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ABSTRACT

25B-NBOMeand25C-NBOMearepotent5-HT,, receptoragonistshathavebeenassociateavith

inducing hallucinogeniceffectsin drug usersand severeintoxications. This paperdescribesthe

identification of their metabolitesin rat and humanurine by liquid chromatographyLC)-high

resolution(HR)-MS/MS,thecomparisorof metaboliteformationin vitro andin vivo andin different
speciesthegenerainvolvementof humancytochrome-P45QCYP)isoenzymesntheirmetabolism
steps,andtheir detectabilityby standardurine screeningapproache¢SUSAs)using GC-MS, LC-

MS", or LC-HR-MS/MS. Both NBOMe derivativeswere mainly metabolizedoy O-demethylation,
0,0-bis-demethylationhiydroxylation,andcombinationsaswell asby glucuronidatiorandsulfation
of themainphasd metabolitesFor25B-NBOMe,66 metabolitexouldbeidentifiedand69 for 25C-

NBOMe. After applicationof low dosesof both substanceto rats,they weredetectablenainly via

their metabolitesy both LC-basedSUSAS.In caseof acuteintoxication,it waspossibleto detect
25B-NBOMeandits metabolitesn anauthentichumanurine samplewhenusingthe GC-MS SUSA
in addition to the LC-basedSUSAs. Initial CYP activity screeningrevealedthe involvementof

CYP1A2 and CYP3A4 in hydroxylationand CYP2C9 and CYP2C19in O-demethylation.The

presentedtudydemonstratethat25B-NBOMeand25C-NBOMewereextensivelymetabolizedand

detectabldy bothLC-basedSUSAs.

Keywords:

25B-NBOMe

25C-NBOMe

new psychoactivesubstance
metabolism
cytochrome-P450

LC-MS"

LC-HR-MS/MS
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1. Introduction

Accordingto annualdrugreportspublishedby the EuropearMonitoring Centrefor DrugsandDrug
Addiction (EMCDDA) and United Nations Office on Drugs and Crime (UNODC) [1-4], the
availability and abuseof new psychoactivesubstance$NPS)increasedduring the last few years.
Besidessyntheticcannabinoidsgathinonesppioids,andtryptaminesthe groupof phenethylamines
gainedmoreimportancen thelastyears[5]. Amongothers the so-called2C-typephenethylamines
havebeena constantfeaturein the detectionof NPS[6]. They werefirst describedoy Alexander
Shulginin hisbookPIHKAL [7]. Like manyphenethylaminegheyhavepowerfulpsychoactivend
stimulating effects [7,8]. Although many of them have been scheduled,new and uncontrolled
alternativeshaveemerged Structure-activityrelationshipstudiesrevealedthat derivatizationof the
primaryamineof the 2C partial structurewith a 2-methoxybenzysubstituensignificantlyincreased
the affinity towardthe serotonin5-HT,, receptor thus, mediatingpotenthallucinogeniceffects[9-
12]. The resulting2C derivatives,the so-calledNBOMes (N-2-methoxybenzyphenethylamines),
representa new group of potentphenethylaminehallucinogenswith high abusepotential. 2-(4-
Bromo-2,5-dimethoxyphenyl}-[(2-methoxyAphenyl)methyllethanaming25B-NBOMe, 2C-B-
NBOMe), 2-(4-chloro-2,5-dimethoxyphenyN-[(2-methoxyAphenyl)methyl]lethanaming(25C-
NBOMe, 2C-C-NBOMe), and 2-(4-iodo-2,5-dimethoxypheny M- (2-
methoxyphenyl)methyllethanamin@5I-NBOMe, 2C-I-NBOMe) are among the most prevalent
NBOMes.Theyareconsumediependingon desiredeffectsin reporteddosagedvetween200-1,000
I g, administerecbrally, sublingually,bucally or insufflatedas powderor in solutionasnosespray
[8,13-20] In recentyears,NBOMe consumptionwasdescribedn the contextof acuteandsevere
intoxicationsandfatalities[8,14-18,21,22]In somecasesanunintentionaintakeof NBOMes,sold
asLSD or 2Cs,werefoundto beresponsibléor adverseeventy8,15,19,22]However,25B-NBOMe
has also beenemployedin positron emissiontomography(PET) in humanvolunteersto assess

bindingof this ligandin distinctbrainareasandat non-psychoactiveosagdevels[23,24]
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4
Due to high receptoraffinity and functional activity as full agonists,comparativelylow doses,

comparablé¢o LSD, areneededo inducepsychoactiveffects.Consequentlytheresultinglow blood
plasmaor urine concentrationgan makeit challengingto identify and characterizehe intake of

NBOMes.In urine, the concentratiorof compoundss generallyhigherthanin blood, butin many
casesmetabolitegatherthanthe parentcompoundsarethe targets.Therefore,metabolismstudies
areneededor thedevelopmenbf urinescreeningpproacheslhecomprehensivenetabolisnstudy
for 251-NBOMe revealedthat it was extensivelymetabolizedand that the parentcompoundwas
foundin urineonly in smallamountq25].

