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Abstract
Title: Improving Interpretation obrug Exposure: Implications for Evidenr&ased Drug

Policy

Matthew N. Newmeyer, Doctor of Philosophy, 2017

Dissertation Directed by: Professor Dr. Dr. (h.c.) Marilyn A. Hue€lsef, Chemistry
and Drug Metabolismintramural Research PrograMationallnstitute on Drug Abuse,

National Institutes of Health

A positive drug test may result in suspen
employment, or removal of children from the home, making it imperative that multiple
factorsbe considered when integting results. Controlled research is critical for
providing the data to improve result interpretation. Two drug administration studies were
conducted to address drug test interpretation of opiates, amphetamines and cannabis
results.

In the first, partigpants consumed two raw, uncooked poppy seed doses (15.7 mg
morphine, 3.1 mg codeine per dose), and administered seven doses of intranasal
methamphetamine (VicRvapolnhaleE) per manuf acturer s recomn
Positive OF morphine tests >2.5 h or p@sitOF codeine tests with a L§/L
confirmation cutoff suggest an alternate route of opiate exposure other than from poppy
seedsPrevalence of positive OFmethamphetamine tests wa@&5% and last detection
times were >32 h after the first dose with g@2f_ screening cutoff. Screening OF with

a selectival-methamphetamine asgprevented positiviest results.



In the second, frequent and occasional cannabis smokers were administered
placebo, smoked, vaporized, and oral (6ctetrahydrocannabinol [THC], ~50.6 mg)
cannabis. Cannabinol (CBN) and cannabigerol (CBG) were the best blood markers for
identifying recent cannabis intake, but not after oral dosingy®F
tetrahydrocannabivar (THCV) identified use within 10 h after all administrations,
useful for driving under the influence of drugs (DUID), while OF CBG may identify use
within 26 h, useful fodaily drug treatment compliance programs monitoring relapse
Blood 1tnor-9-carboy-THCV (THCVCOOH) or OF THCV or CBG also discriminated
medicinalsynthetic THC from intakef cannabis plant products. OF THC-site
screening devices demonstrated best performance witlgd Tutoff, but there were
more true positive results with gug/L cutoff; an OF THQX ug/L confirmation cutoff
is suitable for drug treatment programs to detect intake withi3226. Oral cannabis
intake significantly increased performance impairment in occasional smokers only.
Partial t ol er a nticeeffettowere absenvadini fregdentssmdkerseatter
all doses. Additionally, vaporization exposed users to significantly less carbon monoxide
than smoking. These data improve result interpretation and guide development of

evidencebased drug policies anegislation.
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inhalations per dose) 2 h apart on Day 1 and 1 more on the morning of Day 2 (vertical
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Figure 18. MearrSD blood concentrations of minor cannabinoids from 11 frequent and

9 occasional cannabis smokers following administration of cannabis containing 6.9%

THC via smoked and vaporized routes. Shaded area designates 10 min smoking time.

Dotted line is limit ofguantification (LOQ). Data presented on a log scale. These

anal ytesd6 concentrations did not ..exl68ed t he

Figure 19. Detection rates for 11 frequent and 9 occasional cannabis smokers utilizing
five different cutoffs following administration of cannabis containing 6.9% THC via
smoked, vaporized, and oral FOULES............ccouiiiiiiiieeee e 171
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THC (THCCOOH) in n = 11 frequent (left) and n = 9 occasional (right) smokers up to 72

and 54 h, respectively, after $moked, vapor.i
tetrahydrocannabinpTHC; ~50.6 mg THC) administration (O h). Horizontal lines

present at the limits of quantification (LOQ; 0.2 pg/L for all, except 15 ng/L for

THCCOOH) and OF THC cutoffs for DRUID (1 pg/L) and SAMHSA (2 pgl/L)....192
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Horizontal lines present at the limits of quantification (0.2 pg/L for.all)............... 193
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Chapter 17 Introduction
Poppy Seeds

The seeds from the poppy pldapaver somniferurh. are consumed as food
worldwide and contain several opiates, including morphine and codeine. The opiate
content is highly variabl€l-8) and depends on multiple factors, including country of
origin, seed variety, harvesting techuésg, and seed process{@g10); washing or
soaking the seeds can reduce the morphine contentB$%40grinding by 284%, and
baking by 3890% (8). Research over three decades demonstrated that poppy seed
consumption can produce positive opiate drug tests in (2ide9, 1119), blood(2, 6,

7), and oral fluid (OF)18) complicathg opiate result interpretation and forming the basis
of the Apoppy seed defenseo.

The most commonly detected analyte in urine following poppy seed consumption
is morphine, which is also detected after codé2®9 and heroin (3,@liacetylmorphine)
(21)intake. Published maximum total urine morphine concentrations)(&fter
hydrolysis range from 8607,900ug/L (2-7, 9, 1218). In these studies, participants ate
various amounts of poppy seedntaining food or seeds themselves; in one participant
860ug/L total morphine was observed 12 h after ingesting twoglfieces of poppy
seed cak¢l5) while 17,900ug/L total morphine was observed in one participant after
consuming 10450 g freshly ground seeds with c4k&). Free urine morphine was
measured in fewer studies, with observedac75-4776pg/L (7, 9, 12, 17)Data on urine
codeine concentrations are limited; total urine codeing @nge from 366700ug/L (2,
4-7, 9, 13, 1517), and free urine codeineqfxwere 48ug/L (9) and 16Qug/L (7).

Typically, urine codaie concentrations following poppy seed administration are smaller



than morphine concentrations; however, instances are reported to the d@ &y

Due to inter and intrasubject variability, tiis not possible to distinguish licit poppy seed
consumption from prescription codeine administration or illicit heroin use based on urine
morphine or codeine concentrations. To reduce the number of-ppisiteve urine tests

due to poppy seed adminidiom, the US federallynandated urine drug testing program
raised the morphine and codeine cutoff from 300 to 2@00 (22). The US Substance

Abuse Mental Health Services Administration (SAMHSA) found that few positive opiate
urine tests were acted upon by employers either due to legitimate prescriptions or reports
of poppy seed intake.

Data describing blood morphine and codainacentrations following poppy seed
consumption are limited. After consuming 25 g poppy seeds, total serum morphine for 4
participants ranged from 8831 ug/L and the mean (range) total codeine concentration at
3 h postdose was 7 A1) ug/L; in the sametudy 2 participants consumed 40 g poppy
seeds and total serum morphine concentrations were 43 qugll5 While free serum
morphine was 2.5 and 3[@/L (2). In a separate study, 5 participants ate as much poppy
seedcontaining food as they wanted (total amount of food was not recorded) and serum
was collected only from-3 h postconsumption; without hydrolysis no sample was
morphine posive at the limit of quantification (LOQ) of 6.,5g/L, while after hydrolysis
2 samples were morphine positive at 12 angd@4 (no sample was codeine positive
before or after hydrolysigs). Final ly, in a third study,
cakeo prepar ed whnirtigB7.5p0900mpryhines anck7dig/g codeinet a i

(pre-baking concentrations); morphine was only detected in 25% ehypdrolyzed
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serum samples at concentrations between the method limit of detection (lLQMD) 1
and LOQ (3ug/L), while codeine was not detedtin any samplér).

Less data about morphine and codeine detection in OF after poppy seed
consumption are available. OF is an increasingly po@li@mative sampleollection
matrix with advantages and disadvantages compared to blood and urine. Its collection is
less invasive, does not require sage& collectors, and the potential for sample
adulteration is minimized due to direct observatiowdéner, there are potential
difficulties in collecting adequate specimen volume, sampling time requirements may be
unfavorable, particularly for driving under the influence of drugs (DUID) investigations,
and addition of preservative buffers dilute specisn@nd can pose analytical challenges
(23). SAMHSA establishe@ 30 pg/L OFinitial test cutoff and &5 pg/L confirmation
cutoff for morphine and codeine in workplace drug test®). The European Union
Driving Under the Influence of Drug#lcoholand Medicines (DRUID) project proposed
analytical OF morphine and codeine cutoffs of@@L, and 95ug/L morphine and 94
Mg/L codeine as equivalent concentrations tud in whole blood for drug prevalence
studieg(25).

In a gudy of opiates in OF after poppy seed ingestion, 4 participants at site 1 ate 3
poppy seed bagels within an hour, with OF collected up to 24 kdpestwith a
commerciallyavailable device; 3 participants at site 2 ate 1 poppy seed bagel (containing
820mg seeds) followed by as many seeds as possible from a commeacailbble jar
of seeds within 1 h, with OF collected from 0-2% post dosé€18). Morphine and
codeine were not detected in any OF sample collecteddi 1 (3 ng/device LOD). At

site 2, the maximum morphine concentration observed wag@Q5at 0.25 h post dose,



with morphine concentrations above 5§/L up to 0.5 h in all participants. At 1 h post
dose morphine concentrations were close to thaqus$AMHSA-proposed cutoff40
Hg/L) but exceeded the currently accepted confirmatory cutoffiglb) in two
participants (39 and 33g/L). No codeine was observed in OF from site 2.

Considerable research attempted to identify poppy-spedific markerso
distinguish sources of opiate intaKdebaine, another natural constituent of the poppy
plant, was detected at5u§ / L i n one participanB@oppyuri ne 2
seed muffins, Gaxwas 81.3ug/L at 4 h, with detection up to 12(h7). In another study,
median(range)free urine thebaine faxwas125.9 (63.9187) pg/L 2-8 h inthree
participants who ate-3 slices of poppy seed cal®. In a third study, participants
consumed cake prepared with seeds containingpigig/noscapine and 0.0%ig/g
papaverine (prpakingconcentrations), two additional popplant alkaloids; however,
these two analytes were never detected in urine or serum post (Qskigally, me
investigation suggested urinary ATM4G, a glucuronide metabolite of a thebaine by
productproduced during heroin synthesis, can distinguish heroin intake from other opiate
administrations; it was identified in urine from 16 of 22 tested heroin addicis ba
urine specimen collected from participants who consumed 6 g poppy(26gds

The most important limitation of preus poppy seed administration studies is
that the morphine and codeine content of the seeds and, therefore, the total administered
dose were unknown. This was because a) the administered dose was not recorded, b) the
alkaloid content was not evaluatedcdthe alkaloid content was evaluated before seed
processing (i.e. baking) but not afterward, such that thégkiang concentrations were

utilized to calculate the administered dose. In a review of poppy seed administration



studies, only 4 studies wemsentified that reliably reported the administered morphine
dose(8). As OF continues to be evaluated as an alternative collection matrix for DUID,
treatment, workplace, pain magement and clinical drug testing programs, further
controlled research studies regarding the effect of poppy seed consumption on morphine
and codeine concentrations after known opiate doses are needed to provide scientific

evidence needed to help guideglpolicies and legislation.

Intranasal |-methamphetamine

Methamphetamine is an important component of federally mandated workplace
drug testing and DUID programs because of its high abuse potential. Methamphetamine
was the seconthost common drug, behdrcannabis, reported drug case$l7.61%
submitted to US state and local laboratories for analysis from 1 Janignpbecember
2015(27). Additionally, global methamphetamine seizures from increas@d%yfrom
2013 to 2014 whilan estimate®5.7million people worldwide ustamphetamines
(amphetamine ahmethamphetamine) and prescription stimulants i 228).
Methamphetamine contains a single chiral carbon and is found dsxtrorotatory (d,
+, S) or levorotatory (k, R) enantiomers. Thetenantiomer is a strong central nervous
system stimulant and a Schedule 1l substance available by prescription to treat attention
deficit hyperactivity disorder and, more rarely, naepsly.|-Methamphetamine is much
less potent than theenantiomef29) and is the active ingredientihe US formulation
ofthe ovethec ount er (OTC) nasal decongestant

the pseudonym levmetamfetamine.



The potential for positive urine drug testing results following Vapolnhaler use is
well documented. The first reportedse in the literature involved an individual in a
surveillance program whose urine was repeatedly methamphetamine positive despite the
i ndividual 6s deni al of i1llicit intake; after
investigators performed a chiranalysis and found only tihésomer(30). Another case
report described positive postmortémethamphetamine test®f a 77yearold male
who frequently administered the inha(84.).

Extensive investigations were performed to evaluate the-oeassivity of
urinary immunoassays temethamphetaminmllowing manufacturerecommende(?
inhalations/nostril every 2 l@ministration and higheror more frequent doses the
inhaler. After three subjects administered the inhaler approximately every 20 min for 6 h
(resulting in doses 120x the manufacter-recommended dose) urihe
methamphetaminenaxwere 1520, 1950, 6000 pg/L occurring 24, 3, and 24 h,
respectively, after initiating the first dodeamphetamine Gaxwere 256455 pg/L. Urine
specimens screened wihzyme multiplied immunoassay teotue EMIT) and TDx
immunoassays Yyielded positive results, while those screenedagithimmunoassay
(RIA) did not due to low croseeactivity (32). After manufacturerecommended dosing
for 5 daysurinel-met hamphet amine concentrations wer e
dosing for 3 days producédnethamphetaminedaxof 740, 1290, and 1390 ug/L; all
specimens from both groups screened negative by immunoassay with a 1000 pg/L
methamphetamine cuafff (33). In another group of participants dosed according to
manudacturer recommendations, urirenethamphetaminensaxwas 872 ug/L, producing

negative screening results willbxADx/FLx assay(TDx, 300 pg/Ld-amphetamine cut



off) and EMIT-d.a.u. monoclonal assay (EMM, 1000 pg/Ld-methamphetamine
cutoff), but a posive result for the EMITd.a.u. assay (#IT-P, an immunoassay
incorporating polyclonal antibodies, 300 pgitamphetamine cutoffj34, 35) In the
group inhaling hourly for 3 days, urihenethamphetaminenGxwere 1530 and 1560
Mg/L producing positive screening results via TDx ahti E-P assays, but not with
EMIT-M (34, 35)

Great care, therefore, must be taken when interpreting positive urine
methamphetamine drug testing results. One approach is to interpret chiral results based
on relative percentages of each methamphetaariaenphetamine enantiomer in a
sample compared to those in singleantiomer controls, accounting for
met hamphet ami neds e n(a6B8) iUtizaioe af thdse cciterimiset ab ol i s n
dependent on amphetamine quantification (only detected following Vapolnhaler
administration at 1-20x the recommended dose) and historical data on isomer
concentrations in controls. The current Department of Health and Human Services
(DHHS) mandatory guideline for medical review officers in federal agency workplace
drug testing programs for interpretinggthamphetamine isomer data is if the sample
contains >80%-methamphetamine the results are consistent with OTC inhaler use,
whereas samples containing >2@%methamphetamine indicate a source other than an
OTC product and is verified as methamphetamirstipe (39). This guidance was
recently evaluated via proficiency testing inRUHS-certified laboratories and deemed
appropriatg36). Interpretation of methamphetamirs®mer data is further complicated
by repeated use, and single or repeateddministration of licii-methampktamine and

illicit racemic and/od-methamphetamin@l0). Finally, some legitimate medications are



metabolized to one or both methamphetamine and/or amphetamine enantiomers,
requiring additional supplemental information for complete results interpre{dtiod2)

No data exist on the prevalence of positive OF methamphetamine testsnig
Vapolnhaler administration. This is a critical knowledge gap as OF is implemented in
various drug testing settings. Controlled administration studies are needed to characterize
the pharmacokinetics of AAmethamphetamine following Vapolnhaler admtration
and determine the prevalence of positive drug test results at recommended cutoffs to best
develop evidencbased OF drug testing policies.

Despite the benefits of chiral analysis to aid in interpretation of positive
methamphetamine drug testirggsults, it is not routinely performed due to increased
analysis time and cost. When requested, urine methamphetamine chiral analyses are most
commonly performed via gas chromatograjphgss spectrometry (GRS)
implementing a chiral derivatization reagé@DR), typicallyN-trifluoroacetyt-prolyl
chloride (-TPC), producing diastereomers that can be separated on routine stationary
phases. One consideration of performing chiral analyses with CDR is obtaining reagents
of high optical purity. Priortoamglzi ng case specimens, evaluat.i
optical purity should be conducted and historical data maintained to monitelointer
variability. For example, biases in thercentd-methamphetamine in proficiency
samples containing-000%d-methamph&amine reported from orl@HHS-certified
laboratory ranged from-60% when utilizing an ol TPC lot, but improved to-3%
with a new lot(36). Evaluating the optical purity of CDR may also assisesults
interpretation40). For example, when determining thercentd-methamphetamine in

lots of Vapolnhalers, laboratories utilizihg PC reported 22.5%d-methamphetaime



while one laboratory utilizingR-(-)-methoxytrifluoromethylphenylacetic acid (MTPA)
reported 0% (the manufacturer reportsmethamphetamine content <1%). The
discrepancy was due to the superior optical purity available for MTPA, while small and
variable amounts ofl-TPC are present in theTPC reagent36). Implementation of the
chiral reagent %-)-N-heptafluorobutyrylprolyl chloride (5IFBPCI) is also reporte@3-

47), which leads to increased sensitivity wiaralyses are performed in negative ion
chemical ionization (NICI) mode; however, it is not commercially available and must be
synthesized ithouse(48).

As liquid chromatograpjimass spectrometry (L®1S) becomes increasingly
popular in forensic laboratories new chiral methods are needed. Enantioselective methods
via LC-MS (or tandem MS, MS/MS) following derivatization with CDR are reported
(49-51) but are not common. The technique of choice is implementation of chiral
stationary phases (CS@)7, 5255). The phase in CSPs is composed of a chiral
compound, most commonly polysaccharides or cyclodextrins (CDs), with which the
isomers in the sample eract differentially to facilitate separations. Analysis times are
therefore reduced through the removal of a derivatization step. However, extensive
method development times and cost can be associated with CSP implementation since
they aremuchmore expesive than routine LC columns and multiple columns with

different phases may need to be evaluated for a single analysis. Selection of a technique

i s dependent on the | aboratoryds capabilitie



Cannabis

Overview

Cannabis comues to be the most widely abused illicit drug worldwide \aith
estimatedL82.5 million global usersn 2014(28). In the US cannabisfy-
tetrahydrocannabinol (THC) was the most frequently reported dretabeyand local
laboratories (25%) in seized materials submitted from 1 JanuadltBecembel015
(27). Additionally, THC showed the greatest increase (48%) in prevalence in US
weekend nighttime driversd6 OF aBd4 or bl ood t
(12.6%)(56). As of November 2016, 28 US states and the District of Columbia approved
legalization of medicinal cannabis and 8 statrd the District of Columbia approved
legalization of recreational cannabis. THC is the main psychoactive constituent of
cannabis, first identified and synthesized in 1@&4). The mean percent THC in
confiscated marijuana from 192914 increased from ~4 t12%(58).

