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ABSTRACT: Synthetic cannabinoids, which began proliferating in the United States in 2009, have gone through 
numerous iterations of modifi cation to their chemical structures. More recent generations of compounds have been 
associated with signifi cant adverse outcomes following use, including cognitive and psychomotor impairment, 
seizures, psychosis, tissue injury and death. These effects increase the urgency for forensic and public health 
laboratories to develop methods for the detection and identifi cation of novel substances, and apply these to the 
determination of their metabolism and disposition in biological samples. This comprehensive review describes the 
history of the appearance of the drugs in the United States, discusses the naming conventions emerging to designate 
new structures, and describes the most prominent new compounds linked to the adverse effects now associated 
with their use. We review in depth the metabolic pathways that have been elucidated for the major members of 
each of the prevalent synthetic cannabinoid drug subclasses, the enzyme systems responsible for their metabolism, 
and the use of in silico approaches to assist in predicting and identifying the metabolites of novel compounds and 
drug subclasses that will continue to appear. Finally, we review and critique analytical methods applied to the 
detection of the drugs and their metabolites, including immunoassay screening, and liquid chromatography mass 
spectrometry confi rmatory techniques applied to urine, serum, whole blood, oral fl uid, hair, and tissues.

KEYWORDS: Designer drugs, drug metabolism and disposition, synthetic cannabinoids, synthetic drug scheduling, 
toxicological analysis.

Introduction

 Initially thought to be a temporary distraction and a 
novelty, synthetic cannabinoid use in the United States 
and internationally has grown and diversifi ed over the 
last seven years to become a discrete and challenging 
part of the recreational drug use market. The diversity of 
members of this drug class has expanded rapidly, with 
over 130 different chemical substances in this class being 
tracked by the European Monitoring Center for Drugs and 
Drug Addiction (EMCDDA) [39]. In the United States, the 
National Forensic Laboratory Information System (NFLIS) 
continues to report increases in the numbers of synthetic 
cannabinoid cases submitted to crime laboratories for 
analysis, with almost half the of most common substances 
reported in mid-2014 having appeared on the list only this 
year (2015) [167].
 The practice in many crime laboratories of not 
reporting noncontrolled substances means that these 
data most likely represent a signifi cant underestimate. In 
addition, the medical and scientifi c literature is replete 
with increasing reports of adverse health effects associated 
with this untested drug class. In early 2014, adverse 
event reports, including emergency room admissions, 
impaired driving arrests, psychotic reactions, cardiac 
events, seizures, and acute kidney injury associated with 
synthetic cannabinoids were reviewed [55], as well as two 
sentinel cases of fatalities associated with the drugs. In 
the last year there have been numerous additional reports 

of serious adverse events, including more traffi c crashes 
[1,76,98], mass hospitalizations [96,148], psychotic 
reactions [106,123], cardiac arrest [25,68], and many 
more deaths [8,127,148,149,172]. This increased reporting 
refl ects the fact that more toxicological testing resources 
have become available to emergency medical providers, 
medical examiners, and law enforcement; however, the 
challenges of matching analytical resources to the needs 
of public health and public safety agencies have never 
been greater.
 The accelerating pace at which these drugs are reaching 
the market, their increased potency, and the complexity 
required for their chemical analysis lead to greater delays 
in identifying and controlling dangerous substances. In 
addition, the time lag between new drugs appearing on 
the street and laboratories developing the capabilities to 
detect them contributes to an underestimation of the scope 
of the problem, and thus failure to address the needs of 
the criminal justice and treatment communities.
 In an earlier and complementary review, we considered 
the pharmacology, receptor binding, toxicological effects, 
adverse-event profi le, human health effects, and forensic 
implications of use of synthetic cannabinoids on users [55].  
That review described the discovery and characterization 
of the endocannabinoid system, as well as receptor-binding 
studies of various synthetic cannabinoids from the fi rst 
wave of naphthoylindoles (e.g., JWH-018) to the emerging 
indazole carboxamide drugs (e.g., AKB48), and their 
analogs. The physiological effects of activation of the 



168

Forensic Science Review (www.forensicsciencereview.com)   •   Volume Twenty-Eight  Number Two  •  July 2016

 Brandon C. Presley earned his bachelor’s degree in chemistry from Temple University (Philadelphia, PA) in 2010. 
Mr. Presley is currently a Ph.D. candidate studying analytical chemistry at Temple University and is also employed 
as a forensic chemist at NMS Labs (Willow Grove, PA). He has worked previously in the clinical and forensic 
toxicology laboratory at NMS Labs and also participated in an abuse-deterrent formulations study to determine 
the ease of tampering and abuse of pharmaceutical preparations by drug users.
 Mr. Presley is currently a Future Faculty Fellow at Temple University and has also served as a graduate teaching 
assistant for an undergraduate research course. He is a member of the American Chemical Society (ACS) and the 
American Academy of Forensic Sciences (AAFS) and is a Project Task Group member of the International Union 
of Pure and Applied Chemistry (IUPAC) for a project on novel psychoactive substances. Mr. Presley’s research 
interests include the metabolism and analysis of drug molecules in biological matrices as well as determining 
quantitative structure-activity relationships (QSAR) and retention relationships (QSRR) of various drug classes.
 Research that Mr. Presley has conducted includes the analysis of prostaglandins and thromboxanes as 
infl ammatory biomarkers for rheumatoid arthritis by HPLC; synthesis of heterocyclic indole derivatives for use as 
inhibitors in disease modeling; synthesis and characterization of transition-metal complexes using benzenedithiol 
for use in scintillators. He has given a number of research presentations at various locations including the IUPAC 
Chemistry World Congress; Southwestern Association of Forensic Scientists and Northeastern Association of 
Forensic Scientists regional meetings; Drexel University, Eastern Analytical Symposium; ACS national meetings, 
and the Pennsylvania Senate and House of Representatives. 