Recently,Wohlfarthet al. [26] describedhe metabolismof 25C-NBOMeand25I-NBOMein mice
and humanurine aswell asin humanhepatocytesand the reportedresultswere consistentwith

previouslypublishedhumanandrat datafor 25I-NBOMe[25]. For 25B-NBOMe,only limited data
on its biotransformationare available[27,28], and for both compoundsho comprehensivalata
appearto be available on their detectability. Therefore,the aims of the presentstudy were to

investigatethe metabolismof 25B-NBOMe and 25C-NBOMein rats and humanswith LC-HR-

MS/MS, to comparethe resultswith in vitro andin vivo dataandbetweendifferentspeciesandto

investigatetheir detectabilityby the authors@tandardurine screeningapproache$SUSA) by GC-

MS, LC-MS", andLC-HR-MS/MS, respectively.

2. Experimental

2.1.Chemicalsandreagents

25B-NBOMe hydrochlorideand 25C-NBOMe hydrochloridewere purchasedoy LGC Standards

(Wesel,Germany).Isolute HCX cartridges(130 mg, 3 mL) were obtainedfrom Biotage(Uppsala,

Sweden)jsocitrateandisocitratedehydrogenasiom Sigma(Taufkirchen,Germany) NADP* from

Biomol (Hamburg,Germany),acetonitrile(LC-MS grade),ammoniumformate (analyticalgrade),
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5
formic acid (LC-MS grade),methanol(LC-MS grade),mixture (100,000Fishmanunits/mL) of
glucuronidas€ECNo. 3.2.1.31)andarylsulfatas€ EC No. 3.1.6.1)from Helix Pomatiaandall other
chemicalsand reagents(analytical grade) from VWR (Darmstadt,Germany).The baculovirus-
infectedinsectcell microsomegSupersomesgontainingl nmol/mL of humancDNA-expressed
CYP1A2, CYP2A6, CYP2B6, CYP2C8,CYP2C9,CYP2C19,CYP2D6, CYP2EL (2 nmol/mL),
CYP3A4, or CYP3AS5 (2 nmol/mL) were obtainedfrom Corning (Amsterdam,The Netherlands).
After delivery,the CYPswerethawedat 37C, aliquoted snap-frozerin liquid nitrogen,andstoredat

-80;C until use.

2.2.Urine samples

Accordingto an establishedstudy design[29], the investigationswere performedusing rat urine
samplesfrom male Wistar rats (CharlesRiver, Sulzfeld, Germany)for toxicological diagnostic
reasonsccordingto Germanlaw. Both compoundsvereadministeredn anaqueoususpensiofy
gastricintubationof a single 10 mg/kg body weight (BW) dosefor identificationof the metabolites
andof 0.1 mg/kg BW for screeningdosecalculatedbasedon commonsingledosereportedin trip
reportg(https://www.erowid.organdscaledoy dose-by-factoapproachrom manto rataccordingo
SharmaandMcNeill [30]), respectivelyTheratswerehousedn metabolisncagedor 24 h, having
wateradlibitum. Urine wascollectedseparatelyrom fecesovera 24 h period.Blank urine samples
were collected before drug administrationto verify that the sampleswere free of interfering
compoundsThe samplesveredirectly analyzedandthenstoredat-20;C.

In addition, for 25B-NBOMe, an authenticante mortem humanurine sampleafter unintentional
intakeof anunknowndoseof 25B-NBOMe (declaredas2C-B) submittedto the authors@boratory

for toxicologicaldiagnosticsvasalsoanalyzed.

