siemens Water 

Technologies, Lowell, MA, USA).  

Instrumentation 

 LC-HRMS was performed on a Thermo Scientific Ultimate 3000 RSLC nano 

system coupled to a Thermo Scientific Q Exactive Mass spectrometer (Thermo Scientific, 

Fremont, CA). The Ultimate 3000 RSLC nano system consisted of a degasser, a tertiary 
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loading pump, a binary eluting pump, a column oven and an RS Autosampler. SPE was 

performed with a negative pressure manifold, and evaporation under nitrogen with a 

TurboVap LV® evaporator from Zymark (Hopkinton, MA, USA). 

Preparation of standard solutions 

 Calibrators’ working solutions at 0.01, 0.1 and 1 g/L and combined IStd solution at 

0.1 g/L were prepared by appropriate methanolic dilution. QC working solutions, low 

0.01 g/L, medium 0.1 g/L, and high 1 g/L, were prepared in methanol from different 

providers or lots, when possible, than those employed for calibrators. 

Specimen procedure 

 One-mL 0.1 mol/L phosphate buffer pH 6 and 25 µL IStd solution were combined 

with 100µL urine, gently vortexed and centrifuged 4,000g at 4ºC for 5 min. Supernatants 

were loaded onto SOLA SCX cartridges preconditioned with methanol (1 mL) and 0.1 

mol/L phosphate buffer pH 6 (1 mL). Columns were washed with 1 mL 1 mol/L acetic 

acid and 1 mL methanol. Cartridges were dried via negative pressure at 10 psi for 5 min. 

The elution was performed with 1mL 2% NH4OH in dichloromethane/2-propanol (95:5, 

v/v). One-hundred µL 1%HCl in MeOH (v/v) were added to eluates before evaporation 

under a stream of nitrogen at 40ºC. Dried samples were reconstituted in 200µL mobile 

phase A (0.1% formic acid in water), vortexed briefly, and centrifuged at 4,000g at 4ºC 

for 5 min. Finally, supernatants were transferred into screw top autosampler vials 

containing 0.35 mL glass inserts.  

LC 

 Chromatographic separation was achieved with an Accucore C18 100 x 2.1 mm 2.6 

µm column (Thermo Scientific, Fremont, CA) and identically packed defender guard 
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cartridges (100 x 2.1 mm, 2.6 µm). Gradient elution was performed with mobile phase A 

(0.1% formic acid in water) and B (0.1% formic acid in acetonitrile) at 0.4 mL/min flow 

rate and at 35ºC. The initial composition (2% B) was maintained for 2 min, increased 

from 2 to 10% B over 8min, from 10 to 30% over 4 min, from 30 to 95% in 2 min, held 

at 95% for 1 min, and returned to initial conditions over 1 min. A 2 min equilibration 

followed, yielding a total run time of 20 min.  

MS 

 The Q Exactive mass spectrometer was equipped with heated electrospray 

ionization source (HESI-II) and operated in the positive ionization mode. The spray 

voltage was 3 kV, capillary temperature 350ºC, heater temperature 425ºC, S-lens RF 

level 50, sheath gas flow rate 50, auxiliary gas 13 and sweep gas 3 (manufacturer’s units). 

Nitrogen provided spray stabilization, CID in the higher energy collision dissociation 

(HCD) cell, and the damping gas in the C-trap. The instrument was calibrated in the 

positive and negative mode every 25 h. The mass spectrometer acquired a full MS and 

ddMS2 scans. Full MS acquisition parameters were: resolution 35,000 (FWHM, full 

width at half maximum, at m/z 200); automatic Gain Control (AGC) target 5e5; 

maximum injection time (IT) 120 ms; scan range 100-400 m/z and centroid spectrum data 

type. DdMS2 acquisition parameters were: resolution 17,500; AGC target 2e5; maximum 

IT 120 ms; loop count 10 and MSX count 1 (Top 10); isolation window in quadrupole 3 

m/z; specific normalized collision energy (NCE) for each precursor m/z in inclusion list, 

and centroid spectrum data type. In each cycle, a full MS event is followed by ddMS2 

events. In a given time, when the most abundant masses in the inclusion list (up to 10 

m/z) are detected above 8.3e4 (5% underfill ratio) threshold in the survey scan, a ddMS2 
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experiment was triggered at the peak apex (2-9 s). The detected precursor ion in the 

inclusion list is filtered in the quadrupole (3 amu width), fragmented in HCD cell, and 

product ions are collected in the C-trap and analyzed in the Orbitrap. A mass tolerance of 

5 ppm was employed. NCE was optimized for each compound infusing a solution of each 

analyte at 100 µg/L in methanol:water (50:50) at 20 µL/min. 

MS2 library 

 The in-house library contained product ion spectra for all compounds included in 

the method. Product ion spectrum for each compound was acquired by injecting 250 µg/L 

neat solution/analyte under the described LC-HRMS conditions. The library was built 

with LibraryManager 2.0 (Thermo Scientific, Fremont, CA) and data were processed by 

TraceFinder 3.1 (Thermo Scientific, Fremont, CA). The search algorithm is based upon a 

cross-correlation algorithm as described by K.G. Owens.357 The product ion spectra from 

the 10 largest peaks are compared against the library spectra. A score of 100 is assigned 

to 0 mass and relative intensities differences between sample spectra and the library, 

while a score of 0 indicates no match. As part of the correlation analysis, the software 

performs an auto-correlation where the input spectrum is compared against itself, thus 

establishing what the maximum score is and normalize the scores for each library entry 

against this maximum score. The criteria for library matching were set at a score of 60 

with reverse searching. 

 Identification criteria 

 Identification criteria included retention time within ±0.2 min of average calibrator 

retention time, precursor ion exact m/z within 5 ppm, and library score ≥ 60.  
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Method Validation 

 Method validation was performed following SWGTOX guidelines.358 Validation 

parameters included linearity, LOD, LOQ, bias and imprecision, ionization 

suppression/enhancement, extraction efficiency, process efficiency, interferences, 

carryover and autosampler and short-term stability studies. Linearity (r2) was evaluated 

by least squares regression with 7-8 nonzero calibrators on five days. Acceptable linearity 

was achieved when r2 ≥0.99 and calibrators quantified within ±20%. LOD and LOQ were 

determined with decreasing concentrations of drug-fortified blank urine samples; LOD 

was the lowest concentration with acceptable chromatography, signal/noise ratio ≥3, with 

analytes identified according to previously described criteria (Section 2.8). LOQ was the 

lowest concentrations that met LOD criteria and a signal/noise ratio ≥10, and bias and 

imprecision within ±20%. LOD and LOQ were evaluated in triplicate on three different 

days (n=9).  

 Assay bias and imprecision were determined at three concentrations (low, 

medium and high QCs) in triplicate over five days (n=15). Bias was evaluated for each 

concentration as 100xgroup mean observed concentration / known concentration. 

Acceptable bias was from 80 to 120%. Imprecision was expressed as coefficient of 

variation (%CV) and determined by the one way ANOVA approach to calculate 

combined within-run, between-run and total imprecision. Acceptable imprecision was 

<20% CV. 

 Ion suppression/enhancement, extraction efficiency, and process efficiency for 

each analyte was measured at low and high QC concentrations. Ion 

suppression/enhancement was assessed by comparing analyte peak areas in ten different 
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blank samples fortified with analyte and internal standard after extraction (Set 1), to peak 

areas of neat samples (n=6) at the same concentrations (Set 2). Neat samples were 

prepared fortifying QC and IStd working solution into 1 mL elution solvent and 100 µL 

1% HCl in methanol (v/v). Matrix enhancement/suppression was calculated as follows: 

[(mean peak area Set 1/mean peak area Set 2)-1] x 100%. Extraction efficiency was 

examined by comparing analyte peak areas of five different samples fortified at low and 

high concentrations with internal standard before extraction (Set 3), to peak areas of Set 

1. Extraction efficiency was calculated as 100 x (mean peak area Set 3/mean peak Set 1). 

Process efficiency examined the overall effect of extraction efficiency and ion 

suppression/enhancement on quantification of analytes, which was expressed as 100 x 

(mean peak area Set 3/ mean peak area Set 2).  

Endogenous and exogenous interferences were evaluated. Interferences from 

endogenous matrix components were investigated by analyzing urine samples from ten 

volunteers without the addition of internal standard. Exogenous interferences including 

amines (amphetamine, methamphetamine, MDA, MDMA, MDEA, phentermine), 

cocaine (cocaine, benzoylecgonine, ecgonine methyl ester, cocaethylene) and 

benzodiazepines (alprazolam, clonazepam, diazepam, flunitrazepam, lorazepam, 

nitrazepam, oxazepam, temazepam) were analyzed by fortifying neat samples with 

interferences equivalent to 1,000 µg/L. Interferences were considered insignificant if 

analytes of interest were <LOD. Lack of carryover was demonstrated by injecting 

triplicate internal standard-fortified blank samples after a sample fortified at 500µg/L. 

Carryover was considered negligible if the measured concentration was <LOD. 
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 Autosampler stability was investigated by reinjecting low and high QC samples 

stored 48 h at 4ºC on the autosampler (n=3) and calculating results against the original 

calibration curve. In addition, short-term stability was evaluated with urine samples 

fortified at low and high QC concentration and stored in 3.6 mL polypropylene cryovials 

for 24h at RT (n=3), 72 h at 4ºC (n=3) and -20ºC (n=3), and after three freeze-thaw 

cycles (n=3). No preservatives were added. Internal standard was added to each sample 

just prior to extraction and processed as described. Stability was considered acceptable if 

QC samples quantified within ±20% of freshly prepared QC samples (n=3). 

The developed method was applied to a quality control urine sample from UTAK 

(Valencia, CA, USA). The control contained butylone, ethylone, mephedrone, MDPV, 

methedrone and methylone at 10 µg/L. Percent deviation to the reported nominal value 

was calculated as follows: (Measured value – Nominal value) x 100/Nominal value. As 

proof of method applicability, 62 authentic urine specimens from stimulant users were 

analyzed. These specimens were previously screened positive for NPS by LC-

QTOFMS.282 

 

Results 

 The Orbitrap showed excellent accuracy (-2.2 to 0.5 ppm error) in the 

determination of masses, with external calibration every 25 h (Table 27). In full scan 

mode, more than 20 points per peak were achieved. At the peak apex, 1-2 product ion 

spectra were acquired, and NCE employed for each compound are summarized in Table 

20. 
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Linearity of analyte-to-IStd peak area ratio versus theoretical concentration was 

verified in urine samples from 2.5 or 5 to 500 µg/L with 1/x or 1/x2 weighted linear 

regressions. The calibration model was evaluated from a set of 5 calibration curves 

yielding determination coefficients (r2) above 0.95, all with residuals within ±20%. LOD 

were 1-5µg/L, depending on the compound, and LOQ were 2.5 µg/L for all compounds, 

except 2C-B-BZP, 3,4-DMMC, 5-APDB, 6-APB, DBZP and methiopropamine (5µg/L). 

Results are summarized in Table 28. Figure 13 shows the full scan total ion 

chromatogram (TIC) at the LOQ. 

Total imprecision (<15.4%) and accuracy (84.2-118.5%) were satisfactory at all 

three QC concentrations (low QC 7.5 µg/L, except 2C-B-BZP, DBZP, 5-APDB, 6-APB, 

methiopropamine and 3,4-DMMC 15 µg/L; medium QC 30 µg/L; high QC 400 µg/L). 

These results are shown in Table 29. Extraction efficiencies ranged from 51.5 to 112.4%, 

and process efficiencies from 62.9 to 174.2%. Most compounds had matrix effects <20%, 

except for 6 compounds, α-PBP, diethylcathinone, BZP and MDBZP with ion 

suppression from -41.9 to -25.7%, and MeOPP (22.9%) and 2C-B-BZP (238.5%) ion  

enhancement. In all cases CV among 10 different sources was <24.7%. Results are 

summarized in Table 30. 

Under described conditions, no interferences from any extractable endogenous 

urine compound (n=10) or from exogenous compounds were observed. No carryover was 

detected in any internal standard-fortified blank sample injected after a sample fortified at 

the upper limit of linearity (500 µg/L), either after authentic specimens at high 

concentrations >500 µg/L. 
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Table 27. Molecular formula, theoretical and measured mass of protonated analyte, mass 

error (ppm), retention time (Ret. time), and normalized collision energy (NCE) for 8 

piperazines, 4 designer amphetamines, 30 synthetic cathinones and 4 metabolites, and 

trazodone. 

Group Compound 
Molecular 
formula 

Theoretical 
mass 

[M+H]+ 

Measured 
mass 

[M+H]+ 

Error 
(ppm) 

Ret. 
Time 
(min) 

NCE 
(%) 

Piperazines 

2C-B-BZP C13H19BrN2O2 315.0702 315.0699 -1.0 8.7 40 

BZP C11H16N2 177.1386 177.1383 -1.7 1.1 45 

DBZP C18H22N2 267.1855 267.181 -1.5 12.5 40 

mCPP C10H13ClN2 197.0840 197.0838 -1.0 11.2 55 

MDBZP C12H16N2O2 221.1284 221.1283 -0.5 1.3 30 

MeOPP C11H16N2O 193.1335 193.1333 -1.0 5.5 50 

pFPP C10H13FN2 181.1135 181.1134 -0.6 5.7 55 

TFMPP C11H13F3N2 231.1103 231.1100 -1.3 13.6 55 

Designer 
amphetamines 

4-Cl-2,5-DMA C11H16ClNO2 230.0942 230.0937 -2.2 13.3 40 

5-APDB C11H15NO 178.1226 178.1225 -0.6 7.7 60 

6-APB C11H13NO 176.1069 176.1066 -1.7 9.6 50 

Methiopropamine C8H13NS 156.0841 156.0839 -1.3 4.0 35 

Synthetic 
cathinones 

3,4-DMMC C12H17NO 192.1382 192.1382 0.0 12.3 50 

4-Fluoromethcathinone C10H12FNO 182.0975 182.0975 0.0 4.9 60 

4-MEC C12H17NO 192.1382 192.1382 0.0 10.0 50 

4-methoxy-alfa-PVP C16H23NO2 262.1801 262.1797 -1.5 13.5 45 

4-methoxymethcathinone C11H15NO2 194.1175 194.1175 0.0 7.0 59 

4-MPBP C15H21NO 232.1695 232.1692 -1.3 12.8 55 

alfa-
ethylaminopentiophenone 

C13H19NO 206.1539 206.1538 -0.5 11.9 50 

alfa-PBP C15H21NO 232.1695 232.1692 -1.3 10.9 55 

alfa-PPP C13H17NO 204.1382 204.1382 0.0 6.6 58 

alfa-PVP C15H21NO 232.1695 232.1692 -1.3 12.4 55 

alfa-PVT C13H19NOS 238.1260 238.1256 -1.7 10.0 45 

Benzedrone C17H19NO 254.1539 254.1536 -1.2 14.6 30 

Buphedrone C11H15NO 178.1226 178.1225 -0.6 7.1 60 

Butylone C12H15NO3 222.1124 222.1121 -1.4 8.0 55 

Cathinone C9H11NO 150.0913 150.0913 0.0 3.0 60 

Diethylcathinone C13H19NO 206.1539 206.1538 -0.5 7.5 50 

Ethylcathinone C11H15NO 178.1226 178.1225 -0.6 5.5 60 

Ethylone C12H15NO3 222.1124 222.1121 -1.4 6.8 55 

MDPBP C15H19NO3 262.1437 262.1434 -1.1 10.1 56 

MDPPP C14H17NO3 248.1281 248.1278 -1.2 7.9 50 

MDPV C16H21NO3 276.1594 276.1591 -1.1 12.9 56 

Mephedrone C11H15NO 178.1226 178.1225 -0.6 8.4 60 

Methcathinone C10H13NO 164.1069 164.1068 -0.6 3.9 60 

Methylone C11H13NO3 208.0968 208.0966 -1.0 5.2 50 

MPHP C17H25NO 260.2008 260.2003 -1.9 15.1 50 

Naphyrone C19H23NO 282.1852 282.1851 -0.4 15.4 57 

Pentedrone C12H17NO 192.1382 192.1382 0.0 10.9 50 

Pentylone C13H17NO3 236.1281 236.1278 -1.3 11.9 50 

PV8 C17H25NO 260.2008 260.2003 -1.9 15.1 50 

Pyrovalerone C16H23NO 246.1852 246.1850 -0.8 14.1 54 

Synthetic 
cathinones 
metabolites 

4-MEC-metabolite C12H19NO 194.1539 194.1540 0.5 9.8 58 

4-methylephedrine C11H17NO 180.1382 180.1382 0.0 8.0 60 

Normephedrone C10H13NO 164.1069 164.1068 -0.6 7.4 60 

Buphedrone Ephedrine C11H17NO 180.1382 180.1382 0.0 6.7 60 

Antidepress-
ant 

Trazodone C19H22ClN5O 372.1585 372.1581 -1.1 14.2 35 
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Table 28. Linearity results for 8 piperazines, 4 designer amphetamine, 28 synthetic 

cathinones and 4 metabolites, and trazodone in urine. 