Acute euphoric sensations of Ahigho with
depression and tension following cannabis adminisetratre reported, although
dysphoric feeling$ including anxiety, panic, paranoia, and psychosse also possible
(59). Indeed, administration of highotency cannabis carries great risk of future
development of psychosis,tdemined also by age of initial use and use frequéd@y
Cannabis intake may also impair driving performance. One review of culpability and
casecontrol studies concluded THC impaired actual driving performance in a dose
related way and the degrees of observed impairineneéither laboratory or actual
driving tests” after doses up to 3Q@y THC/kg body weight were comparable to those

after an alcohol dose producing a blood alcohol concentration (BB.O5% g/dL(61).
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One metaanalysis determined a significant summary odds ratio (OR) relating cannabis to
crash risk of 2.66 (95% confidence interf@l] 2.07-3.41)(62). Another metaanalysis
determined driving under the influence of cannabis significantly increased the risk of
motor vehicle collisions compared with unimpaired driving (OR 1.92 {2.38]), and

that collision risk esthates were higher in casentrol studies (OR 2.79 [1.24333]) and

fatal collision studies (OR 2.10 [1.&8136]) compared to culpability or ndatal collision
studieq(63). Another recent metanalysis which calculated adjusted OR for a road traffic
crash with diferent methodology thaorevious studies determined a lower but

statistically significant OR 1.35 (1.1261) based on a randesffects metaanalysis,

implying an upper bound OR of ~2 associated with HigtC driving (64). Additionally,

data demonstrate that the adjusted risk of driver culpability increases with increasing
blood THC concentrations while studies that analyzed urine did not show an association
between cannabis and crash 1(i8k), a major consideration for all epidemiological

studies investigating the association between cannabis and crash risk.

THC is strongly lipophilic and distributes to highly perfused tissues such as lungs,
heart, brain, and livei66, 67) Following chronic cannabis administration, THC
accumulates in adipose tisgi@8, 69)and is slowly released back into the bloodstream
such that it can be detected in blood and plasma at leasty8@fler the initiation of
abstinencg70, 71) Phase | hydroxylation of THC at C9 by hepatic cytochrome P450
enzymes forms the pharmacologically active metaboliteytdtoxyTHC (11-OH-THC)

(72, 73) Subsequent *OH-THC oxidation yields the nepsychoactive 1-hor-9-
carboxyTHC (THCCOOH) metabolite. THC, 1OH-THC and THCCOOH phase Il

conjugation with glucuronic acid increases water solubility to facilitate urinary excretion.
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Smoked Cannabis

Smoking is the most common cannabis administration route. Evidence of
impairment on computerized neurocognitive exams and actual driving tasks following
cannabis smoking are available. In a City Driving Test, alcohol (target BAC of ~0.05
g/dL) and cannabi€l00 pug/kg THC) administered alone did not significantly impair
driving performance compared to placebo, but the combination produced significant
decreases in the percent of intersections at which traffic was searckied).fédinimal
impairment effects on complex cognitive performance were observed in a group-of near
daily cannabis smokers following adnstration of 1.8 and 3.9% THC cigarettes,
including increased number of premature responses and time required to complete tasks
(75). After smoking 250 or 50Qg/kg THC performance on a critical tracking task
(CTT), the Tower of London @L) task and Stop Signal task (SST) were significantly
affected by THC, with weak to moderate significant linear relationships between
performance and log serum THC concentrati@i®. When data were grouped by serum
THC concentration, binomial analysis showed a significantly greater proportion of
observations showing impairment on the CTT for serum THC concentratiqug/[>2
and on the ToL and SST for serum THC concéiatng >5ug/L. In a separate cohort of
neardaily cannabis smokers administered 6.8% THC cigarettes, no significant
differences were observed on CTT or divided attention task (DAT) performance up to 6 h
after smoking77).

Evidence exists for the devel opment of

effects in frequent smokeris one comparisonf occasionalQveekly use) and frequent
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(>4 days/week) smokers administered either placebo op&®@ THC, significant
THC-related impairments on the CTT aDAT were observed in only occasional
smokerg78). Binomial analysisevealeda significant increase in the proportion of
observations showing impairment on the CTT and number of hits on the DASSaxd|
serum THC concentrations in occasional smokers only, tracking error on the DAT in
occasional smokers wiil0 ug/L serum THC, and on the stop reaction time on the SST
in occasional and frequent smokers viit® pug/L serum THC. Observed tolerance t
some impairment effects were observedtimer populations of frequent smokers
compared to occasional smokér9, 80)

Other characteristic effects of smoked cannabis include iredtesabjective
ratings on visuahnalog scales (VAS)éfhi gho, fAgood drug eff
Adrowsinesso, fAstonedo, fAsti mul &5 é7d81),
Onestudyfounddose e pendent increases in VAS ra
Adrowsyo, and Atiredo af ie)pllacebm,r8d (low) and n n
16.9 mg (high) THC, but did not find desependent increases in the same measures
after similar smoked dosé82). The lack of differences in VAS ratings between varying
inhaled cannabis doses can be attributed tetisgfion, which is achievable during
inhalation but not during oral consumption; data indicate factors such as number,
duration, and spacing of puffs, and inhalation vol {88 84)but not breath hold time
(85) affected subjective outcome meassurTolerance to these effects also was
demonstrated, with occasional smokersbo

from frequent smoker&8-80). Partial tolerance to some of the neurocognitive,
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subjective, and physiological effects of cannabis may occur after frequent use, although
pharmacokinetic tolerece does not occi{86, 87)

Plasma THC Gaxoccurred before the end of smoking and werd 3@ and 76
267 ug/L in six participants following smoking of 1.75% aB®5% THC cigarettes,
respectively(88). Par t i ©OH-PHCrChasvére ldwer O16.0ug/L following
smoking the 3.55% THCgarette) and peaked at approximately the same time as THC.
Partici pant sJdweré gefe@ally@rdateCthan-OH-THC Cnaxand less
than THC Gax but occurred later than either THC or@H-THC (range 0.544.0 h
from the initiation of smoking). Wle THC and 110H-THC last detection times were
comparablerfean4.5-7.2 and 11.22.5 h after smoking 1.75% and 3.55% THC
cigarette, respectively) THCCOOH could be detected up to 168 h after both doses (cutoff
for all analytes was 04&g/L). Following snoking of a 6.8% THC cigarette, observed
THC Gnaxin blood and plasma from 10 participants weres33and 18110 ug/L,
respectively, occurring at 0.Z5 h in both matrices (first collection time was 0.25 h)
89). Parti ci p@HTHG and THC@OHI Ghalwiere 3.28.8 and 18B0 ugl/L,
respectively, and in plasma were-4® and 27110ug/L, respectively. Additionally,
THC-glucuronide and THCCOO!glucuronide were detected in 50% and 100% of
participantsd bl ood specilod®ofsheirpsmpecti vel vy,
specimens, respectively. The minor cannabinoids cannabidiol (CBD) and cannabinol
(CBN) were detected in 60% and 80% of partic
100% of participantsd pl as maeforCBDsapdeCBN i vel y.
by 1 and 2 h, respectively, in blood and by 2 h in plasmeg(ll LOQ for both). Among

the six participants who remained on the unit 22 h-dosing, THCCOOH (Jug/L
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LOQ) and THCCOOHylucuronide (5ug/L LOQ) were present in all specimens while
THC and 110OH-THC were each detected in 10% and 30% of blood and plasma samples,
respectively (Jug/L LOQs).
Some studies investigated pharmacokinetic differences between frequent and
occasional cannabis smokehs one study, 12 frequent (>4x/week) and 12 occasional
(OO x/ week) cannabis smokersd cannabinoid phar
h after smoking a cannabis cigarette containing if)Rg THC; observed and baseline
adjusted serum THCaxandobserved (but not adjusted) THCCOORJ&Ln frequent
smokers were significantly great@0). A study that monitored 14 freque/week)
and 11 occasional ( <2x/ weakiketicsgpnto3Rler s6 cannab
similarly found that blood and plasma THC,-OH-THC, THCCOOH, and, THCCOOH
glucuronide GaxWwere greater in frequent smokers than in occasional smkers
Additionally, blood and plasma CBN and plasma CBRx@lso were sigificantly
greater in frequent smokers. Due to the extended monitoring (up to 30 h post dose) it was
al so observed that fr equesmtblosdmdX #1006 | ast de
THC, CBN, and THCCOOHjlucuronide and plasma THC,-OOH-THC, and CBDwere
significantly later; all participants were still THCCOOH positive in blood and plasma at
the final collection time (ug/L THCCOOH LOQ). No significant differences between
the smoking groups i du(tdwere observadhsupgpging es é t i me
previous conclusions that frequent cannabi s
enzymatic) changes but that differences obse

smoking efficiency and release of stored THC into the bloodstream.
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OF testig for cannabinoids is an attractive alternative for DUID, workplace, and
treatment testing. In one study, five frequent (daily use for >1 month) and five occasional
(<daily use) smokers were administered a cannabis cigarette contairi2dgn2g THC
and albwed to smoked libitumover 2030 min; THC Gnhaxwere 944 and 245 pg/L in
frequent and occasional smokers, respectively, at 1 h (firstdpgsttime points) in OF
collected with a commercialgivailable devic€92). THC was above the method LOQ
(0.5 pg/L) for 1 to >72 h. Within the same study a separate cohort of five occasional
smokers were administered the same dose with more frequent OF collectiom&.(Up t
h); THC concentrations at 0.25 h were-828.2 ug/L with concentrations dropping to 2
23.6 pg/L at 1.75 h. Another study that monitored OF THC collected with a
commerciallyavailable device over 8 h following smoking of a cannabis cigarette
containng 500 pg/kg THC (resulting in 2247.5 mg THC administered) showed
significantly greater THC Gexi N 12 frequent smokKigfds o (>4x/ we
ng/ g) than in 12 occasi o4+488ngg)mibknepestd OF ( Owe
dose only93). Foll owing smoking of a 6.8% THC <ci ga
(collected with a commercialgivailabledevice)THC, CBD, and CBN GaxWwere 68.0
10,284, 2.6688, and 4.81558 ug/L, respectively, occurring 0-B550, 0.250.50, and
0.250.50 h posdosing, respectivelffree THCCOOH Ghaxwas26.7-763 ng/L occurring
0.252 h postdose(94). Amongsix participants remaining on the unit 22 h pdete,
66.7% and 83.3% were THO.5 pg/L LOQ)and THCCOOH(7.5 ng/L LOQ)positive,
respecti vel y; aafor badthtcdneabinopswere 6 lt CBDamdtCBN  t
tiastwere each 5 h(0.5 and 1 pug/L LOQs, respectivelyip the same participant cohort,

OF collected via expectoration yielded THCBD, and CBN &axup to 22,370, 1000,
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and 1964 ug/L, respectivelyfr¢e THCCOOH 560 ng/L) occurring at approximately the
same time as specimens collected with the commercial d@&§evith expectorted
OF, 120OH-THC (0.25 pg/L LOQ) was detected 0.25 h (1.2 pug/L), 1 h (0.3 and 0.4
Mg/L), and at 2 h (1.3 pg/L). Finally, a study monitoring cannabinoid OF
pharmacokinetics up to 30 h pakise inl4f r equent ( QCbscasiwmle k) and
(<2x/week) smokers after smoking a 6.8% THC cigarette reported significantly greater
free THCCOOH Gnaxin frequent smokers (59430 ng/L) compared to occasional
smokers(@ 7. 7 ng/L); 85% of frequent smokersd OF
(upto197ng/L)wmi I e only 15% of occasional smoker so
positive(15 ng/L LOQ)(96).
Research describing the relationship between blood and OF THC concentrations
i's published. Foll owing smoking a 3.55% THC
THC ratio folloving GGMS analysis was 30.1 at 0.20 h, then dropped t@2@26rom
0.334 h postdose, and spiked again to 28.3 at 6 h; no OF or plasma THC was detected
after 6 h in this participar{®7). In another study administering 250 and p@tkg THC
cigarettes, meaa SD OF/serum THC ratios were 4&27.0 and 35.& 20.3,
respectively, with intemdividual variations (coefficients of variation) of 58.5% and
56.9%, respectivel{®8). Finally, in a study that administered 50§'kg THC cigarettes
to 12 frequent (>4x/week) and 12 occasioamiéekly use) smokers mearSD
OF/serum THC ratios were 31£730.6 and 37.1 + 40.8, respectively, and not
significantly different; overall OF/serum ratios ranged from423(93). Based on
available data, the high inteand intraindividual variabilities observed preclude

estimations of plasma or serum THC concentrations from OF data.
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An area of conern when interpreting positive cannabinoid results is the issue of
passive exposure to cannabis smoke. A recent review included 21 studies conducted since
1970 and described concentration ranges and provided recommendations on how to
interpret positive aanabinoid results with respect to passive exposure in a variety of
biological specimenf9). Factors that affect the likelihood of detecting cannabinoids
following passive exposure include volume and ventilation of the exposure roofpenum
of participants exposed, exposure time, magnitude of exposure (e.g. number and potency
of cigarettes), and analytical methods utilized to detect and quantify cannabinoids.
Differentiation of active and passive cannabis exposure with blood specinuiffis ust;
low (CB.1pg/L) THC and THCCOOH blood concentrations were observed following
passive exposure in one study0) Blood THC concentrations that low may also be
observed during the elimination phase of a cannabis dose, and in baseline concentrations
of abstaining frequent smokers. One suggestion to overcome this was to compare plasma
THC and THCCOOH concentrations, with THC>THCCOOH consistent with passive
exposurg101) Alternatively, OF may be a useful matrix for discriminating active from
passive intake. THCCOOH is not present in the cannabis plant or samuk#& was not
observed in any participantsd OF speci men
(00 i tdos detection would indicate active
requires sensitive analytical techniques (typical concentrations are in the ng/L range).
Minor cannabinoids other than CBD and CBN may also be good OF markers to
distinguish between active and passive exposure; CBD is present in some medicinal
cannabis products and CBN is a THC degradation product, so they would not be useful

OF markers.
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Oral Cannabis
While smoking is the most common cannabis administration rothter;, mtake
methods are implemented. In a recent survey of US adult<Cdgegkars who had ever
consumed cannabis, 88.7% ever consumed canna
pipeo, 29.8% via fiedible or drickdevaceo9. 99
(102). Additionally, while 58.8% reported only implementing 1 mode of use within the
past 30 days, 22.4% and 18.8% reported utilizing 2G8nahodes, respectively,
indicating the importance of characterizing multiple @ns administrations. Oral
cannabis administration is commonly utilized for therapeutic delivery (dronabinol,
synthetic THC) in the form of capsules, but consumption in foodstuffs (e.g. brownies,
cookies, etc.) is also common.
In one comparative study wihich participants were administered cannabis via
smoked (19 mg TH@d libitum), oral (chocolate cookie containing 20 mg THC), and
intravenous (IV, 5 mg THC injected over 2 min) routes, me&b (range) THC
bioavailability after smoking and oral doses were determined a¥8(824%) and 6
+ 3% (412%), respectively; additionally, following smoked and oral doses median
(range) increases in heart rates were 38Q)0bpm and 26 48) bpm, repectively
(203) Another study administetldorownies containing placebo or 22.4 or 44.8 mg THC
and found no significant differences in standing or supine pulse or standing or supine
systolic or diastolic blood pressure (SBP/ DE
drugo and dl fickntlyrgrgader after thehigeest gase compared to either the

placebo or low dose with peak effects generally occurringd 5% postdose(104)
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Similarly, after administering placebo, 20 mg dronabior 16.5 or 45.7 mg THC in

whole milk, significant increases in ratings
decreased ratings in willingness to drive were observed compared to placebo, although

the active doses were not significantly differeonfi each othefl05) All active doses

also produced significant increases in time to achieve pairing in a roadside testing task

and significantly decreased the percent time spentindgrd i ned Al aneodo i n a
computerized tracking task compared to placebo; however, no active dose was

significantly different from another. In another study, up to 90 mg oral THC (in 15 mg

increments) and placebo were administered over 7 sessions with significant performance
impaiments observed compared to placebo with diegendent increases in heart rate

for all doses except 15 mg THC, and with significant decreases in SBP following 30 mg

THC but significant increases following 75 and 90 mg THO6). Results for subjective

ratings were more complicatfiedhi rsatyiong®sfeor nhi
dependent fashion across all admi ni strations
30 mg THC then declined; and ratings for fba
than placebo after 90 nrgudl HCf foend tys 0 ,Raft h inghso ,f
Atired/ sedatedod, fAstonedo, Aforgetful o, and
significantly greater than placebo at do€88 mg; however, none of the ratings after

those doses wemggnificantly different from each other, denstrating a flat response

over the dose rang®-90 mg THC Oral THC administration produces typical, but

delayed, subjective cannabis responses and performance impairments, although

significant differences from placebo are dependent on the dose(s) ddrathisnd the

specific metric measured.
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Some studies compared the subjective effects of smoked and oral cannabis.
Following administration of brownies containing placebo, 8.4 mg THC, or 16.9 mg THC
and cigarettes containing equal doses, smoked and oralmarboth produced
significant increases in ratings for drug Af
but dose effects following smoking were larger, while significant dose effects for
Asedatedo, Ahungryo, and fAdosmgoaly8) wer e obser
Another study adimistered either 5 mg oral THC four times daily (20 mg daily dose) or
a cigarette containing 3.1% THC four times daily for 3 consecutive days and observed
that although oral and smoked doses produced
Amel | mpared to their respective baseline rat
dosing days 1 anddo2s i nigned a yoswol oann dac3t,i vaeend fig
activedosing day 3 following smoking were significantly greater than after oral dosing
(107) I nterestingly, ratings for Airritabl ed &
(days immediately following the final active dosing day) were significantly greater than
ratings at baseline aluring active dosing following smoking but not following oral
dosing. In both studies, administered doses were smaller than those described previously
which may be partially responsible for the minor differences observed.