2.3.Samplepreparation
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2.3.1.Samplepreparationfor identificationof phasel metabolitedy LC-HR-MS/MS

Accordingto apublishedorocedurg29], 2 mL of urinewasadjustedo pH 5.2with aceticacid (1 M,
approximately50 M *andincubatedat 50 jC for 2 h with 50 M bf a mixture of glucuronidaseind
arylsulfataseThe urine samplewasthenloadedon anHCX cartridgepreviouslyconditionedwith 1
mL of methanobndl mL of water.After passagef thesamplethecartridgewaswashedvith 1 mL
of water,1 mL of 0.01M hydrochloricacid,andagainwith 1 mL of water.The acidic and neutral
compoundsvereelutedwith 1 mL of methanointo a1l.5mL reactionvial andevaporatedo dryness
undera streamof nitrogen.In thesamereactionvial, the basiccompoundsvereelutedwith 1 mL of
afreshlypreparednixtureof methanol/aqueoummmonia32%(98:2,v/v). After anotherevaporation
steptheresiduesverereconstitutedvith 50 M df amixtureof eluentA andB (1:1,v/v) for LC-HR-

MS/MS analysisA M aliguotwastheninjectedontothe LC-HR-MS/MS.

2.3.2.SamplePreparationfor theidentificationof phasel metabolitesand MBPs

Accordingto a publishedprocedurdg29], 100 M ®f urinewasmixedwith 500 M bf acetonitrilefor
precipitation After shakingandcentrifugationthe supernatanivasgently evaporatedo drynessand
reconstitutedn 50 M of a mixture of 10 mM aqueousammoniumformatebuffer and acetonitrile

(1:1,v/v) and5 M tnjectedontothe LC-HR-MS/MS system.

2.4.Incubationdor initial CYPactivity screeningstudies

According to standardprocedureq29,31], microsomalincubationswere performedat 37;C at a
concentratiorof 25 M 25B-NBOMeand25C-NBOMe respectivelywith the CYPisoenzymeg75
pmol/mL, each)CYP1A2,CYP2A6,CYP2B6,CYP2C8,CYP2C9,CYP2C19,CYP2D6,CYP2EL,

CYP3A4, or CYP3AS5 for 30 min. Besidesenzymesand substratesthe incubationmixtures(final
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7
volume,50 M *contained®0 mM phosphatduffer (pH 7.4),5 mM Mg?*, 5 mM isocitrate,1.2mM

NADP*, 0.5 U/mL isocitratedehydrogenasend 200 U/mL superoxidedismutaseFor incubations
with CYP2A6 and CYP2C9, phosphatebuffer was replacedwith 45 mM or 90 mM Tris buffer,
respectively,accordingto the Gentestmanual. Reactionswere initiated by addition of the CYP
enzymesandstoppedwith 50 M bf ice-coldacetonitrile.The solutionwascentrifugedfor 2 min at
14,000rpm; 70 M df thesupernatarphaseweretransferredo anautosamplevial and5'! L injected

ontothe LC-HR-MS/MS system.

2.5.LC-HR-MS/MSnstrumentatiorfor identificationof phasel and Il metabolitesand CYPinitial

screening

Accordingto apublishedorocedurg32], theextractswereanalyzedisinga ThermoFisheBcientific
(TF, Dreieich, Germany)Dionex UltiMate 3000 RS pump consistingof a degassera quaternary
pump,andanUltiMate autosamplergoupledto a TF Q-ExactivePlussystemequippedvith aheated
electrosprayionization (HESI)-1lI source.The instrumentwas used in positive or in negative
ionizationmode.Masscalibrationwas performedprior to analysisaccordingto the manufacturerOs
recommendationssingexternalmasscalibration.

Gradientelutionwasrun ona TF AccucorePhenylHexylcolumn(100mmx 2.1 mm, 2.6! m). The
mobilephasegonsistedf 2 mM agueousmmoniunformatecontainingformic acid(0.1%,v/v) and
acetonitrile (1%, v/v) (pH 3, eluent A) and 2 mM ammonium formate solution with
acetonitrile:methang}50:50,v/v) containingformic acid (0.1%,v/v) andwater (1%, v/v) (eluentB).
The gradientandflow ratewereprogrammedasfollows: 0-1 min hold 99% A, 1-16 min 95%A to
5% A, 16-18min hold 5% A, and18-20min hold 99%A, constantlyat500 M*- 1

TheHESI-II sourceconditionswereasfollows: sheathgas,60 arbitraryunits (AU); auxiliary gas,10
AU; sprayvoltage, 3.00 (positive polarity) and -4.00 kV (negativepolarity); heatertemperature,

320jC;ion transfercapillarytemperature320;C; andS-lensRF level, 60.0.Massspectrometryas



182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

8
performedin positive and negativepolarity modeusingfull scan(FS)dataanda subsequendata
dependenacquisition(DDA) modewith aninclusionlist onthe masse®f interest(phasd or phase
II metabolites) Additionally, DDA runswithout inclusionlist (positive and negativemode)were
performedo detectunexpectednetabolites.