Group Compound 
Linearity 

(µg/L) 
Weight-

ing 

Intercept 
±SD 
(n=5) 

Slope 
±SD 
(n=5) 

r2±SD 
(n=5) 

LOD 
(µg/L) 

IStd 

Piperazines 

2C-B-BZP 5-500 1/x2 
-0.0261 
±0.0036 

0.0110 
±0.0005 

0.9703 
±0.0126 

5 
Mephedrone-d3 

BZP 2.5-500 1/x2 
-0.0483 
±0.0157 

0.0383 
±0.0050 

0.9713 
±0.0074 

1 
BZP-d7 

DBZP 5-500 1/x 
0.0419 
±0.0221 

0.0156 
±0.0023 

0.9967 
±0.0019 

5 
MDPV-d8 

mCPP 2.5-500 1/x2 
-0.0547 
±0.1013 

0.0584 
±0.0040 

0.9862 
±0.0055 

1 
mCPP-d8 

MDBZP 2.5-500 1/x2 
-0.0437 
±0.0152 

0.0301 
±0.0088 

0.9573 
±0.0188 

2.5 
BZP-d7 

MeOPP 2.5-500 1/x2 
0.0049±0

.0074 
0.0229 
±0.0027 

0.9500 
±0.0593 

1 
Methylone-d3 

pFPP 2.5-500 1/x2 
-0.0051 
±0.0053 

0.0191 
±0.0043 

0.9846 
±0.0065 

2.5 
Methylone-d3 

TFMPP 2.5-500 1/x 
-0.0386 
±0.0156 

0.0492 
±0.0022 

0.9934 
±0.0047 

1 
TFMPP-d4 

Designer 
ampheta-

mines 

4-Cl-2,5-
DMA 

2.5-500 1/x 
-0.0117 
±0.0131 

0.0381 
±0.0027 

0.9940 
±0.0025 

1 
TFMPP-d4 

5-APDB 5-500 1/x 
0.0420 
±0.0151 

0.0158 
±0.0034 

0.9917 
±0.0067 

5 
Diethylcathinone-

d10 

6-APB 5-500 1/x 
-0.0151 
±0.0076 

0.0146 
±0.0005 

0.9918 
±0.0017 

5 
Mephedrone-d3 

Methio 
propamine 

5-500 1/x 
-0.0051 
±0.0181 

0.0389 
±0.0030 

0.9943 
±0.0038 

5 
Methylone-d3 

Synthetic 
cathinones 

3,4-DMMC 5-500 1/x 
-0.0103 
±0.0183 

0.0338 
±0.0014 

0.9908 
±0.0064 

5 
MDPV-d8 

4-Fluoro 
methcathino

ne 
2.5-500 1/x 

-0.0010 
±0.0106 

0.0345 
±0.0019 

0.9913 
±0.0055 

2.5 
Methylone-d3 

4-MEC 2.5-500 1/x2 
0.0101 
±0.0035 

0.0457 
±0.0020 

0.9907 
±0.0033 

1 
Mephedrone-d3 

4-Methoxy-α-
PVP 

2.5-500 1/x 
0.0355 
±0.0208 

0.0907 
±0.0088 

0.9972 
±0.0015 

1 
TFMPP-d4 

4-Methoxy 
methcathino

ne 
2.5-500 1/x2 

0.0528 
±0.0492 

0.0388 
±0.0013 

0.9877 
±0.0048 

2.5 
Ethylone-d5 

4-MPBP 2.5-500 1/x 
-0.0210 
±0.0057 

0.0407 
±0.0014 

0.9885 
±0.0055 

1 
MDPV-d8 

α-Ethylamino 
pentiopheno

ne 
2.5-500 1/x 

0.1473 
±0.0387 

0.1635 
±0.0117 

0.9945 
±0.0033 

2.5 
mCPP-d8 

α-PBP 2.5-500 1/x 
-0.0523 
±0.0607 

0.1034 
±0.0109 

0.9813 
±0.0058 

2.5 
mCPP-d8 

α-PPP 2.5-500 1/x 
-0.0434 
±0.0190 

0.0599 
±0.0047 

0.9882 
±0.0059 

1 
Ethylone-d5 

α-PVP 2.5-500 1/x 
-0.0268 
±0.0049 

0.0364 
±0.0019 

0.9868 
±0.0077 

1 
MDPV-d8 

α-PVT 2.5-500 1/x 
-0.0222 
±0.0080 

0.0400 
±0.0006 

0.9927 
±0.0021 

1 
Mephedrone-d3 

Benzedrone 2.5-500 1/x 
-0.0022 
±0.0113 

0.0287 
±0.0009 

0.9939 
±0.0027 

1 
Naphyrone-d5 

Buphedrone 2.5-500 1/x2 
0.0595 
±0.0200 

0.0821 
±0.0111 

0.9778 
±0.0066 

2.5 
Diethylcathinone-

d10 

Butylone 2.5-500 1/x 
0.0076±0

.0049 
0.0305 
±0.0012 

0.9952 
±0.0028 

1 
Butylone-d3 

Cathinone 2.5-500 1/x 
-0.0060 
±0.0087 

0.0217 
±0.0018 

0.9889 
±0.0055 

1 
Methylone-d3 

Diethylcathin
one 

2.5-500 1/x 
0.0121 
±0.0041 

0.0357 
±0.0011 

0.9901 
±0.0066 

2.5 
Diethylcathinone-

d10 

Ethylcathino
ne 

2.5-500 1/x 
-0.0225 
±0.0123 

0.0563 
±0.0039 

0.9944 
±0.0034 

1 
Methylone-d3 
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Table 28 Continued 

 

Ethylone 2.5-500 1/x 
-0.0106 
±0.0212 

0.0401 
±0.0025 

0.9910 
±0.0041 

2.5 
Ethylone-d5 

MDPBP 2.5-500 1/x 
0.0006 
±0.0142 

0.0450 
±0.0027 

0.9966 
±0.0022 

1 
Mephedrone-d3 

MDPPP 2.5-500 1/x2 
-0.0005 
±0.0090 

0.0389 
±0.0025 

0.9910 
±0.0017 

1 
Butylone-d3 

MDPV 2.5-500 1/x 
0.0033 
±0.0106 

0.0412 
±0.0018 

0.9940 
±0.0033 

1 
MDPV-d8 

Mephedrone 2.5-500 1/x 
-0.0039 
±0.0068 

0.0404 
±0.0013 

0.9961 
±0.0012 

1 
Mephedrone-d3 

Methcathino
ne 

2.5-500 1/x 
0.0173 
±0.0133 

0.0488 
±0.0034 

0.9944 
±0.0058 

1 
Methylone-d3 

Methylone 2.5-500 1/x 
0.0143 
±0.0095 

0.0404 
±0.0018 

0.9959 
±0.0017 

1 
Methylone-d3 

Naphyrone 2.5-500 1/x 
0.0017 
±0.0087 

0.0325 
±0.0013 

0.9946 
±0.0031 

1 
Naphyrone-d5 

Pentedrone 2.5-500 1/x 
0.1747 
±0.0356 

0.1096 
±0.0047 

0.9960 
±0.0018 

2.5 
mCPP-d8 

Pentylone 2.5-500 1/x 
0.0097 
±0.0094 

0.0265 
±0.0015 

0.9940 
±0.0035 

1 
MDPV-d8 

Pyrovalerone 2.5-500 1/x 
-0.0070 
±0.0078 

0.0414 
±0.0016 

0.9950 
±0.0032 

1 
Naphyrone-d5 

Synthetic 
cathinone 

metabolites 

4-MEC 
metabolite 

2.5-500 1/x2 
0.0195 
±0.0103 

0.0424 
±0.0018 

0.9867 
±0.0038 

1 
Mephedrone-d3 

4-Methyl 
ephedrine 

2.5-500 1/x2 
0.0143 
±0.0052 

0.0264 
±0.0006 

0.9859 
±0.0041 

1 
Butylone-d3 

Nor-
mephedrone 

2.5-500 1/x2 
0.0159 
±0.0052 

0.0339 
±0.0052 

0.9737 
±0.0178 

1 
Diethylcathinone-

d10 

Buphedrone 
ephedrine 

2.5-500 1/x 
0.0135 
±0.0053 

0.0365 
±0.0016 

0.9912 
±0.0037 

2.5 
Ethylone-d5 

Antidepres-
sant 

Trazodone 2.5-500 1/x 
0.0006 
±0.0183 

0.0439 
±0.0027 

0.9943 
±0.0031 

1 
Trazodone-d6 

MPHP and PV8 were not included in the validation because they have the same molecular weight and they could not be 

chromatographically resolved. 

All compounds were stable in the autosampler 48 h at 4ºC (-18.8 to 20% 

difference). Short-term stability for 28 of the synthetic cathinones and metabolites was 

previously reported. 354b We studied short-term stability for the other 17 compounds. All 

showed good stability 24h at RT, 72 h at 4ºC and at -20ºC, and after 3 freeze-thaw cycles, 

except MeOPP and methiopropamine (-25.2 to -21.3% difference). Results are 

summarized in Table 31. 

Percent deviations of the UTAK quality control sample were 0 to 13% for 

butylone, ethylone, mephedrone, MDPV, methedrone and methylone. As proof of 

method, 62 authentic urine specimens were analyzed for stimulants, with 49 positive for 

piperazines, designer amphetamines and/or synthetic cathinones. These results are 
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Table 29. Pooled intra-, inter- and total imprecision and bias for 8 piperazines, 4 designer 

amphetamine, 28 synthetic cathinones and 4 metabolites, and trazodone in urine. Low (L) 

QC (7.5 µg/L, except 2C-B-BZP, DBZP, 5-APDB, 6-APB, methiopropamine and 3,4-

DMMC 15 µg/L); Medium (M) QC (30 µg/L); High (H) QC (400 µ/L). 

Group Compound 

Pool intra-day 

imprecision 

(n=15, CV) 

Inter-day imprecision 

(n=15, CV) 

Total imprecision (n=15, 

CV) 

Bias 

(n=15, %target) 