THC and 110OH-THC were not deteed (0.5ug/L LOQ) in plasma from six
participants during or after administration 3x/day for 5 days ofdoge hemp oil (0.39
mg THC/day) or lowdose THC capsules (0.47 mg THC/day), but were detected at
concentrations up to 6.5 and /L, respectivelyafter highdose hemp oil (14.8 mg
THC/day) or highdose capsules (7.5 mg THC/day); they were observed in 16.7% and

13.3% of plasma specimens, respectively, 49 h after the fina{ ie8e THCCOOH,
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however, was detected in 27.8% of plasma specimhemsg the 5 days of 0.39 and 0.47
mg THC dosing and up to 26.7% of specimens at 49 h after the final dose, while 92.6%
of specimens were positive at the higher doses during dosing and 100% at 49 h after the
final dose (1.Qug/L LOQ). During continuous of20 mg THC dosing with increasing
frequency (every-8 h producing daily doses of 420 mg THC) for 7 days, mean (SE)
free plasma THC, EDH-THC, and THCCOOH &axand hax(relative to the first dose)

in six daily cannabis smokers were 47.7 (§id)L at 98.1 (9.6) h, 23.9 (3.1ig/L at

142.8 (12.7) h, and 327.2 (53{dg/L at 153.1 (9.9) h, respective]¥09) At 22.5 h after

the last dose, mean (SE, range) free plasma THOH-THC, and THCCOOH
concentrations were 3.8 (0.5, £242), 3.0 (0.7, 1%.3), and 19® (39.9, 55.847.3)

Mg/L, respectively. Significant increases in freeQH-THC/THC and THCCOOH/THC
ratios during 7 days of continuous dosing were observed. Additionally, significant
decreases in percent freee@H-THC and significant increases in percéee

THCCOOH were observed with a nonsignificant change in percent free THC, indicating
differential glucuronidation among analytes. After low (5 mg) and high (15 mg) oral
synthetic THC doses, mean (SE) plasmax@om nine participants were 4.7 (0.9)ch

14.3 (2.7)ug/L for THC, 3.0 (0.4) and 11.1 (2.Qp/L for 11-OH-THC, and 69.3 (17.6)

and 133.6 (36.3)g/L for THCCOOH, respectivelf110) The same participants were
administered low (5.4 mg THC + 5.0 mg CBD) and high (16.2 m@ #15.0 mg CBD)
dose Sativex (a wholglant cannabis extract) and mean (SE) plasmavzere 1.6 (0.4)

and 6.7 (2.0pug/L for CBD, 5.1 (1.0) and 15.3 (3.4p/L for THC, 4.2 (0.7) and 8.4 (1.2)
pg/L for 11-OH-THC, and 108.0 (30.5) and 126.6 (25.9)L for THCCOOH,

respectively. No significant differences in cannabinoid plasma concentrations between
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low-dose oral THC and lowose Sativex or highdose oral THC and higtose Sativex

were observed, although differences between high doses and their redpecteses

were significant. According tKarniol et al. (111), CBD interfered with and attenuated

some effects of THC when administered together orally; in our research directly

comparing equivalent doses of Sativex and THC, no effect of CBD on THC

pharmacokinetics was observed when administeradLid ratio(110), suggesting

CBDO0s modul ation of THCO6s effects in not due
administered doses.

Few published data are available for blood or plasma cannabinoid
pharmacokinetics following oraldministration of cannabis in foodstuffs. Following
ingestion of a cookie containing 20 mg THC by 11 participants, plasma THQvE€re
4.4-11 pg/L occurring 6890 min postdose for most participants, although some
concentrations peaked as late as 24032@min(103) demonstrating THCOs
erratic absorption following oral dosing. Another study administered brownies baked
with either low (8.4 mg) or high (16.9 mg) dose whplant cannabis extract or placebo
cannabis laced with THC at equal concentrations to 12 particif@#)t$lasma THC
and THCCOOH concentrations inesed dose dependently between each high dose and
the corresponding low dose. At the low dose, no significant differences in plasma THC or
THCCOOH pharmacokinetics between whplant cannabis and THGnly doses were
observed. However, at the high dose sigantly greater plasma THC and THCCOOH
were observed following the THGnly dose compared to the whegléant preparation,
starting at 90 and 180 min pedbse, respectively. A similar significant difference

between the preparations was not observedchei@gmoked route. Quantitative data for
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only plasma THC concentrations were presented, with mearafier low-dose
brownies of ~45 pg/L at 150 min postlose while Gaxafter highdose wholeplant and
THC-only brownies were ~7 and®/L, respectively, &o occurring at 150 min pest
dose. Following administrations of whole milk decoctions containing 16.5 or 45.7 mg
THC by eight participants, mean (range) whole blood TH&®as 3.8 (1.8.3) and
8.4 (3.913.1)ug/L, respectively, each occurring 1 h pdsse, mean 2OH-THC Gnax
was 4.7 (2.77.0) and 12.8 (3-24.7)pug/L, respectively, occurring 1 and 2.5 h pdsse,
and mean THCCOOH faxwas 27.8 (14-42.4) and 66.2 (31-29.9)pg/L, respectively,
occurring at 4 and 2.5 h pedbse(105) Finally, after eating brownies containing ~10,
25 or 50 mg THC, blood &axwere 1.0 (0.68.0), 3.5 (3.#4.0), and 3.3 (1:5.0) pg/L for
THC, 1.0 (0.62.0), 3.3 (2.66.0), and 3.2 (2:@.0) ug/L for 11-OH-THC, and 7.2 (B
14.0), 21.3 (12.489.0), and 29.3 (16-84.0)ug/L for THCCOOH, respectively;
cannabinoid detection times wer€B, 312, and 394 h, respectively (LOQs not
provided)(112)

Fewer studies investigated OF cannabinoid pharmacokinetics following oral
cannabis administrations. After administering brownies baked with cannabis containing
20-25 mg THG peak OF THC concentrations were-X.2 ug/L at 12 h postdose with
samples negative by 16 h in two participants (@2 LOQ) while a third was positive
72 h postdose(92). In a separate study with brownies containing ~10, 25 or 50 mg THC,
observed mean (range) Om4cwere 192 (47.2112), 478 (70.1128), and 598 (350
1010)pg/L for THC and 50.8 (04231), 140 (23.251), and 314 (0-822) ng/L for
THCCOONH, respectively112) THC and THCCOOH detection times ranged from 1.5

22 h and @126 h, repectively (LOQs not provided). Following continuous oral 20 mg
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THC dosing with increasing frequency (ever 4 producing daily doses of 420 mg

THC) over 8 days, THC concentrations in OF collected from 10 participants with a
commerciallyavailable deice did not significantly increase over 5 h after the first dose,
with only 6.3% of samples positive on day3 and only 2 participants THC positive

after the first dosing day (Oig/L LOQ) (113). In contrast, free OF THCCOOH was
detected in 98.0% of samples collected within 5 h after the first dose, 98.3% of samples
throughout days-Z, andin all samples collected over 23 h after the final dose (7.5 ng/L
LOQ), with a statistically significant increase in THCCOOH concentrations between the
first and last study days. Additionally, the change from 3 days of 100 mg THC/day
dosing to 3 days of IPmg THC/day produced a statistically significant increase in OF
THCCOOH concentrations (ranges 1-8@1.8 and 9-1117.9 ng/L, respectively). No
11-OH-THC was detected in any OF specimen at gu@/& LOQ. A similar trend was
observed in the same cohorittwexpectorated OF with two exceptions: increasing the
daily dose from 100 to 120 mg THC did not produce a statistically significant increase in
OF THCCOOH concentrations (ranges-620.6 and 5.780.4 ng/L, respectively), and a
single specimen was 4QH-THC positive (0.5.4g/L) at 161 h after the first THC dose,
coinciding with the time of maximum OF THCCOOH concentrafiblhi) OF THC,

CBD, and CBN concentrations were significantly elevated following low (5.4 mg THC +
5.0 mg CBD) and high (16.2 mg THC + 15.0 mg CBD) dose Sativex actuations in
contrast to 5 or 15 mg oral, encapsethT HC administration, while free THCCOOH
concentration increases were observed only afterdagle Sativex115) The absence of
measurable OF THC, CBD, and CBN following therapeutic oral Td&Es, and high

CBD/THC ratios (median 1.65.34 and 0.82.26 following low and higfdose Sativex,
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respectively, compared to after smoking [6(@5]) distinguished those administrations
from cannabis smoking, while low (<4 pg/ng) THCCOOH/THC ratiogesated either
recent Sativex or smoked cannabis administration. These data suggest OF cannabinoid
monitoring can identify relapse to smoked cannabis during therapeutic oral THC
administration, but not compliance to oral treatment, and compliance witlesativ
treatment (via high CBD/THC ratios) if specimens are collected rapidly enough after

cannabis smokin@l15)

Vaporized Cannabis

The Institute of Medicine suggested that smoking was an ioppate route for
medical cannabis administrati¢fil6) Smoked cannabis includes exposure to harmful
combustim by-products including potentially carcinogenic polycyclic aromatic
hydrocarbons However, the low bioavailability and slow, erratic absorption produced by
oral cannabis suggests that an alternative administration route would be useful.
Vaporization offersan attractive alternative for intrapulmonary cannabis administration.
With this technique a sampiee.g. ground cannabis plant material, resin, or a liquid
solutioni is heated to a temperature that vaporizes cannabinoids but is below the
temperature aample combustion, reducing the formation of unwanted byproducts
(117) One such device is the Volc&hdaporizer, which consists of a heater, ventilator,
filling chamber, valve, and balloon. During operation, hot air passes through the filling
chamber into the attached balloon, volatizing cannabinoideisample. After the
balloon is filled, it can be detached and fitted with a mouthpiece for inhalation of vapors.

Performance of the Volcano was evaluated at varying temperatures, heating times, and
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doses and it was determined to be a reproducible medhadrinabinoid delivery, with a
maximum of 53.9% of a loaded 4 mg pure THC dose delivered to an 8 L balloon in 55 s
at 226¢eC, while vaporization of 200 mg crude flower tops produced a maximum 29%
THC delivery(118). In another investigation the composition of cannabis vapor and
smoke were compardd19) It was observed that a greater amafifHC was present
following vaporization at 236C (67.1%9.1 mg THC/g plant material) than after smoking
(43.5:9.5 mg/g), while the ratios of unidentified-pyoducts: THC after vaporization at
230€C and after smoking were 0.3:1.0 and 1.6:1.0, respégcti@eer the temperature
range 17230€C increases in THC content were observed from <10 to ~50 mg/g, while
the amount of byroducts were approximate@®®0 mg/g. Finally, the effect of sample
sizes was investigated. With-A000 mg samples vaporized &02C, total yield (all
detected products including THC, other cannabinoids, afutdjucts) decreased from
~400 to ~30 mg/g, while a maximum THC content of ~100 mg/g was observed with a
100 mg sample, decreasing to 28.8.3 mg/g with a 1000 mg samplehe total yield

was inversely proportional to sample size while the decrease in THC content was less
severe over the sample size range, implying sample size has a greater effeeTbBiCnon
components of the vapor (other cannabinoids goiogucts).

In apilot study comparing smoked and vaporized cannabis, 18 participants
smoked or vaporized half a 0.9 g cigarette containing 1.7, 3.4, or 6.8% in six randomized
sessions; vaporization was performed at @&30requiring 23 balloon inflations to
vaporize thavhole dos€120) Plasma THC area under the curve (AUC) up to 6 h after
dosing were nogignificantly different between smoking and vaporization at any dose,

while concentrations of exhaled carbon monoxide (CO) were significantly greater
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following smoking than after vaporization at all three cannabis potencies; there are the

only other pubkhed data on expired CO concentrations following vaporization. Self
reported ratings of #Ahigho did not significa
significantly increased with increasing THC strength. Another study administered

ethanolic solutions d, 4, 6, and 8 mg THC via vaporization 1.5 h apart ate€€2fe 12

participants and observed significant dogpendent increases in heart rate, increased
ratings of Afeeling highoE2lalmphireddkivinge ased r at
behavio was also observed following cannabis administration via vaporization.
Occasionato-moderate cannabis smokelesmonstrated increased standard deviation of

lateral position (SDLP, lane weave), similar to impairing alcohol concentrations, with

duringdriveb | oo d T k€ (1228 whie also demonstrating slower driving and

greater headway (demtce relative to a lead vehicl@R3) Vaporization offers an

attractive alternative to inhaled cannabis administration, prodsaimtar subjective, but

also impairing, effects to smoked cannabis while reducing exposure to harmful

combustion byproducts.

Additional Minor Cannabinoids

Cannabigerol (CBG) is a biosynthetic CBD precursor detected in human cannabis
us er s @24y P-Tetrahydrocannbivarin (THCV), a minor cannabisstituentwas
identified in human urine after cannabis administraii##b)and isnot present in
synthetic dronabinol preparatio(i26). Additionally, 11-nor-9-carboxyTHCV
(THCVCOOH) waspresent in human urinenty after participants smoked cannabis

cigarettes containing THCV but not after oral dronab{ti@b) More recently, the
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prevalence of THCVCOOH in human urine was determined as part of a study
investigating the efficacy of dronabinol for the treatment of cannabis dependence and was
detected in 50% of admissiomine specimengl27). The pharmacokinetics of these
cannabinoidsirepoorly characterized, but theyayaid in cannabinoid results

interpretatiorby indicating inhaled or oral cannahise differentiating between active

and passivemoking,or by indicatingrecent cannabis us€éherefore, characterization of

their pharmacokinetics after controlled cannabis administration via multiple routes will

provide crucial data to help improve result interpretations and guide policy making.

On-site Oral Fluid Devices for Screening for Cannabis Use

Rapid and sensitive esite OF devices offer strong advantages for screening for
drug use at the roadside, allowing trained officers to presumptively identify drug use
without lengthy delays associated with blood collectiéwkilitionally, onsite OF
devices may be useful in drug treatment and workplace drug testing settings, screening
for drug intake within 42 days of last use, or in screening posirtem blood as was
demonstrated for one device for cocaine and op{a2&) The DRUID program
suggested an 80% target for sensitivity, specificity, éffidiencywhen evaluating these
deviceq(129) SAMHSATrequires a 1g/L OF THC confirmatory cutoff for workplace
drug testing setting®4), while DRUID implemented & pg/L OF THC confirmatory
cutoff (25).

Among volunteers from drug addiction centg80, 131)or drivers arrested for
DUID (132), sensitivity, specificit, and efficiency for the Draeger DrugT&s000

(DT5000, 5ug/L THC cutoff) were 53.880.8%, 95.599.0%, and 84:02.0%,
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respectively, when evaluated against chromatographic OF THQu#y/L cutoffs.

Drivers stopped during roadside patrols and tested for drugs in OF showed an improved
92.3% sensitivity(133). Performance of the DT5000 also was evaluated in controlled
research settings following smok€B4-136)and vaporized137)cannabis; at least one
performance criterion was observed to be <80% in these studies.

OF THC concentrations cannot be accurately converted to blood concentrations;
however, it would be useful if OF could predict the presence of drugs in blood since
blood concentrations more closely correlate with impairment. Utilizing residual OF from
the swab ba firstgeneration DrugTest devic@l(0 pg/L chromatographic cutoff),
sensitivity, specificity, and efficiency of predicting THC in seru®d.6 pg/L cutoff) was
91.8%, 91.3%, and 91.5%, respectively, among drivers suspected of DUID; serum was
collected amedian (range) 1 (0-3.3) h after OF collectio(iL38). DrugTest sensitivity,
specificity, and efficiency20 pg/L cutoff) for predicting plasma THGX.5ug/L) in
police controls were 50.9%, 92.9%, and 55.7%, respectively; when raising the plasma
cutoff to 2.0 ug/L (Belgian limit) performance was 57.8%, 87.5%, and 65.6%,
respectiely (139). Other evaluations of suspected impaired drivers confirmed results
from the newer DT5000 with plasnig40)or serum(135, 141) finding 84.893.0%
sensitivity, 47.071.4% specificity, and 79.80.0% efficiency. Among research
participaats administered 19:82.8 mg THC smoked, DT5000 sensitivity at any
individual time point 0.254 h after smoking was §P00% with a serum THCB pg/L
cutoff (142) Differences in device performance may be due to different populations
(occasional or frequent smokers, drivers stopped durirtgitde patrols or admitted to

treatment clinic, and participants enrolled in controlled administration studies),
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confirmatory matrices (blood/serum/plasma or OF), OF collection devices, and screening

and confirmatory cutoffs.

There are few published dateatuating the Aler8' DDS®2 (DDS2,25 ug/L THC
cutoff) OF screening device, although a small study recently showed 100% agreement
between screening and confirmatory OF results witlug/R THC cutoff in 38 OF
samples from randomly stopped drivers; howgVe{C prevalence was low (only 5
drivers)(143)

Neither the DT5000 naheDDS2 onsite devices were evaluated following oral

cannabis. To properly interpret cannabinoid test results, additional characterization of the

relationship between dbd and OF cannabinoid pharmacokinetics following ingestion of
cannabiscontaining edibles is require@ihese data will also provide scientific evidence
for policies and legislation that aim to set standards for implementationsiteotevices

in variousdrug testing settings.

Drug Evaluation and Classification Program

The 20132014 National Roadside Survey of Alcohol and Drug Use by Drivers
found 1.5% of weekend nighttime drivers had a breath alcohol concentration (BrAC)
.08 (32% decrease since 20@0/Hile 22.5% were positive for any drug based on OF
and/or blood tests (38% increa$g$). To help combat drugged driving, the US
Department of Transportationds National
(NHTSA) and the International Association of Chiefs of Police (IACP) developed the
Drug Evduation and Classification Program (DEQR2%4) The program was initially

devel oped in the 197006s by officers at
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multi-step protocol and the first drug recognition examiner (DRE) program. In the
1980 06s aNdihe&APD collaborated to standardize the DRE protocol, producing
the DECP. Today, with the help of NHTSA and the IACP, all 50 states, the District of
Columbia, Canada, and the United Kingdom participate in the DEZH).