Susan M. R. Gurney earned a bachelor’s degree (2000) in cell biology and pathology from the University of St. 
Andrews (St. Andrews, UK), an M.Sc. in forensic science (2007) from Anglia Ruskin University (Cambridge, 
UK), an M.Sc. in molecular biology (2011) from the University of Cambridge (Cambridge, UK), and a Ph.D. in 
genetics (2012) from the University of Münster (Münster, Germany). Dr. Gurney is an assistant teaching professor 
in the Department of Biology, Drexel University (Philadelphia, PA). Courses taught at Drexel University include 
forensic toxicology, forensic biology, and advanced immunology.
 Dr. Gurney’s doctoral research involved examining human and equid mitochondrial DNA for forensic and
evolutionary applications, and she continues to pursue new research developments on these topics. In 2011–12, Dr. Gurney 
carried out an internship in forensic toxicology in the Department of Forensic Medicine and Science at Glasgow University 
(Glasgow, UK), performing analyses on biological samples provided as forensic casework and specializing in LC-MS/MS.
Since 2012, Dr. Gurney has worked as a co-director for Roots for Real (Fluxus Technology: Cambridge, UK), a 
DNA ancestry service that performs mitochondrial and Y-chromosomal profi ling.

Karen S. Scott has a bachelor of science (honors) degree (1994) in forensic and analytical chemistry from the 
University of Strathclyde (Glasgow, UK) and a Ph.D. (1998) in forensic toxicology from the University of Glasgow 
(Glasgow, UK). Dr. Scott has been director of the Forensic Science Program and an associate professor at Arcadia 
University (Glenside, PA) since October 2012. On completion of her degrees, Dr. Scott carried out postdoctoral 
research in Tokyo, Japan, investigating incorporation rates and detection of drugs in hair. Prior to joining Arcadia 
University, Dr. Scott held the position of senior lecturer and consultant forensic toxicologist at Forensic Medicine 
and Science, University of Glasgow. 
 She has over 18 years of experience in the fi elds of forensic and clinical toxicology. Dr. Scott has published 
in the areas of postmortem toxicology and hair and alternative matrix testing and is a reviewer for three of the 
main forensic toxicology journals. She is a chartered scientist, a chartered chemist, and an authorized analyst for 
the purposes of Section 16 of the Road Traffi c Offenders Act (UK).

Sherri L. Kacinko earned her bachelor of science degree in chemistry at the University of Pittsburgh (Johnstown, 
PA) and took graduate classes in forensic science at George Washington University (Washington, DC). She received 
her Ph.D. in toxicology at the University of Maryland (Baltimore, MD). Dr. Kacinko is now a toxicologist at NMS 
Labs and an adjunct faculty member in the chemistry department at Arcadia University. 

ABOUT THE AUTHORS
B. C. Presley; S. M. R. Gurney

K. S. Scott; S. L. Kacinko; B. K. Logan



169

Presley, Gurney, Scott, Kacinko & Logan • Metabolism and Toxicological Analysis of Synthetic Cannabinoids

 Upon finishing her undergraduate education, Dr. Kacinko performed pharmaceutical quality control at Lancaster 
Laboratories (Lancaster, PA), then worked for three years as a crime laboratory analyst in the chemistry section of the 
Florida Department of Law Enforcement’s Orlando Regional Operations Center (Orlando, FL). Dr. Kacinko is board 
certified by the American Board of Forensic Toxicologists (ABFT). In recognition of her work and contributions, 
Dr. Kacinko has received the AAFS Irving Sunshine Award.

Barry K. Logan earned his bachelor's degree (1982) in chemistry and Ph.D. degree (1986) in forensic toxicology 
from the University of Glasgow (Glasgow, UK). Dr. Logan is vice president of forensic sciences and chief of forensic 
toxicology at NMS Labs in Willow Grove, PA, where his responsibilities include management of toxicology resources, 
new test design and development, and expert testimony in forensic toxicology and chemistry. He is frequently 
consulted as an expert in death investigation and impaired driving and vehicular crimes cases.
 He is a Fellow of the ABFT and has over 100 publications in toxicology and analytical chemistry, including 
work on the effects of drugs and driving impairment, and cause and manner of death for a wide range of drugs 
and toxins. His recent work has focused on the analytical and interpretive toxicology of emerging recreational and 
designer drugs. 
 Dr. Logan’s other appointments include executive director of the Robert F. Borkenstein course at Indiana 
University (Bloomington, IN), and executive director at the Center for Forensic Science Research and Education at 
the Fredric Rieders Family Foundation in suburban Philadelphia. He also holds academic appointments at Indiana 
University, Arcadia University, Thomas Jefferson University (Philadelphia, PA), and Temple University, and he 
oversees a variety of research initiatives with academic institutions and medical examiners’ offi ces.
 In recognition of his work and contributions, Dr. Logan has received numerous national and international 
awards including the AAFS Rolla N. Harger Award, the International Council on Alcohol, Drugs and Traffi c Safety 
(ICADTS) Widmark Award, the National Safety Council’s Robert F. Borkenstein Award; in 2013–14 he served as 
president of the AAFS.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




