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Abstract

Evaluation of ~.unabinoi< s.ability in authentic cral 11234 (OF) is critical, as most OF stability
studies emplo ved “urtified or synthetic OF. Participa:t (n=1y) smrlc1a 6.8% delta-9-
tetrahydrocannbin 1 (THC) cigarette, and baseline conce=uations ¢ + HC, 11-nor-9-carboxy-
THC (THCCOCH), :annabidiol (" 50), a1 d cannabii ol (CZiv) wer: det >rmined within 24h in 16
separate pooled sc.uples /zotlected 'L vefore to 10.5 or 13h after smeliiug). OF was collected with
the StatSure Saliva S-.mple~""+ and Oral-Eze® devices. Oral Zze samples ’ere re-analyzed after
room temperature (k T) s orage for 1 wezi, anc for both c=2virz, after 4°C' foi 1 and 4 weeks, and —
20°C for 4 and 24 we=ks. CJon-_gtrations - Zu% from initial conce~..ations - vere considered stable.
With the StatSure devic~ all car=.omoids were within 80-1 20% m=Zian % asc'ine for all storage
conditions. Individual THC, CBD, CBN and THC'"OOH pool concentr=t;ons v ere stable in
100%, 100%, 80-94% anc >85%, respectivelv. acro: s storage c-aditions “ith the Oral-Eze
device, at RT or refrigerated stor: ge ( ‘or 1 .nd 4 ~veeks), THC, \"Zuv and THC COCH were stable
in 94-100%, 78-89% and 93-100% of sampl-s, respectively, while “BN concenti tio 1s were 53—
79% stable. However, after 24 we _gs at 20°C, stab:'ity lecreased, esj eciai'v ic. CB), with a
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median of 56% stability. Overa'l, th~ collection devic s’ ¢ lution/stabi}*zing buffez, pre ided good
stability for OF cannabinoids, w.th the exceptior i the mc e labile C3™.. Lo ensi. OF
cannabinoid concentration accuracy, the<c data suescst 'nal sis within 4+, ceks at 4°C sto -age for
Oral-Eze collection and within 4 w *eks at %" C or 24 wee.™= a1 -20°C for Stat>ure collec 10n.
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Introduction

Mare 1\dividuals use cc una.is than ar;, other illicit drug worldwide [1]. Oral fluid (OF) is
adv.nta;‘eous over other hiologics. matrixes (e.g. blood, urine, plasma) for drug testing in
work »lac., drug treatn> _nt, fo-ensic, and dri~ u g under influence of drugs (DUID) testing

1 rogramns Tor several “easuns: samzic collecti~.. is simple and noninvasive; infection risk is
reduc.d con pared to blesd, OF concei trations may reflect recent drug use better than urine;
special ~ollection facilit es <. sam »-se: collecter. are not required; and specimen
ad»iceration is more difficult [2; 3; 4, OF westing o*_en requires specialized collection
devicozo a spedific legislatior fur screening and corfirmatory cut-off concentrations. The
S Qekoto o0 Avuse and Ment-! [ealth Ser, ices Adininistration (SAMHSA) and the
European initiative, Driving Under *..c Influer~. o1 Dru s, Alcohol, and Medicines
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(DRTTIMY T 27 Lrosed specific OF carnabinoids ut-c ff concentrations for screening and
confirmation Tyrren:ly, THC is the only ccnfirinatior. ~..alyte monitored in the SAMHSA
(2 2g/tL) ~ad D"JID (1 ng/mL) proposals. Understanding analyte stability during
spedimen stezage is critical to ensure accurst. resun nterpretation for clinical and forensic

pr.poses.

T.ie m~ia psycho~zuve cannabis cons. ituet, delt~-9-te’ rahydrocannabinol (THC), is