Low Med High Low Med High Low Med High Low Med High 

Piperazines 

2C-B-BZP 3.9 3.5 5.1 0 0 14.5 3.9 3.5 15.4 118.5 115.5 89.9 

BZP 3.9 3.3 6.7 7.6 0.9 2.6 8.6 3.4 7.2 99.1 112.2 89.5 

DBZP 8.9 4.8 7 2.9 6.1 0 9.4 7.8 7 106.9 111.4 99.5 

mCPP 7.5 7 7.6 1 9.5 7.6 7.6 11.8 10.8 106.1 102.5 100.7 

MDBZP 4.9 2.2 6 2.3 1.8 7.9 5.4 2.9 9.9 102.6 113.8 87.9 

MeOPP 8.9 7.8 3.7 5.2 0 2.6 10.4 7.8 4.5 101.5 104.1 84.2 

pFPP 9.5 10 4.1 0 0 3.1 9.5 10 5.1 100.6 103.5 92.5 

TFMPP 4.8 6.3 6.7 3.7 6.6 2.3 6.1 9.1 7.1 98 96.8 100.7 

Designer 

amphetami

nes 

4-Cl-2,5-DMA 5.2 6.9 8.2 3.3 6.9 0 6.1 9.8 8.2 102.8 99.4 102.6 

5-APDB 8.8 5.6 8.3 6.8 7.5 6.5 11.1 9.4 10.5 98 103.2 95.8 

6-APB 7.8 6.8 7.2 6.4 4 0 10 7.9 7.2 96.2 92.8 101.8 

Methiopro-

pamine 
8.5 4.8 7.3 6.4 3.4 5.9 10.6 5.9 9.4 108.1 106.2 103.8 

Synthetic 

cathinones 

3,4-DMMC 6 6.6 6.6 7.5 9.9 0 9.6 11.9 6.6 97.9 99.7 106.8 

4-Fluoro 

methcathinone 
3.4 3.7 4.5 2 2.6 0 3.9 4.5 4.5 114.6 114 112.2 

4-MEC 2.8 3.7 6.9 0 1.5 1.4 2.8 3.9 7.1 116.7 116 113.1 

4-Methoxy-α-

PVP 
5.4 5.2 6.7 3.6 4.6 2.1 6.5 6.9 7 104 106.8 101.2 

4-Methoxy 

methcathinone 
14.4 8 5.6 3.2 0 0 14.8 8 5.6 100.7 98.9 100.6 

4-MPBP 5.8 5.5 6.5 3.6 4.8 2.3 6.9 7.3 6.9 93.7 87.5 100.9 

α-Ethylamino 

pentiophenone 
6.8 5.7 7.5 0 4.2 4.5 6.8 7.1 8.7 107.8 108.2 99.3 

α-PBP 7 7.2 7.6 5.2 4.4 5.5 8.7 8.5 9.3 103.3 94.8 109.3 

α-PPP 3.6 6 5.8 3.9 3.7 9.9 5.2 7.1 11.5 91.6 89.5 100.3 

α-PVP 5.1 7.2 6 4.1 5.4 3.2 6.5 8.9 6.8 96.4 88.9 106.6 

α-PVT 6.4 5.6 7.4 6.3 0 7.1 9 5.6 10.2 101.3 93.6 104.5 

Benzedrone 5.9 5.7 5.4 4 6.6 7 7.1 8.7 8.8 104.2 99.8 106.5 

Buphedrone 11.3 6.8 7.7 0 5.2 6.1 11.3 8.6 9.8 101.2 102.4 86.6 

Butylone 1.4 3.3 1.9 0.8 3.8 0.6 1.6 5.1 2 116 116.1 117 

Cathinone 5.1 8.5 5.4 3.5 3.8 6.9 6.2 9.3 8.7 98.8 92.2 102.3 

Diethylcathi-

none 
3.8 3.8 1.4 0 2.2 1.6 3.8 4.4 2.1 114.4 116.7 116.6 

Ethylcathinone 1.8 3.4 3.6 0 0 2 1.8 3.4 4.1 117.2 116.7 116.8 

Ethylone 4.1 4.5 3.6 2.3 3.9 1.6 4.7 5.9 3.9 112.5 109.3 114.5 

MDPBP 4.3 5.4 6.9 2.7 0 4.3 5.1 5.4 8.1 112.1 112.2 109.7 

MDPPP 6 7.2 4 4.6 4.3 1 7.6 8.4 4.1 93 95.3 99.6 

MDPV 6 4.8 5.7 4.2 6.5 2.3 7.4 8 6.1 103.3 100.6 102.1 

Mephedrone 2.4 4 4.3 0 0 3 2.4 4 5.3 116.5 115.9 116.2 

Methcathinone 8.1 6.2 6.6 0 2.8 5.5 8.1 6.8 8.6 103.4 104.6 98.3 

Methylone 6.1 5.8 6.3 0 5.3 4.6 6.1 7.8 7.8 100.1 100.8 99.7 

Naphyrone 4.7 6.4 7.2 4 7.2 7.2 6.1 9.6 10.2 94.9 93.5 96.9 

Pentedrone 6.5 4.2 7.4 2.6 3.4 5 7.1 5.4 8.9 108 112 104.2 

Pentylone 6.6 6.5 6 5.1 10.3 2.8 8.4 12.2 6.6 102.3 100.5 99.6 

Pyrovalerone 5.7 6.7 5.9 5 8.2 7.5 7.5 10.6 9.6 97.4 97 102.4 

Synthetic 

cathinone 

metabolites 

4-MEC 

metabolite 
7.1 5.8 5.8 5.7 4 7.7 9 7.1 9.6 104.9 103.2 91.7 

4-Methyl 

ephedrine 
5.4 5.6 4.5 2.3 5.4 0 5.9 7.7 4.5 106.1 103.6 101.1 

Normephedrone 10.4 9.1 8 3.1 4.9 7.7 10.8 10.4 11.2 96.6 96.5 87.2 

Buphedrone 

ephedrine 
6.2 6.3 6.4 2.9 4.1 1.5 6.8 7.6 6.6 102.5 100.4 103.1 

Antidepress

ant 
Trazodone 5 5.4 5.6 3.1 7.1 3 5.9 8.9 6.3 101.4 99.6 101.3 
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Table 30. Extraction efficiency, process efficiency and matrix effect for 8 piperazines, 4 

designer amphetamine, 28 synthetic cathinones and 4 metabolites, and trazodone in urine. 

Low  QC (7.5 µg/L, except 2C-B-BZP, DBZP, 5-APDB, 6-APB, methiopropamine and 

3,4-DMMC 15 µg/L); Medium QC (30 µg/L); High QC (400 µ/L). 

Group Analyte 

Extraction Efficiency 

(n=6) 
Process Efficiency (n=6) Matrix Effect (CV) (n=10) 

Low Med High Low Med High Low Med High 

Piperazines 

2C-B-BZP 51.5 58 84.9 174.2 127.8 101.6 
238.5 

(6) 
120.4 
(13.5) 

19.6 
(4.3) 

BZP 107.3 101.2 105.9 78.5 61.5 64.4 
-26.9 

(18.3) 

-39.2 

(23.3) 

-39.2 

(12.7) 

DBZP 97.4 92.2 108.9 97.5 93.1 87.5 
0.2 

(6.2) 
1 

(14) 
-19.6 
(5.3) 

mCPP 93.3 99.8 96.4 90.6 95.5 88.3 
-2.9 

(5.4) 

-4.2 

(12.5) 

-8.4 

(5.5) 

MDBZP 98.8 96.1 108.2 87.6 64 62.9 
-11.3 

(24.7) 

-33.4 

(34) 

-41.9 

(17.2) 

MeOPP 88.4 87 96.4 108.7 105 97.8 
22.9 

(12.5) 

20.7 

(15.9) 

1.4 

(8.5) 

pFPP 93.1 96.6 97 98.4 97.8 91.6 
5.7 

(5.5) 
1.2 

(15.3) 
-5.5 

(13.1) 

TFMPP 98.2 101.6 96.8 88.9 92.2 87.2 
-9.5 

(2.9) 

-9.3 

(13.1) 

-9.9 

(3.1) 

Designer 

amphetamines 

4-Cl-2,5-DMA 95.7 100.4 94.9 94.5 94.6 91 
-1.3 
(2) 

-5.8 
(13.3) 

-4.1 
(3.6) 

5-APDB 100.8 101.1 96.1 91.7 96.3 85.8 
-9 

(3.9) 

-4.7 

(15.1) 

-10.7 

(4) 

6-APB 108.6 100.7 94.3 100.1 95.4 83.6 
-7.8 
(3.8) 

-5.2 
(13.7) 

-11.3 
(6.3) 

Methiopropamine 96.4 100.2 96.4 101.5 100.5 96 
5.3 

(3.7) 

0.2 

(14.4) 

-0.5 

(3.8) 

Synthetic 
cathinones 

3,4-DMMC 93.9 97.8 93.9 102.2 101.7 91.1 
8.8 

(2.9) 
4 

(12.3) 
-3 

(2.9) 

4-Fluorometh-

cathinone 
98.8 112.4 100.6 111.9 115.8 99.8 

13.3 

(6.5) 

3 

(18.6) 

-0.8 

(5.2) 

4-MEC 102.9 102.6 94.5 95.7 93.4 89.2 
-6.9 
(4) 

-9 
(14) 

-5.7 
(2.9) 

4-Methoxy-α-PVP 92.7 96.6 95.7 96.7 97.8 94.6 
4.4 

(3.7) 

1.3 

(13.2) 

-1.1 

(2.9) 

4-Methoxy-
methcathinone 

96.2 100 95.5 91.4 96.4 93.7 
-5 

(4.1) 
-3.6 

(13.2) 
-1.8 
(3.2) 

4-MPBP 96.2 94.7 97.1 95.2 94.5 97.2 
-1.1 

(3.6) 

-0.2 

(13.3) 

0.2 

(4.2) 

α-Ethylamino 
pentiophenone 

102.3 97.4 101.8 89 86.2 92.1 
-12.9 
(3.6) 

-11.6 
(14.4) 

-9.5 
(5.7) 

α-PBP 111.2 91.5 108.4 82.6 72.2 79.8 
-25.7 

(9.7) 

-21 

(15.3) 

-26.4 

(11.8) 

α-PPP 95.5 102.3 99.2 101 103.5 97.3 
5.8 

(3.8) 
1.1 

(13.1) 
-1.9 
(4.4) 

α-PVP 101.3 94.7 99.1 94.3 89.4 92.6 
-6.9 

(2.4) 

-5.6 

(13.5) 

-6.6 

(6.2) 

α-PVT 98.3 99.1 100.5 93.1 94.1 94.7 
-5.3 

(5.3) 

-5 

(13.6) 

-5.8 

(5.2) 

Benzedrone 99 95.8 99.5 94.6 91.6 93 
-4.4 

(3.4) 

-4.4 

(13.4) 

-6.5 

(7.3) 

Buphedrone 97.8 98.7 98 97 94.4 89.3 
-0.8 

(3.7) 

-4.4 

(14.1) 

-8.9 

(4.6) 

Butylone 105.1 102.6 95.1 105.4 95 85.4 
0.3 

(3.4) 

-7.4 

(14) 

-10.2 

(3.6) 

Cathinone 92.6 97.4 93.4 90.1 96.6 91.3 
-2.7 

(5.2) 

-0.8 

(15.6) 

-2.3 

(5) 

Diethylcathinone 97.6 89.8 108.4 71.6 77.1 80.3 
-26.6 

(10.3) 

-14.1 

(16.9) 

-26 

(22.8) 

Ethylcathinone 99.3 99.4 98.9 99.1 100.1 96.4 
-0.2 

(3.4) 

0.6 

(13.4) 

-2.5 

(4.7) 
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Table 30 Continued 

 

Ethylone 87.5 98 100.5 99.3 101.4 101.7 
13.5 
(4.7) 

3.6 
(12.9) 

1.1 
(4.6) 

MDPBP 98.2 100.6 97.5 104.6 103.4 98.6 
6.5 

(3.6) 

2.8 

(13.8) 

11 

(3.7) 

MDPPP 96.7 98.5 94.8 103.3 99.9 91 
6.7 

(3.9) 
1.4 

(13.8) 
-3.9 
(3.3) 

MDPV 95.3 97.6 96.6 98.4 99.3 95.5 
3.2 

(3.8) 

1.7 

(12.8) 

-1.1 

(3.1) 

Mephedrone 105 102.6 92.7 94.3 88 81.1 
-10.2 
(5.8) 

-14.2 
(13.8) 

-12.5 
(3.1) 

Methcathinone 96.1 95.1 94.5 101.1 98.7 93.6 
5.2 

(2.8) 

3.7 

(14) 

-0.9 

(5) 

Methylone 96.4 99.5 95.3 89.8 99.4 91.1 
-6.9 
(2.7) 

-0.2 
(14.8) 

-4.4 
(4.7) 

Naphyrone 89.6 88.3 95 91.1 89.1 91.8 
1.7 

(3.4) 

0.9 

(13.3) 

-3.4 

(5.8) 

Pentedrone 103.4 98.5 100.2 89.3 86 89.5 
-13.6 
(4.4) 

-12.7 
(13.5) 

-10.6 
(5.4) 

Pentylone 99 101 94.6 93.9 95.9 91.9 
-5.2 

(2.7) 

-5 

(14.9) 

-2.9 

(2.4) 

Pyrovalerone 97.2 96.4 97.5 96.2 93.7 94.7 
-1 

(4.2) 
-2.8 

(13.4) 
-2.8 
(5.1) 

Synthetic 

cathinone 
metabolites 

4-MEC metabolite 96.9 99.9 89.7 98.4 99.7 96.5 
1.5 

(1.5) 

-0.3 

(13.1) 

7.6 

(2.8) 

4-Methylephedrine 101.6 99.6 92.6 98.8 94.6 84.9 
-2.8 
(2.5) 

-5 
(13.7) 

-8.3 
(4.2) 

Normephedrone 93.6 98.5 93.9 94 99.3 85.5 
0.5 

(2.9) 

0.9 

(12.9) 

-8.9 

(3.3) 

Buphedrone ephedrine 95.8 97.3 91.7 109.3 110.1 94.3 
14.1 
(2.8) 

13.2 
(12.5) 

2.9 
(5.8) 

Antidepressant Trazodone 85.1 89.7 90.4 86.7 98.3 93.6 
1.8 

(3.8) 

9.6 

(13.7) 

3.6 

(4.7) 

 MPHP and PV8 were not included in the validation because they have the same molecular weight and they could not be 

 chromatographically resolved. 

summarized in Table 30. Figure 18 shows the chromatogram of an authentic urine 

specimen containing synthetic cathinones. The present quantitative confirmation method 

confirmed the LC-QTOFMS screening results, except for one specimen that screened 

positive for 6-APB but was not confirmed with the present method. Up to 7 different 

drugs were detected in one specimen, but most were positive for 1 (n=12). Two drugs 

were detected in 11 cases, 3 and 4 drugs in 8 cases each, and 5 and 6 in 3 cases each. 

Discussion 

At a mass resolving power of 35,000 FWHM, compounds were quantified by accurate 

mass measurements of [MH]+ ions, achieving more than 20 points per peak. 
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Figure 18. Full scan total ion chromatogram (TIC) of urine sample fortified at 2.5 µg/L. 

1, BZP; 2, MDBZP; 3, cathinone; 4, methcathinone;  5, methiopropamine; 6, 4-

fluoromethcathinone; 7, methylone; 8, ethylcathinone; 9, MeOPP; 10, pFPP; 11, α-PPP; 

12, buphedrone ephedrine; 13, ethylone, 14, methedrone; 15, buphedrone; 16, 

normephedrone; 17, diethylcathinone; 18, 5-APDB; 19, MDPPP; 20, 4-methylephedrine; 

21, butylone; 22, mephedrone; 23, 2C-B-BZP; 24, 6-APB; 25, 4-MEC; 26; 4-MEC-

metabolite; 27, α-PVT; 28, MDPBP; 29, αPBP; 30, pentedrone; 31, mCPP; 32, α-

ethylaminopentiophenone; 33, pentylone; 34, 3,4-DMMC; 35, α-PVP; 36, DBZP; 37, 4-

MPBP; 38, MDPV; 39, 4-Cl-2,5-DMA; 40, 4-methoxy-α-PVP; 41, TFMPP; 42, 

pyrovalerone; 43, trazodone; 44, benzedrone; 45, MPHP; 46, PV8; 47, naphyrone. 
 

 

Figure 19. Extraction ion chromatograms of an authentic urine specimen positive for α-

PPP (271.9 µg/L) and α-PVP (39.1 µg/L), and MDPV (498.8 µg/L).
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Table 31. Short term stability data (%difference) of novel stimulants in urine after storage 

at room temperature (RT) 24 h, at 4ºC 72 h and after 3 freeze-thaw cycles. Low QC (7.5 

µg/L, except 2C-B-BZP, DBZP, 5-APDB, 6-APB, and methiopropamine 15 µg/L); 

Medium QC (30 µg/L); High QC (400 µ/L). 

Group Analyte RT  

24 h (n=3) 

4ºC 

 72 h (n=3) 

-20ºC  

72 h (n=3) 

3 freeze-thaw 

cycles (n=3) 

Low High Low High Low High Low High 

Piperazines 2C-B-BZP 1.7 -5.5 -2.1 10.4 -2.5 -4.3 -8 2.9 

BZP 1.7 0 6.4 -3.2 4.9 -7.3 -0.4 5.4 

DBZP -5.1 -6.7 4.2 -5 1.7 -9.8 -1.6 -5.9 

mCPP 20.2 4 19.6 1.4 18 -10.4 19.4 2.2 

MDBZP 4.8 7.6 -0.5 1.2 3.4 -2.5 6 7.8 

MeOPP -25.1 -9.6 -21.3 -2.4 -24.3 -12.1 -25.2 5.5 

pFPP -5.7 -12.5 -13.2 -5.3 -3.4 -13 -7.2 -3.6 

TFMPP 4.6 -3 6.2 -10.1 7.9 -17.5 4.8 -8.2 

Designer 
amphetamines 

4-Cl-2,5-DMA 8.7 4.3 8.9 0.3 10.1 -9.2 9 1 

5-APDB -1.1 18.1 -1 11.4 -3.9 5.8 -8.4 18.8 

6-APB 18.4 16.6 11 13.2 11.9 -1.4 2.4 12.2 

Methiopropamine -9.2 -12.3 -19.8 -23.1 -11.6 -21.7 -21.6 -17.8 

Synthetic 

cathinones 

4-Methoxy-α-PVP 6.1 5.9 4.4 2.1 8.9 -5.8 11.7 2 

α-Ethylamino 

pentiophenone 

-6.6 -3.6 -1.9 -8.8 2.8 -12.3 -1.2 -9.7 

α-PBP -18.3 -6.5 -8 -13.5 -4.5 -16.2 -15.2 -3.4 

α-PVT 6.7 5.4 2.6 0.8 7.6 -8.3 -0.8 -4.6 

Antidepressant Trazodone 5.2 -2.6 1.6 -7.2 7.1 -14.3 6.2 -5.6 

 

Rajski et al 359 showed that higher resolution may increase the number of points per peak 

since more ions are measured with greater accuracy and more of them are identified 

correctly. In the present method, a mass tolerance of 5 ppm was selected as a compromise 

between specificity and peak shape. DdMS2 was triggered if the peak intensity in full 

scan was above 8.3e4. This peak intensity threshold was established by examining 

chromatograms of blank urine samples and blank samples fortified with decreasing 

compound concentrations. The threshold was chosen as the limit to distinguish positive 

from negative samples with high sensitivity (LOD 1-5 µg/L).  

