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	Structure Bookmarks
	According to 2013 data from the National Survey on Drug Use and Health, an estimated 24.6 million Americans had used illicit substances within the prior month (1). The emergence of novel psychoactive substances (NPS), which refers to a broad category of products containing unregulated constituents that are readily available, has created a growing trend in young adults as popular substances of abuse (2). Their widespread availability, ease of purchase, and not being included in routine drug testing are cited
	 
	Further, metabolic studies for novel drugs remain limited.  Current research shows that many of the parent compounds in the NPS category are unstable or extensively metabolized, reinforcing the importance of determining the identity of metabolites and breakdown products in order to detect use of these novel drugs in urine samples (21). Much of the existing research on metabolism of emerging NPS is limited only to in vitro studies and while of qualitative value these profiles frequently do not reflect the re
	The rapid evolution of the NPS drug market has resulted in limited or delayed information regarding recreational drug use trends and appropriate markers for use in biological specimens.    The collection of multiple paired blood, urine and oral fluid samples provided a comprehensive approach for analysis that included: identification of parent drug; the presence of metabolites and their relative prevalence in authentic specimens; ability to investigate the viability of oral fluid a as a noninvasive biologic
	 
	Methods 
	 
	Sample Collection 
	All research was Institutional Review Board (IRB) reviewed, approved and conducted in full compliance with U.S. Federal Policy for the Protection of Human Subjects (Basic DHHS Policy for Protection of Human Research Subjects; 56 FR 28003).  A total of 396 subjects (188 males; 127 females; 81 unidentified) were verbally recruited by peer recruiters for this study at an EDM festival in Miami in the spring of 2014 and 2015.  Consenting participants provided demographic information and whether or not they had t
	 
	Sample Analysis 
	Initially, all survey data were compiled into an Excel spreadsheet to allow for data management purposes.  All biological samples were initially screened for common drugs of abuse, therapeutic compounds, and emerging NPS using a variety of approaches described below.  Any sample that screened positive for one or more drugs was sent for confirmatory analysis and quantitation when appropriate.  An overview of the biological sample analysis including the location for the analysis and analytical platform for bo
	 
	Figure 1 Summary of biological sample analysis by specimen type including location of analysis and analytical platform for screening and confirmatory methods.   
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	According to 2013 data from the National Survey on Drug Use and Health, an estimated 24.6 million Americans had used illicit substances within the prior month (1). The emergence of “designer drugs,” “legal highs,” or “club drugs,” which refers to a broad category of products containing unregulated psychoactive constituents that are easily attainable via the internet, gas stations, and smoke or head shops, has created a growing trend in young adults as popular substances of abuse (2). Their widespread availa
	 
	 
	Further, metabolic studies for novel drugs remain limited, and generally metabolite elucidation occurs some later time after establishing the identity of the parent compound, if at all.     Current research shows that many of the parent compounds are unstable or extensively metabolized, indicating the importance of determination of the identity of metabolites and breakdown products in order to detect use of these emerging drugs in urine samples (29). Because of the nature of synthetic drugs and the inabilit
	The rapid evolution of the NPS drug market has resulted in limited or delayed information regarding recreational drug use trends and appropriate markers for use in biological specimens.    The collection of multiple paired blood, urine and oral fluid samples provided a comprehensive approach for analysis that included: identification of parent drug; the presence of metabolites and their relative prevalence in authentic specimens; ability to investigate the viability of oral fluid a as a noninvasive biologic
	Methods 
	 
	Human Subjects  
	All research was Institutional Review Board (IRB) reviewed, approved and conducted in full compliance with U.S. Federal Policy for the Protection of Human Subjects (Basic DHHS Policy for Protection of Human Research Subjects; 56 FR 28003).  Arcadia University’s Committee for the Protection of Research Subjects: Institutional Review Board (IRB) reviews all research involving human subjects, regardless of funding source, to ascertain that the rights and welfare of subjects are being protected.  The IRB is res
	 
	Sample Collection 
	Over the course of two years, a total of 396 (>18 y.o.) human volunteers (188 males; 127 females; 81 unidentified) were recruited for this study at an EDM festival in Miami in the spring of 2014 and 2015.  Volunteers were verbally recruited by peer recruiters, who approached potential volunteers on their way to the main entrance of the event.  The purpose and significance of the project were thoroughly explained to each volunteer.  If preliminarily agreeable to participate, subjects were escorted a short di
	 
	Survey Data:  Volunteers were asked a series of pre-approved questions that included age, gender and whether or not they had taken any medication or recreational drug with the last week.  Participants who answered “yes” to that question were asked a series of follow-up questions about what substances they had ingested, symptoms experienced while taking the substance, method of ingestion, dosage, and how long ago they had taken that substance (Appendix A).    
	 