sel sitive Ly several factors during storag ™" air oxid~%ion [7]1- degradation when exposed to
ligh. [7; 3], acids [9], high temperatures [10]; and ~asorptier. to materials such as glass,
plasti, a1 precipitant m2*_i1al "11; 12]. Ce collect uu acvice s with elution/stabilization
buffers ar2 prefer-_u over evyoctorated sampies due to increa-_1 analyte stability during
storage and .mprov-J analytical precision [13] [141 Lowever, = 0st stability studies [15; 16;
17; 18] fo :use, on fortified authz.u> or synthd tic ora! Jiuid. Mooi > et al. [16; 17] showed
that THC, ~anr.abidio! /CBD), carz.apninol (CBN) and 11-»2.-9-ce boxy-THC (THCCOOH)
concentratic1s were stab'Z in fortified synthetic CI collecte v .:h th > Quantisal device
when refrigerated for 10 days; instability occurred = uen cannahb’.i0id". were stored at room
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temperature (R 1or the same period. On'y one studv #~ atuated c~.unabinoid stability from
authentic OF co.lccied with the Cuantisw device and bv <apectorat’'vu | '4]. THC,
THCCOOH, CBN, and CB\I> conceurations in OF collec.ed witn the Oua.tisal device were
stable for at least 4 week ; at 4°Z, while sic~..icant degrida‘.ion o f 1HC.CO DH, CBD, and
CBN was observed ¢ ter 2/ weeks at -20°". In expectora:ed auaentic O, cannabinoids
concentrations were l.*.s stable than speciz.ens collected with Cuantisal nader all si. vage
conditions, demonstrating that r~..nabinoid ; abil ty varies by co!' _.cuon metho 1 and storage
conditions.

There is a strong need to determine cann=.u0id stab lity in auther*.c OF col'_:ted with
commercial OF collection devic=; atter can+.vis smoking, as sta»ilit 1n fortified authentic
or synthetic OF may not be ti e sam.. In thi< sway, aci>r controlled simne'.ed cannabis
administration, cannabinoid stability .a authe=tc CF collocted with € tatSwure Solive
Sampler™ and the Oral-Eze® coll .ctio. devices were haiacterized \fte - stoiage at Ry, 4°C,
and -20°C for 1-24 weeks. We provid stability data for TT{C, THCCCOH, ~}'M, and CRD,
due to the importance all these cai nabi~oids havz in imr coving interpretation o€ ¥ resi'.,.
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Materials and Method >
Partiz.pants

Frecuen. and occasional annabi- smokers were recruited from the community by print,
radio, inte "net and tel- visior advertisem=i.s. S 1bjects were required to be 18-45 years old
~ad physici lly and ps_cl.ologic~iiy healthy Lased on comprehensive medical and
psyr.ologizal evaluatic .. Self-rer: rtea cannabis smoking at least four times per week
Jrequ-at cannabis smok .s) or less han twice er veek (occasional cannabis smokers) in
th o 3 months prior to study entry, an~ for frequer: smokers, a positive urine cannabinoid
sureen (Iscreen™ ' >50 pg/L. ‘aere, Wal*l.am, MA) =, ¢ s required for inclusion. Exclusion
Zowaia included clinically sio-iiicant illnezs or adverse event associated with cannabis
intoxication, more than 450 mL. *.uo0d donatic u witi in t1 e previous 30 days, participation in
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Ziug avuse wreatmen. within the preious ¢9 da s, or ‘ntet >st in treatment at any time, and

™EEN{ L ui . SING Tvomen.

All -ubjects »rovided written informed con<Z.u 10 participate in this National Institute on
Drug Abuse Institution.i Review Boar-appr- . cu ctudy and were remunerated for their
} art’ _1pation Tarticipants esided on ¢ secare clinic? | re earch unit the nights before and
arter Grug admi- stration.

Oral Fluid Stabil ty {'ample Collection

OF w.s co'lected with ‘e StatS re Saliva Jam»licr'™ (Ste :Snr 2 Diagnostic Systems, Inc.,
Brookline, M A) and Or=! ze® (Quest Diagnostics, Madizon, M) devices upon admission
to the clini :al ur.i. (approximately -19 h) and -1 2, u.5,1,2 3.4,4.5,5,6,8,10.5,13.5, 21,
24,26, 28 anc 30 h post dec.. Cann.bis cigare tec were obtair.ed 1hrough the NIDA
Chemistry nd 1'7cological € stems Research Branck. rarticipa.:ts smoked one (mean