When an officer stops an individual suspectedrofing under the influence
(DUI), standardized éild sobriety tests (SFSTSs, e.g. horizontal gaze nystagmus [HGN],
walk and turn [WAT], and one leg stand [OLS]) are performed and the individual is
arrested if alcohol or drug use is suspected. If impairment based on the observations and
results fromthe SFTs are not consistent with the susp
of naming an impairing agent, a DRE evaluation may be requested. The DRE utilizes a
standardized }8tep procedure combining physiological, psychophysical, and
observational evidence form an opinion on which drug class(es) (CNS depressants,
CNS stimulants, hallucinogens, dissociative anesthetics, narcotic analgesics, inhalants,
and cannabis) is likely causing the impairment.

Evaluations of the SFSTs in identifying cannabis impairraeamixed,
potentially due to differences in study populations, drug administrations, and the timeline
of SFST examinations relative to dosing. Following administration of placebo, low
(1.74% THC), and high (2.93% THC) potency cannabis cigarettes, ovapalirment on
the SFST (defined as impairment in at least 2 of 3 tests) was significantly related to THC
dose at 5, 55, and 105 min pastsing(146) Upon further inspection, observation of
someWAT and OLS clues at all times and on the
55 and 105 min were significantly related to THC dose. Over the three time points,

percent of individuals classified as impaired on overall SFST performance dropped from
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23.1%to 15.4% and from 46.2% to 28.2% after faamd highdose cannabis,

respectively. In the same cohort of participants, performance in a driving simulator was
significantly impaired at 80 min pesdbse but not at 30 min at both THC strendfi¥7)

Based on the performance on the SFSTs administered before (at 55 min) and after (105
min) the 8Gmin driving simulation after lovdose THC, 88.5% and 100%, respectively,

of participants who were impaired on the driving task were identified as impaired while
38.5% and 0% of participants who were not impaired were correctly identified as such.
Following highdose THC, 92% and 84% of participants impaired on the simulator were
identified as impaired on the 55 and 10548FST testing, respectively, whil®.4%

and 61.5% of those not impaired on the simulator were identified as such fréathe

105 minSFSTtesting, respectively. These data imply that the SFST may be more

sengive than driving performance in identifying cannabis impairment, particularly at

lower THC doses. After 10 and 20 mg oral dronabinol administration to occasional and
frequent cannabis smokers, SDLP in an actual driving tégt after dosing was

significantly increased in both groups, although to a lower extent in the frequent smoker
group; however, performance on overall SFST or individual tasks was not impaired in
either group when performed 455h postdose(148). In a study evaluating the combined
effect of THC and alcohol on SFST performance in frequent smokers, cannabis alone was
significantly related to OLS impairment while cannabis with either 0.05 or 0.07% BAC
was significantly related to impairment on HGN with only a trend towards impairment on
OLS(142) These dat a d emparingeffectaon HGNHO) bwthe | 6 s i
general lack of observed impairment may be due to a combination of the study population

T only frequent smokers that may develop partial tolerance to impairing effaots the

33



study timeline (SFSTs were performed 2 h after cannabis dosing). In a more extensive
study, placebo, lovdose (0.05% target BAC), and higlse (0.08% target BAC) alcohol
were administered with placebo, lesose (1.8% THC), and higiiose (3.0% THC)
cannabis to occasional and frequent smokers with SFSTs performed 50 rdiogmst
(150) Among the lowdose alcohol conditions, significantly more participants were
impaired on HGN after high THC/alcohol compared to other comditid significantly
greater proportion of impaired participants on OLS and overall SFST performance were
only observed after low THC/alcohol compared to placebo/plad®libin the highdose
alcohol conditions, significantly more participants were impam@tHGN after high
THC/alcohol compared to some conditions; however, significantly more participants
were impaired on HGN also after placebo THC/alcohol compared to low THC/placebo
and placebo/placebbdlo significant effects for OLS performance were obsdywhile
percent impaired on overall SFST performance, again, was only observed after low
THC/alcohol compared to placebo/placebbese datauggest that OLS is a more
reliable indicator of cannabi®lated impairment than HGN or WAWhile impairment
on other measures was mainly attributed to alcohol (e.g. impairment on HGN). An
important consideration when reviewing these studies is these evaluations relied only on
outcomes from the SFSTSs instead of the entire spectrum of observations and evidence
obtaned during a full DEC exam.

A more complete examination was performed to determine the validity of the
variables in the DECP in predicting whether participants were administered ethanol,
cocaine, or cannabis while a secondary objective was to deterrainedtiracy of DRES

in detecting whether participants were administered the subsi{d®dgsDRESs
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performed neacomplete evaluations during the studyth participant questioning and

interrogations excluded. Analysis of the data revealed 28 variables that best predicted the
presence or absence of cannabis based on DRE
administered. For determination of DRE accyrdACP standards were utilized. Of 158

examinations performed, impairment was called in 81. Of those 81, toxicology was

positive foranydrug(s) in 75 cases (92.6%); however, toxicology was consistent with

DREG6s calls per | ACP )sThedi doasisterg casesicotained®a s e s (
ethanolonly calls; when removed from the analysis (because DREs administered a BrAC

test, providinga priori confirmation of ethanol administration) toxicology was consistent

with DREOGOS opi ni on72cases (3424%p Cannalhsevasrthe ondyidrag n g

for which the proporti on a@idthépropdrtionofrcpllai r ed o o
of cannabis only increased as dose increased. In a similar study in which participants

were administered alprazoladiamphetamine, codeine, or cannabis, toxicology was
consistent with DREsO6 opinions in 32.1% of c
only ethanol called), with cannabis having the largest (45.2%) percent consistency among

the individual drug$152). When interpreting these data, however, it is important to

consider differences between the controlled laboratory environment and the field

conditions under which DRE typically form their opinions including 1) DREs evaluated

participants that were not dosed in some sessions while preliminary evidence in the field

(e.g. driving behavior) makes it more likely a suspect used a drug, 2) an abbreviated fo

of the standardized procedure was implemented with interviews and interrogations

excluded, an important step in the field to supplement DRE observations, and 3) suspects
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in the field may use greater doses of drugs than were administered, and may exhibit
clearer signs of impairment.

Recently, 302 toxicologicallgonfirmed cannabisnly (blood THCO1 Og/ L)
DECP cases were evaluated compared to 302ifnpaired) controlg153).
Significantly increased heart rate and SBP and significantly dilated pupils compared to
controlswere observed. Performance on the firgenose (FTN) test utilizing a decision
criterion of O3 misses best predicted cannab
positivel/lnegative predictive valuea and ef fi
based on observing eyelid tremors during the Modified Romberg Balance (MRB) exam
wer e all 086. 1%. When tests results were con
following: O3 FTN misses, MRBRWATelugssd tr emor s
y i e | d.2% for@lbdignostic criteria. Blood collection time relative to the evaluation
significantly affected THC concentrations, with median (range) concentrations before the
evaluation (7.1 [1-B5.0] ug/L, n=91) significantly greater than those after the
evaluation (5.0 [1.447.0] pg/L, n=72). Increasing blood collection time (relative to
arrest) was significantly correlated with decreasing measured blood THC (Spearman r
-0.2317),demonstrating the need for blood samples to be collected as epdysisie.

These data were supported by a similar study that compared 602 toxicolegically
confirmed cannabisnly cases to 349 dreigee DECP control evaluatior§$54) The
number of observed clues on the WAT and Oh8 #he number of FTN misses were
significantly greater in cases than in controls. Significant correlations between blood
THC concentrations and DBP, FTN misses, odor of cannabis, and lack of convergence

(LOC) were observed, even though data were collecteéan 74 min after the arrest,
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with a maximum lag of 225 min. However, no indicator was associated with a significant
OR for predicting blood THC concentrations above or belqg/t. Additionally, when
comparing blood THC concentrations frord® pg/L (considered noimmpairing for this
analysis) and thogéb pg/L (considered impairing) to impaired or Rnpaired

performance, no indicator produc€80% sensitivity, specificity, and efficiency; when
looking at only SFST impairment, no blood THC concemratutoffs evaluated (1, 2, 3,

5, 7, and 1Qug/L) producedB0% for all diagnostic criteria. These data highlight the
difficulties with establishingper seblood THC cutoffs for DUID, while the results from
Hartmanet al (153)demonstrate the strength of the DECP whertiplalobservations

are utilized in forming an opinion regarding impairment.

Evaluation of performance on DECP tasks following multiple cannabis
administration routes in chronic frequent and occasional cannabis users will provide
additional scientific evidece to improve interpretation of cannabé$ated impairment,
and strengthen the utility of observable impairment signs in daaiimgedecrements in

performance
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Chapter 27 Simultaneous Plasma and Oral Fluid Morphine and
Codeine Concentrations after Contolled Administration of Poppy
Seeds with Known Opiate Conterit

Abstract

Opiates are included in drug testing programs because of their psychoactive
properties and abuse potential, but excluding poppy seed ingestion is necessary to
correctly interprepositive opiate results. There are few available data for plasma and oral
fluid (OF) following poppy seed ingestion, and most do not report opiate content in the
ingested poppy seeds. We quantified plasma and OF morphine and codeine
concentrations via a lly validated liquid chromatograplitandem mass spectrometry
method after controlled administration of two doses (8 h apart) of raw, uncooked poppy
seeds (4%) each containing 15.7 mg of morphine and 3.1 mg of codeine. Simultaneous
specimens were colleddefore and up to 32 h after the fidbse. Maximum OF
morphine and codeine concentrationsi(2X and 2.022.4ug/L, respectively) were
significantly greater than simultaneously collected maximum plasmeetrations (2.8
9.3 and 1.12.0ug/L, respedtely). OF and plasma morphine and codeine concentrations
were significantly correlated, but large variabilities preclude plasma concentration
estimations from OF results. The median OF morphine time of first detegtigra(td
time of last detectiontiés) were both 0.5 h with cutoffs from 20 to g@/L, with 0.9
6.7% positive specimens. Codeine was detected only at [02014)/L OF cutoffs;
median #rst and tastwere 0.51.3 h and 0.62.3 h, respectively, with only 0.4.8 %

specimens positive. &dr two large, raw, uncooked poppy seed doses, significant

I Newmeyer, MNet al. Forensic Toxicol. 2015;33(2):23843 (doi: 10.1007/s114191502669).
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differences between plasma and OF opiate pharmacokinetics were obkesgetthan
6.7% positive OF tests and a median morphine OF detection time of only 0.5 h with
cutoffs from 20 to 4Qug/L suggst that few OF positive morphine tests can be explained

by poppy seed ingestion.

Introduction

The seeds of the opium plaR&gapaver somniferurh., are consumed as food
worldwide and contain alkaloids including morphine, codeine, thebaine, noscapine, and
papaverine. Alkaloid content depends on seed origin and processing; washing the seeds
can educe morphine content byi4tb%, baking up to 9, while seeds used in
commercial baking mixes may contain no morpl{B)e Opiates are included in federally
mandated workplace and DUID (driving under the influence of drugs) testing programs,
and there is concern over whether poppy seed consumption can produce false positive
opiate tests. Aerefore, while interpreting test results it is important to consider poppy
seed ingestion as a possible explanation for positive opiate results. A recent review
reported primarily on morphine and codeine urine concentrations after poppy seed
administratio (8). The most important limitation of previous administration studies is
that the poppy seed morphine and codeine contents were unkb®wirb5)

Few studies have addressed morphine and codeine concentrations after poppy
seed ingestion in other forensically important matrices like plasma or oral fluid (OF). OF
is an increasingly popular sample matrix with some advantages over blood and urine; it is
less invasive, does not require sagea collection, and minimizes sample adulteration
(23). However, it als@resents disadvantagimat include potential difficulty in

collecting adequatspecimen volume, sampling time requirement (particufarly
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DUID), and requires the addition of preservative buffetsch dilute specimens and can
pose analyticathallengesData are available that indicate OF concentratmose
closely correlate with blood than urine concentratigits 97, 156)data for correlations
between OF andlasma morphine and codeine after poppy seeds administaatiorot
available. The US Substance Abuse Blental Health Services Administration
(SAMHSA) proposed 40ug/L OF confirmation cutoff for morphine ammbdeine in
workplace drug testin(lL57), although lowethresholds (3Qug/L) also are considered.
The DRUID(Driving Under the Influence of Drugs, Alcohol aktedicines) projet in
the European Union proposed analytio& morphine and codeine cutoffs of @/L. In
addition, the DRUID project recommended|8%L morphineand 94ug/L codeine as
equivalent concentrations 1® pg/L in whole blood for drug prevalence stud{s).

In the present study, healthy adults were administered two raw, uncooked poppy
seed doses, each containing 15.7 mg morphine and 3.1 mg codeine. The doses were
administered 8 h apart, and plasma and OF specimens were cdibeaipdo 32 h
afterward. We quantified morphine and codeine in simultaneously collected plasma and
OF via a fully validated liquid chromatographgndem mass spectrometry (U@S/MS)
method, characterized and compared concentrations in the two matrieesiked
OF/plasma (OF/P) ratios and correlations, and evaluated different OF cutoffs. These data

will aid in the interpretation of plasma and OF opiate test results.
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Materials and methods
Participants

Individuals aged 1i865 years with adequate periphHeranous access were
recruited from the community by advertising and word of mouth. Participants received an
extensive medical and psychological evaluation. Exclusion criteria were: current medical
condition precluding safe study participation, currentsptal dependence on any
psychoactive substance other than caffeine or tobacco, inability to tolerate orally
administered poppy seeds, pregnant or bifegsting women, and history of psychosis or
any current major psychiatric disorder. All participantsvated written informed
consent and the study was approved by the National Institute on Drug Abuse Institutional

Review Board.

Poppy seed administration

Participants arrived at the secure clinical unit about 2 h before poppy seed
administration and providea urine sample. The urine was analyzed for opiates with the
iScreen (Blue Grass Drug Screen, Louisville, KY, USA), and a pregnancy test was
performed for women; participants with positive opiate iScreen or pregnancy results were
disqualified.Each partigpant consumed two 4§ doses ofaw, uncooked poppy seeds
pur chased f BagelBdkery Rakpighe NCOUSA (the highest commercially
available morphine and codeine concentrationsd). Analysis by Research Triangle
International (Researclriange Park, NC, USA) determined that each dosetained
15.7 mg of morphine and 3.1 mg of codeine (thigal therapeutic morphine dose is

generally 10 mg). Eacdthose was divided among four plastic bottles, with denttie
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holding 11.25 g of poppy seedsspended in 40 imof OraPlus suspension vehicle and
10 nmL of OraSweetsweetener (both from Paddock Laboratories, Minneapdhs,

USA). The thick liquid containing the seeds in the foottles was drunk, and each bottle
was rinsed with 50 inof water tocollect residual seeds, and these rinses were also
consumed. Two additional 58L rinses were permitted twllect any remaining residual
seeds; the total volumensumed for each dose did not exceed SDORarticipantsvere
given up to 15 min to consuneach dose. Doses wadministered at 0900 and 1700 h

on admission day.

Plasma and OF collections

Biological specimens were collected approximately 15 min before, and 0.5, 1, 2,
25,3,4,45,5,6,6.5,7,8,85,9, 10, 10.5, 11, 12, 13, 15, 21,,28,39, and 32 h
after the first dose (up to 24 h after the second dose). Whole wkxdollected from an
indwelling peripheral venous catheter into a gi@y tube and placed on ice for no more
than 2 h. Tubes were centrifuged at 3,000 rpm for 10amihplasma was decanted into a
3.6-mL Nunc CryoTube (Nalgene, Penfield, NY, USA) and stored froze20&(C until
analysis. OF was simultaneously collected with the Quantisal device (Immunalysis,
Pomona, CA, USA) by placing the absorptive pad under tigutuntil the volume
adequacy indicator turned blue, indicating 1 = 0.1 mL of OF was collected, or 5 min had
elapsed, whichever occurred first. The pad was removed and placed in a plastic tube
containing the elution/stabilization buffer, and storeddt h at 4°C to allow analyte
elution from the pad. A serum separator depressed into the tube aided buffer solution

decanting into a 3-61L Nunc CryoTube. The OF/buffer solution was stored refrigerated
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at 4°C until analysis. Lowolume specimens were reded at the time of collection and

analyzed as collected, without applying weight corrections.

Opiate analysis
We quantified free morphine and codeine in plasma and OF by a fully validated
LCi MS/MS method. Methanolic morphirdg and codeinals internal sandard solution
was added to 0.5 mL of plasma or 1 mL of Quantisal (0.25 mL OF + 0.75 mL buffer),
followed by 2 mL of 1% formic acid in water. Specimens were centrifuged at 4,000 xg
and 4°C for 5 min. Supernatants were applied to StkfaPolymeric Strog Cation
mixed-mode solid phase extraction columns (Phenomenex, Torrance, CA, USA) (3
mL/60 mg) preconditioned with 2 mL each of methanol and water. Once specimens were
allowed to drip via gravity, columns were washed with 2 mL of each of 0.1 M acetic acid
and methanol, followed by drying under positive pressure at maximum flow for 10 min.
Analytes were eluted with 3 mL of 5% ammonium hydroxide in methanol and eluates
were dried under a stream of nitrogen at@0Specimens were reconstituted with 200
of 1 mM ammonium formate + 0.01% formic acid in water:acetonitrile (9:1 v/v).
Separations were performed on a Phenomenex SynengmPrbverseegphase
column (100 x 2.0 mm, 108) coupled to a Shimadzu HPLC system (Columbia, MD,
USA) and an ABSciex 3200 Qdp mass spectrometer with a TurbolonSpray source
(Foster City, CA, USA). Data were acquired in electrospray ionization-{ksSijive
mode and analyzed with Analyst software version 1.5.1. The mobile phases were 1 mM
ammonium formate + 0.01 % formic acidwater (A) and acetonitrile (B). Separations

were performed under gradient elution conditions, starting with 10% B for 0.5 min,
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increasing to 50% B by 5 min, increasing further to 90% B by 6 aiding until 8 min,
decreasingo 10% B by 8.5 min, and Hding until 12 min. The column oven temperature
wasset to 3°C and the flow rate to 0.3l'min. Analytes were quantified with two
multiple reaction monitoring (MRM) transitions and their ratio; ratios for both analytes in
bothmatrices had to be within28% of the average calibrator ratio. Transitions
(quantification ion underlined) were 286152and 28¢ 128 for morphine, and

300Y 152and 30¢ 128 for codeine.

