IDENTIFICATION AND QUANTITATION OF 21 CANNABINOIDS IN NEAT ORAL FLUID BY UHPLC-MS/MS
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The use of oral fluids has been accepted by the US Department of Health and Human Services as a matrix for the Federal Drug

Testing Progra_m and _allows for noninvasive sample collection. The_ m_ethqd dev_eloped by our laboratory provides a detal_led analysis ESI Positive MRM g 1 Matrix Samples Spiked at 0.8ng/mL The potential of sample matrix components to
of neat ora_l fluid specimens, evaluating the presence of 21 cannabinoids including Cannabidiol (CBD) and CBD metabolites at . Analytes Mean interfere with the analytical method was evaluated by
concentrations from 0.025 to 10 ng/mL. - mflj\ﬁij Cf:c':‘;';iin VDRI RSENGERIVSVEIGE  testing ten random negative oral fluid samples that
e ng i (ng/mL) were extracted unaltered and with cannabinoid
O BJ ECT I VE f:: ot /‘\,,o/ Ay 7-OH-CBD 0.785 98.1% 0.045 analytes spiked at 40% of the cutoff concentration
2 16e7] N o 8B-OH-A9-THC 0.731 91.3% 0.038 (0.8 ng/mL). Results showed no indication of
_ _ _ . 2 1467 ) e 11-OH-THC 0.716 89.6% 0.033 methodic ion suppression or enhancement, as
Develop an analytical method for extraction, detection, and quantitation of (-)-A9-THC, A9—Carbo>§y-THC (A9-COOH-THC), 5 127 " " = , @ A~ AS-THCV 0.812 101.5% 0.101 component recovery was consistent and spiked
11-Hydroxy-THC (_11—(_)H—THC), 8B-Hydroxy-A9-THC (8B-OH-A9-THC), A9-Tetrahydrocannabivarin (A9-THCV), A97Carboxy- ;ZS j ‘ O % e ., CBD 0.748 93.5% 0.034 samples passed with analyte concentrations within
Tetrahyqlrc_)cannablvarm (A9—COOH-TH_C\_/), (-)-A8-THC, A8-Carboxy-THC (A_8—_COOH-THC), A8-Tetrahydrqc_an_nabl\_/arm (A8-THCV), — | — /I J\N;C/Q\/w A9-THCV 0.854 106.7% 0.126 +20% of target. All samples passed with acceptable
Cannab!d|0| (CBD), 7—Hydl‘qu—.Canr_1abldIO| (7'OH'CBD), 7—Carb0xy—CannabldIO| (7'COOH'CBD), Cannabidiolic AC|q (CBDA), 4,066 /]\“o \ a2 re s CBG 0.713 89.1% 0.036 Chroma‘tography as no qua”tative Issues were
Cannabinol (CBN), Cannabinolic Acid (CBNA), Cannabichromene (CBC), Cannabichromenic Acid (CBCA), Cannablgerol (CBG), 2066 - ToHcen L }| \ L CBN 0.735 91.8% 0.025 Observed’ and no interfering peaks were present in
Cannablgem“C Acid (CBGA)’ CannabICyC|O| (CBL)’ a_‘nd CannablcyCIOIIC Acid (CBLA) in oral fluid by |IC|UId chromatography—tandem noee 05 1.0 15 2.0 25 30 315 40 45 5.0 55 6.0 65 70 75 8.0 85 9.0 95 10.0 10.5 11.0 115 12.0 125 130 125 14.0 145 15.0 15.5 U s Catiy/0 D the negative Samp|eS that could be problematlc 18
mass spectrometry (LC-MS/MS) for a controlled dosing research study. . Time, min ’é\zr_""c g-;iz 19003-47"3 3-8‘7‘3 guantitation or identification.
0e7 4 OH O . . 0 .
'*71 ES| Negative MRM )vvm CBC 07167 95.9% 0.021
1.8e7 . 4 . . 0 . . . . . .
EXTR ACT | O N METH O D gl . o D S T ] o Table 5: Quantitative Acceptance Criteria
1.6e7 - N . .