+SD) 6.8£0..7% THC (4mg), 0.25+0.08% CBD (2mg) ud 0.21.-0.02% CBN (1.6mg)
cannabis cigarette ad libitnm withi~ 12::in. OF was collecte {irst w'ch the StatSure and
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then with the O -al-Eze device. Roth colles tion devic .s contai» un indicator that turns blue
when ImL OF is collei ted. Spe~imen< were processeu accor*ng to man. facturers’
recommendations. StatS 1re coller.ion pads were placed mto tthes coniaining 1mL elution/
stabilization buffer (yi<iding = 1:2 v/v OF dilu‘tion) and .'tor »d at .*°C. Oral -Eze pads were
stored in 2mL buffer (1:? v/v OF dilution) 1t R ". OF/buffer mixtures vere “.cnef +red to 3.6
mL Nunc cryotubes (‘thomas Scienti.., Swedes.yoro, NJ) . 7L later. Tk se OF s2+.ples were
originally used for pharmac~ianetic an~lyses '19; 20]. Aliquot~ rrom ea~l, t.me yoint sample
except those at 4.5 h (from -1 *, 10.5 h for StaiSure and from -1 t 13h for O -al-£ze) 1L, ~m
each participant were combined to create in<:.idual StatSure ana Or-i-pze stahilit 7 pools
with enough volume for analysis at Z.ultiple st<.age conditions. . sfter "urtexing, each pool
was divided into 5 and 6 aliq 10ts for €.atSure ~=2 2ral-Eze spect.ner., r,pectively, “'nd one
aliquot was assayed immediatcty to es*aplish baseline cocentrations ['we »fiour Stat Sure
aliquots were stored at 4°C and ans(yzed atter 7 days »nd month. The sthe. St>*5ure
aliquots were stored at -20°C and anal yzed after 4 and 244 2 weeks. Cral-Ez 2 . lioruts were
refrigerated for analysis after 7 davs ai d 1 month. ~ud frr zen for analysis artter 4 »=.a 24 £,
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weeks. One additional Oral-Eze ali;uot remained at som temnerature fc- 7 days nric: to
analysis (Figure 1A).
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In order to comn~*2 iiulavwmers recorimended storage temperatures and to evaluate
poten.ial change : during di€IZ, (.. - Luppirg conditions, specimens collected 4.5 h post dose
~ve e nut included in the stal iliZy poe! and were analyzed only within the initial 24h
(bas:linc concentration) « nd aga’.i after 7 days storage at RT for StatSure and 4°C for Oral-
Eze somp es (Figure '1s). Tkis allowed 1= w e\ aluate the robustness of these collection
wevices i, ramples the t ¥ ere ne* processed Lccording to the recommendations of the
mar-.ractur.r.

Oral Flui~: Car-.abinoid Analysis

ur THC, CBD, °BN, 11-F,uroxy-TH_ (11-OB-Ti\"), and THCCOOH were quantified by
a w1y validated 2-dimensioi =i gas chrom.atographv-m. ss spectrometry (2D-GC-MS)
method with minor modificatie, | 21]. The ei>ctron ionization chromatographic system
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wciuaed a DB- 1MS (Agilent V=~Luologie 3) as the pr'maiv and ZB-50 (Phenomenex) as the
Secondary co'umn, ~.ad an oven temperature pregram utilized in our plasma method [22].
Mior ¢ > aple r.eparation modifications also were required to process Oral-Eze and

Stat. "ure sr_cimens. During solid phase e-.raction, 0.4 mL methanol (StatSure) or hexane
rOral-F.ze) was ad-_u to tie column prior - the elu’'on :olvent for THC, CBD and CBN in
G 7.er to auce base'i..¢ interferences and improve chro natography. StatSure calibrators and
qu ity cortzuis were prepared in 0.25 11L blank OF wad 0.25 mL StatSure buffer; linear
ranges vere 0.5-50 pg/L for THC, CBD, CbiN and '!-UH- "HC; and 15-500 ng/L for

THC ~OCH; intra- and inter-~.: ay imprecic:on were < 7 7%, ~nd analytical bias was within
97.1-177% To acerwut for spec.unen dilutic », Ural-Eze c.l.u.dtors and quality controls were
prepared in .25 mL *luak OF and 0.50 mL Oral-Eze kuiier; lin ar ranges were 0.5-50 pg/L
for THC a1d 1'-OH-THC, 1.0-50 ; ¢/L for CP L and CP!<, ad 15-500 ng/L for
THCCOGH; w hile intra- ~.d inter-2 say imprew .s10n were < 7.6%, and analytical bias was
88.2-110%.
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Data analysis

Baseline cannat i»~*2 ~onc .uuauc.s were establishe withiu 24h of zcllection.
Concentration changes 1re 1> urted =.s %baseline and calruiatea s (2*orec sample
concentration / baseline . oncen*.ation x 100?5). Concer trat’on chai ges within £20% of
baseline were consid.red st.ole. Specimei s fo which %cascl=2 could ¢ be determined
due to concentrations < amit of quantificat-on (. OQ) at be seline, ;usuffic ent UF volume or
chromatographic interferences w=:c exclude fro u calculat.ons. S~.uples with "nitial
concentrations <20% ab-~ ve the LOY and ther. fall ng below I.OQ vz,¢ exci.«* 2] from
stability comparisons, wh'_ analyte concentratior “alling bei»w *.OQ weze conside”.u
unstable only if initial baseline concentr~:,ons were > 20% above *.¢ LOO

