ANALYTICAL METHOD FOR THE DETERMINATION OF 15 CANNABINOIDS IN URINE BY UHPLC-MS/MS
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INTRODUCTION

Cannabinoid use has increased significantly subsequent to the ratification of the 2018 United States =
Farm Bill. Cannabinoid products are easily attainable in topical solutions, oral tinctures, edibles, and R ES U LTS / D I SC U SS I O N Table 4: Analyte LOD/LOQ and ULOL Accuracy and Precision
materials that can be vaporized (vaped) or smoked. A rugged analytical method for the identification Normal human urine fortified with bovine serum albumin was spiked with the Linearity was determined and assay limits of detection
and quantitation of cannabi.noic.:ls is vaIuapIe in dete.rmir)ing r.ecreational and medical us§ of these 15 cannabinoid analytes at known concentrations and analyzed to establish 2l suEiE e (LOD/G6] amnd woper it of lnesis Analyte LOD/LOQ Meanat & % Mean ey ULOL Mean at = % Mean YOV
compounds, as well as monitoring potential contaminations in over-the-counter cannabinoid products. method linearity and evaluate assay interference and matrix effects. For assay e > - - LG were esabliEheg Tirsueh fhe snahss of analis: (ng/mL) | LOD/LOQ | Accuracy (ng/mL) ULOL | Accuracy
As part .of a. pharmaco.kinetic study, this z.ma!yticzfll method was de.veloped by our laboratory for the quantitation, a single-point calibrator at 10.0 ng/mL was used. A low control at " ' . spiked samples ranging from 0.500 to 100.0 ng/mL.
determination of 15 different cannabinoids in urine at concentrations from 0.500 t0100 ng/mL. 4.0 ng/mL (40% of calibrator), two positive controls at 12.5 ng/mL (125% of Accuracy and precision were assessed for 5 replicates of A;(égg:izzv
calibrator), and two negative controls were run with each analytical batch, with each of 12 concentration levels, including 40%, 50%, k )
one of the negative controls and one of the positive controls injected at the end 7 - z- o _ - _ 100%, 125%, 150%, and 200% of the calibrator. For assay A8-COOH-THC
of the batch to bracket donor samples. In addition to the low and positive TR TR T e LOD/LOQ, replicates for 7-COOH-CBD, A9-COOH-THCV, A9-COOH-THC
O BJ ECTIVE controls, every batch included a conversion control and a hydrolysis control. - A8-COOH-THC, A9-COOH-THC, 7-OH-CBD, CBDA, THCV, CBDA
Develop an analytical method for the extraction, detection, and quantitation of (-)-A9-THC, '(I;geD(;onndvirss:zremtz?or;ﬁ:fgsvizsAu;_i?—I?grr:jogét_?rl:lrégat:de Cpoortrzrsfszlnzci):;/ i:sgfanbgfites i - i~ g ] 11_OI_!_TI_.IC' CED, CBL\:.’I.A 9_TI._IC' .and-AhS-TII-IC me’F hi (ORFEED
A9-Carboxy-THC (A9-COOH-THC), 11-Hydroxy-THC (11-OH-THC), A9-Tetrahydrocannabivarin (THCV), and contained CBD, 7-OH-CBD, 7-COOH-CBD, and CBDA at 5.0 ng/mL. The ’ ] " i i N ] N j;g;t't?ilve afcep;cja ! I;fy ﬁ"'te”l?t V:"C va UeStW't In g CBG
HEHCEIEE S ISR Y FREEE RN (AEHAOOIRITIGY, (ARG, A CaaglC (GOl RIlIq) hydrolysis control v:/as used to’verify that the’ drug-glucuroni-de conju;gates were % (s 0Tobl a;ge t’ ?r? OmSe a/ qll_J? I al I\I/Re alc'cef a?ce élgGe”a oM TRE
Cannabidiol (CBD), 7-Hydroxy-Cannabidiol (7-OH-CBD), 7-Carboxy-Cannabidiol (7-COOH-CBD), ficientlv and consistently hvdrolvzine during the extraction process. Because R T e L T isee alle 2 ¢ € U.o ng/mL Ievel. Replicates for THCV
Cannabidiolic Acid (CBDA), Cannabinol (CBN), Cannabichromene (CBC), Cannabigerol (CBG), and >Y .y y Nyarofyzing 5 : . P ' _ _ I I == _ met.acceptance criteria at 1.0 ng/mL, and CB'_‘ a|.1d CBC CBD
Cannabicyclol (CBL) in urine by LC-MS/MS for a controlled dosing research study. commercially manu.facturec?l standaras Were not available, this control was : ‘ e ; ; replicates passed at 2.0 ng/mL. At the upper limit of CBN
formulated by pooling specimens that confirmed for the presence of 7-OH-CBD j j B = . linearity, replicates for all analytes met quantitative and
and 7-COOH-CBD by LC-MS/MS; the pooled urine was diluted with certified 2 L | | | qualitative acceptance criteria at 50.0 ng/mL, while A9-THC
negative urine to yield CBD-metabolite concentrations within assay linearity, ; - . - | replicates for all analytes with the exception of CBG and A8-THC
EXT R A CTI O N M ETH O D and was then spiked with 11-nor-9-carboxy-A9-THC glucuronide to ensure a VAR | VAR | A - = = e A8-THC passed at 100.0 ng/mL. CBL
minimum concentration of 50.0 ng/mL of A9-COOH-THC after hydrolysis. CBC