1.5e7 - m‘: o )\/\/K/m/\ A9-THCV-COOH 0.700 87.5% 0.047 Relative Retention Time (RRT) Zig&gﬁéﬂfﬁi:gi t:ae"g?;g:e/mtemal standard pair
_ _ _ _ _ _ _ 1467 - r] o o A8-THC-COOH 0.704 87.9% 0.025
00 pL of oral fluid sample was mixed well with 100 plL of internal standard solution and 600 UL of 0.1M Ammonium Bicarbonate (pH o o, ot on 1 ' A9-THC-COOH 0.760 95 0% 0.016 Internal Standard (IS) Response ~ Total IS peak area = 210% of calibrator IS peak area
10.5) in appropriately labeled silanized glass culture tubes. A liquid-liquid extraction was performed by adding 2.5 mL of 80:20 tert- L e o on Ao~ CBDA 0.864 108.0% 0.034 Symmetry / Peak Shape Gaussian peaks;
Butyl Methyl Ether:lsopropyl Alcohol, vortexing for 5 minutes, and separation by centrifugation. Samples were then frozen and the ":" ;g; wcoomme CBGA 0.900 Tk G asymmetry at 10% of peak height = <3.0 for IS and quant peaks
organic layer was collected and subsequently dried and reconstituted with 300 pL of 50:50 0.1% Acetic Acid in DIH20:Acetonitrile. = \ : o CBNA 0.787 98.4% 0.053 Resolution Adjacent peaks 290% resclved (< 10% alley/peak height ratio)
s | B CBEA 0800 | 1000% 0068 on Rato (Qualfers) e e
g | : CBCA 0.856 107.0% 0.067
INSTRUMENT PARAMETERS o | |
3.0e6 - _ :
2066 i S s | | | Table 6: Interference Compounds Investigated (500 ng/mL)
. 1.0e8 - | I", ) "1‘ - . .. I "~ - T s
Table 1: UHPLC-MS/MS Parameters 0060 . . L . v JAL _ee— : . . . e . , . . . L. | . . Normeperidine Pheniramine Nortriptyline Interference was assessed for the compounds listed
- Mobile Phase Gradient 05 1.0 15 20 25 30 35 40 45 5.0 5.5 6.0 65 70 75 . . ‘ 95 100 105 110 115 120 125 130 135 140 145 150 155 Tramadol Chlorpheniramine Norsertraline _ .
Shimadzu Nexera SIS : S ODM-Tramadol Brompheniramine Norfluoxetine In Table 6 at 500 ng/ml—; which includes over-the-
SIL-30 AC Auto Sampler - Dex;roTethqrphan Dipger;hydratrnine F;uixﬁtinf counter, illicit, and commonly prescribed drugs. The
. icati 80 g entazocine abapentin utalbita - 0 - 0
UHPLC System o E-I?E)/I;C)):\ Ezr:rrnn:r;c\:lztr]ons Bus Module . 5 : . I _ - ) 7-Aminonitrazepam Quetiapin:Sutfoxide Secobarbital Compounds were Splked IN groups INto a negatlve
— pono 3 Figure B: Analyte Linearities Table 3: Evaluation of Carryover 7-Aminoclonazepam Fentany! Phenobarbital oral fluid sample as well as an oral fluid sample
_ . egasser : - x % TR g- 7-OH-CBD 8B-OH-A9-THC 11-OH-THC A8-THCV Cannabidiol (CBD) AS-THCV Cannabigerol (CBG) 7_Am InOflunitrazepam Alfenta nII Butabarbltal - - h - - I 0 f
Injection Volume 30 uL o 5 “'""""‘“’ Aq"“s“” °'°'”°’ I e o T e A e / oo Matrix Samples Spiked at 0.8ng/mL Hydroxytriazolam Sufentanil Amobarbital containing the cannabinoid analytes at 40% o