Results

THC, CBD, CBN, 11-OH-THC an'. TH”.COOH conc *ntr: tions wer : qu antiiiec 2« 16 pools
(one for each of 16 participants) t» inv estigate inter-in livic ual differe.rces n s*abi'..y from
authentic OF collected with StatS we a1d Oral-Eze sevic.s. All specimens collect~ 2 with
StatSure (n=80) and Oral-Eze (n=9) devices were analyzed: '1-OH-THZ was not “zi:-ted
in any specimen; therefore, no stability uaiw. were availuole. Cai'nabinoid Zucentration
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changes from b~e~'=12 &1 Cacii swrage cot dition are displayed in Figure 2 and Table 1.

rerce:'t differen. es from beziliue « ncent.ations of specimens collected 4.5 h post dose and
swed ior one week at t T (£ ta*5ure) .nd one week at 4°C (Oral-Eze) are shown in Table 2.

THC Stanilit

in poole i CF collected “vith th< statSure “ovice, all 16 participants’ samples were stable
und_r all cunditions tes ed. Med .. %b. seline concentrations (range) after 1 week at 4°C
were ©2.6% (85.6-111%,, after 4 we ks '2.4°7, (82.3-111%). Median %baseline
roncentrations after 4 weeks at —20°_ were 96 £%0 (89.7-117%), and after 24 weeks 96.7%
(54.6-110%). In JF collectca with the SatSure de icc 4.5 h after smoking following 1 week
swrage at RT, all participant: > samples (= -16) were stale, with median %baseline
concentrations of 90.1% (80.7-'C7%).
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In pocl= 2T . Jilect~d with the Oral-Eze d.vice . all 17 participants’ samples were stable at
4°C for 1 ~ud 4 v eeks, with median %baseline concentrations of 93.7% (80.0-119%) and
93.2% (80.1 119%), respectively. However, uuring niozen storage (—20°C), THC in one
s~.aple “ecreased to 5.4, % of baseline after © weew, ar.d 3 of 16 samples’ THC
cor.entraticz, decrease s 0 60.5-75.1 % o “baseline ifte 24 weeks. THC was stable in all
but uue pool »ficr RT storage for 1 wedk. Micaian %brseline concentrations at RT were
83.2%, ucluding OF from the one particip.:zt = lere THC c¢oncentration decreased to 70.7%
of beselil e. All individual OF snecimens collez.ed with tiic Oral-Eze device 4.5 h after
smokig ad stored fo~ 1 week a* 4°C also were ,able wih m :dian %baseline
concencrations vt 97.3% (50.7-119%).

THCCOOH Stability

In StatSure vooleu UF, all THZCOOH concentratiors (u=12) weie stable at 4°C for 1 week,
but 3 weeks la.o ~uly 11 of 13 were stable, with one » ool increa ing (141.9% baseline) and

yduosnuep Joyiny Vd-HIN

one decreasing (68 4% haccli=z5 (| caucation. These sam- Z samp! _s were the only
unstable samples after 4 weel= ~+ 25°C. “.fter 24 weeks at -25 C, 100% of samples (n=13)
were stable, with medi. n %bas_une roncentrations ot 104° (¢ 3-,18%, In OF collected
4.5 h after smoking with the StatCare device and stored .or 1 wveek at kT, 12 of 13
participants’ samples ".ad st~,ile THCCOUOH c¢oncentratins, with one sample's THCCOOH
decreasing to 60.0% »f Faseline.

In pooled OF collected with t-. Ural-E7= device, 1l samples (r -13) wer= ,"abl.» when
refrigerated for one and - weel-. atter 4 week * .. -20°C, con ent ations fro11 one san.nle
decreased to 60.8% baseline. This sample wa< wso uastable for T HC »..uer the sai ie storage
condition (4 weeks at -20°C). After ° © weeks at Zu°C, this samp e's THZCOO X
concentration remained unst. vle (75.1°7 oaseline) with 2 additioal « 2xmr'cs concentrations
increasing to 127 and 139%. 1.. UF col'_cted 4.5 h after .moking with the Cra:-£z. de "ice,
11 of 12 participants’ samples were stabl- atter | week at -'°C with ried’an & 5be selme
concentrations of 91.4%, includin z OF from one partic ipar t where T.1CCu D.1
concentrations decreased to 77.4%, of haseline.
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CBD Stability

In poc'ed OF sat.pics olleted win the statSure device, 100% were stable under all tested
cot ditic ns, with median %b: <cline ~oncentrations of 97.6, 96.5, 100 and 97.8% after 1 and
4 we=ks torage at 4°C (».= 11 »..d 10) and 4 and 24 weeks at -20°C (n=9 and 9),
-espectivay. In OF c tlecte s with StatCure dev ce 4.5 h after smoking, 6 of 7 samples were
stable »Zier yne week : ‘orage Lo RT. Ora! Jiuid from one participant decreased to 50.8% of
ba<uline.