 Although the confirmation criteria for low resolution LC-MS2 methods are well 

established (retention time ± 0.2 min calibrators retention time, presence of two MRM 

transitions and correct ion ratio), there is no consensus for confirmation criteria for high- 
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resolution methods. According to the EU Commission Decision 2002/657/EC concerning 

analytical method performance for compound identification 360, a precursor ion and a 

product ion at high-resolution can achieve 4.5 identification points, with a minimum 

requirement of 4 points. In the present method, compounds are identified based on RT, 

presence of precursor and product ion spectrum match (score ≥60) with a mass tolerance 

of 5 ppm, fulfilling the EU Commission Decision confirmation criteria. Different score 

criteria (50 to 100) were evaluated. A score of 60 yielded the best results in terms of 

specificity and positive matches at different concentrations. 

 The probability of having an interfering isobaric ion decreases employing HRMS, 

with increases in mass resolution and mass accuracy; however, isobaric interferences 

cannot be excluded. HRMS cannot discriminate isomers with the same accurate mass and 

retention time; therefore, LC separation is mandatory in these cases. In the present study, 

several compounds with the same molecular formula were chromatographically resolved 

(methcathinone and normephedrone; ethylcathinone, buphedrone, 5-APB and 

mephedrone; buphedrone ephedrine and 4-methylephedrine; 4-MEC, pentedrone and 3,4-

DMMC; diethylcathinone and α-ethylaminopentiophenone; ethylone and buthylone; α-

PVP and 4-MPBP). However, two synthetic cathinones, MPHP and PV8, had the same 

molecular formula (C17H25NO) and retention time under the previously described  

chromatographic conditions. Although different types of columns (Accucore Phenyl-X, 

100x2.1mm, 2.6µm; Ultra biphenyl, 100x2.1mm, 5µm; Kinetex PFP, were examined,100 

x 2.1 mm, 2.6 µm; Accucore C18, 100 x 2.1 mm, 2.6 µm), mobile phases (water with 

0.1% formic acid, 1mM ammonium formate, acetonitrile, methanol) and gradients MPHP 



 

241 
 

and PV8 could not be resolved. Therefore, MPHP and PV8 could not be individually 

identified and quantified if both were present in the specimen. 

Table 32. Authentic urine specimens (n=49) positive for piperazines, designer 

amphetamines and/or synthetic cathinones. 

Group Compound 
N positive 

specimens 

Range  

(µg/L) 

Piperazines 

2C-B-BZP 0 NA 

BZP 0 NA 

DBZP 0 NA 

mCPP 1 66.9 

MDBZP 0 NA 

MeOPP 0 NA 

pFPP 0 NA 

TFMPP 0 NA 

Designer 

amphetamines 

4-Cl-2,5-DMA 0 NA 

5-APDB 2 63.6 - >10,000 

6-APB 6 3.5 - >10,000 

Methiopropamine 3 30 - >10,000 

Synthetic 

cathinones 

3,4-DMMC 1 107 

4-Fluoromethcathinone 0 NA 

4-MEC 3 3.8 – 2,437 

4-methoxy-α-PVP 0 NA 

4-methoxymethcathinone 0 NA 

4-MPBP 0 NA 

α-ethylaminopentiophenone 0 NA 

alfa-PBP 0 NA 

alfa-PPP 1 271.9 

alfa-PVP 23 2.9 - >10,000 

alfa-PVT 3 5 - 724 

Benzedrone 0 NA 

Buphedrone 1 3.1 

Butylone 0 NA 

Cathinone 5 555 – 3,892 

Diethylcathinone 0 NA 

Ethylcathinone 2 3.9 – 4.4 

Ethylone 2 13.2 - 887 

MDPBP 10 4.7 – 117.5 

MDPPP 9 72.8 - 900 

MDPV 6 6 - > 10,000 

Mephedrone 11 12.4 – 3,597 

Methcathinone 3 2.7 – 6.1 

Methylone 3 13.1 – 3,759 

MPHP 0 NA 

Naphyrone 0 NA 

Pentedrone 3 16.2 – 3,864 

Pentylone 2 104.7 - >10,000 

PV8 0 NA 

Pyrovalerone 0 NA 

Synthetic 

cathinones 

metabolites 

4-MEC-metabolite 2 3.6 – 6.1 

4-methylephedrine 6 10.7 – 332.5 

Normephedrone 12 3.8 – 8,785 

Buphedrone Ephedrine 0 NA 

Antidepressant Trazodone 1 331.4 

 NA: not applicable 
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We previously published a confirmation method for 26 synthetic cathinones and 

metabolites in urine by LC-HRMS in targeted MS2 mode.354b In targeted MS2 mode, 

precursor ions specified in the inclusion list were selected by the quadrupole, fragmented 

in the HCD cell, and product ions collected in the C-trap and sent to the Orbitrap. The 

number of targeted MS2 scan events depends directly on the number of precursor ions in 

the inclusion list eluting at that time. In order to achieve enough points per peak, a 

maximum of 9 precursor ions could be monitored in the same time window. Because of 

this, the number of compounds included in the method was limited and RT dependent. In 

the data-dependent approach, exact masses in the inclusion list monitored throughout the 

run trigger ddMS2. The precursor ion peak was used for quantification and the product 

ion spectrum for confirmation. This MS method does not depend on RT and the number 

of compounds included in the method is unlimited. Both target-MS2 and full scan+ddMS2 

showed comparable sensitivity (250 µL urine, LOD 0.25-1 µg/L, and 100 µL urine, LOD 

1-5 µg/L, respectively) and selectivity (no endogenous or exogenous interferences) in a 

complex matrix such as urine. Moreover, the full scan acquisition allows later data re-

interrogation to screen for unanticipated compounds. In this case, the screening is based 

on precursor’s exact mass and retention time. The integration of screening and the 

confirmation on the same analytical instrument, may simplify the workflow in forensic 

and clinical laboratories saving time, costs and specimen volume. 

Paul et al. 356 developed a data-dependent and scheduled LC-QTOFMS method 

for the simultaneous identification of 62 compounds and semi-quantification of 35 

compounds in urine, including 8 synthetic cathinones, 3 piperazines and 14 

amphetamines. The method required 200 µL urine and LOQ 2-20 µg/L were achieved. 
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The present study allows the identification and quantification of 28 synthetic cathinones 

and 4 metabolites, 8 piperazines and 4 designer amphetamines. We also included the 

antidepressant trazodone because the piperazine mCPP is also a trazodone metabolite 361 

and monitoring both compounds will help result interpretation. We employed 100 µL 

urine and LOQs were 2.5-5 µg/L.  

 In a previous study,354b we investigated short-term urinary synthetic cathinone 

stability. The pyrrolidinyl-derivatives, MDPPP, MDPBP, α-PVP, 4-MPBP and MDPV, 

were stable 24 h at RT, 72 h at 4ºC and after 3 freeze-thaw cycles. We observed the same 

behavior for the new pyrrolidinyl-derivatives included in the method, 4-methoxy-α-PVP, 

α-PBP and α-PVT. All the studied piperazines were stable under the studied conditions, 

except MeOPP at 7.5 µg/L (up to 25.2% loss). Moreno et al.362 studied the short-term 

stability of 4 piperazines, BZP, TFMPP, mCPP and MeOPP, in urine. The authors did not 

observe any analyte loss; however, the lowest concentration studied (1,500 µg/L) was 

higher than in the present method (7.5 µg/L). Among designer amphetamines, only 

methiopropamine showed losses up to 23.1%. No data are available 

about the stability of this compound, and further stability studies are necessary.  

 As proof of concept, we analyzed 62 authentic urine specimens positive for NPS. 

Parent compounds were excreted in high concentrations (Table 32) suggesting that parent 

drugs may be the recommended target for NPS stimulants detection in urine. However, 

the inclusion of metabolites normephedrone and 4-MEC allowed the detection of 

additional positive specimens. More studies about NPS stimulants metabolite 

identification and their excretion profiles are required. The only specimen positive for 
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mCPP (66.9 µg/L) was also positive for trazodone (331.4 µg/L), suggesting that the 

subject consumed the antidepressant trazodone, and not the piperazine drug mCPP. 

 

Conclusion 

 We present the most comprehensive validated LC-HRMS quantitative method 

that targets 40 NPS analytes in 100 µL urine with high sensitivity and specificity.  

The full scan-ddMS2 approach also offers flexibility to include additional NPS with 

minimal method validation steps saving laboratory time and resources. We showed that 

many NPS stimulants can be detected as parent compounds in urine.  
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Chapter 8 - Trazodone- and mCPP-positive random workplace urine 

tests identified with a piperazines biochip immunoassay 

(Accepted in Analytical and Bioanalytical Chemistry, March 2015) 

 

Abstract 

 Designer piperazines are emerging NPS with few high-throughput screening 

methods for their identification.  

 We evaluated a BAT immunoassay for PNPs and BZPs, and analyzed 20,017 

randomly collected urine workplace specimens. Immunoassay performance at 

recommended cutoffs was evaluated for PNPI (5µg/L), PNPII (7.5µg/L), and BZP 

(5µg/L) antibodies. 840 positive and 206 randomly selected presumptive negative 

specimens were confirmed by LC-HRMS. 

 Assay LODs for PNPI, PNPII and BZP were 2.9, 6.3 and 2.1µg/L, respectively. 

Calibration curves were linear (R2 >0.99) with upper limits of 42 µg/L for PNPI/PNII and 

100 µg/L for BZP. Quality control samples demonstrated imprecision <19.3%CV and 

accuracies 86.0-94.5% of target. There were no interferences from 106 non-piperazine 

substances. Seventy-eight of 840 presumptive positive specimens (9.3%) were LC-

HRMS positive, with 72 positive for mCPP, a designer piperazine and antidepressant 

trazodone metabolite. Of 206 presumptive negative specimens, one confirmed positive 

for mCPP (3.3μg/L) and one for BZP (3.6 μg/L). BAT specificity (21.1 to 91.4%) and 

efficiency (27.0 to 91.6%) increased, and sensitivity slightly decreased (97.5 to 93.8%) 

with optimized cutoffs of 25 μg/L PNPI, 42 µg/L PNPI, and 100 µg/L BZP. 
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 A high-throughput screening method is needed to identify piperazine NPS. We 

evaluated performance of the Randox BAT immunoassay to identify urinary piperazines, 

and documented improved performance when antibody cutoffs were raised. In addition, 

in randomized workplace urine specimens, all but two positive specimens contained 

mCPP and/or trazodone, most likely from legitimate medical prescriptions. 

 

Introduction 

The UNODC identified 348 NPS between 2009 and 2013, outnumbering all 

registered controlled substances (234).3 Worldwide NPS are classified as SC, synthetic 

cathinones, dimethoxy phenethylamines (2C-series) and piperazines, among other new 

designer drugs.   

Piperazines are primarily utilized as anthelmintic agents in clinical and veterinary 

practices.363 Designer piperazines are categorized as PNPs, including mCPP, MeOPP, 

pFPP, and TFMPP, and as BZPs including 2C-B-BZP, DBZP, MDBZP. The US NFLIS 

estimated 38,230 piperazines seizures from 2006-2010,334a one of the top 25 identified 

drugs in 2011.334c Designer piperazines, mainly BZP and TFMPP, were mixed together 

and sold as 3,4-methylenedioxymethamphetamine or MDMA.364 Reported physiological 

effects associated with piperazine intake include elevated pulse and blood pressure, 

euphoria, dysphoria, increased sociability and self-confidence. 

Piperazines are generally consumed in high enough doses that parent drug can be 

detected in urine, with varying metabolite prevalence.365 In healthy males (N=7), BZP 

urinary metabolites, (3-hydroxy- and 4-hydroxy-BZP) total concentration was <1% 

compared to BZP concentration (12.3% of original dose excreted over 24h) 366. In 
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comparison, TFMPP undergoes extensive metabolism generating hydroxy TFMPP with 

<1% parent detected in urine over 24h after a single 60mg dose.367 To our knowledge, no 

controlled drug administration studies for other designer piperazines were conducted. In 

rodents, MDBZP is primarily excreted unchanged in urine, but minor metabolites 

following N-dealkylation, demethylenation, and O-methylation occur.368 

Piperazines, like other NPS, are not typically targeted in routine urine drug 

testing. In 2008, a US military FTDTL received 7 unconfirmed urine specimens that 

screened amphetamines positive.369 The laboratory conducted a CG-MS and LC-MS 

quantitative confirmation, documenting all specimens contained BZP (13.0–429.1 mg/L) 

and TFMPP (0.83–26.5 mg/L). Subsequently, 251 MDMA-positive urine samples were 

confirmed for BZP (17.9%), TFMPP (9%) and mCPP (2%).370 No samples screened 

positive for trazodone or nefazodone by GC-MS, two drugs metabolizing to mCPP.371 

These data raised questions about piperazines use in the military. 

The US military prohibited NPS possession and intake in 2010.8 Through an 

interagency agreement between the DOD and NIDA, we investigated the presence of 

SC285c and synthetic cathinones with the BAT372 in 20,017 randomly-collected urine 

specimens; confirming all presumptive positive specimens and randomly selected 

negative specimens with our validated confirmation methods.279, 354b Per US military 

sample collection standard operating procedures, all urine specimens were stored at RT 

prior to initial analysis. All 20,017 specimens screened negative for amphetamines, 

cannabinoids, cocaine, opiates and PCP prior to our BAT NPS testing. For synthetic 

cathinones, we noted that analyte instability could affect positivity rates.372 Few 
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piperazine stability data in urine are available. TFMPP and BZP were reported stable at 

RT, 4°C and -20°C for up to 14 days.373  

Our primary objective was to evaluate the Randox BAT’s performance for 

detecting piperazines in urine. We analyzed 20,017 authentic urine specimens from US 

military service members and confirmed presumptive positive and randomly selected 

presumptive negative specimens for designer piperazines. GC-MS and/or LC-MS/MS 

methods for urinary piperazines were available,367, 369-370, 374 but failed the military’s high 

throughput requirements. Urine specimens were analyzed by our validated LC-HRMS 

method for 40 novel psychoactive stimulants and 4 metabolites including 8 designer 

piperazines, 4 designer amphetamines, 28 synthetic cathinones and trazodone that 

metabolizes to mCPP, a phenylpiperazine.371 

 

Materials and methods 

Reagents and supplies 

Randox biochips, calibrators, quality control samples (QC), washing solution and 

signal reagents were obtained from Randox LTD (Crumlin, UK). BZP, TFMPP, 

trazodone and internal standards (IStd) were purchased from Cerilliant (Round Rock, TX, 

USA). 2C-B-BZP, DBZP, MDBZP, mCPP, MeOPP, and pFPP were acquired from 

Cayman Chemicals (Ann Arbor, MI). Standards for the interference challenges (Table 

11) were purchased from Cerilliant or Cayman Chemicals. Acetonitrile, ethyl acetate, 

formic acid, glacial acetic acid, methanol, and methylene chloride were from Fisher 

Scientific (Fair Lawn, NJ, USA). 2-propanol was purchased from Sigma (Milwaukee, 

WI, USA). Ammonium hydroxide 28-30%, dibasic sodium phosphate and monobasic 
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sodium phosphate were acquired from JT Baker (Phillipsburg, NJ, USA). Solvents 

utilized in the analysis were HPLC grade or better. Solid phase extraction (SPE) of urine 

samples was performed with SOLA SCX 10 mg 1 mL cartridges (Thermo Scientific, 

Fremont, CA).  