The settingsfor FS dataacquisitionwere asfollows: resolution,35,000;microscans]; automatic
gaincontrol (AGC) target,1e6;maximuminjectiontime (IT), 120ms;andscanrange ,m/z1006700.
Thesettinggor theDDA modewith andwithoutaninclusionlist wereasfollows: resolution,17,500;
microscand, AGC target,2e5;maximumiT, 250ms;isolationwindow, 1.0m/z HCD with stepped
normalizedcollision energy(NCE), 17.5,35, and52.5%;spectrumdatatype, profile; and underfill

ratio, 0.5%.Fortherunwithoutinclusionlist, thefive mostintenseprecursoionsweretransferredo

anexclusionlist for 1 s (dynamicexclusion).

Foranalyzingtheinitial CYP activity screeningthe MS settingsandthemobilephasesaswell asthe
gradientand flow rate were the samewith the sameinclusionlist asfor identification of phasel

metabolites.

2.6. Standardurine screeningorocedure{SUSAS)

The SUSAswere performedasdescribedn the following referencesGC-MS SUSA[33,34], LC-

MS" SUSA[25,35] andLC-HR-MS/MS SUSA[25,36]

3. Resultsand discussion

3.1.ldentificationof metabolites

3.1.1.Identificationof 25B-NBOMeand 25C-NBOMeandtheir phasel metabolitesvia HR-MS/MS

fragmentation
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9
The HR-MS/MS fragmentationpatternsand metabolite formation of 25B-NBOMe and 25C-
NBOMe weresimilar to thosedescribedor 251-NBOMe[25]. Briefly, andfor discussiorpurposes,
the molecules were viewed as two distinct parts, i.e. the 4-halogenated 2,5-
dimethoxyphenethylamin@C) part andthe N-(2-methoxybenzyl{NBOMe) part. Due to the high
numberof metabolitesthefragmentatiorpatternscould not be discussedhn detailfor all metabolites
andonly thetypical fragmentionsusedfor identificationwill be discussed.
In generalfor both compoundsandtheir metabolitesthe precursomassesndthe mostabundant
fragmentions formed from unmodified or modified NBOMe parts were used to identify the
correspondingnetabolitesAs expectedthefragmentionsformedby theNBOMe partwereidentical
for 25B-NBOMeand25C-NBOMe.To confirm the predictedchemicalstructureof the metabolites,
thecorrespondin@C fragmentions(TableS1in theelectronicsupplementargatafor 25B-NBOMe
andTable S2 for 25C-NBOMe)wereused.For the N-dealkylatedmetabolitesno fragmentions of
the NBOMe part could be detectedput characteristi@C fragmentatiorpatternsfor the bromoand
chloroanaloguegTablesS1andS2).Theprecursomasse$PM) aregivenwith the calculatedexact
masses.
25B-NBOMe(B1; PM at m/z380.0856 M+H*) showeda fragmentatiorpatterncharacteristialso
for mostof the detectedmetabolitesThe mostabundanfragmention of m/z121.0653epresented
the cleavageof the NBOMe moiety, followed by the loss of the methoxy group (-30.0105u)
producingthetropyliumion of m/z91.0548. Thefragmentionsrepresentinghe 2C partshowedow
abundancesf at leastl % (Table S1). The fragmention of m/z258.0124representinghe 2C-B
iminium ion resultedfrom benzylcleavageA lossof NH (- 15.0109u) formedthe fragmention of
m/z243.002XFollowed by alossof amethylradical(- 15.0235u) of oneof thetwo methoxygroupsin
the 2C part resultingin fragmention of m/z227.9786.For the MS? spectrumof 25I-NBOMe, a
rearrangementvas describedin the literature[25]. In the parentspectrumof 25B-NBOMe, one
fragmention could also be formed by the samerearrangemenilhe fragmention of m/z363.0596