	Blood Samples:  Donors were escorted into a private collection facility where two samples of whole blood (~7 milliliters each) were collected from the antecubital vein by the trained phlebotomist.  The blood was drawn into a sterile vacuum tube containing an anticoagulant and a preservative.  Samples were initially stored refrigerated (4˚C) prior to being frozen (-80˚C) until analysis.   
	Urine Samples:  Donors were directed to deposit a urine sample into a sterile collection cup provided by the research team in a private lavatory.  Samples were initially stored refrigerated (4˚C) prior to being frozen (-80˚C) until analysis.   
	 
	Oral Fluid Samples:  Oral fluid samples were collected using the Immunalysis Quantisal™ device.  As per manufacturer’s instructions, donors were directed to place the sorbent pad collector under the tongue and close their mouth until the adequacy indicator turned blue, indicating the approximately one milliliter (mL) of sample had been collected.  The collector was then transferred into the transport tube, which contains three mL of stabilizing buffer.   Samples were initially stored refrigerated (4˚C) prior
	 
	After each sample collection, signed informed consent documents and survey data (unlinked) were transported back to Willow Grove, Pennsylvania for storage and tabulation.  Blood and oral fluid samples were shipped overnight on dry ice to The Center (Willow Grove, PA) for analysis.  Urine specimens were shipped overnight on dry ice to the Armed Forces Medical Examiner’s Office: Division of Forensic Toxicology (Dover, DE).  
	 
	Sample Analysis 
	Initially, all survey data, including demographic information, such as age and gender as well user reports of all medicinal and recreational drugs ingested within the last week, method of ingestion, and dosage were compiled into an Excel spreadsheet for comparison and management of the data.  All biological samples were initially screened for common drugs of abuse, therapeutic compounds, and emerging NPS by the appropriate methods described below.  Any sample that screened positive for one or more drugs wer
	 
	 
	 
	 
	 
	Figure 1 Summary of biological sample analysis by specimen type including location of analysis and analytical platform for screening and confirmatory methods.    
	 
	Blood Samples:  Upon arrival at The Center, one of the two blood samples collected at the event was thawed to allow the sample to be subdivided into 0.5 mL and 1 mL aliquots which were refrozen until needed to prevent the possible degradation of unstable compounds due to multiple freeze-thaw cycles.   
	 
	Alcohol – Blood samples were analyzed for the presence of ethanol over a range from 10-400 mg/dL.  Samples were prepared by diluting 100 µL of sample with 900 µL of 0.01% n-propanol using a Hamilton Microlab 600 Series Pipettor Dilutor.  Samples collected in 2014 were analyzed using a Headspace Autosampler 7694 Hewlett Packard 5890N gas chromatograph flame ionization detector on a 30 meter Restex Rtx®-BAC PLUS 1 (320 µm diameter, 1.80 µm film thickness) column with an initial injection temperature of 240°C 
	8.5 minutes.  Quantitative values were determined by comparing samples to a calibration curve (10-400 mg/dL), which was required to have a correlation coefficient of 0.98 or greater as well as having controls at 50 mg/dL and 300 mg/dL quantitate within 10% of their target value.   
	 