Instrumentation 

 Immunoassay analyses were performed on the Evidence EV180-120 analyzer 

(Randox LTD, Crumlin, UK) and operated according to our published study.285c The 

DOA-V biochip is labeled with two PNP antibodies targeting mCPP and a third antibody 

targeting BZP. All benzyl- and phenylpiperazines with cross-reactivity profiles >0.5% are 

listed in Table 33; a complete list of cross-reactivity profiles is available in the product 

insert.  

 LC-HRMS was performed on a Thermo Scientific NCS-3500RS UltiMate 3000 

Binary Rapid coupled to a Thermo Scientific QExactive Mass spectrometer (Thermo 

Scientific, Fremont, CA).  

Immunoassay evaluation 

 Calibration curves were constructed with 9 lyophilized multi-analyte BAT 

calibrators containing 0, 0.3, 0.7, 1.3, 2.6, 5.3, 10.6, 21.1, 42.2µg/L mCPP and 0, 0.8, 1.6, 

3.1, 6.3, 12.5, 25.0, 50.0, and 100 µg/L BZP. Duplicate quality control samples (QC) at 

two concentrations (4.6/20 µg/L mCPP for PNPI, 5.0/20 µg/L mCPP for PNPII and 

11.3/48.6 µg/L BZP) were evaluated in each batch. The instrument was calibrated daily 

and whenever a new lot was introduced. The calibration was acceptable when ≥6 
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Table 33. Cross-reactivity profiles of benzyl- and phenylpiperazines with the Randox 

biochip array technology antibodies PNPI, PNPII, and BZP, as specified in the product 

insert. Eight designer piperazines and the antidepressant trazodone were included in the 

liquid chromatography high-resolution mass spectrometry (LC-HRMS) confirmation 

assay with corresponding limits of quantification (LOQ). 

Compound Chemical structure 
Antibody, cross-reactivity % LC-HRMS 

LOQ, µg/L 
PNPI PNPII BZP 

1-Benzylpiperazine (BZP) 

 

0.05 <1 100 2.5 

1,4-Dibenzylpiperazine (DBZP) 

(10mg/L) 

 

Negative Negative Negative 5.0 

1-(4-Bromo-2,5-

dimethoxybenzyl)piperazine (2C-B-

BZP) 

 

No Data No Data No Data 5.0 

4-hydroxy-benzylpiperazine (p-OH-

BZP) 

 

No Data No Data 172.1 Not included 

3-(Piperazin-1yLmethyl)phenol di-HCl 

 

No Data No Data 123.7 Not included 

1-Piperonylpiperazine (MDBZP) 

 

No Data No Data 101.5 2.5 

N-(3-Methylbenzyl)piperazine diHCl 

 

No Data No Data 52.9 Not included 

1-(3-Methylphenyl)piperazine 

 

119.5 196.2 3.9 Not included 

1-Phenylpiperazine 

 

64.9 112 3.4 Not included 

1-(2-Methoxyphenyl)piperazine 

(MeOPP) DiHCl 

 

<1 31 3.2 2.5 

1-(3-Trifluoromethylphenyl)piperazine 

HCl (TFMPP) 

 

12.5 48 1.9 2.5 

1-(4-Methylphenyl)piperazine 

 

60.9 25.5 1.3 Not included 

1-(3-Hydroxyphenyl)piperazine 

 

28.7 119.4 1 Not included 

1-(3-Chlorophenyl)piperazine 

monohydrochloride (mCPP) 

 

100 100 0.6 2.5 

1-[4-(Trifluoromethyl)benzyl]piperazine 

 

<1 <1 328.7 Not included 
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Table 33 Continued 

1-[3-(Trifluoromethyl)benzyl]piperazine 

 

<1 <1 12.3 Not included 

1-[4-Trifluoromethyl)phenyl]piperazine 

 

5.3 2.4 0.2 Not included 

1-(4-Chlorophenyl)piperazine 

 

76.2 23.7 No Data Not included 

Para-Fluorophenylpiperazine DiHCl 

 

72.2 32.4 No Data 2.5 

Trazodone (100mg/L) 

 

Negative Negative Negative 2.5 

Nefazodone 

 

Negative Negative Negative Not Included 

Mitrazepine 

 

No Data No Data No Data Not Included 

Paroxetine 

 

No Data No Data No Data Not included 

 

calibrators were within ±20% of target concentration and curve fit R2≥0.949. QCs were 

acceptable if within ±2SD of target concentration. 

LOD were determined by analyzing drug-free urine samples from 10 volunteers 

in duplicate for three days (N=60). LOD = mean concentration + 3.3SD. Linearity was 

evaluated with full, 9-point calibration curves analyzed in 5 separate batches. Accuracy 

and intra- and inter-assay imprecision were determined with low and high QCs analyzed 

in triplicate across 5 batches (N=15). %Accuracy = (mean concentration (N=15)/target 

concentration) x 100. Imprecision was expressed as percent coefficient of variation 
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(%CV). Acceptable accuracy and imprecision results were within ±20%. Potential 

interferences were evaluated with 106 over-the-counter and common drugs of abuse at 1 

mg/L (Table 11). An immunoassay response ≤LOD was considered negative and 

interference-free. 

LC-HRMS confirmation method 

Piperazines, synthetic cathinones, designer amphetamines, and the antidepressant 

trazodone were included in the method. Calibrators (2.5-500µg/L), QCs (7.5, 15, 30, and 

400µg/L), and urine specimens were analyzed by our validated method 375. 

 Chromatographic separation was achieved within 20min utilizing an Accucore 

C18 100x2.1mmx2.6µm column and gradient elution at 0.4mL/min flow rate, 35°C. MS 

data were acquired in full scan and data-dependent MS2 mode. LC-HRMS limits of 

quantitation (LOQ) for target analytes were 2.5-5µg/L and linearity extended to 500µg/L. 

Inter-day analytical recovery (accuracy) and imprecision (N=15) were 84.2-118.5% and 

3.9-12.3%CV, respectively.   

Authentic urine specimens 

We analyzed 20,017 randomly collected and de-identified urine specimens from 

US service members stationed worldwide between July 2011 and June 2012. Specimens 

were collected, shipped and stored (for 10 to 233 days) at RT prior to BAT analysis 

(Table 34). Specimens with BAT readings ≥cutoffs (5µg/L PNPI/BZP and 7.5µg/L 

PNPII) were presumptive positive and <cutoff presumptive negative. All presumptive 

positive (N=840) and randomly selected presumptive negative (N=206) specimens were 

stored at 4°C for up to 2.5 years before confirmatory analysis.  
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Table 34. Length of room temperature storage times for authentic urine specimens 

(N=20,017) from collection at sites around the world to initial biochip array technology 

immunoassay analysis.  

 
Number of months Number of specimens %Total __ 

≤1 month  6180 30.9 

1 – < 2  7210 36.0 

2 – < 3  4564 22.8 

3 - < 4  1833 9.2 

>4  230 1.1  

 

Analyte Stability 

 Piperazine stability at low, medium and high QC concentrations (7.5, 15 and 

400µg/L analyte mixtures) was evaluated. Fortified control samples (N=3) in 

polypropylene tubes were evaluated after RT, refrigerated (4°) or frozen (-20°C) storage 

for 2 and 4 weeks against freshly prepared standards (N=3).  

Data Analysis 

Urine BAT immunoassay results (N=1046) were confirmed by LC-HRMS to 

evaluate diagnostic efficiency. Immunoassay performance and cutoff optimization were 

evaluated according to a previous method 285c. Samples were considered TP if the BAT 

immunoassay and LC-HRMS were positive and true negative TN if both results were 

negative. A negative immunoassay and LC-HRMS positive was considered FN. A 

positive immunoassay and negative LC-HRMS was a FP. Immunoassay sensitivity was 

calculated as TP/(TP+FN) x 100; specificity as TN/(TN+FP) x 100; and efficiency as 

(TP+TN)/total number of specimens x 100.  
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Results 

Immunoassay Performance 

BAT LODs (µg/L) were 2.9 PNPI, 6.3 PNPII, and 2.1 BZP. Calibrators were 

linear (R2>0.99) to 42 µg/L ULOL PNPI/PNPII and 100µg/L BZP. Intra- and inter-assay 

imprecision were <19.3%CV for all three antibodies with acceptable accuracies 86.0-

94.5% of target. No interferences were observed (<LOD) in urine fortified with 

endogenous and exogenous compounds except for blank urine adjusted to pH <4, which 

yielded a PNPI immunoassay reading of 21.4 µg/L. According to Table 33, trazodone 

(100 mg/L) exhibited no cross-reactivity with PNPI, PNPII or BZP antibodies.  

Of 20,017 specimens, 840 screened positive for at least one piperazine antibody 

above the manufacturer’s recommended cutoffs (Figure 20). Sixty-eight, 324 and 78 

specimens screened positive for only PNPI, PNPII, or BZP, respectively. An additional 

370 specimens (44.0%) screened positive for more than one antibody. Seventy-three of 

419 PNPI positive specimens confirmed positive, while only 74 of 680 specimens 

positive for PNPII confirmed positive (Figure 21). For BZP, only 5 of 249 screened 

positive specimens confirmed for BZP (Figure 22).  

LC-HRMS confirmation 

 Seventy-eight of 840 presumptive positive and two of 206 presumptive negative 

specimens were piperazine positive; mCPP, BZP and TFMPP were the only piperazines 

identified (Figure 20). BZP was detected alone in 5 specimens (3.1-179.8µg/L) and once 

(189µg/L) with TFMPP (22.4µg/L). Two specimens contained only mCPP (2.6-3.3µg/L), 

while mCPP (2.5-2277µg/L) and the antidepressant trazodone (4.2-4218µg/L) were 
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Figure 20. Flow diagram documenting analysis of 20,017 authentic urine specimens from 

a random workplace drug testing program by the Randox biochip array technology 

labeled with three antibodies (PNPI, PNPII, and BZP) for designer piperazines. 840 

specimens screened above or equal to the manufacturer’s cutoff of 5µg/L PNPI, 7.5µg/L 

PNPII, and 5µg/L BZP and 106 randomly selected screened negative specimens were 

confirmed by liquid chromatography high-resolution mass spectrometry (LC-HRMS). 

Four analytes were quantified at ≥2.5µg/L limits of quantification: 1-benzylpiperazine 

(BZP), 1-(3-chrophenyl)piperazine (mCPP), 1-(3-trifluoromethylphenyl)piperazine 

(TFMPP), and trazodone (antidepressant). Trazodone does not cross-react with the 

immunoassay, but produces mCPP as a metabolite. The number of confirmed specimens 

are in bold font. 

found in 72 specimens. The mean trazodone:mCPP molar ratio was 2.4 (0.2-14.8). 

Trazodone also was detected alone in 13 specimens (2.7-869µg/L). Designer piperazines 

were detected in 0.4% of 20,017 specimens. 
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Figure 21. Flow diagram documenting the immunoassay results for specimens screened 

presumptive positive for the Randox biochip array technology designer piperazine 

antibody PNPI and PNPII with 5µg/L and 7.5µg/L cutoffs, respectively and further 

confirmed by liquid chromatography mass spectrometry for three designer piperazines 

analytes and antidepressant trazodone at ≥2.5µg/L limits of quantification: 1-

benzylpiperazine (BZP), 1-(3-chlorophenyl)piperazine (mCPP), 1-(3-

trifluoromethylphenyl)piperazine (TFMPP). Trazodone does not cross-react with PNPI or 

PNPII, but produces mCPP as a metabolite. Upper limit of linearity for PNPI/PNPII was 

42µg/L. True positive (TP) specimens are screened and confirmed positive (bold font); 

false positive (FP) are screened positive, but confirmed negative. 
 

BAT piperazine assay performance 

Sensitivity, specificity, and efficiency of the Randox BAT piperazine 

immunoassay were 97.5%, 21.1% and 27.0% for the manufacturer’s recommended 

cutoffs of PNPI (5 µg/L), PNPII (7.5 µg/L), BZP (5 µg/L) (Figure 23). Initial specificity 

and efficiency were low, leading us to determine the best cutoff for each antibody based 

on LC-HRMS data (Table 35). For PNPI at a ≥ 25µg/L cutoff, 95.9% efficiency and 

95.9% 
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Figure 22. Flow diagram documenting the immunoassay results for specimens screened 

presumptive positive for the Randox biochip array technology designer piperazine 

antibody BZP at 5µg/L cutoffs and further confirmed by liquid chromatography mass 

spectrometry for three designer piperazines analytes and antidepressant trazodone at 

≥2.5µg/L limits of quantification: 1-benzylpiperazine (BZP), 1-(3-

chlorophenyl)piperazine (mCPP), 1-(3-trifluoromethylphenyl)piperazine (TFMPP). 

Trazodone does not cross-react with PNPI or PNPII, but produces mCPP as a metabolite. 

Upper limit of linearity for BZP was 100µg/L. True positive (TP) specimens are screened 

and confirmed positive for BZP (bold font); false positive (FP) are screened positive, but 

confirmed negative. 

LC-HRMS data (Table 35). For PNPI at a ≥ 25µg/L cutoff, 95.9% efficiency and 95.9% 

specificity were achieved, improving from the 27.0% efficiency and 21.1% specificity at 

a 5µg/L cutoff. Sensitivity slightly decreased from 97.5% to 93.8%. For PNPII and BZP, 

the best performance was observed at the ULOL 42µg/L and 100µg/L, respectively. 

Specificity improved from 37.36% to 93.9% for PNPII and 76.5% to 97.8% for BZP,  
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Table 35. Evaluation of Randox Drugs of Abuse V designer phenylpiperazine (PNPI, 

PNPII) and benzylpiperazine (BZP) performance evaluated with 1,046 authentic urine 

specimens. Specimens confirmed by liquid chromatography high-resolution mass 

spectrometry. 