resulted from a loss of ammonia (-17.0263 u) and appearedconsistentwith the postulated
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234 rearrangemeneaction FewMS? spectraof metabolitesalsoshowedpossiblerearrangedragment
235 ions.
236 Thefragmentatiorpatternsof 25C-NBOMe(C1; PM atm/z336.1361M+H™) correspondetb those
237 of 25B-NBOMeand25I-NBOMe. Similarly, the mostabundanfragmentionsin MS? wereformed
238 by cleavageof the NBOMe moiety producingfragmentions of m/z91.0548and121.0653Also, the
239 fragmentions representinghe 2C part showeda lower abundancef aboutl % (Table S2). The
240 fragmentionsof m/z214.0629m/z199.0526andm/z184.0291representethe 2C-Ciminium ion,
241 thesubsequenbssof NH (- 15.0109u), andthelossof a methylradical(- 15.0235u) of oneof the
242  two methoxygroups respectivelyln the spectrunof 25C-NBOMe,no fragmentionsindicatingthe
243 rearrangememweredetectedpossiblydueto low relativeabundance-However,in theMS? spectraof
244  some25C-NBOMemetaboliteqe.g. O-demethylmetaboliteisomersl and2, C16 andC17),some
245 rearrangedragmentonscouldalsobedetectedOverall,35phasd metabolitecouldbedetectedor
246  25B-NBOMein urine and 36 for 25C-NBOMe,respectively All phasel metabolitesare listed in
247 TablesS1andS2in theelectronicsupplementargata.
248 Formetaboliteidentificationbasedbnthe MS? spectrajn mostcasegherepresentativelagmention
249 for theNBOMe partwasused.UnmodifiedNBOMe partsled to afragmention of m/z121.0653The
250 presencefthisfragmention ledto thesuggestiorthattheexpectednodificationtook placeatthe2C
251 partbasedon the predictedprecursomassfor the metabolite. An unchangedragmention of m/z
252 121.0653could be seenfor the parentcompounds(B1 and C1) as well as for mono- and bis-
253 demethylatedB13,B14,B8 andC16,C17,C10),mono-hydroxylatedB29,B32andC31,C32),bis-
254  hydroxylated B35), combinedmono-demethylatedith mono-hydroxylatedB22), dehydrogenated
255 (B20 and C24), dehydrogenated@ombinedwith mono-demethylatedB12 and C13), and mono-
256 hydroxylated(B27 and C30) metabolites.On the other hand, the fragmention of m/z 137.0603
257 representednono-hydroxylatioratthe NBOMe part(B16,B23,B28,B30,B31andC19,C25,C27,
258 (C33,C35).At the NBOMe moiety, bis-hydroxylationled to thefragmention of m/z153.0552B33,

259 B34 andC34,C36)andO-demethylatiorto fragmention of m/z107.0497B7, B9, B10,B11,B15,
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B19,B21 andC8,C9,C11,C12,C14,C18,C21,C23,C26). The fragmention of m/z107.0497
could alsobe found for the NBOMe mono-hydroxylatedB16, B23, B28,B31 andC19,C25,C27,
C33) or NBOMe bis-hydroxylated(B34 and C34, C35, C36) metabolites,but consistentlyin
combinatiorwith thefragmentonsof m/z137.0603r m/z153.0552asmentionedabove Therefore,
the absenceof the fragmentions of m/z137.0603and 153.0552indicatedO-demethylationat the
NBOMe part. O-Demethylationcombinedwith mono-hydroxylationled to fragmention of m/z
123.0446 (B17, B18, B24, B25 and C20, C22, C28, C29). As mentioned above, all N-
demethoxybenzymetabolitesvereidentified basedon the 2C part fragmentatiorpatterns(B2EB6
andC2BC7).
In summary,the fragmentationpatternsof both NBOMes correspondedo thoseof 251-NBOMe.
Somecompound-relatedharacteristicsvere found for the bromoandchloro analoguessalready
describedor 251-NBOMe. All metaboliteswhich were O-demethylatedat the NBOMe part (m/z
107.0497) showedhigherabundancefor fragmentionsrepresentinghe 2C partprobablydueto a
hydrogenbondbetweerthe nitrogenandthe hydroxy groupresultingfrom O-demethylatiorat the
NBOMe part[25]. In addition,for thesemetabolitesthe correspondin@C fragmention carryingthe
nitrogenwasrepresentedly the2C primaryamineinsteadof the 2C iminium ion foundfor theparent
compound®r metabolitesywhich werenot O-demethylatectthe NBOMe part.
It wasnotpossiblen this studyto identify thedemethylategbositionof themethoxygroup(20er 50-
position)or the positionat which the NBOMe partwashydroxylated NeverthelessyWohlfarthetal.
[26] synthesizedix potential25C-NBOMemetaboliteg20and500-demethyl-25C-NBOMand3-
/14-/5- and 6-hydroxy-25C-NBOMe)o confirm the exactposition of the metabolicreaction.They
observedhatbothin vivo samplegmouseandhumanurine)showedprevalencdor O-demethylation
atthe 50-positiorFurthermorethey observedhatthe mostintensesignalfor a mono-hydroxylated
metabolitewas detectedor 5-hydroxy-25C-NBOMen humanurine aswell asin mouseurine. In