The method was fully validated, including linearity, accuracy, interday and
intraday imprecision,draction efficiencies, and matrix effects. Linear ranges for
morphine and codeine weré300pug/L with limits of detection (LODs) of 0.Ag/L. For
plasma, interday and intraday imprecision we8e8% (coefficient of variation, CV),
accuracy was 92i97.7% extraction efficiency was 82.103%, and matrix effects were
-24.8 4.3%. For oral fluid, the interday and intraday imprecision WBt6% CV,
accuracy was 95:804%, extraction efficiency was 94 8)3%, and matrix effects were

-71.2 t0-44.3%.

Data anaysis

Statistical evaluation was performed with IBM SPSS Statistics version 20 for
Windows, Graphpad Software Prism version 5.02 for Windows, and Microsoft Excel
2007. Pharmacokinetic analyses were based on dose. Participants who did not produce
positivemorphine or codeine specimens after a dose were excluded from calculations for
that dose relating to: maximum observed concentratigg)dime to Cmax (tay), last

detected concentration €), time of Clast (§s), and estimated halife (t12). The fastfor
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participants who were not negative before the second dose was set to 8 h for calculations
and Gestwas set to the-& concentration. Area under the curve (AUC) was calculated for
each participant after each dose by the linear trapezoidal dpe@sulting in AUG 25y sn

(dose 1) and AUgY 3 (dose 2). Statistical testing to evaluate differences between

plasma and OF morphine and codeine pharmacokinetic parameters was performed via the
Wilcoxon signeerank test for related samples. Leagtiares regression analysis was
performed to determiné&¢ relationship between morphine and codeine plasma and OF
concentrations. OF/P ratios were calculated for morphine and codeine for timepoints
where analytes were detected in both matrices. Morphine and codeine results were
evaluated at the method limit gbantification (LOQ, jujg/ L) , SAMHSAOGS propos
confirmation cutoff of 4Qug/L, the DRUID 16ug/L whole blood OF equivalent cutoffs

of 95ug/L (morphine) and 94ig/L (codeine), the DRUID 2Qg/L analytical cutoff, and

at 30 and 15ug/L. Statistical signitance was present if the twailed p-value was

<0.05.

Results

Seventeen healthy adults aged 34 years (12 men, 5 women; 11 black, 3 white,
3 mixed ethnicity) were admitted to the secure clinical unit. All urine opiate iScreen and
pregnancy tests werggative. Participant G withdrew consent for plasma collection
early in the study but stayed for all doses and OF collections; his data were excluded
from plasma data analysis and calculating OF/P ratios aingl@ma regression.
Participants provided 43flasma N = 16 participants) and 459 OR € 17) specimens.

There were 101 lowolume OF collections (5 min elapsed before voltadequacy
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indicator turned blue)lablel summarizes the positivity rates of fwiblume and low
volume specimens at the method LOQ at various time periods throughout the study. Low
volume specimens were collected at least once at every timepoint, but there were always

more fullvolume specirans.

Tablel. Comparison of positivity rates at the method limit of quantification (1 ug/L) fonvoilime
and lowvolume Quantis& oral fluid (OF) specimens collected from 17 healthy adult participants i
two 45 g doses of raw, uncooked poppy seeds, each cogtdisi7 mg morphine and 3.1 mg codeine

Morphine Codeine
Dose limeafterdosing 9% Positive % Positive % Positive % Positive
(h)? result, il results, bw result, il results, bw
volume volume volume volume
1 0.51 (25, 9) 100 100 96.0 100
2-3 (38, 13) 89.5 100 100 92.3
4-5 (39, 12) 74.4 58.3 84.6 58.3
6-8 (51, 17) 314 11.8 60.8 35.3
2 0.51 (31, 3) 100 100 100 100
2-3 (41, 10) 97.6 80.0 97.6 70.0
4-7 (34, 17) 85.3 58.8 82.4 70.6
13-18 (36,15) 33.3 26.7 27.8 13.3
20-24 (46, 5) 2.2 20.0 2.2 20.0

@Data in parentheses indicate: (number offwllume OF specimens, number of lewlume OF
specimens)

Median (interquartile range) plasma and OF morphine and codeine concentration
time curves are presentedrigurel, positivity rates at timepoints after dosing are
summarized imable2, and pharmacokinetic parametars summarized ifable3; data
presented are at the method LOQ. For participant J, tHe &6l 8h plasma specimens
after the first dose were unavailable becafssomplications with his intravenous
catheter; these data were excluded from plas@ea@d tast calculations after dose 1 and
AUC calculations after both doses. Two participants did not produce cequlesitere

plasma specimens after dose 1, so ttiaia were excluded from plasma codeingxC
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tmax Ciast tiast and {2 calculations after dose 1. One participant produced no cedeine

positive plasma specimens after either dose, so these data were excluded from both doses.
Participants who were plasmadeinepositive werenot positive long enough to

calculate 1. One participant after dose 1 and two participants after dose 2 were not

plasma morphingositive long enough, and three participants after both doses were not

OF morphinepositive long enougto calculateso.

Morphine Codeine

50- Dose Dose 12+ Dose Dose

ug/L
pa/ll

Figurel. Median and interquartile range concentratiimne curves for morphine and codeine
in oral fluid (N = 17, filled circles) and plasma (N = 16, empty circles) after two 45 g raw

poppy seed dosémdicated by vertical dashed lines) each containing 15.#orghine and
3.1 mg codeine administered 8 h apart

Participant plasma and OF morphine positivity rates after both doses were similar
throughout the study. At the time thie second dose, 12ad 17.66 of participants were
morphinepositive in plasma and OF, respectively. Participants were cofesitve
longer in OF than in plasma. Approximately 47% were OF coggaséive at the time of

the second dose, while none was positive in plagfter dose 2, participants were OF

codeinepositive for at least 15 h longer than in plasma.
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After both doses, median OF morphing.@nvas significantly greater and tmax
significantly shorter than in plasma; median OF morphine &4d&,was significantly
greater than in plasma. After both doses, median OF codemeCas, and AUC were

significantly greater, and median OF tlast was significantly longer than in plasma.

Table2. Percentage of participants positive in plasha (L6) and oral fluid (OFN = 17) at the method
limit of quantification (1ug/L) at each time point after two 45 g doses of raw, uncooked poppy see
each containing 15.7 mg morphine and 3.1 mg codeine.

Time Dose 1 Dose 2

after Morphine Codeine Morphine Codeine

dose (h) Plasma OF Plasma OF Plasma OF Plasma OF
0.5 82.4 100 35.3 94.1 94.1 100 59 100
1 94.1 100 52.9 100 94.1 100 70.6 100
2 94.1 94.1 58.8 100 88.2 100 824 94.1
2.5 88.2 94.1 58.8 94.1 82.4 94.1 64.7 100
3 82.4 88.2 58.8 100 94.1 88.2 58.8 82.4
4 82.4 70.6 23.5 70.6 88.2 82.4 235 941
45 76.5 64.7 11.8 76.5 - - - -
5 76.5 70.6 59 88.2 70.6 76.5 176 88.2
6 47.1 23.5 0 64.7 - - - -
6.5 43.8 41.2 0 52.9 - - - -
7 52.9 235 0 52.9 47.1 70.6 0 64.7
8 12.5 17.6 0 47.1 - - - -
13 - - - - 29.4 47.1 0 41.2
16 - - - - 23.5 235 0 17.6
18 - - - - 23.5 235 0 17.6
20 - - - - 5.9 5.9 0 5.9
22 - - - - 0 5.9 0 5.9
24 - - - - 0 0 0 0

Figure2 depicts results from OF and plasma morphine and codeineshpaestes
linear regression arfgigure3 depicts OF/P ratios over time after each dose. OF and
plasma concentrations were significantly correlated for each analyte. Morphine was
present in OF and plasma in 214 paired samples (49.8%) for calguld&/P ratios. The
median (range) morphine OF/P ratio was 1.2i(®433). From 2 to 6.5 h after dose 1 and

from 2 to 18 h after dose 2, the median OF/P ratio was 1.01@3 and 1.0 (0131.7),
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Table3. Summary statistics for md&an morphine and codeine pharmacokinetic parameters in pldsmaf) and oral fluidl = 17) at the method limit of
quantification (1ug/L) after two 45 g doses of raw, uncooked poppy seeds, each containing 15.7 mg morphine and 3.1 mg codeine.

6V

Plasma Oral Fluic p-value€
Dose Phamacokinetic Median Median Median Median
Parameter Morphine Codeiné Morphine Codeine Morphine Codeine
(range) (range) (range) (range)
1  Cmax(pg/L) 54(2.88.4) 1.5(1.22.0) 17.5 (3.676.5) 6.4 (2.1223.8) 0.002 0.001
tmax (N) 1.5(0.54.0) 2.0(0.53.0) 0.5 (0.52.5) 1.0 (0.55.0) 0.022 0.032
Cast (g/L) 1.6(1.1-3.5) 1.1(1.62.0) 1.4 (1.03.0) 16(1.03.0) 0.649 0.015
tiast () 7.0(2.0>8.0) 3.0(1.05.0) 5.0 (3.0>8.0) 7.0(3.0->8.0) 0.378 0.002
AUC.o . 25¢s®g A 16.2(10.229.0) 3.0 (0.07.3) 26.2 (8.1270.8)  16.6 (8.262.7) 0.069 0.001
tu2(h) 2.4 (1.03.1) - 2.1 (1.23.8) 2.6 (1.98.9) 0.730 -
2 Cmax(pg/L) 54(3.89.3) 1.4 (1.x1.7) 36.4 (4.6110) 7.2 (3.322.4) 0.001 0.001
tmax () 2.0 (0.510.0) 2.0(1.062.5) 0.5 (0.50.5) 1.0 (0.57.0) 0.001 0.451
Cast (Hg/L) 1.4(1.65.8) 1.1(1.01.3) 1.4 (1.02.9) 1.3 (1.15.0) 0.856 0.029
tiast () 7.0 (4.620.0) 3.0(1.65.0) 13.0 (2.622.0) 7.0 (5.022.0) 0.131 0.001
AUCsv3AnOg Ah 23.2(8.353.1) 2.6(0.07.2) 43.9 (20.4118) 23.2 (9.9126) 0.015 0.001
t12(h) 2.3(1.58.1) - 2.0 (1.08.7) 3.4 (1.49.8) 0.421 -

Cmaxmaximum observed concentratidiaxtime toCmax Ciast last detected concentratidng: time of Gas, AUC area under the curvig, estimated halfife

3N = 13 for all codeine parameters after dose 1 (exeeptN = 14 for morphind;;after dose 2N = 15 for morphine AUCs after both doses anghfter dose
2, and all codeine paratees (excepty,) after dose 2

bN = 15for morphinety; after dose 2 and codeihg after dose 1N = 16 for morphiné,after dose 1 and codeitg after dose 2

°p-values in bold <0.05 denote significant difference between plasma and OF

%;,,not calculated for plasma codeine because participant specimens not positive for long enough to perform calculations
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Figure?2. Oral fluid and plasma regression analysismorphine and codein®(= 430 each
analyte). Leassquares regression line with 95% confidence intervals, line equatior?, eaides
shown. Slopes for each analyte were significantly-nem  <0.001 for each).
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Figure3. Median (range) oral fluid (OF)/plasma ratios in 16 healthy adults after tvgodéses o
raw, uncooked poppy seeds, each containing 15.7 mg morphine and 3.1 mg codeine. Onl
simultaneously collects specimens in which opiates were positivalimimdrices at the method
limit of quantification (1jug/L) were included.

respectively. When calculating codeine OF/P ratios, 104 specimen pairs (24.2%) had

m

easurable codeine in both matrices; median codeine OF/P ratio was B18.d).1

Codeine OF/plama ratios could only be calculated for 5 h after each dedde4

presents OF results evaluated at different cutoffs. At the method LQ@L(1 273

(59.8%) and B®7 (64.7%) were morphingositive and codeinpositive, respectively. In

th

e cutoff range I®5 pg/L, median OF morphine time of first{t) and last (fsy)

detection were both 0.5 h; in that range the percent positive specimens (number of
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participantspositive) was 09.2% (21 15). Two participants were OF codeipesitive
only at cutoffs 1520 pg/L with median #st and tlast 0.61.3 h and 0.62.3 h,

respectively.

Discussion

Few studies have reported plasma and OF morphine and codeine concentrations
after poppy seed consumption. Hagesil (2) conducted two @ppy seed administration
trials. In the first, four participants each consumed 25 g of poppy seeds, containing
approximately 7.5 mg of morphine and 0.4 mg of codeine; in the second, two participants
each consumed 40 g of poppy seeds, with 2.5 mg of marpimid 0.16 mg of codeine.
Hydrolysis withb-glucuronidase was performed for serum samples to meiasake
morphine and codeine. In the first trial, tatefum morphine and codeine concentrations
3 h postdose(first timepoint reported) were 8031 and #11 ug/L, respectivelyFor the
second trial, peak serum total morphawmscentrations were 43 and 5@/i1 1.5 h post
dose. Freenorphine also was measured after the second trialmastimum observed
concentrations of 2.5 and 3.@/L. Codeine concentratis in the second trial and the
methodLOQ were not reported. In another study, serum morpniigdecodeine
concentrations were measured before and hftérolysis after five participants
consumed poppy seedsntaining 50 mg/kg morphine, and serum wasectdidbetween
3 and 4 h postlose; the total amount of seaxBisumed was not record¢g). Before
serum hydrolysisno participant was morphirgositive (LOQ = 6.5ug/L) or codeine
positive (LOQ = 8.2 g/L). Our lower LOQ(1 pg/L) and higher morphine dose explain

the higher percentagd positive free morphine specimens. After hydrolysig
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Table4. Oral fluid cutoff evaluations for morphine and codeine from 459 Qualtispkecimens collected from 17 healthy adults after two 45 g poppy st
doses, each contaimrl5.7 mg morphine and 3.1 mg codeine per dose.

Zs

DRUID 10pug/L blood _equivalent SAMHSA DRUID
Dose 95 ug/L morph_lne 40 g/l 30 pg/L analytical 15ug/L
94 ug/L codeine 20 pug/L
1  Morphine
Positive specimens (%) 0 0.9 (2) 1.4 (3) 4.5 (8) 5.9 (9)
Median tist (h)° N/A 0.5(0.50.5) 0.5(0.50.5) 0.5(0.50.5) 0.5(0.50.5)
Median fast ()° N/A 0.5(0.50.5) 0.5(0.50.5) 0.5(0.52.0) 0.5(0.52.0)
Codeine
Positive specimens (%) 0 0 0 0.5 (1) 1.8 (2)
Median tist (h)° N/A N/A N/A 0.5(0.50.5) 1.3(0.52.0)
Median fast (N)° N/A N/A N/A 0.5(0.50.5) 2.3(2.062.5)
2  Morphine
Positive specimens (%) 0.8 (2) 2.9 (7) 4.2 (9) 6.7 (12) 9.2 (15)
Median tist (h)° 0.5 (0.50.5) 0.5(0.50.5) 0.5(0.50.5) 0.5(0.50.5) 0.5(0.50.5)
Median fast (h)° 0.5 (0.50.5) 0.5(0.50.5) 0.5(0.51.0) 0.5(0.51.0) 0.5(0.51.0)
Codeine
Positive specimens (%) 0 0 0 0.4 (1) 0.8 (1)
Median st (h)° N/A N/A N/A 1.0 (1.61.0) 0.5(0.50.5)
Median fast ()° N/A N/A N/A 1.0 (1.61.0) 1.0(1.61.0)

SAMHSASubstance Abuse and Mental Health Services AdministrddiBhlID Driving Under the Influence of Drugs, Alcohol, and Medicine.
ANumber of participants in parentheses
bRangegiven in parentheses



Jparticipants had measurable morphine, 122Zhgg/L, and the participant with the
higher morphine concentratidraddetectable codeine ([LOD of 4L but<LOQ) (6).
High seum opiate concentratisn(>100 |g/L) after hydrolysis were reported for oral
opiate doses that weapproximately half those administered in the present sieydid
not perform hydrolysis in the present study becatisenot typical to hydrolyze blood,
plasma, or serum

There are few OF opiate concentration data after poppy seed administration in the
literature. Rohrig and Moor@ 8) administered three commercially prepared poppy seed
bagels to four participants at one site. At a secomatilmt, three participants were each
administered one bagel (containing 820 mg of poppy seeds) plus as many seeds as they
could eat from a jar within an hour. Morphine and codeine content were not evaluated in
the seeds at either site. TAimount of ingestéseeds was not documented at the first
location, but at site 2 participants consumed 820 mg of poppy seeds from the bagel and
then up to 20.8 g of seeds from the jar. Morphine and codeine were not detected in OF
from the first site, collected with the Eppe OF device, and no codeine was detected in
OF from the second site, obtained with a colleftee OF kit. OF morphine fax
observed at the second site was @88, 15 min after dosing (15 min earlier than the
first collection in the present study)iw h concentrations bel ow
proposed Mandatory Guidelines cutoff after an hour-gose. Niedbalat al (155)
reported positive OF specimens collected with the Intercept devicenlpastdose with
an administrative Qig/L cutoff after a volunteer ingested 40 g of poppy seeds; the

volunteer was negative at 1 h posise. Our OF results agree well with these results.
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OF codeine was not detected by Rohrig and Moore pdieticipantangested
more than 20 g of seeds. It is possiblat lower codeine doses than those administered in
thepresent study (3.1 mg per dose) were given. Procegsppay seeds is known to
reduce the opiate content by uP@®s (8). Another explanation could be differences in
seedvariety; seeds originating in different countries are kntawary in opiate content
(4).

OF opiate positivity rates were greater infudlume specimens at nearly every
timeframe. This appears to contradict previously published results in which higher OF
drug prevalence was observed in fgalume specimenil58) Some drugs reduce
salivation for a short time after drug intake, and it is possible thavédwne specimens
were collected shortly after drug administration when concentrations wouldHes hin
the present study, lowolume OF collections occurred throughout the study, but 56%
were morphingositive and 58% codeirgositive, indicating that lowolume specimens
should be analyzed.

Observed maximum OF opiate concentrations were signiljcgreater andafax
values were significantly shorter than in plasma. In addition, OF codeine was detected for
significantly longer than in plasma, but this was not true for morphine; there was no
significant difference between plasma and OF morphignertt;» after either dose. OF
contamination from opiates on the seed surface and ion trapping in OF due to its lower
pH compared to plasma are important mechanisms that can explain these observations.
Codeine ion trapping is a likely mechanism becauseioe is not highly protetbound
(71 25%) and is more lipophilic than morphine (codeine LogP 1.19, morphine LogP 0.89),

which may explain why extended detection was observed for codeine only. The higher
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lipophilicity of codeine contributes to the largefféience between the median observed
maximum OF and plasma concentrations for codeine (4.3 times greater) than for
morphine (3.2 times greater).