A 500 pL aliquot of urine specimen and 100 L of internal standard were combined with 200 L of Kura BG
Turbo B-glucuronidase/0.1M phosphate buffer (pH 6.8) solution in a silanized glass culture tube. Samples
were then incubated at 50°C for 15 minutes for hydrolysis. Following this initial hydrolysis step, a secondary

Table 5: Interference Compounds (5,000 ng/mL)

hydrolysis was performed with the addition of 100 pL of 5N Potassium Hydroxide to each tube. Samples were : : : Normeperidine Pheniramine Nortriptyline
: : : Interference was investigated with more than 100 compounds at — AT e
vortexed to mix and hydrolyzed at room temperature for 10 minutes, and subsequently 100 pL 5N Formic 1.6¢6 1 , on ) ramado rpheniramine orsertraline
: - o . - _ . ESl POS ITlVE M R M | ™ 5,000 ng/mL each (see Table 5 for complete list). The ODM-Tramadol Brompheniramine Norfluoxetine
Acid was added to each tube for neutralization. 1 mL of 0.5% Formic Acid in Acetonitrile was then added to ' — . : . Dextromethorphan Diphenhydramine Fluoxetine
: ) . .. : . 1.4e6 - [ compounds were spiked in groups into a negative urine sample : . .
each tube and samples were mixed and poured onto an Agilent Captiva EMR—Lipid 3 mL Cartridge inserted 1366 - i . . . Pentazocine Gabapentin Butabtal
it lanized ol ture tube. Tub trifused with cartrid in ol to.elute th les. Th e /\Ho 0 0 as well as a urine sample containing the cannabinoid analytes at 7-Aminonitrazepam Quetiapine Sulfoxide Secobarbital
o ? Elrkeelic ass.cu ure. Hbe. TUDES werg Fen o cz.;\r k= ) [lrEs .O e.u e. < seinilies, s 1166 | CED A3-THC | A8-THC 40% of calibrator concentration (4.0 ng/mL). Negative samples 7-Aminoclonazeparm Fentany! Phenobarbital
cartridge was then rinsed with 80:20 Acetonitrile:DI H,0 and again eluted by centrifuging into the same tube. o \ A o . : 7-Aminoflunitrazepam Affentani Butabarbital
. _ _ o 10e8: 1 | . met acceptance criteria for a negative control, lacking Hydroxytriazolam Sufentanil Amobarbital
Cartridges were discarded and 1 mL of 0.4M Ammonium Acetate buffer (pH 4.8) and 3 mL of 2:1 &  90e5. OH | H . . : :
) . . & ‘ ™ | HQ acceptable analyte peak shape and ion ratios and having analyte B Laced] Mol Felnlteleslie. el
Hexanes:Ethyl Acetate were added to the combined eluent. Samples were vortex-mixed for 5 minutes, G  80e51 - o , : Hydroxyalprazolam Methadone Propoxyphene
: ) : : s 70 ‘ ﬁ | peak area counts less than 10% of the calibrator. The spiked Nordiazepam EDDP Ketamine
centrifuged to separate, and placed in a dry ice bath to freeze the aqueous layer. The organic layer was = aa ’ | 0 o o Lorazepam e b e