generalWohlfarthetal. describedhe samemainmetabolicstepscomparedo the presenstudyand
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251-NBOMe [25]. In accordancel,.eth-Peterseet al. [28] describedhatthe main metabolicstep

of 25B-NBOMewasalsothe 500-demethylatiorin humansandpigs.

3.1.2.Identificationof 25B-NBOMeand 25C-NBOMeandtheir phasel metabolitesvia HR-MS/MS

fragmentation

Thephasdl metaboliteformationandfragmentatiorpatternsverevery similar for bothcompounds
and comparablewith thosedescribedor 251-NBOMe. For both compoundsthe precursormasses
andthemostabundanfragmentonsformedfrom unmodifiedor modifiedNBOMe partwereusedto
identify thecorrespondingphasdl metabolites2C fragmentionswereusedto confirmthepredicted
metabolites.

Overall,31 phasdl metabolitexouldbeidentifiedfor 25B-NBOMeand33for 25C-NBOMe A list
of all phasell metabolitess givenin TablesS3 and S4 in the electronicsupplementarylata. All
glucuronideseliminatedglucuronicacid (- 176.0321u) andall sulfatessulfuric acid (- 79.9568u).
Thus, the rest of the spectraof phasell conjugatesvasin accordancewith the spectrumof the
correspondingphasel metabolite.Also, for somephasell metabolitesfragmentions formed by
conjugatedartial structurexould be usedto elucidatethe positionof the conjugation.

As alreadydescribedfor 2C derivatives[37] and 251-NBOMe the metabolitesformed after N-
demethoxybenzylatiocouldfurtherbe conjugatedy acetylationglucuronidationsulfation,or even
combinationf them.Furthermorein accordancéo 251-NBOMe,an O,0O-bis-demethylatiorof the
2C partled to a hydroquinonepartial structure which could further be conjugatedwith glutathione
(GSH). The degradationproducts of GSH conjugated metabolitescould be found for both
compoundsAlso the describedconjugationcatalyzedby catechol©-methyl-transferas¢COMT)
could be found for both NBOMes forming O-methyl metaboliteB33ME and C24ME, C36ME),

afterbis-hydroxylationat the NBOMe part(m/z167.0708)producinga catecholigpartial structure.
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3.2.Initial CYPactivity screening

For identificationof the CYPscatalyzingthe initial metabolicsteps.the ten mostabundantiuman
hepaticCYPswereincubatedunderconditionsallowing a statemenbn the generainvolvementof a
particular CYP enzyme.It should be kept in mind that thesequalitative data did not reflect a
guantitativecontribution of a CYP to the hepaticclearancethat would require the collection of
enzymekinetic data[38], which wasbeyondthe scopeof this study.As summarizedn Tablesl and
2, CYP2C9and CYP2C219were involved in O-demethylationfor both, 25B-NBOMe and 25C-
NBOMe, respectively, CYP1A2 and CYP3A4 in hydroxylation, and CYP3A4 in N-

demethoxybenzylation.

3.3.Proposednetabolicpathways

According to the 25B-NBOMe metabolitesidentified in humanand rat urine after cleavageof

conjugatesand25C-NBOMemetabolitesdentifiedin rat urine after cleavageof conjugategTables
SlandS2),thefollowing metabolicpathwaysdepictedn Figs.1 and2, couldbeproposed.

As expectedbothcompoundsinderwenthe samemainmetabolicsteps O-Demethylatioried to the

most abundantpeaksin humanand rat urine followed by O-bis-demethylationand /or by O-

demethylatiorplus hydroxylation.N-Demethoxybenzylatioted to only smallpeaksn bothspecies.
However therelativeabundancef thedifferentmetabolitewariedbetweerthespeciesbutit should
alsobekeptin mindthattheraturineswerepooledover24 h andthehumanurinewascollectedatan

unknowntime afteradministrationof anunknowndose Finally, therelationof the metabolitesnay
vary overthetime of excretion.