Some participants were still opiate positive in plasma and OF before the second
dose was given; two participantvere plasma morphirmositive, three were OF
morphinepositive, and seven were OF codepusitive. For dose 2, the median AUCs
for plasma morphine and OF morphine and codeine were each greater than the AUCs for
dose 1. In addition, the OF morphine AU tlose 2 was significantly greater than that
for plasma, but this was not true after dose 1. However, the maximum observed opiate
concentrations between doses remained similar in plasma and OF. The AUC for dose 2
was greater probably because it was catead for 24 h (832 h), while the AUC for dose
1 was calculated for 8.25 H)(25 8 h). In addition, the residual concentrations from dose
1 in participants who were not morphinegative before the second dose contributed to
the AUC for dose 2. Becausectua large dose was administered, these residual
concentrations would most likely not significantly contribute to the maximum
concentrations reached.

Morphine and codeine OF/P ratios demonstrated large intersubject and
intrasubject variability. Similar redts were demonstrated after administrationgif
tetrahydrocannabin@B7), 3,4methylenedioxymethamphetamifis6), and oral codeine
(159) Median morphine OF/P ratios remained close to unity from 2 to 6.5 h and from 2
to 18 h after doses 1 and 2, respectively, but variability during tthoe frames was still
large (0.310.2). Codeine OF/P ratios could only be calculated for 5 h after each dose

because of the shorter detection window for plasma. Large variability was observed for
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codeine OF/P ratios (1.18.9), although the median ratiagpeared to remain within a
narrow range (118%.2 after dose 1, 2.6.5 after dose 2). The higher lipophilicity of
codeine can also account for the greater median ratio compared to morphine. OF and
plasma morphine and codeine concentrations sigreficantly correlated, but the high
variability precludegpredicting plasma opiate concentrations from OF resttés poppy
seed ingestion.

First detection times for OF morphine did not change depending on the cutoff.
This is not surprising because a largd dse was administered, with maximum
concentrations expected at the first collection time due to contamination from opiates on
the seed surface. Median morphiggdid not change (0.5 h) in the cutoff range from 15
to 95ug/L. Within that range the pegnt positive specimens ranged from 0.8 to 9.2%,
corresponding toi2l5 participants producing at least one morpigpasitive OF
specimen after either dose. The current recommended OF cutoffs 46320L. In that
range, percent positive morphine specimmeanged from 0.9 to 6.7%. Only 1 or 2
participants produced codetpesitive OF specimens with a-26r 15ug/L cutoff,
respectively. These data suggest lowering the opiate OF cutoffug/R@vill not
significantly increase the time that OF is morphpusitive after poppy seed ingestion. In
addition, the percentage of specimens positive for OF morphine b .fFe%, even
after two large raw poppy seed doses containing 15.7 mg of morphine each. Positive
opiate OF results are possible after large dosescooked poppy seeds, but consuming
doses as large as those administered in the present study is rare; in most cases seeds are

cooked before consumption, greatly reducing the possibility of positive opiate tests.
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Participants ingested two 4pdoses ofaw poppy seeds, each containing 15.7 mg
of morphine and 3.1 mg of codeine; seed processing was avoided to prevent opiate loss.
Significantly greater OF opiate concentrations were detected compared to plasma, but
only codeine was detected significantlyden in OF. Morphine and codeine OF/P ratios
were highly variable after poppy seed ingestion, precluding plasma concentration
estimations from OF data, despite significant flBsma correlations. We demonstrated
that in the OF cutoff range of A0 pg/L, the median OF morphine tfirst and tlast did
not change (both 0.5 h) and prevalence remained lowgT%) after large morphine
doses. Our findings suggest falsasitive opiate tests in plasma or OF are unlikely after

consumption of typical amounts of coaker uncooked poppy seeds.
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Chapter 37 Morphine and Codeine in Oral Fluid after Controlled
Poppy Seed Administratiort

Abstract

Opiates are an important drug class in drug testing programs. Ingestion of poppy
seeds containing morphine and codeineygalal positive opiate tests and mislead result
interpretation in forensic and clinical settings. Multiple publications evaluated urine
opiate concentrations following poppy seed ingestion, but only two addressed oral fluid
(OF) results; neither providedethngested morphine and codeine dosage. We
administered two 45 g raw poppy seed doses, each containingndsnorphine and 3.1
mg codeine, 8 h apart to 17 healthy adults. All OF specimens were screenesiitiey on
OF immunoassay Draeger DrugTB800, anctonfirmed with OF collected with Oral
Ez€® device and quantified by liquid chromatograghypdem mass spectromefryl ¢ g/ L
morphine and codeine limits of quantification). Specimens469) were collected
before and up to 32 h after the fidgise. All sgcimens screened positive O.after
dosing and remained positive for 013 h at Draeger26 g/ L mor-gfhi ne cut
Maximum OF morphine and codeine concentrations{Gvere 177 and 326 g/ L, wi t h
times to Giax (tmax) Of 0.5 1h and 0.52.5hpostdose, espectivelyWindows of detection
after the second dose extended at lea$t 4 morphine and to 18 for codeine. After
both doses, the last morphine positive OF result wawith40e g/ L 2004 proposed
Substance Abuse and Mental Health Servidsinistration cutoff, and 0.5 with 95

e g / Loff, cecently recommended by the Driving under the Influence of Drugs and

2 Concheirogt al Drug Test Anal. 2014;7(7):58691 (doi:10.1002/dta.174R2 Reproduced with
permission by John Wiley and Sons.
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Medicinesproject. Positive OFnorphine results angossible 0.b1h after ingestion of

15.7mg of morphine in ravpoppy seeds, depending thecut-off employed.

Introduction

The seeds of the opium poppy plant, Papaver somniferum L., are commonly
consumed in food worldwide. The seeds, consumed raw or cooked, contain opiate
alkaloids, primarily morphine{@ 50 € g/ g s e e diS7). la nedg /cgo)d, e ibnuet
lower concentrations of thebaine (0431 € g/ g), nNd23C apg/nge) (Hn B 4
papaverine (06 7 ¢€(d)/Thuk, poppy seeds camsption can yield a positive opiate
test in biological matrice, 8, 160) and mislead interpretah of clinical and forensic
results. Despite multiple efforts, no unambigumeskers were identified, nor has a
poppy seed consumptidimit or analytical cubff been developed to differentiate poppy
seed ingestion from heroin or morphine use. A redeudyssuggested that urinary
ATMAG, a glucuronide metabolite of a byproduct from the synthesis of illicit heroin
(thebaine with a ZN-methylacetamidegthyl sidechain), can differentiate the souste
opiate intake€?26).

Poppy seed morphine content is highly variable, depending upon poppy seed
variety, geographical origin, harvesting and processing proce(8jr&8) Morphine
content is substantially reduced after grinding (34%), baking (90%), or washing the seeds
(70%)(10),

Morphine and codeine concentrations were reported in urine, serum, blood, and
oral fluid (OF) following poppy seeds ingestion. Urine cases were recently rev{8jved

withmorphn e concentrations as high as 18, 000
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(12). I n serum, total mor phine maximum concent

of 7.4 mg morphine in poppysee@, and in blood, up to 24

eg/

products containing 50 ©€g morphine/ g poppy s

OF opiates following poppy seed ingestibat neither provided the amount of morphine
or codeine ingested. One study detected morphine for up to 18 5% the other
reported morphine positive specimens for up to(18).
OF is an alternative matrix of increasing interest in workplace, drug treatment,
pain management, and driving under the influence of drugs programs. Collection is easy,
norrinvasive, gendeneutral, and difficult to adulterate because of the observed
collection. In 2004, the US Substance Abuse and Mental Health Services Administration
( SAMHSA) proposed a 40 ¢€g/ L -ofdofer merphineanch i n g
codeine for workplace drug testiqtb7) The Driving under the Influence of Drugs and

Medicines (DRUID) project recommeéed analytical OF morphine and codeine afts

and

of 20 e€eg/ L each. Additional |outoftflse oDRWISD emr/ d

confirmation for morphine and 94 e€g/L for

eg/ L in whole bl eosudiegi6d)r drug preval enc

We evaluated morphine and codei@F concentrations at different cutoffs after
controlled oral administration of two doses 8 h apart of 45 g raw poppy seeds containing
15.7 mg morphine and 3.1 mg codeine. All OF specimens were collected by the Oral
Ez€® device and then screened by anitensnmunoassay device; OF morphine and
codeine collected from the confirmatory device were quantified by liquid

chromatographyandem mass spectrometry AMS/MS).
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Materials and methods
Participants

Healthy volunteers I&5 years old were recruited fraiime community by
advertising and wordf-mouth and received a comprehensive medical and psychological
evaluation. Exclusion criteria included current medical condition precluding safe study
participation, current physical dependence on any psychoactigstasab other than
caffeine or tobacco, inability to tolerate orally administered poppy seeds, women who
were pregnant or nursing, history of psychosis or any current major psychiatric disorder,
or inadequate peripheral venous access. All participantsdeawiritten informed
consent for this National Institute on Drug Abuse Institutional Review Bapptdoved

study.

Poppy seed administration
Participants resi dedhlmiore antd 8 afteetivedirste c | i ni c
poppy seed administration. &aparticipant consumed two doses of 45 g raw, uncooked
poppy seeds purchased from Bruggerdés Bagel s
codeine content were determined by Research Triangle International (Durham, NC,
USA). The amount of codeine and morphinéhia poppy seedsas determined in
triplicate using thenethod of standard additionsn aqueous solution containing codeine
and morphine at 0.B1g/mLwas added to glass tubes containing@.03 g of ground
poppyseeds to provide standard amounts of aeeland morphine at @00, 200, and
400 €9/ g. The internwhssaddddrdop bBsgdhomobeha

The samples were dried, aBanL extraction solvent (methanol with 0.1% acetic acid)
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was addedo each sample. The samples wewetexed, sonicated for 1 h andntrifuged

at 3500 rpm for 5 min. The solvent layer was remauedi transferred into an

autosampler vial for analysis. For each analgteleine and morphine), the relative

response (analyte response/intestahdard resptse) for each sample was plotted versus

the concentraton f anal yte added (e€g/ g) adath.The | i near
analyte concentration in each sample was calculatextogwlating the line back to the

x-axis intercept and taking tlabsolute value. Average codeine and morphine

concentrations werealculated from the three analyses. The black seeds average (SD)

mor phine and codeine concenterga/tgi,o nrse swpeercet i3vie8
each dose contained 15mg morphine an@.1 mg codeine. A dose consisted of 4 plastic

bottles each holdingj1.25 g poppy seeds suspended ima00ra-Plus® suspension

vehicleand 10mL OreSwee? sweetener (both from Paddock Laboratorigs,,

Minneapolis, MN, USA). After consuming the entiresdpeactbottle was rinsed up to

three times if needed with $0L water tocollect residual seeds. Within a 15 min time

period, all participantdrank all the rinses to ensure delivery of the entire dose. Doses

were administered at 0900 h and 1700 h onission day.

OF collection

OF specimens were screened and collected approximately 0.25 h before, and 0.5,
1,2,25,3,4,45,5,6, 6.5, 7, and 8 h after the firstand 0.5, 1, 2, 2.5, 3, 4, 5, 7, 13, 16,
18, 20, 22, and 24 h after the second dose. O€ofiirmation analysis was collected
with the OralEz€® device (Quest Diagnostics, Inc., Lenexa, KS, USA) by placing the

collector between the lower cheek and teeth, with the plastic shield against the cheek with
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the mouth closed. Due to the complexitytloé study timeline, the collector remained in

the mouth for 5 min or until the volursglequacy indicator turned blue, indicating
approximately 1 mL OF collection, whichever occurred first. The pad was removed and
placed in a plastic tube containing thetiel/stabilization buffer, and stored laying down

at room temperature for 12 h to allow analyte elution from the pad. The weight supplied
with the OralEze collection tube was inserted into the tube, followed by centrifugation at
4 °C for 5 min at 2200 xgjuring centrifugation the weight depresses the collection pad
and improves release of the @Effer mixture. The Ofbuffer solution was decanted into

a 3.6 mL NuncE CryoTubeE (Thermo Scientific,
at 4°C until analysis. bw-volume specimens (volurredequacy indicator did not turn

blue) were recorded at the time of collection and analyzed as collected, without applying
weight corrections.

OF was screened by the-eite Draeger DrugTest 5000 device (Draeger, Lubeck,
Germanywi t h a 20 egdflf moTlpd i aaes &npattviieant i body «cr
reported by the manufacturer with commoroozurring compounds are summarized in
Table5. The OF coll ector was continuously moved
the indicator turned blue. After inserting the collector and test cartridge into the analyzer
and closing the door, results were displayed in approximately 8 min. Invalid tests

(specimen collected correctly but no reading) were recorded at the time of screening.
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Table5. Draeger DrugTe8t5000 antibody crosgeactivities reported by the manufacturer with commr
co-occurring compounds.

Positive result at a giver

Compound concentration (ug/L) % Crossreactivity
6-acetylmorphine 35 57.14
Amobarbital 100,000 0.02
Atropine 80,000 0.03
Codeine 25 80
Delta9-tetrahydrocannabinol 55,000 0.04
Diazepam 50,000 0.04
Dihydrocodeine 20 100
Ecgoninemethyl ester 1,500 1.33
Hydrocodone 20 100
Hydromorphone 30 66.67
Methadone 85,000 0.02
Methylenedioxyethylamphetamine 10,000 0.2
Morphine 3-glucuronide 35 57.14
Nalorphine 35 57.14
Naloxone 1,000 2
Norcodeine 4,000 0.5
Normorphine 8,000 0.25
Ofloxacin 55,000 0.04
Oxycodone 1,000 2
Procaine 70,000 0.03
S(+)methamphetamine 20,000 0.1

Opiate analysis
We quantified OF morphine and codeine by a fully validateeM®IMS method.
To 0.75mL OralEze (0.25mL OF and 0.5nL buffer) specimen,wadded 25 ¢ L
methanolic émorphineandgc odei ne i nternal standard sol ut
by 2mL 1% formic acid in water. Specimens were centrifuged°at d@nd 400xg for 5
min. Supernatants were subjected to sphdseextraction and analyzesh an ABSciex
3200 QTrafl mass spectrometeknalytes were quantified by two MRM transitions and
their ratio; transitions for morphine (quantification transitionnslerlined) were m/z

286 YRBm2A m/ z 286Y128mz380« bfnd@&r nt/ozd e3iOn0eY 1 2 8 .
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Validation parameters included linearity, accuracy, +ded intraday
imprecision, extraction efficiencies, and matrix effects. Linearity was determined on 5
different days and determined acceptabléwims O0. 99 and cal i brators
+20%of target. Limit of detection (LOD) and limit of quantification (LOQ) were
determined by fortifying matrices with decreasing analyte concentrations. LOD was
defined as the lowest concentration with acceptable chromatography, two MRM
transitions with apprariate ion ratio, and asign-n oi se O3 . LOD was eval
samples from three different sources. The LOQ was the lowest concentration with two
MRM transitions with appropriate ion ratio, signein oi se rati o 010, and i
<20% and hLCGQsvas@vahaed bl five replicates on three different days and
three different matrix sources. Imprecision was determined at low, medium and high QC
concentrations with five replicates per concentration on four different days (n = 20).
Imprecision wagxpressed as coefficient of variation (%CV) and was expected to be
<20%. Interday, intralay, and total imprecision were calculated according to Chesher
(162). Accuracy was calculated as percengéaiconcentration (n = 20) with required
criteria of 80 120%. Matrix effect and extraction and efficiency were evaluated by
preparing specimens in blank matrix before (n = 5) and after (n = 10) the extraction for
all QC concentrations. Neat samples weeppred in the elution solvent (n =5). All
replicates were prepared in blank matrix from different donors. Matrix effect was
calculated as ([average peak area from after set/average peak area from ngt set]
100. Extraction efficiency was calculatesl(@verage peak area from before set/average
peak area from after set) x 100. Linear ranges for morphine and codeineb@€re 1

eg/ L, with Iimits of detection ofBndhter5 e€g/ L a
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day imprecision and accuracy/biasw e O1 6 . 5 %i1C1\8%,aespgkctigely;. 3
extraction efficiencies and matrix effects were 84056.6% and46.1 to-28%,
respectivelyFigure4 shows an extractaddn chromatogram for morphine and codeine at

the LOQ in OralEze collected OF.
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Figure4. Morphine and codeine extracted ion chromatogram at the limit of quantificatjayL(}
in OratEze®.

Immunoassay evaluation

We evaluated the Draeger DrugTest 5000 device comparing its valid results to
OralEze morphine and codeine confirmation results in all specimens (n = 450) and in
full volume specimens (n = 301). We evaluated the Draeger test at different confirmation

cutof s (1, 5, 10, 15, and -2z8specgnénis,Jandfalsor mor phi n
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taking into account codeinecresse act i vi ty (morphine and 80% c
equi valent to morphine 20 e€g/L). We deter min
confirmation pogive), true negative (TN, screen and confirmation negative), false

positive (FP, screen positive but confirmation negative), and false negative (FN, screen

negative but confirmation positive). Sensitivity was TP/(TP + FN)*100, specificity

TN/(TN+FP)*100 anl efficiency (TP+TN)/(TP+TN+FP+FN)*100.

Results

Seventeen healthy adults aged 34 years (12 male, 5 female; 11 Afriean
American, 3 Caucasian, and 3 mutdcial), body weight 52i88.9 kg, were admitted to
the secure clinical research unit. Participgmts/ided 459 OF specimens collected with
the OralEze device, and 459 that were screened by the Draeger DrugTest 5000. Nine
Draeger tests were invalid (2%), 6 from participant L (8 h-ficsttdose and 0.5, 1, 3, 4,
and 5 h possecond dose), 2 from paipant U (before dosing and 6.5 h pdisst dose)
and one from participant S (18 h pastcond dose). Among the Gate specimens, 155
were low volume (33.8%), collected throughout the study timeline after both doses
(median 4.5 h, range 0.34 h postdosing).