I pooled OF samples collected with ‘he Oral-F~2 uevice, 7 participants’ samples were
swavie atter 1 we k at RT witl, median */Laseline of 5:1.1%, with only 1 sample decreased to
72.170. d1milar results were »riuned at 10w, or temperat ires for storage times up to 4 weeks;
78, 89 and 78% of participants’ "5 concent ation. we. ¢ stable at 4°C for 1 and 4 weeks
(o Oy auuar-20°C tor 4 weeks (n=77, resg =cti* ely. L ongc v storage (24 weeks) at -20°C
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ncreatoa ot Instelility; 44% of participaits’ ramples were unstable with %baseline
beiwvee, 21.9 aru 77.1%. In OF collected with the Oral-Eze device 4.5 h after smoking, only
1 pa ticipar’ had a CBD concentration ab~ ve the LO( and after 1 week at 4°C, however, the
8D crucentration =, as 132% of basel.ne.

CBN Stability

In poole 1 OF collected with the Statsure device, 15 ~T 16 sa uples were stable for 1 week at
RT, v-ith vne increasing to 1#77% of baselin~. atter 4 w==ks, ¢7 and 80% of samples were
stable 1t 4° C (n=15) und -20°C (u1=15), resy ezuvely. Stats... OF from the same 2
participants v ere unst~uie at both temperatures exhibitiz,g Yobas *line increases of up to
166%. Sir.dlarly, 13 of 15 samples ~7ere stable aiter 24 vions at -20°C (n=15) with median
%baseline 0f 65.9% (90 2 - 106%) \s expecte ?, tne 2 unsta® e se nples increasing to 133
and 183% Laseline were frez., the same participants I OF collected 4.5 h after smoking
with the StatSw.c dovice, 100% of participants’ sa ur'ss (n=12) v ere stable, with %baseline
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concentrations 2=z L l,voen 05.5 ana 111%.

o

In pooled OF collectea witi the Jral-"ze device, only 123% ~*<amy les (1.=15) were stable
after 1 week at RT; conc »ntration n 2 unstable samples incre2sea up tH 12 5% baseline,
while concentrations from 5 ~ wner sample : dei reased to 70.." and 78.+7 of baseline. For the
same storage duratio.\, drcreasing tempera.ure .0 4°C did r .t increacc CBM : tak Yity. Longer
storage at the same temperature (4°C' 2. -20°C) shmetimes - peared t~ .ucrease <*.vility.
Indeed, at 4°C, %stable samzics increa.u frem 611% for 1 werk (n=15)tv 9% for 4 weeks
(n=14) storage; at -20°C, %st=“ic samples incr:ased from 646 fo ' 1 week (n=14) to %
for 4 weeks (n=14). In OF collected 4.5 h af*Z, smok'ng with the Or=! rze device, 4 of 6
participants’ samples were stable w1 mediar ¢ ooaseline 93.5% 82-127 ), wiu 2
increasing to 137 and 145%.

Discussion

We present cannabinoid stability n at thentic OF spe.imeis collected w*h tie GratSvre a1 d
Oral-Eze OF collection devices afi>r cowtwnll=2 smokirz of a 6.8% THC cie~zutte. This
study included the sequential collectiun of autheriic OF (< atS we Saliva Sam=!cr tollow ed
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by Oral-Eze) to evaluate cannabinoid stability. F~. aruation of s’ability was performed on
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pooled particip=n* 225 lcs ana wie order Wf collection did not affect these calculations. No
signit cant differ =nces were Lo v-.d bet een baseline concentrations collected with either
Je fice p>0.05), and sthilit 7 v as cal_ulated as change from baseline. The strengths of this
stua 7 inc lude the variety »f stora se conditions evaluated and baseline specimen analysis
withi,» 24, of collecti~a afte- controlled ~.unal is smoking, allowing precise determination
.fautherau OF concent-ations Ly additior, individually prepared pools for all 16
part’_ipant- allowed ev .uation of ‘nter subject variability. However, there were limitations
.0 usirg authentic specit.:.us, as sor.'e at alyte “use'ine concentrations quantified <LOQ and
c~uld not be included in stability calr alations. F~Z.y percent of all specimens had CBD

~LuV) at baselin>.