	Blood samples (0.5 mL) were made strongly basic using 0.1 M borax buffer (pH 10.4) and extracted into 70:30 n-butyl chloride/ethyl acetate.  Samples were dried to completion at 33˚C and reconstituted in 200 µL 5 mM ammonium acetate (pH 3) and 0.1% formic acid in acetonitrile (90:10).  All blood samples were screened using a Waters ACQUITY UPLC® I Class Waters Xevo® G2-S QTOF.  Analytical separation was achieved using an ACQUITY UPLC® BEH C18 (2.1 mm x 150 mm, particle size 1.8 micron) column at 50˚C with a fl
	 
	Confirmation – Samples that screened positive for an NPS (alpha-PVP, butylone, ethylone, dimethylone, methylone, and/or 4-fluroamphetamine) were confirmed at The Center using a method developed in-house and validated according to the SWGTOX guidelines. (Validation parameters and performance characteristics can be found in Appendix C).  Samples that screened positive for selected therapeutic drugs and common drugs of abuse were confirmed by NMS Labs.  
	 
	NPS Panel (Alpha-PVP, Butylone, Ethylone, Dimethylone, Methylone, and/or 4-fluroamphetamine) – 0.5 mL of sample was extracted using a liquid/liquid extraction.  Samples were made basic using borax buffer and extracted into 70:30 N-butyl chloride:Ethyl Acetate.  Samples were analyzed at The Center using a Waters Quattro Micro tandem mass spectrometer with a Waters Acquity Ultra Performance liquid chromatograph system.  Full method details can be found in Appendix B. 
	 
	Amphetamines Panel (Amphetamine, Phentermine, Methamphetamine, Phenylpropanolamine, MDA, Ephedrine, MDEA, Methylephedrine, MDMA, Pseudoephedrine, Phendimetrazine, Norpseudoephedrine, Phenmetrazine, Selegiline) –200 µL of sample was combined with 200 µL of Trichloroacetic Acid (TCA) and centrifuged with 100 µL of the supernatant was transferred for analysis.  Samples were analyzed at NMS Labs using Waters Micromass Quattro Premier tandem mass spectrometer coupled to a Waters Acquity Ultra Performance liquid 
	 
	Benzodiazepines (Alprazolam, Hydroxyalprazolam, Triazolam, Hydroxytriazolam, Midazolam, Estazolam, Lorazepam, Clobazam, Diazepam, Nordiazepam, Oxazepam, Temazepam, Clonazepam, 7-Aminoclonazepam, Flurazepam, Desalkylflurazepam, Hydroxyethylflurazepam, Chlordiazepoxide) – 200 µL of sample was made basic using carbonate buffer and extracted into Methyl-t-Butyl-Ether (MTBE).  Samples were analyzed at NMS Labs using Waters Micromass Quattro Premier or TQD tandem mass spectrometer coupled to a Waters Acquity Ultr
	 
	Cocaine and Metabolites (Cocaine, Cocaethylene, Benzoylecgonine) – 0.5 mL of sample was extracted using a UCT Clean Screen® 130 mg solid phase extraction column. Samples were buffered with phosphate buffer (pH 6) and eluted using Methylene Chloride:Isopropanol:Ammonium Hydroxide (78:20:2).  Samples were analyzed at NMS Labs using an Agilent 6890 gas chromatograph 5973 mass spectrometer.  Full method details can be found in Appendix B. 
	      
	Opiates Panel (Morphine, Hydromorphone, Oxymorphone, Codeine, Dihydrocodeine, Hydrocodone and Oxycodone) – 200 µL of sample was extracted using a UCT Clean Screen® 130 mg solid phase extraction column and eluted with Ethyl Acetate:Ammonium Hydroxide:Isopropanol (78:2:20).  Samples were hydrolyzed prior to extraction.  Samples were analyzed at NMS Labs using a Waters TQS tandem mass spectrometer with a Waters Acquity Ultra Performance liquid chromatograph system.  Full method details can be found in Appendix
	 
	Cannabinoids Panel (Delta-9-THC, Cannabidiol, Delta-9-Carboxy THC, 11-Hydroxy-Delta-9-THC) – 0.5 mL of sample was extracted using a liquid-liquid extraction.  Samples were acidified using phosphoric acid in deionized water and extracted into Hexane:Ethyl Acetate:MTBE (80:10:10) and analyzed at NMS Labs using an Agilent 7890 gas 
	chromatograph 5975 mass spectrometer.  Full method details can be found in Appendix B. 
	 