At the met hod L ORze ORspeaciméns were pdsiv8 forOr a |
morphine (62.8%) and 306 for codeine (66.9%). Median (interquartile range) OF
concentratiortime curves for morphine and codeine jpresented ifrigure5. For
morphine, the maximum concentrationn&} after the first dose ranged from 11.9 to 99.9
eg/ L (median 34.0 eg/fLnomand8 att ® eXx 77 heglklec@Om

Time to reach Gax (tmax) after both doses was 05h (median 0.5, the first OF sample).
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Figure5. Median (range) oral fluid concentratitime curves for morphine (panel A) and codgjpanel B) after the ingestion of 45 g raw poppy
seeds (15.7mg morphine and 3.1mg codeine) at t = 0 and20t e=g /8L
cut-offs are indicated (horizontal dash lines).



Six of 17 participants were still positive at the time of the second dos&(1.Y e g/ L) ;
therefore, Gastand tastcould not be determined for the first dose at the method LOQ. For

the other 11 participants;sg&was 13 . 5 e g/ L ( me d insedivhimeddan® g/ L) an
h) . Al participants except participant O (1
prior to the last specimen (24 h after the second dose). For these 16 participantas C

17iI3. 8 eglilan( e 5 asavas/322)h (needisth 13 h).

Codeine Gaxafter the firstdosewas 38 1. 8 ¢ g/ L apdadedthean 8. 6)
second dose from 1. 1Metiankha3aRter the fiessgahdiseconthe di an 9.
doses was 0.5 h (0.3 h). Eight participants were positive for codeine at the time of the
seconddose (1.B3. 7 e€g/ L) and naimtbesev@garteipantsaglatt i ve. C
1.6 eg/ L ( me®Bi7a medan &5). Afehedsecond dose and before the
end of the study, bparticipantsvere negative for codeinejas&was 1.14 . 1 e g/ L
(median 1.£ g / dndl fzstwas 4 18 h (median 13). Pharmacokinetic data are
summarizedn Table6.

At the DRUID OF opiate cutoff of 95 eg/L
equivalent prevalence to 10 e€g/L in whole bl
(1.5%) and none for codeine. Morphing: &fter the first (n = 1) and the second dose (n
6) was 0.5 h. At the SAMHSA proposed 40 eg/L
positive for morphine (3.5%) and none for codeine. Morphigevas 0.5 h after the first
(n =5) and 0.61 h after the second dose (n = 10). Another suggested cuBofiis € g / L
for the opiate screen and 15 e€g/L for the mo
30 eg/ L s-off 3 spedinens weralpositive for morphine (6.9%) and 2 for

codeine (0.4%). Morphined: after the first (n = 11) and second (n 3 #léses was 0i4
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h, and codeinaattwas 0.5 h after the first (n = 1) and the second (n= 1) doses. At a 15
eg/ L confirmation cutoff, 50 speci mens were
codeine (2.4%). Morphined: after the first (n = 13) ancesond (n = 16) doses was 0.5
2.5 h. For codeinepé: after the first dose was G.8h (n = 3) and after the second dose
052.5 h (n = 5). At the DRUID analytical OF
were positive for morphine (9.8%) and 6 for co@ejh.3%). For morphinead: after the
first dose was 012 h (n = 12 participants), and after the second do$ &% (n= 16
participants). For codeinesstafter the first dose was 0.5h (n = 2) and after the second
dose 0.52.5 h (n = 4).
Among the 459 OF specimens screened by Dr
cutoff, 9 were invalid and 149 were positive (33%). Among the 9 invalid test, 3 were
confirmed negative for morphine and codeine (one specimengaoticipant S and 2
from participant U), and 6 from participant L were confirmed positive with
concentrations ranging from 1 to 177 g/ L f
codeine. Among the positive tests, 71 were after the first and 78 aftectmsl sose.
All specimens were positive in the first OF specimen 0.5 h after both doses. The median
and range times of last OF positive results weré 8)(and 3 (0.513) h after the first
and second doses, respectively. The Draeger DrugTest 5000 hddresmisitivity
9598 %) at morphine confirmation cutpbffs >5

79%) and accuracy (782%) (Table7).
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Table6. Morphine and codeine in oral fluid after controlled poppy seed administration.

Morphine Codeine

Dose 1 Dose 2 Dose 1 Dose 2
Cmax (Mg/L) 34 (11.999.9) n=17 46.5(7.8177) n=17 8.6 (3.831.8) n=17 9.5(1.232.6) n=17
tmax(h) 0.5(0.51) n=17 0.5 (0.51) n=17 0.5(0.525)n=17  0.5(0.57) n=17
Clast (Lg/L) 1.3(%:3.5)n=11 1.5(2:3.8) n=16 1.2 (1.21.6)n=9 1.4 (1.24.1) n=17
tiast () 5(47)n=11 13 (322)n =16 6.5(37)n=9 13 (418) n=17
tiast(h) DRUID OF cutoff (94-95
MO/L equivalent to 1Qug/L in 0.5(0.5n=1 0.5 (0.5n=6 N/A N/A
whole blood
taa ) SAMHSAOFCUOT0 05 08n=5 05 (051 n=10 N/A N/A
tiast(N) 30 pg/L cutoff 0.5(0.51)n=11 0.5(0.51) n=14 0.5(0.5Nn=1 0.5(0.5n=1
tiast(h) DRUID analytical OF _ _ _ _
cutoff (20 pg/l) 0.8(0.52)n=12 1(0.52.5)n=16 0.5(0.5n=2 0.5(0.52.5)n=4
tiast(h) 15 pg/L cutoff 1(0.52.5)n=13 1(0.52.5)n=16 2(0.52)n=3 1(0.52.5)n=5

17 participants ingested 2 doses 8 h apart of 45 g raw poppy seeds, each containing 15.7mg morphine and 3.1mg cosleireegeeskied asedian

(range) and n participants. Limits of

g uNawag lasd thao B/ tforand L. becaddomav e r e

participants were still positive at method LOQ at the time of last sample collegtivas less than 17 for the different cutoffs evaludtechuse some

participants were never positive at those concgatra
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Table7. Draeger DrugTe$t5000 opiates osite screening results compared to all @at® confirmation specimens (n = 450) and to-fudlume OralEze®

confirmationspecimens (n = 301).

N specimens  Confirmationcutoff (ug/L) TP TN FP FN  Sensitivity% Specificity% Accuracy%
450 Morphine 1 146 164 3 137 51.6 98.2 68.9
Morphine 5 104 283 45 18 85.2 86.3 86.0
Morphine 10 60 299 89 2 96.8 77.1 79.8
Morphine 15 a7 300 102 1 97.9 74.6 77.1
Morphine 20 42 300 107 1 97.7 73.7 76
Morphine & 80% Codeine at2 50 300 99 1 98.0 75.2 77.8
301 Morphine 1 94 108 2 97 49.2 98.2 67.1
Morphine 5 72 190 24 15 82.8 88.8 87.0
Morphine 10 43 203 53 2 95.6 79.3 81.7
Morphine 15 32 204 64 1 97.0 76.7 78.4
Morphine 20 29 204 67 1 96.7 75.3 77.4
Morphine & 80% Codeine at2 35 204 61 1 97.2 77.0 79.4

The Draeger test was evaluated at different confirmation cutoffs (1, 5, 10, 15, pgR6r morphine, and also taking into account codeine ereastivity
(morphine and 80% codeine at 00V equivalent to morphine 20g/L). TP, true positive; TN, true negative; FP, false positive; FN, false negative.



Discussion
We evaluated the validity of the-salled poppy seed defense for a positive oral
fluid opiate test by having healthy adults ingest two 45 g raw poppy seed doses 8 h apart,
each containing 15.7 mg morphine and 3.1 mg codeine. We employed raw poppy seeds
to avoid any morphine or codeine loss due to food processing (from 34 to 90%d.@)ss)
Niedbalaet al (155)reported opiate positive OF specimens for only 15 min after
ingesting 40 g poppy seed. OF was collected with the Intercept collection device and
analyzed by the immunoass@y a Sur e Technol ogi es, Il nc. (10 ¢
high level of crosseactivity with 6acetylmorphine, diacetylmorphine and codeine).
Rohrig and Mooré¢18) administered 3 commercially prepared pojgeed bagels to 4
participants at one site. OF specimens were collected with the Ep@dpdevice and
analyzed by gas chromatograpmass spectrometry (GRS). Morphine and codeine
were not detected in any of the specimens. At a second location, 3 participants consumed
one bagel containing 820 mg seeds and 208 g seeds from a jar (not fully explained).
OF specimens were collected by expectoration, and also analyzed b\sGKaorphine
Chnaxwas 205 e€g/L 15 min after dosi nglgse,wi t h con
and <40 eg/L at 1 h. Codeine was not detecte
In the present study, morphing.&ewere 11.999 . 9 eg/ L af tier t he fi
177 eg/ L after t hearsaencgoendd fdroosne .3 .C80 dteoi n3el . B ¢
and 1. 1 t feertlBe3ecdnd doge/Rohegal (18)did not detect codeine in
any specimen. Different codeine content in the administered poppy seeds and/or different

met hod sensitivities (pr esetmrekplamtdsdresdits.L OQ 1 ¢
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We observed slightly more specimens positive for codeine than for morphine (306
vs. 288). In these 18 codetpesitive and morphiraegative specimens, codeine
concentrations were around the method LO®@ @/ L) . Mor pteihave and code
similar pKa (8.2), as well as pharmacokinetic parameters such dgené?i 4 h) and
volume of distribution (16 L/kg). However, codeine imore lipophilic than morphine
(codeine LogP 1.19, morphine LogP 0.89) and less bound to proteins (codzsde, 7
morphine 3040%). It is possible additional plasma codeine crossed into the oral cavity
and was trapped via ionization in OF.

In the present study, morphine maximum OF concentration occurried I9 sost
dose. Niedbalat al (155)and Rohrig and Moorgl8) reported adaxat 15 min, most
likely due to oral contamination. In the present study, the first collection time point was
0.5 h postdose. One partipant after the first and two after the second dose hadft1l
h. The initial oral contamination may have partially cleared in these individuals.

As expected, the morphine window of detectiag)(tvas inversely associated
with the cutoff limit. Atte met hodds LOQ (1 e€g/ L), morphine
than 24 h postloseand odei ne up to 18 h. At 15 and 20 ¢
codeine were positive up to 2.5 h after dosi
h and codeineupto 0O.5Wi t h t he SAMHSA cutoff (40 eg/ L),
for codeine, and for morphine up to 1 h, and
mor phine and 94 eg/L for codeine), morphine
specimens were negative for codeifbBese results suggest that fewer poppy seed OF
results are possible with the higher SAMHSA

DRUI D analytical 20eg/ L cutoffs; however, tr

74



morphine consumption might be missetieTestablishment of morphine OF cutoff from
poppy seed ingestion is difficult because the morphine threshold value depends on the
origin and quantity of poppy seeds ingested and on-intividual variability.

OF confirmation specimens were collected with OraiEze device, and 33.8%
of these were low volume specimens. This high percentage of low volume specimens
might be due to Or&tze collection occurring second in the collection process,
suggesting that when more than one OF specimen is collectktpaal time may be
needed for full collection of the second OF specimen.

OF specimens were screened at each time point by the Draeger immunoassay.
Similar results were obtained when Draeger performance was compared to all OF
confirmation samplesandalsoo only full volume samplesd re
mor phine 20 e€g/L cutoff, the test showed goo
accuracy were below 90%. Taking into account codeine-ceassivity, test specificity
and accuracy were stilelow 90% Table7). Thetastfor the Draeger DrugTest was 0.5
13hposdose, | onger than that observed for the
(up to 2.5 h). The best phiresuoff fable7wAlithe obt ai ne
Draeger unconfirmed positive specimens contained morphine and/or codeine above the
confirmation met hod L OG®@s. Crdsseacyvitylwjthothex x cept f or
al kal oids in the specimen, and/or a true cut
window of detection and the unconfirmed positive screening results.

Urine also was collected during this investigation, and data desgubne
opiate pharmacokinetics were recently publisf#&8). Urine opiate data were evaluated

according to the current US f e ebfsrial 2000 ¢eg/
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mor phine 2000 e€g/ L the meetimanrwas(detectedoeb) f i r st
(1.2112.1) h after the first dose, and the &fter the second dose was detected at 12.2
2618.3) h. At morphine 300 eg/ L, all partici
dose, and most were still positive at the ladiecton (24 h after the second dose). No
participant was codeine positive at 2000 &g/
positive urine specimen was observed 6.6i(119) h after the first dose, and they
remained positive for 8.8 (2.64.0) h afer the second dose. In comparison, the longest
morphine and codein@swere observed in OF according to any of the proposed cutoffs
was 2.5 h at a 15egg/L cutoff.

Urine collected from the present study was screened with different
immunoassays, and thgerformances were characteriZ&83) The KIMS opiate Il
i mmunoassay (Roche Diagnostics) at both 300
specificities, and efficiencies >90%. The CEDIlAéetylmorphine (AM) immunoassay
(Thermo Fisher Scieritc, Fremont, CA, USA) and-8M enzyme immunoassay (Lin
Zhi International, Sunnyvale, CA, USA) each had specificity and efficiency >90; no 6
AM was confirmed in any sample so sensitivities could not be calculated. The Draeger
DrugTest 5000 did not achiegensitivities, specificities, arefficiencies (accuracy)
simultaneously >90%, even when considering multiple cutoffs and codeine cross
reactivity.

Morphine and codeine were detected in OF after ingestion of 45 g raw poppy
seeds containing 15.7 mg morphared 3.1 mg codeine. The morphine ingested was
equivalent to the amount found in commonly prescribed opiates analgesics, and the

poppy seeds were raw, to guarantee that there was no morphine or codeine loss due to
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food processing. These high morphine aodeine poppy seed dosesrevélesigned to

evaluate a worstase scenario for opiate exposure. The OF concentrations were never
above 177 eg/L for morphine and 33 eg/L for
permits evaluation of many different cutoffs. Ttirae of the last morphine positive

specimen after poppy seed consumption is dependent upon the cutoff employed.
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Chapter 47 Rapid Quantitative Chiral Amphetamines Liquid
Chromatography-Tandem Mass Spectrometry: Method in Plasma and
Oral Fluid with a Cost-Effective Chiral Derivatizing Reagenf

Abstract

Methamphetamine is a widebbused psychostimulant containing a chiral center.
Consumption of ovethe-counter and prescription medications may yield positive
amphetamines results, but chiral separatidh andd-methamphetamine and its
metabolite amphetamine can help determine whether the seasdecit or illicit. We
present the first LOMS/MS method with precolumn derivatization for
methamphetamine and amphetamine chiral resolution in plasma afididrebllected
with the OralEze® and Quantis&l devices. To 0.5 mL plasma, 0.75 mL GEae, or 1
mL Quantisal specimen racemig-tnethamphetamine and amphetamine internal
standards were added, followed by protein precipitaBamples were centrifugeahd
supernatants loaded onto fmenditioned Phenomen®6tratd -XC Polymeric Strong
Cation solid phase extraction columns. After washing, analytes were eluted with 5%
ammonium hydroxide in methanol. The eluate was evaporated to dryness and
reconstitutedn water.Derivatization was performed withfluoro-2,4-dinitrophenyt5-1-
al ani neami de ( Mbeatihgay 486 forrl &.dDgrieatized enamtiomier
separations were performed under isocratic condi{ioreshanol:water, 60:40) with a
PhenomenékKinetex®2.6 um Cis column. Analytes were identifieahd quantified by
two MRM transitions and their ratio on a 3200 QTrap (AB Sciex) mass spectrometer in

ESI negative mode. In all three matrices, the method was linealt 8arantiomers from

3 Reprinted from Journal of Chromatography A, Vol 1358, Newmeyer MN, Concheiro M, HuestigMA,
68-74, Copyright 2014 (doil0.1016/j.chroma.2014.06.0p6vith permission from Elsevier.
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1to500ug/L,wi t h i mprecision and 1408%,tespactvgly. of O11. 3
Extraction efficienciesranged froh7 . 4 t o 117 % and matri x effec
with variation al ways OFspecinkedswerdaolkediedfromi ¢ pl as
an IRB-approred study that included controlled Viék¥apolnhaleE administration.

The present method is sensitive, selective, economic and rapid (separations accomplished

in <10 min), and improves methamphetamine result interpretation.

Introduction

MethamphetaminédMAMP) is a widelyabused psychostimulaobntaining a
chiral center, resting in d-MAMP andl-MAMP enariomers, with thel-MAMP isomer
the more potent central nervasistem stimulant29). d-MAMP is a Schedule |l
controlled substancand available for attention deficit hyperactivitgoider (ADHD)
treatment via prescription, while thenantiomer is excludeidom the controlled
substance list and is the active ingredientheoverthe-counter nasal decongestant
Vicks® VapolnhaleE . MAMP is metabolized to amphetamine (AMP) metabdiiyethe
CYP2D6 enzymg164) MAMP metabolism is enantioselective, wapproximately 3
times mored-AMP formed aftetad-MAMP dosethanl-AMP formed from a comparable
I-MAMP dose(38).

Many prescribed drugs metabolize to one or both MAMP arfeirP
enantiomerg41,42) The dr ugos c o nrpsalts interpredation.iFer cr i t i c al
example, famprofazone is prescilaes a racemic mixture, which is metabolized to both
d- andl-MAMP and AMP.d-Benzphetamine is metabolizedddAMP andd-AMP,

whereag-selegeline is metabolized ttMAMP andl-AMP. While results from
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famprofazone and benzphetamadministration cannatle out illegal MAMP ingestion
without supportive information, results from selegeline administraterid prove legal
ingestion because of the absencd-MAMP andd-AMP.