Forbothderivativesthefollowing phasd pathwaysouldbefound:mono-demethylatio(B13EB15

and C16eC18), bis-demethylatio(BS8EB10 and C10BC12), tris-demethylationB7 and C8) of the

methoxygroups,mono-andbis-hydroxylation(B29EB32, B34, B35, and C31BC33,C35,C36), N-
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demethoxybenzylation(B6 and C5), and combinationsof mono-hydroxylationwith mono-
demethylatior(B22EB25 andC265C29),andbis-demethylatioiB16EB19 andC19C23)aswell as
bis-hydroxylationwith mono-demethylatio(B33 and C34), and N-demethoxybenzylationvith
mono-demethylatioB3, B4 andC2, C3) followed by oxidativedeamination(B2) andoxidationto
the corresponding carboxylic acid (B5 and C4). In addition, for 25C-NBOMe also N-
demethoxybenzylatiomvith mono-hydroxylation(C7), and oxidation forming an amide structure
(C6) couldbe predicted Also, dehydrometabolite{B20 andC24) werefoundfor bothcompounds.
Thepresencef this metabolicstepwasalreadydescribedor 251-NBOMe[25].

Nielsenet al. [39] describeddehydrogenatioras a CYP-catalyzedreaction.The resultingdouble
bondwaslocatedatthe2C moietyandnotbetweerthenitrogenandthe R of the2C moietyas
confirmedwith referencestandardof the 25I-NBOMe imine. Thesecompoundscould further be

metabolized by mono-demethylation(B11, B12 and C13C15), bis-demethylation (C9),

hydroxylation (B26EB28 and C30), and combinationof mono-demethylatiorand hydroxylation
(B21 and C25). However,the possibility could not be excludedthat the dehydrocompoundcould

alsobe formedby artificial dehydrationof the correspondindiydroxy metabolite.If hydroxylation
took placeat the R to the nitrogenforming an unstablehemiaminal,then this metabolite
couldfurthereliminatewaterunderthe ESI conditionsdescribedabove.ln summarythe metabolic
pathwaydor 25B-NBOMeand25C-NBOMecorrespondetb thosedescribedor 251-NBOMe, i.e.

showingthe samemain phasd metabolisnreactions.

Thefollowing phasdl pathwayscouldbeproposedor humansand/orratsasgivenin TablesS3and

S4 and Figs. 1 and 2: sulfation (S) glucuronidation(G) and/or of the O-demethyl metabolites
(B13/14S, B15S, B13GEB15G and C16/17S, C18S, C16GBC18G), of the O,0-bis-demethyl
metabolitegB8S, B9/10S,B8G, B9/10Gand C109C12S,C10@EC12G),of O,0,04ris-demethyl
metabolite(B7S, B7G and C8S, C8G), of the O-demethyl-hydroxymetabolites(B22S, B24/25S,
B22G, B23, B24/25Gand C22S,C27S,C28/29S),of the O,0-bis-demethyl-hydroxymetabolites

(B16S,B17/18S,B16G, B19G and C20S,C19(C22G), and of the hydroxy metabolites(B30G,
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B31GandC31/32G,C33G).Glutathione(GSH) conjugationcould be proposedor the O,0-bis-
demethylmetaboliteisomerl (B8-GSH-1,B8-GSH-2andC10-GSH-1,C10-GSH-2) N-acetylation
(AC) for the N-demethoxybenzy®-demethylmetabolitegB3, B4 andC2, C3) followed by further
sulfationand/orglucuronidationB3AC+S,B4AC+S,B3/4AC+GandC3/4AC+S,C2/3AC+G),and
O-methylation (ME) of the bis-hydroxy metabolite (C36ME) and the O-demethyl-bis-hydroxy
metabolitedB33ME and C34ME). In summary.all phasell pathwayscould be proposedor both
speciesexceptfor glutathioneconjugationwhich wasobservednly in ratsafter administrationof

thehigh dose.

3.4.Comparisorof metaboliteformationin vitro andin vivo andin differentspecies

In contrastto the developmenibf new therapeuticdrug, pharmacokinetialata are not routinely
collectedfor NPSbeforeemergencen the market.For ethicalreasonsgontrolledhumanstudiesare
notpossible Therefore animalstudiesundercontrolledconditionsarecommonin combinatiorwith
humanin vivo assaysas describede.g.in refs. [25,26] Both datacanbe confirmedby authentic
humansamplesof e.g. intoxication cases.For developmentof urine screeningapproachesit is
importantto know the possibletarget. Thus, any metabolitesidentified first in animal urine can
becomethe main targetin humanurine consideringe.g. inter-speciesand/orgeneticvariationsin
drug metabolismand transport.For this reason,Tables3 and4 list the phasel andIl metabolites
identified in this study comparedo thosedetectedn humanliver microsomegHLM) incubation,
porcineliver microsomeqPLM) incubation,mouseurine (MU), authentichumanurines(HU), or
humanhepatocytgHP) incubation.Differencescould be explainedby speciedifferences higher

dosesand/ordifferentsamplingtime afteradministration.