PNPI cutoffsa (µg/L) 5 10 15 20 25 30 35    

True Positiveb 73 73 72 72 72 71 70    

True Negativec 625 882 910 920 931 933 934    

False Positived 346 89 61 51 40 38 37    

False Negativee 2 2 3 3 3 4 5    

Total 
1046 

104

6 

104

6 

104

6 

104

6 

1046 104

6 

   

Diagnostic sensitivity, % 97.3 97.3 96.0 96.0 96.0 94.7 93.3    

Diagnostic specificity, % 64.4 90.8 93.7 94.7 95.9 96.1 96.2    

Diagnostic efficiency, % 66.7 91.3 93.9 94.8 95.9 96.0 96.0    

          

PNPII cutoffsa (µg/L) 7.5 15 20 25 30 35 42    

True Positiveb 74 71 69 68 68 68 68    

True Negativec 365 825 863 885 895 905 912    

False Positived 606 146 108 86 76 66 59    

False Negativee 1 4 6 7 7 7 7    

Total 1046 
104

6 

104

6 

104

6 

104

6 
1046 

104

6 
 

  

Diagnostic sensitivity, % 98.7 94.7 92.0 90.7 90.7 90.7 90.7    

Diagnostic specificity, % 37.6 85.0 88.9 91.1 92.2 93.2 93.9    

Diagnostic efficiency, % 42.0 85.7 89.1 91.1 92.1 93.0 93.7    

           

BZP cutoffsa (µg/L) 5 10 15 20 25 30 35 40 75 100 

True Positiveb 5 4 4 4 3 3 3 3 3 3 

True Negativec 796 923 950 966 976 984 991 995 1013 1017 

False Positived 244 117 90 74 64 56 49 45 27 23 

False Negativee 1 2 2 2 3 3 3 3 3 3 

Total 
1046 

104

6 

104

6 

104

6 

104

6 

1046 104

6 

1046 1046 1046 

Diagnostic sensitivity, % 83.3 66.7 66.7 66.7 50.0 50.0 50.0 50.0 50.0 50.0 

Diagnostic specificity, % 76.5 88.8 91.3 92.9 93.8 94.6 95.3 95.7 97.4 97.8 

Diagnostic efficiency,  % 76.6 88.6 91.2 92.7 93.6 94.4 95.0 95.4 97.1 97.5 
aSamples considered positive for this antibody above or equal to the cutoff concentration 
bTrue positive, screened positive and confirmed positive by LC-HRMS 

cTrue negative, screened negative and confirmed negative by LC-HRMS 
dFalse positive, screened positive but confirmed negative by LC-HRMS 
eFalse negative, screened negative but confirmed positive by LC-HRMS 

 
 

whereas efficiency increased from 42.0% to 93.7% for PNPII and 76.6% to 97.5% for 

BZP. Significant improvements in specificity and efficiency were achieved by increasing 

all antibody cutoffs (Figure 23).  
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Figure 23. Cutoff Performance evaluation for the Randox biochip array technology 

designer phenylpiperazines (PNPI, PNPII), and benzylpiperazine (BZP) antibodies at 

different cutoffs and compared to the liquid chromatography high-resolution mass 

spectrometry (LC-HRMS) confirmation. True positive (screened positive and confirmed 

positive by LC-HRMS), true negative (screened negative and confirmed negative by LC-

HRMS), false positive (screened positive, but confirmed negative by LC-HRMS), false 

negative (screened negative, but confirmed positive by LC-HRMS). 

Analyte Stability 

 Under all storage conditions, BZP quantified ≥80%, 2C-B-BZP ≥77%, MDBZP 

≥65%, mCPP ≥97%, MeOPP ≥71%, pFPP ≥89%, and TFMPP ≥93% of target. No 

analyte degradation was seen for trazodone after 2 weeks of storage; however, DBZP 

quantified ≥84% of target when refrigerated or frozen but only ≥16% of target at RT.  

Analytes showed greater instability after 4 weeks storage, especially at RT or 

refrigerated 4°C storage. Complete analyte loss was observed for DBZP at RT, but ≥68% 

remained when stored at 4°C or -20°C. After 4 weeks at any storage condition, 

piperazines were still ≥52% of target concentrations, specifically BZP ≥56%, 2C-B-BZP 
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≥70%, MDBZP ≥59%, mCPP ≥76%, MeOPP ≥59%, pFPP ≥52%, and TFMPP ≥83%. 

Trazodone showed minimal analyte loss (≤6%) after 4 weeks storage. Although we report 

analyte instability after RT storage, it is important to note that these are fortified urine 

samples with 2 of 3 challenges at moderate concentrations (7.5 & 15 µg/L). It is essential 

to conduct a stability study with authentic specimens with significant initial 

concentrations.  

Discussion 

Within the last decade, rapid NPS emergence challenged clinical and forensic 

laboratories. However, analytical methods, especially immunoassay screening assays, and 

reference standards for piperazines are limited. We found only two commercially 

available designer piperazine-specific immunoassays, the BAT and Neogen enzyme-

linked immunosorbent assay. When we evaluated the BAT synthetic cannabinoids and 

synthetic cathinones assays, confirmation rates in US service members’ randomly 

collected urine specimens were 1.4%285c and 0.02%,372 respectively. This was not 

surprising considering prohibition of NPS intake, and significant penalties for positive 

results. Our method validation data for these two BAT assays documented the need for 

higher cutoffs to optimize assay performance. We also observed improved BAT 

performance for piperazine detection when manufacturer’s cutoffs of 5 μg/L PNPI, 7.5 

μg/L PNPII and 5 μg/L BZP increased to 25, 42, and 100 μg/L, respectively. 

 Only 80 (0.4%) of 20,017 specimens confirmed positive for piperazines by LC-

HRMS. In fact, 72 confirmed for trazodone and its metabolite, mCPP, and 2 specimens 

contained mCPP only. One specimen contained BZP and TFMPP, 5 BZP only, and an 
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additional 13 specimens contained trazodone only. We included trazodone in our LC-

HRMS piperazine confirmation method to assist in identifying the source of mCPP.  

Trazodone and mCPP concentrations were 82-2827 µg/L and 58-2833 μg/L, 

respectively, in 18 patients’ urine samples after trazodone consumption, with a mean 

trazodone:mCPP molar ratio of 1.2 (0.3-9.8).376 Similar ranges for trazodone (4.2-4218 

µg/L) and mCPP (2.5-2277 µg/L) and a comparable mean molar ratio [2.4 (0.2-14.8)] 

were present in our urine specimens. Trazodone is a sedative antidepressant commonly 

prescribed to treat depression, anxiety disorders, insomnia and PTSD symptoms.377 

Trazodone is effective for insomnia treatment and nightmares associated with chronic 

PTSD.378 According to the DOD, 127,738 trazodone prescriptions were filled Aug 2011 – 

July 2012.379 Trazodone ranked fourth for antidepressant prescriptions, following 

Sertraline, Buproprion and Citalopram.  

Additionally, 13 specimens screened positive for PNPI and PNPII and confirmed 

positive for only trazodone (2.7-869 µg/L); these were considered FP specimens, as 

trazodone is not a piperazine. It is possible these specimens contained low mCPP 

concentrations at the time of screening that degraded prior to confirmation. Nefazodone 

also metabolizes to mCPP,371 but was not included in our confirmation assay. 

Additionally, DOD reported only 262 nefazodone prescriptions during our urine 

collection time frame.  

These data support licit prescription use as the primary source of piperazine 

positive samples in our military cohort. It is also possible these donors were prescribed 

other medications with BZP antibody cross-reactivity. For example, paroxetine, also an 

antidepressant, contains a piperonyl substructure similar to MDBZP (101.5% cross-
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reactivity with BZP antibody, Table 33), and mirtazapine, a sedative tetracyclic 

antidepressant with a reactive piperazine moiety (see Table 33). The only other 

confirmed positive results were BZP with or without TFMPP, apparently suggesting 

piperazine abuse. 

Of the 80 confirmed positive specimens, 63 screened positive for all three 

antibodies at the manufacturer’s cutoffs, with 62 containing mCPP & trazodone (Figure 

20). One specimen contained BZP (189 µg/L) and TFMPP (22.4 µg/L), indicating the 

necessity to screen with both antibodies as TFMPP reportedly cross reacts with PNPI and 

PNPII. Also, 249 specimens screened positive for BZP (5µg/L cutoff) but only 5 

confirmed by LC-HRMS (Figure 22). A possible explanation is that these samples may 

have contained DBZP or other piperazines that initially triggered a positive immunoassay 

response but degraded during long-term RT storage. Our study provided evidence that 

DBZP is unstable at RT. There is also the possibility that a positive BZP immunoassay 

screen was due to the presence of other cross-reactive analytes, or NPS not included in 

our confirmation assay. It appears that slight BZP structural modifications may increase 

cross-reactivity with the BZP antibody (Table 33). For our method validation, we 

selected designer piperazines that were prominently identified and reported in literature. 

According to NFLIS, BZP ranked 24th in the top 25 frequently identified drugs between 

January 2013 and June 2013; no other piperazines were reported.380 Our specimens were 

collected between June 2011 and July 2012, when the number of available designer 

piperazines were limited to the commonly reported mCPP, TFMPP and BZP.370 Our LC-

HRMS assay375 was the most comprehensive method available at the time.  
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Evaluation of BAT PNPI/PNPII and BZP calibrators demonstrated linearity from 

LODs to ULOLs. However, we believe that the manufacturer’s cutoffs may be 

inappropriately low as 61% PNPI, 43% PNPII, and 68% BZP presumptive positive 

specimens with immunoassay results 150-200% cutoffs, were not confirmed by LC-

HRMS (Figure 21 and 22). Prior to cutoff optimization, 762 FPs, produced low (27.0%) 

assay efficiency (Figure 23). When recommended cutoffs (5/7.5/5 µg/L) for 

PNPI/PNPII/BZP cutoffs were raised to 25/42/100 µg/L, specificity improved to 91.4% 

with a substantial reduction in FP specimens. Only two presumptive negative specimens 

confirmed positive for mCPP (3.3 µg/L) or BZP (3.6 µg/L), evidence that the assay has 

good sensitivity. Similar specificities and efficiencies also were observed with our two 

previous BAT evaluations with higher optimized cutoffs.285c, 372 The best efficiency 

values for PNPII and BZP were achieved at cutoffs equal to ULOL, and the highest 

confirmation rate in our military cohort was achieved if specimens screened positive for 

all three antibodies.  

There were several study limitations including prolonged specimens’ storage time 

at RT prior to screening and at refrigerated temperatures prior to confirmation, other 

designer piperazines limited or unknown cross-reactivity with the BAT, and limited 

designer piperazines in the LC-HRMS confirmation assay due to unavailable commercial 

standards or challenges with chromatographically separating isomeric compounds.  

Prolonged storage at RT and 4°C may have lowered the piperazines positivity rate 

in our specimens. We present the first long-term stability data for 8 designer piperazines 

in fortified drug-free urine. The majority of authentic urine specimens we received were 

stored at RT for up to 2 months. We designed a stability study to provide information 
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regarding potential analyte loss. After 4 weeks at RT or 4°C, analyte losses of ≤43.3% 

BZP, ≤29.8% 2C-B-BZP, ≤40.7% MDBZP, ≤23.7% mCPP, ≤40.5%MeOPP, ≤47.1% 

pFPP, and ≤16.9% TFMPP were observed. Losses were greatest for DBZP with 100% 

analyte loss at RT and ≤21.7% when refrigerated. After storage for up to 2.5 years prior 

to LC-HRMS confirmation, it is possible analytes degraded further, reducing the 

confirmation rate. Authentic military specimens stored at RT before screening and 

confirmatory analyses were presumptive positive for amphetamines, confirmed positive 

for BZP at 29-68,655 µg/L, TFMPP at 25-11,365 µg/L, and mCPP at 75-166 µg/L,370 

indicating stability for these analytes. None of our specimens were presumptive positive 

in the amphetamines assay, suggesting lower cross-reacting piperazine concentrations.  

Of significance to the general population, was the cross-reactivity of trazodone’s 

metabolite, mCPP, with all three antibodies, including those for BZP. Trazodone intake 

from legitimate prescription could result in a presumptive and confirmed positive 

piperazine result. Inclusion of trazodone in the confirmation method is recommended to 

determine the source of mCPP. Cross-reactivity with other antidepressants also should be 

investigated. 

We also observed an elevated immunoassay reading with PNPI (>5 µg/L cutoff) 

for a negative urine sample adjusted to pH 4. Diet or medication can affect urinary pH, 

but with prolonged RT specimen storage, we would expect an increase in urinary pH. 

Similarly, any specimen exhibiting microbial or fungal growth, or strong ammonia odors, 

was considered unsuitable for analysis.  

While our LC-HRMS assay is still the most comprehensive method for 

piperazines determination, it did not include some analytes that are cross-reactive with 
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Randox PNPI, PNPII and/or BZP antibodies (Table 33). It is possible that presence of 

these analytes increased FP results; however, BZP was the most identified piperazine in 

2013 380 and is still widely-abused despite its legal status.381  

The emergence of NPS that do not cross react with currently available 

immunoassay antibodies is a continual problem. One screening approach with improved 

specificity is utilizing targeted or non-targeted HRMS analytical methods.281-283 These 

allow the toxicologist to build and expand in-house libraries as new compounds emerge, 

much more rapidly than the time required for immunoassay development. In addition, 

non-targeted HRMS acquisition allows re-interrogation of archived data for the presence 

of new piperazines. This instrumentation is expensive, requires highly skilled analysts, 

and sample preparation, not typically required with immunoassay analysis. Therefore, 

laboratories should consider the best approaches for NPS detection suitable to their 

workload and capabilities. 

Conclusion 

 We evaluated the Randox BAT immunoassay to detect designer piperazines in 

urine. After LC-HRMS analysis of 840 presumptive positive and 206 randomly selected 

negative specimens, 80 confirmed for designer piperazines. By increasing screening 

cutoffs to 25µg/L PNPI, 42µg/L PNPII, and 100µg/L BZP, biochip assay specificity 

improved from 21.1% to 91.4% and efficiency from 27.0% to 91.6%, with a small 

decrease in sensitivity (97.5% to 93.8%). mCPP in confirmed positive specimens was 

more likely from trazodone intake than piperazine ingestion. We also recognize that 

piperazine instability and cross-reactivity with other analytes not included in our LC-

HRMS assay may have affected our positivity rate. Cross-reactivity with other designer 
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piperazines and metabolites should be investigated and additional analytes should be 

included in confirmation assays when commercial standards become available to improve 

evaluation of immunoassay performance. Clinicians, toxicologists and clinical chemists 

should be aware that legitimate trazodone prescription intake can produce positive 

piperazine results. 
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Chapter 9 - Conclusions 

 

 The primary objective of this research was to investigate how clinical and forensic 

toxicology laboratories can best address rapid NPS proliferation in the recreational drug 

market. Increased NPS intake raised public health and safety concerns worldwide. NPS 

identification in biological matrices is critical to documenting intake and correlating 

impairment or toxicity with the causative agent. This dissertation focused on multiple 

aspects of SC and piperazines, but emphasized NPS identification in urine. First, we 

examined SC and their entry into the recreational drug market as NPS by conducting a 

comprehensive literature review to identify knowledge gaps. We then investigated the 

best analytical approaches for screening and confirming SC in urine, simultaneously 

determining intake prevalence in the military. Because human controlled SC 

administration is not feasible at this time and SC pharmacokinetic data are critical to 

identifying suitable markers, we investigated AB-FUBINACA metabolic stability and 

metabolite profile with HLM and human hepatocytes incubation and LC-HRMS. Lastly, 

we evaluated an immunoassay for piperazine screening in urine and confirmation by LC-

HRMS for 8 designer piperazines. We optimized the piperazine immunoassay’s cutoffs to 

improve identification of presumptive positive and negative specimens. 