	Urine Samples: Upon arrival at AFMES, the urine samples collected at the event were allowed to thaw at room temperature to allow for several 1 and 2 mL aliquots to be made for screening and confirmation purposes, which were then refrozen to prevent the possible degradation of unstable compounds due to multiple freeze thaw cycles.  All analyses, processing and results were subject the criteria set forth by AFMES.    
	 
	Alcohol – Urine samples were analyzed for the presence of ethanol over a range from 5-600 mg/dL.  Samples were prepared by diluting 250 µL of sample with 2500 µL of working internal standard (2 mg/dL methyl-ethyl-ketone) and the caps were immediately crimped.  Samples were analyzed using a 7679A Headspace Autosampler 7890N Gas Chromatograph Flame Ionization Detector on a 30 meter Restex Rtx®-BAC PLUS 2 (320 µm diameter, 0.60 µm film thickness) column with an initial injection temperature of 240°C and an iso
	 
	Drug Screening – All urine specimens were screened at the AFMES Laboratory in Dover, DE, via several analytical techniques including immunoassay, gas chromatography mass spectrometry (GC-MS), liquid chromatography time of flight (LCTOF) and RapidFire tandem mass spectrometry (MS/MS). 
	 
	Immunoassay Screen – Urine samples were screened via immunoassay analysis using a Hitachi Modular P Analyzer. The following reagents were utilized for presumptive testing:  Roche Online DAT Amphetamines II and Opiates II, Microgenics DRI® Barbiturates, Ecstasy, Methadone, Oxycodone, Phencyclidine, and THC, Microgenics CEDIA® Benzodiazepine, heroin Metabolite (6-AM), K2 and LSD, and Siemens/Syva EMIT® II Plus Cocaine Metabolite. After calibration was performed, quality controls were analyzed. After every 20 
	 
	GC/MS Base Screen – Urine samples (2 mL) were buffered by adding 3 mL 100 mM phosphate buffer (pH6.0). Next, 100 µL of internal standard mixture was added to the sample. Solid phase extraction was performed on each specimen by first conditioning the column (2 mL methanol followed by 3 mL DI H2O followed by 2 mL 100 mM 
	phosphate buffer (pH 6.0)), followed by loading the samples onto the UCT Clean Screen® DAU Extraction Columns, next a wash was performed (2 mL DI H2O, 2 mL 20% acetonitrile in DI H2O, 1 mL 100 mM acetic acid, dry column for 5 minutes, 2 mL hexane, 3 mL methanol, dry column for 10 minutes), with the final elution requiring 2 mL Elution Solvent (isopropanol, ammonium hydroxide, and methylene chloride). A volume of 10 µL of 10% HCl is added to each test tube prior to drying down the samples in a Zymark® Turbo 
	 
	QTOF Base Screen – Urine samples (0.5 mL) were buffered by adding 3 mL 100 mM phosphate buffer (pH6.0). Next, 25 µL of internal standard mixture was added to the sample. Solid phase extraction was performed on each specimen by first conditioning the column (3 mL methanol followed by 3 mL DI H2O followed by 2 mL 100 mM phosphate buffer (pH 6.0)), followed by loading the samples onto the UCT Clean Screen® DAU Extraction Columns, next a wash was performed (3 mL DI H2O, 1 mL acetic acid, 3 mL methanol, dry colu
	 
	Rapid Fire tandem MS –All urine samples were screened for synthetic cannabinoids and synthetic cathinones using the Agilent RapidFire 365 coupled to an Agilent 6460 tandem 
	mass spectrometer.  The automated high-capacity sample analysis is designed to provide a faster and more efficient analysis of samples in biological matrices by enabling direct, enzymatic detection of native analytes as well as analyzing multiple assays in a single run.  Urine samples (50 µL) were added to individual wells of a 96-well plated and combined with 25 µL of internal standard and 25 µL of sodium hydroxide (0.3N) followed by 150 µL of diluent.  The plate was sealed and centrifuged at 3000 rpm for 
	 
	Confirmation – Samples that screened positive for an NPS (alpha-PVP, butylone, ethylone, dimethylone, methylone, 2C-B and/or 4-fluoroamphetamine) or for selected therapeutic drugs and common drugs of abuse were confirmed by AFMES.  
	 