In pooled OF collected with the St=*,ure devies, all anai vtes were stable (median %baseline
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storage. TH(" ~d CRD were the most stabi > an.lytes . concentrations at all stability
coditidns 52.3—': 7% of baseline (100% stavle). THCCOOH, an important analyte that may
help discrim’..ate passive environmental conlaminau>n from active cannabis smoking [23]
w-.s alse aighly stable w.uler all storage condi“.uus. THUCOOH concentrations were always
ttab’s with thz cxceptior of 2 of 13 sa npl s stored for 4 weeks at 4°C. The same 2 samples
alse ~vere unst2Xic when stored for 4 v.eeks ~* Zu~C. 7 ne few unstable samples for CBN
we. e al vays the consequence of an increaz= compared t~ (.2 baseline concentration. In our
prev ous stability study with authentic OF collezicd by ex; ~~toration or with the Quantisal
devicy, a s'milar pheno=.cnon w s observe 1 with TBN co1cer trations [24]. This may be
explain.u by fth_ conversi<., during storage of THC to CBM [s; 25; 26; 27]. These results
indicated t'.at OF Lollected with the StatSure devi-. ror cannau.noid quantification should
be stored or 4 weeks at 4 C ~z 24 w>eks at -2(°C k_jore anals sis vithout significantly
affecting 1HC, “RI™ und THCSUH concentrations. H2 wever, i€ best storage condition
for CBN was 1 week ~* +°C (94% of specimens s able.)
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In OF collected wun e Ural-Eze device, changes in tew.perature .nd storage conditions
adversely affect .l wua'yte tabilit;,. At P( all analyte. evzopt CBN ‘uii’ 53% stable) had at
least 88% of samples st ble “ur 1 week. As previously di-cussed, L1 ins ability may be
due to concentration inc’ 2ases .om baselir, as also ob ierv :d with ~ther ¢)Hllection devices.
Decreasing temperat ure fre.n RT to 4°C resultud in sligh''v beier stability for all analytes,
including CBN. CBN -.ability increased £.um 5.'% after 1 weel- ur storae at RT to 79%
after 4 weeks of storage at 4°C *“11 THC a2 TH."COOH samples were stable 1t 4°C for 1
and 4 weeks. After 4 we s, all ar<iytes were mor. stable at < °C th.u -20°C Tn'e Lond of
decreasing stability was a..plified after 24 week~ u1 storage av -2 C for i1 analytes cxcept
CBN. In order to accurately determine Ti1C, CBN TBD and THZ.COOH <ounc >r*.ations in
Oral-Eze collected OF specimz.us, we suo est storage at 4°C and ana vsis withi,, *

>

' weeks.

As expected, baseline concentration runges weio ouilar ior each device, wnlo rera 1, t iere
were few stability differences betv een ©atSure and O -al-1 ze colleciion. . TE.C und C3D
were the most stable analytes coll :cte | by each devic,, an « CBN the 1oast. \Viib Zue Stat<ure

)duosnuep Joyiny vd-HIN

collection device all THC (n=64) . nd CBD (n=3¢) stabi’ity samples were stabl<. in
comparison, for pooled samples coliocted with the Cral-Eze Sivice, 75 0 80 (92 €70) a1.d 34
of 44 (77.3%) were stable for THC and CBD, resr=_uvely. Sin-.lar results were observed for
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THCCOOH, as 47 ~££1 {CZ2.270) ana 62 «f 67 (92.5%) samples were stable when collected
with tae StatSurc or Oral-F=2 Jovi o, resrcctively. For similar storage conditions, OF
SwtSw 2 specimens wet * sli;*h*ly mo-¢ stable than Oral-Eze OF specimens, suggesting that
cam abit oids were better oreserv._d in the StatSure buffer. Our previous study evaluated
cannebinc id stability “.c auth.atic expect~.ated OF and in authentic OF collected with the
*duantisa’ 2vice [24]. Specimer, collected with a device showed improved stability over
exprctorateu OF specir «wns. In th~* pre 7ious study, less than 50% of expectorated OF
specir.ens remained stal 'o 4 weeks 1fter colles?ior. with storage at 4°C or -20°C. Stability of
c~.unabinoids in OF collected with th- Quantisal Zcvice was similar to the stability observed
wuns study witt Oral-Eze, *2. wnat speri.uens were _cnerally less stable when stored for
lougu periods of time at low e~ .emperati=2, (-20°C). L he differences in stability between
devices are most likely due to the proprietary uffer con vosition and OF/buffer volume