e o [l s Phenomenex Kinetex 2.6 um C18 100 A, 150 x 2.1 mm § 4 550 550 650 # e Analytes Estazolam Norfentanyl Pentobarbital calibrator concentration (0_8 ng/m L)_ Negative
(Phenomenex Part No. 00F-4462-AN) E = Ezg ?:J:E EE:E ; g § g, § ; § = § 2 g Carryover Check %, of Calibrator Area Hyﬂg:gg;[;rs;;bm Mel’;gasjlgne Prc:(r;cgm::ne sam pIeS met acceptance Cl’ltel’la for a negatlve
Guard Column EEinfggggxzéf;ﬂtrggﬁrgfiﬁeﬁzgi’mNO'AJO_8782) 20 4z = = / _ 7-OH-CBD Negative after 5.0 ng/mL 81789.13 0.123 Lorazrc]aplgm cOderir_me Norrlretamine F:ontro!, lacking acc;eptable analyte peak shape and
. 10 BT e m— B A | A _ Zaklydio ety illiosepa Morphine HEMEGIEILS. ion ratios, and having analyte peak area counts less
Column Temp. 45°C 8 R R - jeed B ESE C L8 Negative after 10.0 ng/mL 45072.41 0.067 Hydroxymidazolam Oxycodone Phenylpropanolamine 0 : :
: Aqueous 0.1% Acetic Acid in DI H20 0 t: ) O i ; - O0—oO 111 - O—O—lOE — Cannabinol (CBN) i A:.:;coon-mc A8-THC Cannabicyclol (CBL) . czr:nabicmomene(csc) 7-COOH-CBD £29-COOH-THCV ] LOI‘metazepam OXYmOI’phone Ephedrlne than 10 /0 Of the Callbrator- The 0.8 ng/mL Splked
Mobile Phase organic 050 Acetomio et 0 2 4 SR 2 4 e X e e 11-OH-THC Negative after 10.0 ng/mL 7760.43 0.025 BOxazepam I_Ingdrocodﬁne PsPehudoelghs(.jrine samples passed all qualitative acceptance criteria.
) : : : romazepam ydromorphone enylephrine T el
o I?ate gy mr_/mln Positive lonization % § g i I % § A8-THCV Negative after 10.0 ng/mL 13250.26 0.022 Temazepam Norhydrocodone Phenethylamine Quantltatlvely’ a” analytes were Wlthln 120% Of
— D s temal Sandarg | Transitions (:0.3amu)  Retention Time ? - I | I . I CBD Neaative after 10.0 na/mL N 013 Halazepam Noroxycodone Phentermine target concentration with the exception of 7-OH-
' i + ' egative arter .U ng/m . . i - i .
Ma.ss S..pectrometer Sciex API7500 Triple Quad : . Precursor  Quant Qual (+ 0.8 minutes) g g Diazepam _ 6-AM . Acetamlr_n_)phen CBD. lon suppression was observed for 7-OH-CBD
lonization ESI Positive and Negative 7-OH-CBD 7-OH-CBD-D3 331.2 313.2 193.1 1.52 L | . ) Clonazepam Dihydrocodeine Aspirin ) o
e r—. 550°C 7-OH-CBD-D3 334.3 316.1 196.1 1.51 R e S o O e | W A9-THCV Negative after 10.0 ng/mL 506.84 0.004 Alprazolam Nakrexone Ibuprofen and 7-OH-CBD-D3 in samples containing
: : S_B_OH_AQ_THC 11-OH-THC-D3 331.2 201.1 271.2 2.29 Agcoou-'mc C:.anlrabldlollc Acid (CBDA) Cannabigerolic Acid (CBGA) i Cannabinolic Acid (CBNA) : Cannabicyclolic Acid (CBLA) i Cannabichromenic Acid (CBCA) . T ria Z0 Ia m N a bX one N a prOX en . . .
Scheduled MRM 80-sec detection window 11-OH-THC-D3 334.2 196.1 201.0 3.51 Y oo i ERires e P CBG Negatlve after 5.0 ng/mL 547.98 0.001 Flurazepam Nalbuphine Caffeine Halazepam’ ylel_dlng Iower concentrations.