 

Synthetic Cannabinoids: Epidemiology, Pharmacology, and Detection in Biological 

Matrices  

 SC were synthesized to investigate the endocannabinoid system with the intent to 

understand THC’s mechanisms of action on CB1 and CB2 cannabinoid receptors.382  

Structural modification of HU-210, one of the first SC, paved the way for the synthesis of 
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more diverse classes of cannabimimetics. Most SC were considered candidates for 

therapeutic applications.21, 201, 383 In early SC research, in vivo animal studies 

demonstrated that SC induced cannabimimetic effects, some more potently than THC 384. 

In addition, SC substituted for THC in drug discrimination studies.335, 385 Research on SC 

continues, but as data regarding their synthesis, cannabimimetic effects and binding 

affinities to cannabinoid receptors grew, many compounds were abused as NPS. 

Similarly, MDMA, another designer drug synthesized by Alexander Shulgin in the 1960s, 

was considered for psychotherapy, but became a popular “rave” drug.386 MDMA also 

served as a catalyst for the synthesis of other phenylalkylamines. Phenylalkylamines 

represent the largest number of NPS compounds, entered the recreational drug market in 

the 1980s and were highly popularized by Dr. Shulgin in his book “PiHKAL” 

(Phenylethylamines I Have Known And Loved).  

 Cannabis is the most consumed illicit drug in the world.223 The introduction of SC 

as “legal highs” provided drug users alternatives to achieve cannabis’ effects and avoid 

detection in drug tests. We hypothesized that these factors would make SC intake 

attractive to military personnel. SC gained popularity among recreational drug users 

including young adults. SC intake was noted in high school and college students,387 

athletes,388 and individuals subject to drug testing including the military.8 SC intake 

produced many adverse effects and less desirable psychotropic effects than cannabis, as 

documented by increased poison control calls.389 Federal and local authorities recognized 

the increased SC intake and associated health problems and hastily restricted distribution 

and prohibited illicit use. In the USA, the federal government placed many SC under 

Schedule I. Moreover, any structurally-similar compounds that possess equipotent or 
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greater psychotropic properties (i.e. stimulant, hallucinogenic, or depressant) to already 

controlled substances are treated as controlled drugs under the Federal Analogue Act of 

the CSA.23b Swift SC regulation temporarily impeded new compounds from entering the 

recreational drug market, but also hindered further research investigating SC 

pharmacology. Another unintended consequence of SC regulation was that clandestine 

laboratories modified compounds more extensively, hoping to avoid classification as an 

analog.  

 Continuous NPS entry into the recreational drug market created many challenges 

for the medical and scientific communities. Acute NPS intoxication treatment is primarily 

supportive in nature. Generally, the NPS producing these adverse effects is not identified. 

This is a major problem for educating the public about the dangers of NPS. Analytical 

laboratories must constantly update their assays for new NPS for their assays to remain 

relevant.  

 

Synthetic cannabinoids prevalence in military personnel 

In the military, illicit drug use is prohibited under the Uniform Code of Military 

Justice (UCMJ).8 Any service member in violation of UCMJ is subject to Court Martial 

or non-judicial punishment. Consequently, the total drug positivity rate remains low at 1 

– 2%. Although the military banned SC possession and illicit use as early as 2010,30e 

these drugs were not included in workplace drug testing until December 2013.9 

Interestingly, as many as 70.2% of 1,635 urine specimens collected from US service 

members suspected of SC intake between March 2011 and March 2012 confirmed for 

SC.8 This high positivity rate prompted the DOD drug testing program to collaborate with 
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NIDA in finding the best approach for SC urine drug testing in a high throughput 

environment. We hypothesized that due to limited SC military drug testing and SC 

accessibility (e.g. local head shops, Internet, etc.), the prevalence in the military will be 

similar, if not higher, than for other drugs of abuse tested by FTDTLs.   

To answer our hypothesis, we investigated critical components of SC drug 

identification by first analyzing 20,017 authentic urine specimens collected from US 

service members stationed around the world between July 2011 and June 2012. These 

specimens were analyzed with the first commercially available SC immunoassay, 

targeting JWH-018 and JWH-250 with varying cross-reactivity with other parent SC and 

metabolites. Surprisingly, 7.2% (N=1,432) screened presumptive positive for SC, 

although, only 290 (1.4%) confirmed for 16 SC metabolites and one parent analyte 

(AM2201). A critical evaluation of the immunoassay showed that the manufacturer’s 

recommended cutoffs were too low, yielding 48.1% specificity and 53.9% efficiency, but 

high sensitivity (98.3%). Only 20% of presumptive positive specimens confirmed for one 

or more SC. We utilized these results to optimize the immunoassay’s performance and 

concluded that the recommended manufacturer’s cutoffs for 2 of 4 antibodies needed to 

increase from 5 to 15 μg/L SCI and 5 to 10 μg/L SCIII to achieving 87.6% sensitivity, 

85.2% specificity and 85.4% efficiency. This raised the confirmation rate to 43.6%, but 

the assay was still considered to have unsatisfactory performance in a high-throughput 

laboratory like the DOD FTDTL.  

After re-analysis of 290 qualitatively confirmed positive and 487 confirmed 

negative specimens with our new quantitative SC LC-MS/MS method, we quantified 

concentrations of 22 metabolites (0.1-2,434 μg/L) from 11 SC, and obtained a 1.4% SC 
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prevalence in military service member’s urine specimens. This highlighted the necessity 

to include SC in the DOD’s drug testing program. Both our qualitative and quantitative 

LC-MS/MS assays were the most comprehensive methods at the time, documenting good 

agreement between our data and USACIL’s SC seizure reports during the specimen 

collection period. Our study provided supporting data that USACIL’s SC seizure trends 

are good indicators of which SC will be found in military urine specimens. Furthermore, 

these SC concentrations were found in a population with no apparent signs of impairment 

or intoxication during sample collection. To continuously assess NPS prevalence intake 

in the military, it is critical for AFMES to develop and evaluate functional NPS drug 

testing assays. However, selecting suitable markers is key to the screening and 

confirmation assays’ optimal performance. Furthermore, analytical standards are required 

for confirming SC analytes.  SC undergo extensive metabolism producing many 

metabolites with some analogs generating common metabolites.261, 390 Because pre-

clinical and safety data are limited for the majority of SC, human controlled studies are 

currently not feasible, leading us to investigate other approaches to identity suitable SC 

urinary markers.  

 

Metabolite profiling of synthetic cannabinoid AB-FUBINACA 

 The first detailed in vitro SC metabolite profiling was performed with 

WIN55,212-2 and rat liver microsomes.237 Subsequently, these investigators incubated 

JWH-015 with the same approach and characterized its metabolites.238 These studies 

served as a template for future in vitro metabolite profiling of other SC, although recent 

studies utilized HLM rather than rat liver microsomes. To date, our research group has 
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utilized HLM and human hepatocytes for metabolite stability and profiling studies of 10 

new SC. We only investigate new SC whose metabolism is uncharacterized, such as the 

new adamantoylindole AKB-48 or quinolinylindoles PB-22/5F-PB-22, structural classes. 

We selected compounds with higher USACIL or DEA seizure rates. We developed an 

excellent collaboration with the DEA to receive SC with high seizure rates prior to an 

intent to schedule.  

 In support of our third specific aim, we hypothesized that AB-FUBINACA would 

undergo extensive metabolism based on our other in vitro metabolite profiling studies. 

We obtained AB-FUBINACA prior to its scheduling in February 2014.23c. By October 

2014, MDMB-FUBINACA, an AB-FUBINACA analog, was linked to several 

hospitalizations in Russia.345 Our approach for characterizing each drug’s metabolism 

involved determining metabolite stability with HLM, metabolite profiling with human 

hepatocytes incubation and HRMS, metabolite prediction with in silico software, and 

metabolite verification with authentic urine specimens.  

 AB-FUBINACA had limited published pharmacokinetic data characterized 

following HLM incubation.348, 391 For AB-FUBINACA, oxidative biotransformation 

frequently occurred at the terminal amine and butyl chain of the aminooxobutane moiety, 

whereas minor metabolites were produced by hydroxylation, dihydroxylation and 

dihydrodiol formation at the indazole moiety. We identified 9 phase I and 2 phase II 

metabolites with our human hepatocytes incubation. In our other hepatocytes studies, at 

least 15 metabolites were identified. AB-FUBINACA did not undergo oxidative 

defluorination, which we observed with XLR-11 and 5F-PB-22. The most common site 

of reaction was at the aminooxobutane moiety with amide hydrolysis, a reaction 
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catalyzed by carboxylestersase,348 generating the most intense peak—AB-FUBINACA 

carboxylic acid. Phase II metabolites were exclusively glucuronides. Another interesting 

observation was that 57% of the parent AB-FUBINACA remained unchanged after 3 h 

incubation. From our metabolite stability calculations, we determined AB-FUBINACA is 

a low-clearance drug based on its extraction ratio (0.34). We assume that AB-

FUBINACA metabolites are detectable in urine for a few days post-dosing.  

 All metabolites identified in the hepatocytes were observed in the authentic urine 

specimens from DUID suspects (with matching blood specimens confirmed for AB-

FUBINACA). We also identified additional minor metabolites, some were second 

generation metabolites generated from AB-FUBINACA carboxylic acid or hydroxy AB-

FUBINACA at the aminooxobutane moiety. Notably, we observed AB-FUBINACA 

parent in one of the samples and identified four AB-FUBINACA carboxylic acid acyl 

glucuronides; three co-eluted within 0.5 min and showed resistance to beta glucuronidase 

hydrolysis treatment. We recommend further investigation of these acyl glucuronides, as 

acyl glucuronides were linked to toxicities.328 

 We also evaluated performance of an in silico metabolite prediction software 

(MetaSite™) to determine its utility. The software only considered metabolites catalyzed 

by CYP450 and flavin-containing monooxygenase reactions and as a result, missed AB-

FUBINACA carboxylic acid. Our study findings demonstrated the complexity of SC 

pharmacokinetics and metabolite identification. SC metabolite profiling with human 

hepatocytes and by HRMS are valuable alternatives to human controlled drug 

administration studies, especially as we expect to see more NPS with unpublished or 

limited pre-clinical safety and toxicity data in the recreational drug market. In addition to 
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in vitro metabolite profiling, we recommend verifying prevalence in authentic urine 

specimens for selection of suitable markers. In silico metabolite prediction software 

helped us identify some reaction sites, but we recommend independent data evaluation. 

Relying solely on in silico prediction models can miss the most important metabolite 

targets. 

 

Biochip immunoassay evaluation for piperazines detection in urine by LC-HRMS 

 For our last specific aim, we hypothesized that designer piperazines’ positivity 

rate in US service members’ urine specimens would be relatively similar to that of SC. 

Currently, piperazines are not included in military drug testing panels and the number of 

piperazine NPS is increasing in the recreational drug market. From the 20,017 authentic 

urine specimens we analyzed with the Randox DOA-V BAT for piperazines, 4.2% of 

specimens screened presumptive positive. However, only 80 specimens confirmed 

positive, leading to a prevalence of only 0.4% of 20,017, lower than for SC. We observed 

that the majority (N=72) of confirmed positive specimens were mCPP and trazodone 

positive. Between August 2011 and July 2012, 127,738 trazodone prescriptions were 

filled for military personnel (personal correspondence from Drug Testing Program 

Manager). The majority of the positive specimens appear to result from legitimate 

trazodone medical use. Trazodone, a sedative antidepressant, is prescribed to treat 

insomnia and/or PTSD. A limitation to this conclusion is potential piperazine instability.  

 We also utilized our LC-HRMS data to optimized BAT’s performance and 

recommended increasing cutoffs for all three piperazines antibodies from 5 μg/L PNPI, 

7.5 μg/L PNPII, and 5 μg/L BZP to 25, 42 and 100 μg/L, respectively. With these cutoffs, 
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we observed improved performance of 93.8% sensitivity, 91.4% specificity, and 91.6% 

efficiency. This is similar to our previous BAT evaluations with SC (Chapter 4) and 

synthetic cathinones 372. Thus, we believe that the 762 presumptive positive specimens 

that confirmed negative for piperazines were due to the inappropriately low 

manufacturer’s recommended cutoffs. Despite these limitations, we documented that the 

BAT can detect mCPP, BZP and TFMPP in urine. In addition, we recommend including 

trazodone in piperazine confirmation assays to improve result interpretation. 

 

Study Limitations and Knowledge Gaps 

 From our comprehensive literature review, we identified limited SC epidemiology 

data, most derived from small, cross-sectional surveys. These surveys were conducted 

between 2010 and 2012. To re-assess SC intake prevalence among recreational drug 

users, larger community-based (nationally or internationally represented) surveys are 

needed.  

 Most in vivo preclinical SC pharmacology studies involved only three SC: 

CP55,940, WIN55,212-2, and HU-210. Additional investigations are needed for SC of 

different structural classes. Receptor binding affinities for many new SC are available, 

but Ki values do not necessarily predict in vivo (EC50) drug potency.  

 Although we developed the most comprehensive LC-MS/MS confirmation assays 

for SC in urine, analytical standards for other SC metabolites were not available at the 

time of development. It is possible that other SC metabolites were missed in our analyses. 

All laboratories face the same challenges with NPS drug testing. When we re-analyzed 

some of our previously confirmed UR-144 N-pentanoic acid and UR-144 N-
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hydroxypentyl positive SC specimens with our updated qualitative SWATH™ LC-

HRMS assay, we also identified UR-144 degradant N-pentanoic acid, which was not 

included in our earlier LC-MS/MS quantitative assay. Developing a LC-HRMS screening 

method with data re-interrogation capability is an important approach to NPS monitoring.  

 We conducted stability studies of SC in fortified-urine and observed stability of 

metabolites at RT up to 3 days. However, we do not have long-term stability data for SC 

metabolites. Limited published data for other SC metabolites fortified in urine reported 

stability up to 30 days at 4ºC and RT.306, 392 We know that SC urinary metabolites are 

generally glucuronidated or sulfated249,250, 259-261, 263, 390 and susceptible to degradation at 

RT to the free analogs. Only one conjugated JWH-018 metabolite standard was available 

at the time of method validation, therefore we could not thoroughly evaluate conjugated 

SC metabolites’ stability. SC stability in authentic urine specimens is not yet established. 

Currently, military urine specimens are stored at RT for many days or weeks before 

screening, possibly missing analytes due to degradation.  

 Taking this into consideration, we studied long-term stability for designer 

piperazines fortified in urine at different storage conditions for 2 – 4 weeks and observed 

complete degradation for DBZP and >20% analyte losses for other designer piperazines 

after 30 days storage at RT. Similar to SC, stability of designer piperazines in authentic 

urine specimens requires further investigation.  