: o : ' C OH 0 | CBL samples passed all qualitative and quantitative acceptance .
decanted into a silanized glass culture tube and evaporated to dryness under a steady stream of nitrogen at 5,065 - 11-OH-THC ‘ CBN | T o . _ 2-HydroxyethyIflurazepam Morphine Methaqualone
60°C. F titution. 300 ul of 0.1% Formic Acid in 50:50 DI H-O:Methanol dded t h le and A5 O ‘ l ~ criteria with analyte values within £20% of target concentration. Hydroxymidazolam Oxycodone Phenylpropanolamine
- rorreconstitution, _ “ OT L. 17 Formic Acidin St 2--VIEthanol was added to €ach sample an 3,05 - - | ’| | | !.f"z./CBC Throughout the interference study, no peaks were observed that e EPET SrgneT el Bzl
tubes were vortexed for a minimum of 15 seconds. 3 065 | THCV | | | | | ] _ , Oxazepam Hydrocodone Pseudoephedrine
o | . \ | were greater than the established LOQ for each analyte, which Bromazepam Hydromorphone Phenylephrine
0.0e0 L — . . . . . : . . — M k. . . j _ AN — AEh., , could create possible quantitation or identification issues. No Temazepam Norhydrocodone Phenethylamine
30 25 40 45 5.0 55 8.0 6.5 70 75 8.0 85 5.0 95 10.0 10.5 11.0 115 120 125 13.0 135 . . . . . Halazepam Noroxycodone Phentermine
Time, min analytical interferences were detected affecting quantitation, Diazepam 6-AM Acetaminophen
chromatography, or indicating ion suppression or enhancement. Clonazepam Dinydrocodeine Aspirin
INSTRUMENT PARAMETERS
Triazolam Naloxone Naproxen
Flurazepam Nalbuphine Caffeine
2.5¢6 10, _OH Prazepam Tapentadol Hydroxycotinine
Ta ble 1: UHPLC MS/MS Parameters Tab|e 6: Evaluation Of Ca rryover Phendlmetraz_lne Butorphanol_ Cotinine
: : 5 Phenmetrazine Norbuprenorphine ETG
LC-40D X3 Pumps Mass Spectrometer Sciex AP16500+ Triple Quad , e A9- COOH'TH cv Analyte Peak % of DiethyIpropion Buprenorphine ETS
g Analyte Carryover Check | reacounts | Calibrator Area Ritalinic acid Cyclobenzaprine Amphetamine
SIL-40C X3 Auto Sampler lonization ESI Positive and Negative = ; OH : : : :
. S % 156 /\"0 OH o) | Negative after 50 ng/mL 1653.00 0.051 Meprobamate Promethazine Sulfoxide Methamphetamine
UHPLC System Shlmadzu Nexera SCL-40 System Controller Source Temperature 550°C g 7_COOH_CBD A8 COOH THC lll ™. = Negative after 100 ng/mL 840.00 0.026 ZOIpldem Lamotr.gine MDA
CTO-40C Column Oven 100-sec detection window - W \’ I OH Negative after 50 ng/mL 1686.00 0.038 Naltrexol AripipraZOIe MDMA
DGU-405 Degassing Unit 1.0e6 N ! ‘ " I o gm | 2595.00 0.058 Doxylamine Amitriptyline MDEA
- egassing Uni Scheduled MRM Target scan time: | 0.100 seconds ' 9 g : :