Target cycle time 2000 millseconds 11-0H-THC 11-OH-THC-D3 3312 | 1931 | 2010 3.55 _ Prazepam Tapentadol Hvdroxvcotinine Throughout the interference study, no peaks were
: CBN Negative after 5.0 ng/mL 14452.37 0.011 zepam. P ydroxyc
Negative lonization A8-THCV 11-OH-THC-D3 287.2 165.1 123.1 5.30 i ' ' ' Phendimetrazine Butorphanol Cotinine observed that were greater than the assay LOQ
Transitions (+0.3 amu) Retention Time C8D Cc8D-D3 3152 1931 2591 >0 8 g i Phenmetrazine Norbuprenorphine ETG I
Analyte internal Standard O8I 08 minuted A9-THCV 11-OH-THC-D3 2872 | 1651 | 1231 5.75 A9-THC Negative after 10.0 ng/mL 13258.12 0.018 e e Buprenorphine ETS (0.025 or 0.050 ng/mL, analyte dependent), which
7-COOH-CBD 7-COOH-CBD-D3 CBC — T Emm v — AS-THC Negative after 10.0 ng/mL 14624.84 0.038 Ritalinic acid Cyclobenzaprine Amphetamine could create possible quantitation or identification
7-COOH-CBD-D3 346.2 234.2 302.2 1.44 - ' ' ' ' aan Meprobamate Promethazine Sulfoxide Methamphetamine issues. All results were considered acceptable for
THCVA [ A9-THCAD9 3152 | 1630 | 2711 1.92 CBN | CBN-D3 3112 | 2231 | 1991 8.86 CBL Negative after 5.0 ng/mL cc77 93 0.003 Zolpidem Lamotrigine MDA Ues. u P
A9-THCA-D9 352.2 308.2 254.2 4.10 T | Agizg’; 21:2 izzi 122 é 1868:3 . . ¢ — ' ' Naltrexol Aripiprazole MDMA validation.
Sl | 2:;:22:32 2232 2322 zgii 222 A9-THC-D3 s182 | 1s61 | 1230 1057 Table 2: Analyte LOD/LOQ and ULOL Accuracy and Precision CBC Negative after 10.0 ng/mL 5293.60 0.032 Doxylamine Amitriptyline MDEA
A9-THCA A9-THCA-D9 343.2 2092 | 2451 4.22 8 Il | A8THCDO LBz Lol | LZag .27 _
CBDA A9-THCA-D9 3572 i | s A8-THC-DY 324.2 202.1 123.0 11.09 LODILOO | Meanat | % Mean oo R - 7-COOH-CBD Negative after 10.0 ng/mL 5638.59 0.096
Creh AO-THCA.DO 359.2 3412 3152 817 CBL |  11-0H-THCD3 315.2 235.1 193.0 11.87 Analyte . %CV ° %CV . C O N L U S I O N
CBNA A9-THCA-D9 353.2 3001 | 2220 13.05 11-OH-THC-D3 334.2 196.1 | 201.0 3.51 (ng/mL) |LOD/LOQ | Accuracy (ng/mL) ULOL Accuracy AR leAlee]e]), [ Negative after 10.0 ng/mL 794.67 0.021 C
CBLA A8-THCA-D6 357.2 339.1 191.1 15.08 CBC | CBC-D9 315.2 193.1 123.0 13.70 _
CBcA aeTcADe | 3svz [ 1e11 | 3391 15.34 o 2z || e || dso s 7-OH-CBD 0.025 0.021 84.8 211 5.0 4.86 97.2 3.29 A8-THC-COOH Rl il 2076.65 0.020 Designed for a research study using oral fluid, the alkaline sample extraction favored recovery of parent drug
8-BOH-A9-THC 0.050 0.048 96.000 | 5.311 10.0 8.481 84.808 | 3.354 Ay lelie(eo]  FE Negative after 10.0 ng/mL 21144.98 0.170 compounds; with the utilization of polarity switching, the sensitivity of the AP17500 MS/MS was able to offset
R E S LT S / D I S C S S I O N 11-OH-THC 0.025 0.023 91.2 5.72 10.0 9.382 93.820 | 3.866 CBDA Negative after 10.0 ng/mL 2407 51 0.009 reduced recovery of acidic metabolites. For evaluation of the cannabinoid elimination phase, the instrument
U U A8-THCV 0.025 0.024 96.8 5.39 10.0 9.289 92.9 5.02 _ method was optimized for low-level analyte detection; samples with concentrations greater than the linear range
CBD 0.025 0.025 1008 | 9.47 10.0 0.463 94.6 4.09 CBGA MEEE e 5.0 gl SRR 0.016 were reanalyzed with a diluted preparation.