yduosnuep Joyiny vd-HIN

fwuv wiat 1s unique tor each mawf~_wrer. Although cach device collects 1 mL OF, the total
OF/br . wur ware voiume varied for each ¢ 2vie . The ouffer volumes for StatSure (1 mL),
Or.l-E. e 2 ml , and Quantisal (3 mL) help to stabilize drugs but yield dramatically

diffc vent di'.tions for each device. The m~ ¢ diluted CF (Quantisal) had the lowest
rannab’.ioid stabilit:; whe reas the leas’ dilv*oa OF (Stat jure) exhibited the greatest stability.
}evever. '2os device Luiter results in low 3r total s2.npl.. volume; which may be problematic
in workplace, cunical and forensic druy testing settin~,s where screening and multiple drug
con irm.tion assays on the same specimen a:v comm~zpiac . Other studies evaluated THC
stabi ity 11 fortified OF [18; 22, 29,30]. Will= s al. [181 documented THC stability in
fortifivd O 7 specime~,; collecter with the S*at€ure device Sr.cimens stored for 8 weeks at
4°C and —20°Z displav< g similar stability with our resu!*; in au hentic OF. However, others
observed ¢ loss ur THC in fortified OF specim~:.s collecte< =7ith he Intercept device and
stored bet veer 2 and 4 we<is at all ¢ onditions 4°C, 21°C or 20° C); or in fortified neat OF
stored for 24h a1 R7 (>50% '2.,s) and stored for 24h ~2 2 weeks au -*°C and — 18°C (15-35%
loss) [28; 29]. Cov=: Cu al, evaluated short (14 day:) an- long term (2 110nths) stability in
fortified OF at -20°C for TOZ ZEE "CE N and THCCOOF. all anr.ytes were within
intermediate rej roducibilitv ~f ¢~z - ethos. [30]. The. e resul*z uemonstrate the variability

yduosnuep Joyiny Vd-HIN

between authentic and ‘ortiied JF, a-.d how OF collection :i..c.hod ind avvice buffer
composition can affect c innabinr.d stability and test res alt irtvorctatic n. 1° is essential that
a thorough evaluation ot car-.abinoid stat ility be perforinec for a'' commer ccially available
OF collection device..

Using the 4.5h specimen, our _valuatior <{ manuiacturers’ recr.amended , ora ‘e conditions
(Table 2) demonstrated tat OF coilected from =:iier device riay 'se shipped it R or
refrigerated to analytical laboratories, as reco.nenc 2d by the cuilecti<.. device
manufacturer. Acceptable stability rezaits were ~Uiained for Statfure srzcimeny containing
CBN and CBD. However, O. al-Eze st~Liuty resnlte should be qu. lifi 4 as 1u/16 (LCN) and
15/16 (CBD) participants’ OF samples Liad concentratio.'s <LOQ 4.5 "1 afte dsin, an 1
were not included in stability calcu’ation-.

In summary, these OF cannabinoi 1 stz bility results o'.tain".d after contr.''ed sn.oked

)duosnuep Joyiny vd-HIN

cannabis administration and collec‘ed w.*h St~:Gure an~. Oral-Eze devices, s gest

]

performing analyses within 4 weeks ¢ storage 2+ :-C for Cral-Eze and w'thir © weeks ¢t
4°C or 24 weeks at -20°C for StatSure. These d=*.. contribute *u the OF cannabinoid
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scientific databac~ 222 . wic aevelop ment of evidence-based OF drug testing policy
and le zislation, « nd imorov: L. ctation. of authentic OF cannabinoid results.
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Page 13

P _1a-9-tetrahyi'rocai nab.nol (THC), canr.abia:ol (CZD), cannabinol (CBN), and 11-nor-9-carboxy-THC