CBG Negative after 50 ng/mL 2816.00 0.048
O A8-COOH-THC i :

Negative after 100 ng/mL 490.00 0.008

Injection Volume 30 uL

Scheduled lonization: Start: 2.8 mins Stop: 13.8 mins

i AHO | .
Waters CORTECS C18+, 904, 2.7 pm, 2.1 mm x 150 mm 5.0e5 4 ‘ [
(Waters Part No. 186007398)

| :
Positive lonization 7-OH-CBD l| !\ \A9-COOH-THC E S | N E G AT I V E M R M T Negative after 50 ng/mL 407.00 0.011
Transitions (0.3 amu) Retention Time )I L |} S ogee e S IO =2 — (: N C L U S I O N
Waters CORTECS C18+ VanGuard, 904, 2.7 pum, 2.1 mm x 5 mm Internal Standard . 0.0eD . iy . : ' : ' . . ' Lo — Negative after 50 ng/mL 2564.00 0.017

Analytical Column

+ = T T T
Guard Column Waters Part No. 186007685 Precursor Quant Qual | (% 0.8 minutes) 3.0 25 40 45 5.0 5.5 6.0 65 7.0 75 8.0 8.5 9.0 9.5 10.0 105 11.0 115 12.0 125 130 135 CBDA Negatve afier 100 ngimL —— 0,036 . 5 . e .
(Waters Part No. ) 11-OH-THC 11-OH-THC-D3 331.2 | 193.1 | 201.1 5.83 Time, min - : The analytical method reliably identified and quantitated 15
Negative after 50 ng/mL 1511.00 0.075
© 11-OH-THC-D3 334.2 196.1 201.1 5.80 . 3 _ o o o . o
Column Temperature |SEEUNS [E0in Gl - cannabinoids in urine at concentrations from 0.50 to 100 ng/mL
THCV CBD-D3 287.3 135.0 123.0 8.53 Negative after 100 ng/mL 527.00 0.026 ’
. 0, H idi = = = : . . . . o . .
Mobile Phase Aqueous: | 0.1% Acetic Acid in DI H20 CBD-D3 3182 | 192 | 1231 .83 che Negaiive after S0 ngmL | 5057.00 0.562 contributing to the scientific knowledge of cannabinoid
Organic: 0.1% Acetic Acid in Acetonitrile CBD CBD-D3 315.2 193.2 135.2 8.86 Negative after 100 ng/mL 2604.00 0.289 meta bolism 3 nd d istribution in urine ThiS method demonstrated
Flow Rate 0.500 mL/min CBN CBN-D3 311.1 | 241.0 | 208.0 10.40 Table 3: Evaluation of Matrix Effect Lot NegativeaftersongimL | 5335.00 0.187 . o
S ey R—— CBN-D3 314.1 241.0 | 2080 10.37 Negative after 100 ng/mL | 9518.00 0.334 selectivity, accuracy, and reproducibility for federally-sponsored
A9-THC | A9-THC-D3 315.1 193.2 123.0 11.38 Table 2 uant|tat|ve Acce tance Crlterla The pOtentlaI of Sample matrix Components Matrix Samples Spiked at 4.0 ng/mL Negative after 50 ng/mL 1462.00 0.040 research studies
Mobile Phase Gradi A9-THC-D3 318.1 196.2 123.0 11.34 . P THCV , .
- obile Phase Gradient c : 0 0 tO interfere Wlth the analytical methOd was Negative after 100 ng/mL 808.00 0.022
A8-THC | A8-THC-D9 315.1 193.2 135.3 11.65 — — Analytes Mean Calcula_ted Mean oD Negative after 50 ng/mil 3583.00 0.056
A8-THC-D9 324.1 202.2 1351 11.54 ) ) ) /R ONEAPEEES Sl I e = Apex of peak evaluated by testi ng ten random n Eganve Concentration Accuracy Std Dev Negative after 100 ng/mL 2173.00 0.034