A single-point calibrator at 2.0 ng/mL was used for quantitation. A low control at 0.8 ng/mL (40% of calibrator), two positive controls at 2.5 ng/mL A9-THCV 0.025 0.024 96.8 6.79 10.0 10546 | 1055 | 6.06 CBNA Negative after 5.0 ng/mL 22268.35 0.016 The analytical method reliably identified and quantitated 21 cannabinoids in oral fluid in low pg/mL levels, adding
(125% of calibrator), and two negative controls, with one of the negative controls and one of the positive controls injected at the end of the batch  |FeTe 0025 | 0026 | 1024 | 3.49 5.0 4.737 947 | 410 CBLA U En—— 0198 to scientific knowledge of cannabinoid metabolism and distribution in oral fluid. This method demonstrated
to bracket donor s-am_ples. In addltlgn to the Io_vv and positive gontrols, a conversion control was included in every batch. The conversion control CBN 0.025 0025 99.2 3.37 50 4520 90.4 3.35 . selectivity, accuracy, and reproducibility for federally-sponsored research studies.
was used for monitoring the potential conversion of CBD and its metabolites to A9 THC and A8-THC and corresponding metabolites, and A9-THC 0.025 0.024 96.0 2.95 10.0 9.501 95.0 2.33 CBCA Negative after 5.0 ng/mL 39575.25 0.063
contained CBD, 7-OH-CBD, 7-COOH-CBD, and CBDA at 5.0 ng/mL. A8-THC 0.025 0.026 1024 | 5.24 10.0 10063 | 1006 | 3.45
Linearity was evaluated by spiking synthetic oral fluid with various concentrations of (-)-A9-THC, A9-COOH-THC, 11-OH-THC, 83-OH-A9-THC, CBL 0.025 0.024 96.0 5 89 50 4.710 94.2 395 Carryover was tested by injecting negative samples after the ULOL REFERENCES
AQ'THCV, Ag'COOH'THCV’ (-)-A8_THC_;’ A8'COOH'THC, A8'THCV1 CBD; 7'OH'CBD17'COOH'CBD1 CBDA’ CBN; CBNA, CBC, CBCA; CBG; CBC 0.025 0.024 96.8 8.96 10.0 9.306 93.1 7.24 (50 ng/mL and 100 ng/m L) Splked Samples Carryover passed for Cone E.J., Spindle, T.R., Bigelow, G.E.,Wir_u_ecker, RE Mitchell, J.M., Kuntz, D., Flegel_, R.R., V_andrey, R. (2(_)20, S_eptem_ber 09-30). Cannal:_)idiol (CBD) Does Not Convert to A-9-Tetrahydrocannabinol (A-9-THC) in the Body But
CBGA, CBL, and CBLA over the analytical range of 25.0 pg/mL to 10 ng/mL. Assay limits of detection and quantitation (LOD/LOQ) and upper 7-COOH-CBD 0.025 0.024 94.4 7.70 10.0 8.896 89.0 2.14 all analytes, which were lacking acceptable peak shape, did not Hart, E.D. Vikingeson, S Michell 1.4, Winecker. R 2. Flegel, R R., Hayes, £.b. (2021 onine pubication). Conversion of 7-Carboxy-Cannabidol (7-COOH-CED) (o 11-Nor-0-Carboxy-Tetrahyerocannabinol (THC-COOH) during
limit of linearity (ULOL) were establlshegl thro(l)Jgh theo asses;s,ment (gf accuracyoand precision data from the analysis of 5 replicates of each of 13 A9-COOH-THCV 0025 | 0.024 960 | 833 | 100 9.636 %64 | 203 have acoceptable lon ratios, and had analyte peak area counts less et . (2020) eniicabon f pychcecve Motbolie om Canma st s Smote, and Givr PyCsanainoid Usng Hachine Leaingand ottt etods ACS Omeg S0, 291295,
S://A0l.or . acsomega.