It is therefore essential to resolve MAMP and AMP enantiomersder to more
accurately interpret results. Techniques availaogechiral stationary phasgs/, 52, 53)
chiral derivatization reagen(d46, 47, 165and chiral selector in the mobile ph#$65)
Selection ofa particular technique isdepemde on t he | abes,that or ydés c aj
analytes, and cost. Chiral stationary phases (CSP) camppleyed with either liquid or
gas chromatography. Typical staary phases adable include immobilized
cyclodextrins (CD)polysaccharides, and proteins; however, these columns are expensive
compared to revergghase chromatographic columns analy require extensive
development time and cost. Diastereofioemation is possible wh a chiral
derivatization reagent (CDRihis technique is common in gas chromatograpigss
spectrometry (GOMS) but is implemented, to a lesser extent, with liquid
chromatographiymass spectrometry (L®1S) applications. CDRmplementation may
slightly lengthen sample preparation, lauialytes are separated without implementing
specialized mobilp hases or columns. Additioandal |y, man
available with high optical purity. Finally, some applicatiomdude a chiral selector in
the mdile phase, commonly CDEDs may be utilized as chiral additives inilMS
methods buteduce column lifetime, increase expense due to high additive consumption,
contaminate the instrument source, and producsuppressioli165) CDs are

commonly utilized as chiral selectorsaapillary electrophoresis (CE) methods, and
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success in separatimgnphetamine derivatives with this method is documented
(166)However, CE is not a common methodology implemented in forensic laboratories.
Enantioselective methods relevam forensic and clinical togology involving
multiple drug classes were recgntéviewed(48). A MAMP and AMP oral fluid (TF)
method described chiral rdation by gas chromatographyegativeion chemical
ionizationmass spectrometry (GBIICI-MS) (46). Only a few methods utilized LGS
for AMPs chiral analysis, performed in uri(®/, 167) hair (52) and human liver
microsomeg53), but none in OF. OF is ancreasingly popular alternative matrix for
drugs of abuse testing wiorkplace, forensic, pain manageryereatment, and clinical
setings beause its collection is easy compared to urine or blood, mmagquire a
samesex collector, and minimizes the opportunity &dulteration because of direct
observation during collectiof23). Therefore, it is important to have a sensitive and
enantioselectivenethod for AMPs analysis in this widely employed matrix.
We present the first enantioselectiveillESFMS/MS methodor MAMP and
AMP detection in OF and plasma afterjo@umnderivatization with ifluoro-2,4-
dinitrophenyi5-I-alanineamid¢ Mar f ey 6s reagent). This met hod

andOF specimens collected following controlled Vicks Vapolnhatiministration.

Materials and methods

Chemicals and materials
d-MAMP, |-MAMP, d-AMP, I-AMP (1 g/L) and internal standar@std) (£)-dii-
MAMP and (+)}d:1:-AMP (1 g/L) were obtained fror@erilliant (Round Rock, TX, USA).

Methanol, glacial acetic acidnd ammonium hydroxide were purchased from Fisher
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Scientific(Fair Lawn, NJ, USA Acetone, formic acid, and(U)-(2,4-dinitro-5-
fluorophenyl}l-al ani nami de ( Mar f e yfiom SigneagdMjlwankeg, wer e a
WI, USA). Hydrochloric acid 36i538.0%wasobtained from JT Baker (Phillipsburg, NJ,
USA) and sodiunbicarbonate from Mallincrodt Baker, Inc. (Phillipsburg, NJ, USA).
Drug free plasma was provided by the National Institutes of Hekltdd bank. Blank

OF was provided by healthy volunteers mitv@n10 min after any food or drink
consumption. Preservatidnffers for the QuatisaE and OralEze€® OF collection
deviceswereobtained from Immunalysis (Pomona, CA, USA) and Capitol Vial, Inc.
(Auburn, AL, USA), respectively. Water was purifiesdhouse byan ELGA Purelab

Ultra Analytic purifier (SiemengVater Technologies, Lowell, MA, USA). All solvents
employed inthe chromatographic system were hggrformance liquid chromatography
(HPLC) grade or higher. Solid phase extraction (SR& performed witlStratd& -XC
Polymeric Strong Cation mixedode phase columns (3 mL/60 mg, Phenom@max,
TorranceCA, USA) on a Cerex System 48 positive pressure manifold-(&HE Corp,
Baldwin PA, CA, USA). Chromatographic separation wagormed with a Kineté%Cis
column (100 mm x 2.1 mm; 216n particle size) fitted with an identically packed

SecurityGuard ULTRAcartridge purchased from Phenoméehex

Instrumentation

The HPLC system consisted of a D&QOA3 degasser, LRQOADXR pumps, SIk
20ACXR autosampler, and a OTLOAC column overiShimadzu Corp, Columbi®|D,
USA). Tandem mass spectraimewas performed on an ABSciex 3200 QTrapass

spectrometewith a TurbolonSpray source (Foster City, CA, USA). Data vaerplired
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and analyzed with Analyst software version 1.&vaporation under nitrogen was

completed using a TurboVap [B\evaporator from Zymark (Hopkinton, MA, USA).

Cali brators, quality controls, internal st an
Calibrator working solutions were prepared at 0.01, 0.05, OahdL10mg/L for

d-MAMP, I-MAMP, d-AMP andI-AMP in methanolCalibrators at 12.5, 5, 10, 50, 100,

and 500ug/L were created bfortifying 500 uL blank plasma or 25QL blank OF with

the appropriate working solution. Quality control (QC) working solutairn&1, 1, and

10 mg/L (plasma) or 0.05, 0.5, and 5 mg/L (OFnethanol fod-MAMP, |-MAMP, d-

AMP, andl-AMP were preparettom reference materials with different lot numbers than

the calibrators. Low, medium, and high QC samples were prepared at 3,30, augdL300

respectively, by fortifying 50QlL blank plasmar 250uL blank OF with the appropriate

working solution. An IStdolution in methanol was made from racemicMAMP and

d11-AMP reference materials at 1 mg/L for plasma and 0.5 mg/L folFOFOF

calibrator and QC samples either 500 or {d&(reservéion buffer was added to 250

OF to match the Ordtze (3fold) and Quantisal4 ol d) col Il ectorso6 dil ut

respectively. Allreference materials and working solutions were store@@tC in

amber glass vials. Marfeyods at0&% @/t wor ki ng

acetone and stored in an amber glass vial&t #r up to one month.

Specimen procedure
Twenty-five microliter IStd solution was added to 50D plasma, 75QL Orat

Eze, or 1 mL Quantisal specimens. After addition of 2 mL 1% formic acid in water, the
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mixture was vortexednd centrifuged at 400@»and 4°C for 5 min to precipitate

proteins. Supernatants were decanted onto SX@t&trong CatiorSPE columns
condtioned with 2 mL each methanol and water. Aéikowing to flow via gravity,

columns were washed with 2 mL ed&hh M acetic acid and methanol. Columns were
dried via positivgpressure at maximum flow 28 psi for 10 min. Analytes were eluttd

3 mL 5% anmonium hydroxide in methanol. One hundmadroliter 1% HCI in

methanol was added to eluates followecdelgporation to dryness under a stream of
nitrogen at 40C in aZymark TurboVap LV evaporator. Dried samples were subjected to

the derivatization pradure.

Derivatization procedure

The derivatization procedure was adapted from Festelr (168) Samples were
reconstituted with 10QL water and 2@uL 1 M NaHCGQs. After vortexing, 10QuL 0.1%
(w/ v) Mar f e yaddsd. Sampleg wenetvortexadsfor 2 min and then heated at
45°C for 1 h. Samples were allowed to cool to room temperature for 20alowed by
addition of 40uL 1 M HCI in water and vortexinghfter evaporation to dryness under
nitrogen at 40C, sampls werereconstituted in 20QL mobile phase (40 water:60
methanol, v/v)centrifuged at 200@g and 4°C for 5 min, and supernatant tréesed to
a 96 well plate. Ten (OF) or twenty microliter (plasma&ye injected into the LKESFH

MS/MS system.
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LC-ESFMS/MS

Chromatographic separations were performed on a Kir@tscolumn (2.1 mm x
100 mm 2.6um) fitted with an identicallypacked SecurityGuard ULTRA cartridge under
isocratic conditionsvith 40% water (A) and 60% methanol (B) for 10 min. After
separations were completed a gradient wash was performed withc¥6Bsing to 95%
over 2 min, holding for 3 min, decreasing to 60%over 2 min, and equilibrating for 3 min.
Total run time was 20 mitHPLC flow was diverted to waste for thiest 3 and las8 min
of analsis. The column oven temperature was@pwith a 0.3 mL/mirflow.

Mass spectrometric data weyktained in ESI negative ionizen mode. Spray
vol tage was set t o 1 B50%,clrtdingas38,@andliohsourge t emper
gas 1 ad 2 were 60. Nitrogen collision gas was set to medium for all experiments.
DerivatizedMAMP (dinitrophenylalaninamiddAMP, DNPA-MAMP) and AMP
(dinitrophenylalaninamidd&MP, DNPA-AMP) MRM transitionsmonitored are shown in
Table8. Dwell time was 100 ms. Identification criteria included presence of two
characteristic transitionguantifier/qualifier ion ratio within £20% set by the calibrators,

andretention time (RTx0.2 min of average calibrator RT.

Validation
Validation criteria included linearity, limits of detection (LO&)d quantitation
(LOQ), accuracy, imprecision, extraction gmcess efficiencies, matrix effect,

selectivity, carryover, dilutiomtegrity, and stability under different conditions.
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Table8. Declustering potential (DP), entrance potential (EP), collision energy (CE), cell exit poteKil, @hd retention times (RT) for deatized
methamphetamine (dinitrophenylalaninamidethamphetamine, DNRMAMP) and derivatized amphetamine (dinitrophenylalaninaraiighetamine,
DNPA-AMP) enantiomers and their internal standards. Underlined ions are quantifying ions.

Analyte Precursofon (m/z) Product ions (m/z) DP (V) EP (V) CE (V) CXP (V) RT (min)
DNAP-MAMP 400.2 %g:g -60 -5 :ig . gg; ((3)
DNPA-ch-MAMP 411.2 %g:g .60 7 :ig 4 g-gg ((2')
DNPA-AMP 386.1 %g:g -65 -9.5 :28 '4 ? .Zg ((I<)1)
DNPA-d11-AMP 397.2 3o 65 -8 o '4 710 ((3)




Validation planwas based on published Scientific Working Group for Forensic

Toxicology standard practic€$69) Linearity was determined ondfferent daysand

determined accegble if coefficient of determation (f) was at least 0.99 and calibrators

quantified within +20%of target. LOD and LOQ were determined by fortifying matrices

with decreasing analyte concentrations. LOD was defined as the looveshtration

with acceptablehromatography, two MRM trartgns with appropriate ion ratio, and a

signato-n o i s e O3 evallatedin saraptes from three different sources. The LOQ

was thdowest concentration with two MRM transitions with appropriateratio,

signatonoi se ratio 010, an domomrepghare+20%sliOQwas<2 0 % an

evaluated by five replicates on thidiferent days and three different matrix sources.
Imprecision was determined at low, medium and high QC concentrations with

five replicates per concentration on four differdays (n = 20). Imprecision was

expressed as coefficient of vai@n (%CV) and was expected to be <20%. huay,

intra-day, andotal imprecision were calculated according to Chegh&2). Accuracy

was calculated as percent target concentration (n = 20)eyjthred criteria of 80120%.
Matrix effect and extraction and process efficiencies were evaluated by preparing

specimens in blank matrixebore (n = 5) and aft€dn = 10) the extraction for all QC

concentrations. Neat samples wpreparedn the elution solvent (n = 5), and were

carried througlthe sample derivatization procedure. All replicates were prepaigdnk

matrix from differentdonors. Matrix effect was calculated ([average peak area from

after set/average peak areafrommeatt | 17 1) 1 100. Extraction e

as (averagpeak area from before set/average peak area from after set) x 100.Process

efficiency, ameasure of the combined effects of extracgtiitiency and matrix effect,
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was calculated as (average peak &m@a before set/average peak area from neat set) x
100.

Potential interferences from endogenous matrix weetuated by analyzing
blankspecimens from 10 differedbnors. Potential exogenous interferences were
evaluatedy analyzing blank matrix fortified at a high concentra{ip@0’ 1000ug/L) of
the potentially interfering compound3ompounds evaluated wen@-
tetrahydrocannabinol (THGCcannabidiol; cannabinol; 1ydryoxyTHC; 11-nor-9-
carboxyTHC; 3,4methylenedioxymethamphetamine;-3n&thylene
dioxyamphetamine;-fiydroxy-3-methoxymethamphetamineld/droxy-3-
methoxyamphetamine; 3@ihydroxymethanphetamine; cocaine; benzoylecgonine
cocaethylene; ecgonine methyl ester; acetylsalicylic acid; ibuprofen; caffeine; and
acetaminophen. Selectivity was established if the endogenpagentially interfering
compounds, if present, quantified <LOQarryover was tested by injecting 1Stuttified
negative samplafter a sample fortified at 3ke upper limit of quantificatiodack of
carryover was established if analyte concentrations ing¢gative sample were <LOD.

Dilution integrity was evaluated by diluting a 1500 antb@ug/L samplen
either blank plasma or Gsuffer mixturein duplicate with blank plasma or Gftffer
mixture to achievd0-fold and 2fold dilutions, respectively. Samples were carried
through the procedures as described. Dilution integrity was maintained if thgeavera
guantified concentration was within £20%tafget. OF stability was evaluated under the
following conditions:samples stored for 24 h at room temperature, stored for 72 h
refrigerated at 4C, and frozen and thawed 3 times-frezen after 1 hhaw atroom

temperature). Previous publications showed AMi@bility in plasma after freekzdhaw
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cycles(43, 44, 170, 171and exposuré room temperatur@l 70). Processed OF and
plasma stability wasvaluated with samples stored on the autosampler for 48 tCat 4
samples were prepared at the low and high QC levels in triphodtgere stable if

guantifications were within §@.20%.

Optimization of derivatization procedure
Experiments to optimize the derivatization procedure evalutedts of
i ncubation time and vol uhieathghfQCq30@gh) w/ v Mar f e
samplesvere prepared in elution solvgi@ mL 5% ammonium hydroxide) and 1pQ
1% HCI in methanolvere added before evaporation to dryness. After reconstitution in
100pL water and 2QuL 1 M NaHCQ;, 100uL  Mar f e y 0 s added t@ gpecimensw a s
and differentmcubation times (15, 30, 45, Gf,90 min) evaluated; specimens were
incubated at 48C. Toeval at e opti mal O0. 1% (w/v) Marfeyos
differentreagemnvolumes (25, 50, 100, or 2Q.) were added to specimeasd
incubated at 48C for 60min. All conditions were evaluated quadruplicate. After
heating, specimens were cooled to raemperature and sample preparation completed
as described abo\{®erivatization procedujeAverage peak areagere plotted against

test condion to evaluate optimal conditions.

Proof of method
Proof of method included analysis of samples from one participant from a
National Institute on Drug Abuse InstitutiorRRéviewBoardapproved study

investigating intranas®dMAMP pharmacokinetics after contretl Vicks Vapolnhaler

89



administraion; participants provided written informed consent. PlasmaCdndiere
collected before and up to 32 h after multiple inhaler dédasmawas collected by an

indwelling catheter, and OF was collected with the Quantisal aneE2eatlevices.

Results
Reported OF concentrations take into consideration thdilQfion with the
devi c e 6 8ve uifeeamcarewneat OF amntrations. Linedty for all analytes in
all matrices was establishég linear regression of the analte1Std peak area ratio
versusanalyteto-1Std theoretical concentration ratio with dixeighting. The dynamic
range for all analytes in the three matrices fi&d0ug/L. The LOD in all matrices was
0.5ug/L. Table9 summarizes linearity data afiure6 shows an extracted ion
chromatogranfor analytes at the LOQ in Quantisal ®Effer matrix.
Imprecision and accuracy for the three QC concentrations testedll the
acceptance criteria. Imprecision for plasma, Quantisal,OralEze wereD8 . 4, 11 . 3, an
10.8%, respectively. Accuragymong the three matrices ranged from 85.3 to 108%.
Imprecisionand accuracy results are summarizedable10
In plasma, extraction and process efficiencies ranged fronolD17% and 92.0
to 117%, respectively. Plasma matrix effects were t w d20mandr11.0% and
variation (Y€V) between 10 differers o ur ces was ntsal8pecin¥ns, | n Qu a
extraction and process efficiencies were 6947% and 265392%, respectively; ion
enhancements observed wereil® 8 % but var i é&Ektiagionandas O14 . 4 %.
process efficiencies in the Otake device rangeldom 82.9 to 98.5% and 138 207%,

respectively; ionenhancee nt s ranged from 55.9 to 117%, wi
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Table9. Linearity results for derivatized methamphetamine (dinitrophenylalaninamedeamphetamine, DNRMAMP) and derivatized amphetamine
(dinitrophenylalaninamidamphetamine, DNPAMP) enantiomers in plasma, Quantisaland OralEze®. Dynamic range for all enantiomers in all matric

is 1-500 ug/L.

Analyte

>+ SD (n=5)

Slope + SD (= 5)

Intercept £ SD (= 5)

Plasma
DNPA-d-MAMP
DNPA-I-MAMP

DNPA-d-AMP
DNPA-I-AMP

Quantisal
DNPA-d-MAMP
DNPA-I-MAMP

DNPA-d-AMP
DNPA-I-AMP

OralEze
DNPA-d-MAMP
DNPA-I-MAMP

DNPA-d-AMP
DNPA-I-AMP

0.9950 + 0.0029
0.9948 + 0.0034
0.9945 + 0.0025
0.9940 + 0.0032

0.9917 + 0.0053
0.9928 + 0.0048
0.9940 + 0.0017
0.9936 + 0.0013

0.9947 + 0.0014
0.9943 + 0.0005
0.9948 + 0.0021
0.9888 + 0.0082

1.9100 * 0.4992
1.9120 + 0.4939
1.5582 + 0.4117
1.9190 + 0.5996

1.5060 * 0.5882
1.3260 + 0.6735
1.1028 + 0.4012
1.4604 + 1.0285

1.5480 *+ 0.5336
1.5520 + 0.5435
1.3692 + 0.4848
1.4620 + 0.5559

0.0086 + 0.0055
0.0060 + 0.0036
0.0135 £+ 0.0039
0.0062 + 0.0027

0.0001 + 0.0049
-0.0002 + 0.0089
0.0061 + 0.0074
0.0036 + 0.0021

-0.0003 *+ 0.0033
0.0010 + 0.0022
0.0054 + 0.0050
0.0030 *+ 0.0055




Z6

Figure6. Derivatized methamphetamine (dinitrophenylalaninamidg¢hamphetamine, DNRKAMP) and derivatized amphetamine
(dinitrophenylalaninamidamphetamineDNPA-AMP) extracted ion chromatograms at the limit of quantitatiopg/L) in Quantisal.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