CBL AS-THC-D9 315.2 193.0 123.0 12.36 Relative Retention Time (RRT) analyte/internal standard pair ) (ng/mL) -
CBC CBC-D3 3152 | 1931 | 1231 12.91 established by the batch calibrator donor urine samples, extracted unaltered SR Neganpelizr e0 Gl | SO0 0.008 REFERENCES
N : A try=B {I ide) - - ;
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- Negative lonization Total IS peak area = 5 . . . . A9-THC : : jstes://dor: 10-ToRREe A . .
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. egative arer ng/m . 5 ’ o g RUSLY -
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(CRL (CRL (CRL (CRL (CRL (CRL (CRL
SID:Calibrator (l:—::;;l:::zl IS RT IS Peak Area Integration Ratio Confirms ID SID: Calibrator SID: Calibrator SID: Calibrator SID: Calibrator DISCLOSU RE
):Calibrator (jnlc» Calculated bt | i - - Integrat ccur | Raties Internal Standard Peak Name nected Rt Type 5 R , i = it - { R 1. o - Base £ - 2 . . » s D - e . e vt { . " Pox - t Pos ’ \ - . - . . . .
R - p— — WSROI | D" 242022 13441AM | Injection Vial 2 s s S Lone | JonRaio | MRy | M | pesaes | Jon | 5T [ com IS Peak Used Notes BT T {Expected Range) e T - . * - o | - & 4 “ ‘ i ‘ - i =l ] ‘ - 4 - i " - - ' . . I - { . \ : ' : : ' No relevant financial or nonfinancial relationships to disclose.
Result Table UCBDOS2022LIN | fastrument Tn‘{%:‘nggz? Sample Type Standard Plate Position : ST T B51T1833) 10.000 : 713540 30030 | 4536002.00 160.00 S THCD3 T 22_2:22 f :2: f i ;:: :: el ::;‘::0 [l zzzgzz - II - [ . ‘ : . h : : ' - I . B 4
Project U_CBDGRED_2021 | Instrument s/n 02241842111 Commen ts Dilution Factor i deltad-THC 2 315.1/ 123.0) 1l 11.3630 | 1.0030 | 2019620.00 o CBN-D3 2 (314.1/208.0) 88.50% (70.80% — 106.30%) 10.3500 ] 5201497.0 v | § s \ s N § ‘s | g e % ] Y g =i ] b § - P - ' b e = § sos) R | ¥ i | = § g g = g - | J= | i = | - | g o I
Gelta8-THC 1 (315.1/1932) 10.000 [ 116350 | 10000 | 4941712.00 100,00 Geitas-THC-D9 1 S TICDITOR IR T30 | 88041380 1 i 2oad i o - e "o o B = o )| | | - i | i - | " i (o ol ‘ b el ) ! b g = j - I o I B, | i | 5
Results Summary JoRal-THC 2 (315.1/135.3) 3690:.:'2%%30%— 11.6350 | 1.0000 | 1821533.00 « deltad-THC-D3 2 (318.1 / 123.0) 38.90% (31.10% - 46.70%) 11.3300[ 3423351.0 v I [ 10w | - f. J o ! - | s - w » | - ‘l oo ! | | o i »- ‘ ! - ] ot I I . ' ) |
CBL1(3152/193.0) 10.000 — ] 123440 | 10710 | 139424800 100.00 deltas-THC-D9 1 BTG D0 T (30412022 115300 | 53151900 I \ . ’ ‘ | f | — | X 4 ’ | : | . . 2t l\ Al s : ! 1 ‘ . | A I | o I | \ < -]
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