% (THCCOOR) co.centr itior changes fron~ oasel’.ie for oral fIn‘Z specimens collected with the StatSure and
'IU 0. 2al-E7e devi-es « fter boing stored at 1 yom ‘emperat=:¢ (RT) for | week (Oral-Eze only), 4°C for 1 and 4
> wecks, cud —206~C for 4 wad 2.* weeks (both 2o vices).
Z _
= — ‘l_ at : . -
5 Analyte Beeline c+dicentration range 1 | Storage condition 4 S~ .uples w *hz # St:‘a)})le samples oBaseline, range
o analytes* LOQ (Yostable)
= | s
gZ) A statSure e~ .cction device
= THC 6.8 - 509 pg/L 1 weus, 4°C | 16 | 16 (100) 85.6-111
8 dweeks 4°C | 16 16 (100) 82.3-111
3. — —|-
© } 4 weeks, —u°C 1 16 (100) 89.7-117
— —
24 weeks, —20°C 16 16 (100) 84.6-110
CBD <LUQ-13.3 pe/t 1 week, 4°C 0 11 (100) 94.3-109
- weeks, 4°C s 10 (100) 89.4-108
/4 weeks, —20°C 9 9 (100) 88.4-108
24 weeks, —20°C ” 9 (100) 89.1-108
Z
T CBN 0. —358 ug/L 1 week, 4°C =5 I 15 (94) 80.4-167
T 4 weeke, 4°C 0o i 13 (87) 87.2-166
> -
> 4 weeks, - 2°C o 12 (80) 91.9—1653
z ="\
= 24 weeks, —20°C 15 | 3 (87) 90.3-183
o THCCOOH <LOQ -15C ng/L 1 week *7C 2 | 12 (100) 80.4-115
= 4 weeks. 4°7 13 I 11 85) 68.4-142
Q 1 !
2 [+ weeks, —20°C 13 I 1. (85, 66.7-148
@ f -
o} | 24 weeks, —20°C 13 | 13 (100 88.3-118
1
-9._ - B. Oral-Eze collecti. n device
THC 6376 ng/L Iveek. "ol ) 16 | 1551 70.7-108
1 week, 4°° 16 ! 16 (.00) 80.0-119
4 werls, 4°C 16 16 100) 80.1-119
# weeks, —20°C 1 15, 2l 4-113
24 weeks, -20°C | 16 13 (=) 00.5-99.8
Z — —— —
T CBD <LOQ-15.1 ng/L T week, RT 8 7 (88 | 751994
1 — > w— I
) L uek, 4°C 9 71°8) 66.1 111
> 4 weeks, 4°C 9 8 I 3
> weeks, | ) | w002
= L T
= 4week,, 20°C | 0 778) | 4009938
o — —
= 24 weeks, ~20°C | 9 5(56) [ 319-0t7
QZ, CBN <LOQ - 16.8 pg/L 1 week, RT 15 8 (53, J_ 792155
5 —1 1 __
c 1 week, 4°( 15 9 (60) 7.3-163
) — — — =N
g_ 4 weeks, 4°C 14 . 11(79) | Zu.1-147 |
= 4 weeks, ~20°C 13 9 (69) J £ 14c
2 1
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Analyte Baselin~ once rtration range 1 | i torag=cond’.con # Samples With2 # St(z:}())lsci :g{z)ples % Baseline, range
analytes >LOQ
1 \ 2/ weeks 20°C 14 12 (86) 83.2-129
_'J“I_C(: JYOH \ < LOQj7 ng/L 1 week, RT R 13(93) 70.1-120
v 1+, cek, 4°C 13 13 (100) 81.4-119
B 4 we s, 4°C‘ T 13 13 (100) 82.4-118
_4 weeks, —20°C VI = 13 12 (92) 60.8-104
24 weeke, 20°C 14 11(79) 75.1-139

No significant differences (p>0.05, Mann-Whitney test for median comn2-_,on) were ob<_. ved b tween baseline concentrations after StatSure or
Oral-Eze OF collections

2
LOQ: Limit of \Juantification

3
1 CBD and 1 CBN samplc conc. ntr>".on wer. quantified at >20% of LOQ at baseline but <LOQ after storage. No %baseline was calculated, but
the sample was considered u. stable.
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Table 7

P _1a-9-tetrahyi'rocai nab.nol (THC), canr.abia:ol (CZD), cannabinol (CBN), and 11-nor-9-carboxy-THC

% (THCCOOR) co.centt ition changes fron oasel’.ie for oral fIniZ specimens collected 4.5 h after cannabis
'IU sn okii g with the tatSu.c (4 ) and Ora -Eze (B) devi~.s and stor_d for 1 week at 4°C (Oral-Eze) and room
> tem dera ure (R1) (StatSwre).
£
== Analyt . . 1| st dition, l # < _.nples v ith # Stabl 1 %Baseli
8- nalyte B seline ¢ acentration range orage conditior de‘:[elll')r:‘S‘\L‘l'l (?,/',set:;;:)p es obaseline range
= [ | °/ aseline
Qz) A. StatSur~ _ollection dex*_¢
S I -
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