3.4.1.25B-NBOMe
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Boumrahetal. [27] described®1phasd andll metabolitef 25B-NBOMeidentifiedonly in vitro
afterincubationwith HLM andcofactorsfor CYPsandglucuronyltransferased.eth-Peterseet al.
[28]comparedormationof phasd metabolitesn HLM andPLM incubationsin the presentstudy,
35 phasel and31 phasell metaboliteshavebeenidentified in humanandrat urine. Accordingto
Table3, in bothurine samplesyariousmetabolitexould beidentified not describedy Boumrahet
al. or Leth-Petersemt al. Most of themwereisomersof metaboliteformedby combinedmetabolic
reactionssuchas mono-and bis-O-demethylationwith hydroxylationor O-demethylatiorwith N-
dealkylation.Speciedifferencesoccurredfor the hydroxylationstepbecauseatsseemedo prefer
hydroxylation at the 2C part whereashuman biotransformationmight result in preferential
hydroxylationatthe NBOMe part.Concerningophasdl metabolismBoumrahetal. investigatednly
the glucuronideformation. In the presentstudy, sulfation, N-acetylation,and O-methylationwere
found in rat and humanurine asfurther reactions.In addition, rats showedGSH conjugationand
combinationof N-acetylationwith sulfationor glucuronidationIn contrastthe N-glucuronideof the

parentcompounddetectedn HLM couldnotbefoundin the humanor raturine.

3.4.2.25C-NBOMe

Table 4 summarizeghe dataobtainedin rat urine andthosein humanhepatocytesnd urines of
humansand mice [26]. Concerningphasel metabolism,most metaboliteswere commonfor all
specieswvhile the highestnumberwasfoundin therat urine probablydueto the high dosageurine
collection time, samplepreparationsand/or chromatographiseparationSome metaboliteswere
only detectedn rat urine suchasthe combinedN-dealkylatedand O-demethylatednetabolitesor
various isomersof O,0-bis-demethyl-hydroxymetabolites.Wohlfarth et al. [26] describedN-
oxidationandcarbonylatiorin thehepatocytencubationalthoughit wasnot clearwhy this couldnot
be found in their humanand mice urine. As alreadydescribedfor 25B-NBOMe, rats seemedo

preferentiallyhydroxylatedat the 2C partandhumansat the NBOMe part. Most phasel pathways
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could be proposedor all threespecieswith the exceptionof O-acetylation,N-acetylation, GSH
conjugationandO-methylation. Again, the highestnumberof metabolitesvasidentifiedin raturine

probablydueto thereasonglescribedabove.

3.5. Toxicologicaldetectionof 25B-NBOMeand 25C-NBOMeby SUSAs

3.5.1.GC-MSSUSA

Unfortunately,25B-NBOMeand25C-NBOMeand/ortheir metabolitescould not be detectedn rat
urineafterlow doseadministration0.1 mg/kgBW). However,25B-NBOMeandmetaboliteg Table
5) could be detectedn the humanurine sampleby GC-MS SUSA. The compoundngestedby the
userwas believedto be 2C-B, which typically requiresa ten-fold higher dosecomparedo 25B-
NBOMe [7]. Therefore,for acuteand/orseverepoisoningswith NBOMes an intake could also be
detectedoy GC-MS SUSA. 25C-NBOMe could only be detectedafter the high dose,enzymatic

cleavageof conjugatessolid-phaseextraction,andacetylationaccordingto Welteretal. [31].

3.5.2.L.C-MS SUSA

The LC-MS" approachcould detect25B-NBOMe and 25C-NBOMeand/ortheir metabolitesn rat
urine afterlow dosagg0.1 mg/kg BW) aswell asin the authentichumanurine sample A list of the
detectedmetabolitess givenin Table 6. As alreadymentionedabove,the differencesof detected
analytesn the humanandrat urine samplescould be causeddy differentdosesandurine collection

times.

3.5.3.LC-HR-MS/MSSUSA
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