	NPS Panel (methylone, ethylone, butylone, 4-fluoroamphetamine, alpha-PVP, dimethylone, 2C-B) – 2 mL of sample was extracted using a liquid-liquid extraction.  Samples were made basic using sodium borate and concentrated ammonium hydroxide and extracted into chlorobutane. Samples were analyzed using an Agilent 1100 series liquid chromatograph coupled to a Sciex 3200 QTrap tandem mass spectrometer. Full method details can be found in Appendix B. 
	 
	Amines Panel (Amphetamine, Methamphetamine, Phenylpropanolamine, MDA, Ephedrine, MDMA, Pseudoephedrine) –2 mL of sample was combined with 4 drops of KOH and underwent a liquid-liquid extraction. After reconstitution with ethyl acetate, samples were analyzed on an Agilent 6890 gas chromatograph coupled with an Agilent 5975 mass spectrometer. Full method details can be found in Appendix B. 
	 
	Benzodiazepines (Alprazolam, Hydroxyalprazolam, Hydroxytriazolam, Midazolam, Hydroxymidazolam, Lorazepam, Diazepam, Nordiazepam, Oxazepam, Temazepam, Clonazepam, 7-Aminoclonazepam, Desalkylflurazepam) – 1 mL of sample was made acidic using 0.1M sodium acetate buffer before undergoing solid phase extraction using a Phenomenex Strata-XC column. After derivatization with 4:1 Acetonitrile:MTBSTFA w/1% TBDMCS, samples were analyzed on an Agilent 6890 gas chromatograph coupled with an Agilent 5975 mass spectromet
	 
	Cocaine and Metabolites (Cocaine, Cocaethylene, Benzoylecgonine) – 1 mL of sample was extracted using a UCT Clean Screen® 130 mg solid phase extraction column. Samples were buffered with phosphate buffer (pH 6) and eluted using dichloromethane:Isopropanol:ammonium hydroxide (78:20:2).  After reconstitution with ethyl acetate, samples were analyzed on an Agilent 6890 gas chromatograph coupled with an Agilent 5975 mass spectrometer. Full method details can be found in Appendix B. 
	      
	Opiates Panel (Morphine, Hydromorphone, Oxymorphone, Codeine, Hydrocodone and Oxycodone) – 2 mL of sample was extracted using a UCT Clean Screen® 130 mg solid phase extraction column and eluted with 2% ammonium hydroxide in ethyl acetate:methanol (2:1).  Samples were hydrolyzed prior to extraction. After reconstitution with acetonitrile and BSTFA with 1% TMCS, samples were analyzed on an Agilent 6890 gas chromatograph coupled with an Agilent 5975 mass spectrometer. Full method details can be found in Append
	 
	Cannabinoids Panel (Delta-9-Carboxy THC) – 2 mL of sample was extracted using a liquid liquid extraction.   Samples were first basified using KOH in deionized water and extracted with Hexane:Ethyl acetate (7:1). They were then acidified using hydrochloric acid and extracted into Hexane:Ethyl acetate (7:1) and were analyzed on an Agilent 6890 gas chromatograph coupled with an Agilent 5975 mass spectrometer. Full method details can be found in Appendix B.  
	  
	NPS Panel (Alpha-PVP, Butylone, Ethylone, Dimethylone, Methylone, and/or 4-fluroamphetamine) – 1 mL of sample was extracted using a liquid/liquid extraction.  Samples were made basic using borax buffer and extracted into 70:30 N-butyl chloride:Ethyl Acetate.  Samples were analyzed at The Center using a Waters Quattro Micro tandem mass spectrometer with a Waters Acquity Ultra Performance liquid chromatograph system.  Full method details can be found in Appendix B. 
	THC (THC) – 0.5 mL of sample was extracted using a liquid-liquid extraction. Samples were acidified using phosphoric acid in deionized water and extracted into hexane:ethyl acetate:MTBE (80:10:10). Analysis was performed using an Agilent 1100 series liquid chromatograph coupled to an Agilent 6430 tandem mass spectrometer (LC-MS/MS).  Full method details can be found in Appendix B. 
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