Concentratlon Ievels’ WhICh InC|Uded 40 /(.)1. 50 /(.)’ 100 A)’ 125 A)’ 150 A)’ and 200 A) Of the Callbrator At the 0025 ng/mL Ievel’ a” analytes had A8-COOH-THC 0.025 0.025 100.4 1.16 10.0 9.937 99.4 3.04 than 10 /0 Of the Callbrator' Based on these reSUItS’ the Carryover Meprrick, J., L%pe, B., Sebree, T?, Yaksh, T., O'Neill, C., & Banks, S.L. (2016). Identification of Psychoactive Degradants of Cannabidiol in Simulated Gastric and Physiological Fluid. Cannabis and Cannabinoid Research, 1(1), 102—
replicates that met quantitative acceptability criteria of within £20 of target and met qualitative acceptance criteria (see Table 6), except for 8p- A9-COOH-THC 0.025 0.024 952 | 188 10.0 9.416 942 | 221 limit was set equal to the ULOL for each analyte. pérez Avevodo, ALP. Busards, £ Paciic, ., Mannoceh, G., Gotiarc, M, Poyatos, L. Papasei, ., Pérez-Ma, C., Martn, S, Di Trana, A, Pichin,S., Farré, M, (2020), Disposion of Cannabidol Metabolfes n Serum and
OH'AQ'THC1 WhICh was acceptable at 005 ng/mL At the upper Ilmlt Of “nea”ty, repllcates for a” analytes were Wlthln :I:ZO% Of target and met CBDA 0.025 0.025 100.0 2.83 10.0 8.742 87.4 1.56 gzggrfrg.lrg.ﬁlizlrtgghl:grl?lg.lﬁlSSZirt?lagf%gl.t,hKljl?t?élr??.cf?g?:iErr,eigift{/?/;?tgsh:ﬁ:iﬁill.(Iiér(lggglzs): i:ag:::r?:;g?éﬁﬂa;-ehl;lSS\!rvgtzzﬁrr:%nu(je)’f01r3|(31i32t)i'ngi?s;h?rgthA:g(-j(:r:zir%;?fi?ri?w@)(?ri;ﬁ?lii?noI Isomers in Blood and Urine Specimens.
all chromatographic acceptance criteria at 5.0 ng/mL. Replicates for 88-OH-A9-THC, 11-OH-THC, A8-THCV, CBD, A9-THCV, A9-THC, A8-THC,  [FE=E] 0025 | 0026 | 1032 | 324 5.0 4.125 TN cclosuRE Shollr, D.3. Spindle, TR, Cone. £, Goff £, Kuni, D Michell, .., Winecker, R E., igelow, G, Flegel, R R, & Vandrey, R, 2021 onine publcaton). Urinary Pharmacokinetc Profe of Cannabicol (CBD), 45
CBC’ 7_COOH_CBD, Ag_COOH_TH CV, A8_COOH_THC’ Ag_COOH_THC’ and CBDA met a” quantltatlve and qualltatlve acceptance Crlterla at CBNA 0.025 0.026 103.2 3.24 5.0 4.233 84.7 1.64 No relevant financial or nonfinancial relationships to disclose. ;’;;r::l;/yé(irr)ggrllrlgtilgggf;l;g:lzai%%;he|r Metabolites following Oral and Vaporized CBD and Vaporized CBD-Dominant Cannabis Administration. Journal of Analytical Toxicology, 46(5), June 2022, 494-503.
100 ng /m L CBLA 0.025 0.028 112.8 1.59 50 4.033 80.7 0.19 \é\r]:tra:::s;;(ér;;cl)lé?fvgit:}hYn?iT:o;iO?éh Z.Lén?giglggy}(ggf Ie_léijl r‘:;tpl;s/%?: [1\101{)?)?/?;339 I_. 0(gg_(%)?o)zcllE)ynversion of cannabidiol to delta-9-tetrahydrocannabinol and related cannabinoids in artificial gastric juice, and their
CBCA 0.025 0.026 104.0 4.71 5.0 4.075 81.5 1.84
Figure C: Representative CRL MultiQuant Report
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Peak Review ; ‘ " ! ; ! | - . . ‘ | - i / : } : | | - . v‘ . ; | | : | 0 ‘ |
SID: CBDO071921-09 . - . | 5 8 | : :

Cannatsdiol (CBO) 1 Cannatsaiol (CBD) 2 Ratx Tetratryrocannabeaann (THCV) 1 Tetratydrocannatevann (THCV) 2 Rato 2)-Carnatscyciol (CBL) 1 (2 +Cannabicyciol (CBL) 2 Rato Cannatictvomene (CBC) | Cannaticthvomene (CBC) 2 Ravo Cannatadiolic 3k (CRDA) 1 Cannabidole ackd (CRDA) 2 Ravo Carnategerohc ackd (CHOA) | Cannatsgerobe ackd (COA) 2 Rato (01 1 Moy AB- THC.0) (11 Carvatudol (CBD)0) 1 Cannatedol (CBOY0) 2 anvabigerol (CBOY0) 1 Carvatigerot (CBGY0) 2
Qb THC- 0 2