 Another limitation of this research is that we did not include other piperazine 

isomers and two metabolites with >50% immunoassay cross-reactivity in our LC-HRMS 

confirmation assay At the time of method development and validation, 8 designer 

piperazines were included in our LC-HRMS assay for 40 novel psychoactive stimulants 
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and 4 metabolites including synthetic cathinones, designer amphetamines and trazodone. 

The piperazines were selected based on literature reports, standard availability, and the 

ability to incorporate analytes into the method. Only one of two isomers with identical 

molecular weights were included. Between 2010 and 2013, BZP, mCPP, and TFMPP 

were the only reported designer piperazines in urine.369-370, 376 We believe our LC-HRMS 

assay was sufficient to meet the overall objective. 

  Our laboratory continues to conduct metabolite profiling studies for new SC in 

human hepatocytes. We strive to publish data as rapidly as possible, but we also 

recognize that a careful approach requires time. Comparing metabolites identified in 

human hepatocytes to those observed in authentic urine specimens is ideal. We 

established collaborations with many colleagues to obtain these specimens. However, this 

option may not always be achieved. Considering that SC human controlled drug 

administration studies are currently not feasible, we believe our approach is the best 

alternative to identify the most important NPS targets. 

 

Future Directions  

 Within the last decade, rapid increases in NPS availability created challenges for 

the legal, clinical, and forensic communities. Many countries regulated NPS to limit 

distribution; however, these control measures frequently led to clandestine laboratories 

synthesizing new NPS. Recent technological advances enabled laboratories to diversify 

and expand their analytical methods for multiple NPS analytes and metabolites detection 

in different biological matrices. HRMS NPS screening methods should also be 

considered as alternatives to immunoassays, especially as software and instrument 
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capabilities improve. HRMS metabolite profiling studies with HLM and human 

hepatocytes represent an innovative approach for identifying NPS targets.  

NPS target receptors producing psychotropic effects. Therefore, investigating NPS 

interaction with receptors, whether conducted in vitro or in vivo (animal), can improve 

our understanding of their pharmacodynamic effects. Other areas of research should 

include CYP450 phenotyping, and drug-drug interactions investigated in vitro. 

 

Additional projects 

 As a graduate student in the NIDA Intramural Research Program, I was involved 

in multiple additional projects, met and worked with great people, and produced high 

quality research. Below is a brief summary of research objective, methods, and findings 

for each project. 

 

What is the best biological matrix for identifying methamphetamine environmental 

exposure in endangered children?4 

 

 Methamphetamine (MAMP) use, distribution, and manufacture remain a serious 

public health and safety problem in the United States, and children environmentally 

exposed to MAMP face a myriad of developmental, social, and health risks, including 

severe abuse and neglect necessitating child protection involvement. It is recommended 

that drug-endangered children receive medical evaluation and care with documentation of 

overall physical and mental conditions and have urine drug testing. The primary aim of 

this study was to determine the best biological matrix to detect MAMP, amphetamine 

                                                           
4 Castaneto et al. Ther Drug Monit, 2013, 35 (6), 823-830. 
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(AMP), MDMA, methylenedioxyamphetamine (MDA) and 

methylenedioxyethylamphetamine (MDEA) in environmentally exposed children.  

 Ninety-one children, environmentally exposed to household MAMP intake, were 

medically evaluated at the Child and Adolescent Abuse Resource and Evaluation 

(CAARE) Diagnostic and Treatment Center at the University of California, Davis (UCD) 

Children’s Hospital. MAMP, AMP, MDMA, MDA and MDEA were quantified in urine 

and OF by GCMS and in hair by LC-MS/MS.  

 Overall drug detection rates in OF, urine and hair were 6.9%, 22.1% and 77.8%, 

respectively. Seventy children (79%) tested positive for 1 or more drugs in 1 or more 

matrices. MAMP was the primary analyte detected in all 3 biological matrices. All 

positive OF (n=5) and 18 of 19 positive urine specimens also had a positive hair test.  

 Hair analysis offered a more sensitive tool for identifying MAMP, AMP and 

MDMA exposure in children than urine or OF testing. A negative urine, OF, or hair test 

does not exclude the possibility of drug exposure, but hair testing provided the greatest 

sensitivity for identifying drug-exposed children. 

 

Validation of the Only Commercially Available Immunoassay for Synthetic Cathinones in 

Urine: Randox Drugs of Abuse V Biochip Array Technology5 
 

 Deterrence of synthetic cathinone abuse is hampered by the lack of a high-

throughput immunoassay screen. The Randox DOA V biochip immunoassay contains 

two synthetic cathinones antibodies: Bath Salt I (BSI) targets mephedrone/methcathinone 

and Bath Salt II (BSII) targets MDPV/3’,4’-methylenedioxy-α-pyrrolidinobutiophenone 

(MDPBP). We evaluated DOA-V synthetic cathinones performance and conducted a full 

                                                           
5 Ellefsen et al. Drug Test Anal. 2014, 6 (7-8), 728-738. 
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validation on the original assay with calibrators reconstituted in water, and the new assay 

with calibrators prepared in lyophilized urine; both utilized the same antibodies and were 

run on the fully automated Evidence analyzer. 20,017 authentic military urine specimens 

were screened and confirmed by LC-MS/MS for 28 synthetic cathinones. LOD for the 

original and new assays were 0.35 and 0.18 (BSI), and 8.5 and 9.2µg/L (BSII), 

respectively. Linearity was acceptable (R2>0.98); however, a large negative bias was 

observed with in-house prepared calibrators. Intra-assay imprecision was <20% BSI-II, 

while inter-assay imprecision was 18-42% BSI and <22% BSII. Precision was acceptable 

for Randox controls. Cross-reactivities of many additional synthetic cathinones were 

determined. Authentic drug-free negative urine pH <4 produced false positive results for 

BSI (6.3µg/L) and BSII (473µg/L). Oxidizing agents reduced BSI and increased BSII 

results. Sensitivity, specificity, and efficiency of 100%, 52.1%, and 53.0% were obtained 

at manufacturer’s proposed cutoffs (BSI 5µg/L, BSII 30µg/L). Performance improved if 

cutoff concentrations increased (BSI 7.5µg/L, BSII 40µg/L); however, there were limited 

confirmed positive specimens. Currently, this is the first and only fully validated 

immunoassay for preliminary detection of synthetic cathinones in urine. 

High-resolution mass spectrometric metabolite profiling of a novel synthetic designer 

drug, N-(adamantan-1-yl)-1-(5-fluoropentyl)-1H-indole-3-carboxamide (STS-135), using 

cryopreserved human hepatocytes and assessment of metabolic stability with human liver 

microsomes.6 

 N-(Adamantan-1-yl)-1-(5-fluoropentyl)-1H-indole-3-carboxamide (STS-135) is a 

new SC in herbal incense products discussed on Internet drug user forums and identified 

in police seizures. To date, there are no STS-135 clinical or in vitro studies identifying 

                                                           
6 Gandhi et al. Drug Test Anal. 2014, doi:10.1002/dta.1662. [Epub ahead of print] 
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STS-135 metabolites. However, characterizing STS-135 metabolism is critical because 

SC metabolites can possess pharmacological activity and parent compounds are rarely 

detectable in urine. To characterize the metabolite profile, human hepatocytes were 

incubated with 10 µmol/L STS-135 for up to 3 h.  

 HRMS with software-assisted data mining identified 29 STS-135 metabolites. 

Less than 25% of STS-135 parent compound remained after 3 h incubation. Primary 

metabolites were generated by mono-, di- or trihydroxylation with and without ketone 

formation, dealkylation, and oxidative defluorination of N-fluoropentyl side chain or 

possible oxidation to carboxylic acid, some of them further glucuronidated. 

Hydroxylations occurred mainly on the aliphatic adamantane ring and less commonly on 

the N-pentyl side chain. At 1 h, phase I metabolites predominated, while at 3 h, phase II 

metabolites were present in higher amounts. The major metabolites were monohydroxy 

STS-135 (M25) and dihydroxy STS-135 (M21), both hydroxylated on the adamantane 

system. Moreover, metabolic stability of STS-135 (1 µmol/L) was assessed in HLM 

experiments. The in vitro half-life of STS-135 was 3.1 ± 0.2 min and CLint  was 208.8 

mL·min-1· kg-1. This is the first report characterizing STS-135 hepatic metabolic 

pathways. These data provide potential urinary targets to document STS-135 intake in 

clinical and forensic settings and potential candidates for pharmacological testing. 

Performance characteristics of an ELISA screening assay for urinary synthetic 

cannabinoids7 

 

 SC are marketed as legal alternatives to cannabis, as routine urine cannabinoid 

immunoassays do not detect SC. Laboratories are challenged to identify these new 

                                                           
7 Spinelli et al. Drug Test Anal. 2014, doi:10.1002/dta.1702. [Epub ahead of print] 
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designer drugs that are widely available and represent a major public health and safety 

problem. Immunoassay testing offers rapid separation of presumptive positive and 

negative specimens, prior to more costly and time-consuming chromatographic 

confirmation. The Neogen SPICE ELISA kit targets JWH-018 N-pentanoic acid as a 

marker for urinary SC. 

 Assay performance was evaluated by analyzing 2469 authentic urine samples with 

the Neogen immunoassay and LC-MS/MS. Two immunoassay cutoff concentrations, 5 

and 10 µg/L, classified samples as presumptive positive or negative, followed by 

qualitative LC-MS/MS confirmation for 29 SC markers with LOD of 0.5-10 µg/L to 

determine the assay's sensitivity, specificity and efficacy. Challenges at ±25% of each 

cut-off also were investigated to determine performance around the cutoff and intra- and 

inter-plate imprecision.  

 The immunoassay was linear from 1 to 250 µg/L (r2  = 0.992) with intra- and 

inter-plate imprecision of ≤5.3% and <9%, respectively. Sensitivity, specificity, and 

efficiency results with the 5 µg/L cut-off were 79.9%, 99.7%, and 97.4% and with the 

10 µg/L cut-off 69.3%, 99.8%, and 96.3%, respectively. Cross-reactivity was shown for 

18 of 73 SC markers evaluated. Good sensitivity, specificity, and efficiency, lack of 

sample preparation requirements, and rapid semi-automation documented that the 

Neogen SPICE ELISA kit is a viable method for screening SC in urine targeting JWH-

018 N-pentanoic acid. 
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Urinary prevalence, metabolite detection rates, temporal patterns and evaluation of 

suitable LC-MS/MS targets to document synthetic cannabinoid intake in US military 

urine specimens8 

 Identifying SC designer drug abuse challenges toxicologists and drug testing 

programs. The best analytical approach for reliably documenting intake of emerging SC 

is unknown. Primarily metabolites are found in urine, but optimal metabolite targets 

remain unknown, and definitive identification is complicated by converging metabolic 

pathways.  

 We screened 20,017 US military urine specimens collected from service members 

worldwide for SC between July 2011 and June 2012. We confirmed 1432 presumptive 

positive and 1069 presumptive negative specimens by qualitative LC-MS/MS analysis 

including 29 markers for JWH-018, JWH-073, JWH-081, JWH-122, JWH-200, JWH-

210, JWH-250, RCS-4, AM2201 and MAM2201. Specimen preparation included enzyme 

hydrolysis and acetonitrile precipitation prior to LC-MS/MS analysis. We evaluated 

individual synthetic cannabinoid metabolite detection rates, prevalence, temporal patterns 

and suitable targets for analytical procedures.  

 Prevalence was 1.4% with 290 confirmed positive specimens, 92% JWH-018, 

54% AM2201 and 39% JWH-122 metabolites. JWH-073, JWH-210 and JWH-250 also 

were identified in 37%, 4% and 8% of specimens, respectively. The USACIL seizure 

pattern for SC compounds matched our urine specimen results over the time frame of the 

study. Apart from one exception (AM2201), no parent compounds were observed. 

                                                           
8 Wohlfarth et al. Clin Chem Lab Med. 2014, doi:10.1515/cclm-2014-0612. [Epub ahead of print] 



 

284 
 

  Hydroxyalkyl metabolites accounted for most confirmed positive tests, and in 

many cases, two metabolites were identified, increasing confidence in the results, and 

improving detection rates. These data also emphasize the need for new designer drug 

metabolism studies to provide relevant targets for SC identification. 

Pentylindole/pentylindazole synthetic cannabinoids and their 5-fluoro analogs 

produce different primary metabolites:Metabolite profiling for AB-PINACA and 5F-

AB-PINACA9 

 

 Whereas non-fluoro pentylindole/indazole SC appear to be metabolized 

preferably at the pentyl chain though without clear preference for one specific position, 

their 5-fluoro analogs’ major metabolites usually, are 5-hydroxypentyl and pentanoic acid 

metabolites. We determined metabolic stability and metabolites of AB-PINACA and 5F-

AB-PINACA, two new SC and investigated if results were similar.  

 In silico prediction was performed with MetaSite™ (Molecular Discovery). For 

metabolic stability, 1µmol/L of each compound was incubated with HLM for up to 1h, 

and for metabolite profiling, 10µmol/L were incubated with pooled human hepatocytes 

for up to 3h. Also, authentic urine specimens from AB-PINACA cases were hydrolyzed 

and extracted. All samples were analyzed by LC-HRMS on a TripleTOF 5600+ (SCIEX) 

with gradient elution (0.1% formic acid in water and acetonitrile). Full scan HRMS and 

information-dependent acquisition MS/MS data were analyzed with MetabolitePilot™ 

(SCIEX) using different data processing algorithms. 

  Both drugs had intermediate-clearance. We identified 23 AB-PINACA 

metabolites, generated by carboxamide hydrolysis, hydroxylation, ketone formation, 

carboxylation, epoxide formation with subsequent hydrolysis or reaction combinations. 

                                                           
9 Wohlfarth et al. AAPS J. 2015, In press. 
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We identified 18 5F-AB-PINACA metabolites, generated by the same biotransformations 

and oxidative defluorination producing 5-hydroxypentyl and pentanoic acid metabolites 

shared with AB-PINACA. Authentic urine specimens documented presence of these 

metabolites.  

 AB-PINACA and 5F-AB-PINACA produced suggested metabolite patterns. AB-

PINACA was predominantly hydrolyzed to AB-PINACA carboxylic acid, carbonyl-AB-

PINACA and hydroxypentyl AB-PINACA, likely in 4-position. The most intense 5F-AB-

PINACA metabolites were AB-PINACA pentanoic acid and 5-hydroxypentyl-AB-

PINACA. 

 

Finis 

 NPS continue to pose public health and safety concerns. Currently, SC dominate 

the NPS market, appealing to recreational drug users. Analytical laboratories encounter 

challenges with NPS detection in biological matrices due to limited or unpublished 

pharmacokinetic data, which are critical for identifying markers. Analytical standards 

availability limit confirmation assays, but HRMS screening methods, valuable tools for 

NPS detection, can preliminarily identify NPS presence. With the difficulty of 

conducting human controlled drug administration studies, future in vitro HLM and 

human hepatocyte studies with HRMS are feasible alternatives for NPS metabolite 

stability and metabolite profiling determinations. In addition, future studies should 

investigate CYP450 phenotyping, drug-drug interactions, receptor binding studies and 

preclinical in vivo studies to determine pharmacodynamic effects. These data are critical 

for evaluating NPS toxicities, especially as NPS are often taken together. 
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