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ETESWNBEEIE-RIEKARA
XRREDH I MRS EALERESH

EXR HRWT BER YAE BHAL A ET | B

(P EANRAZERY, JLET 100038)  2(AZEFYIIELE sy, JEET 100038)

B OE A TSRO GRS - B (UPLC/PDA-QDa) [FIH X RBRAE ) h A9- DU A KRR I% ( A9-THC) |
FOMRES (CBN) FIKBR B (CBD) AT M5 22 40T A0 7 ik . B3R A0 JORRAE ) 1) PP BB s A6 R, R T Y e
(% 0.19% IR FIRAK A TS AH, S EEVER, WY 0.2 mL/min, £ Waters UPLC BEH C 3 (50 mmx
2.1 mm, 1.7 pm) 20 &, A EE A MR #8 (PDA) 76 220 nm SR TR, 38 o 5 33 46 0 %
(QDa) % HARVE B T IB BRI, 7E0.5 ~20 pwe/mL WREETE R Y, 3 FhRRRID 251k & Wy i) T fab ik B 5 06 i
B BRI C R, R=0.999; Ik 1 @ B IK F A T2 %k 82% ~ 102% , AR b7 AR 2 (RSD) 7£
0.4% ~4.1% Z [0, ARJ7 ke WM, R 8, el 2Rl K, R4 A9-THC, (A9-THC+CBN)/CBD,
A9-THC/CBDIY, CBN/CBD FEFEHL, XA ANIa] = A MR Ab 22 e B | Ay S JRRAR B 14 Rzl 43 A R Joit 42 il 412
BT HMTFEL,

KEBIF RN TS BB ;. KK ; A9-DUS JCRES ; JORRET ; KRIRR -l ; fh2pR T
1 5| 5§

TIPRAR 0 2 A 1250 T ) 3 KRR Al s () A JRORE . R P A SRR I 2 A A5 0 2 5 M v X o 25 e T B2
B RS, HerP AR FH ek BOAS #iG PR B2 A9-DU & KRR} ( A9-Tetrahydrocannabinol, A9-THC) , JEAE #f
T A KR 13 ( Cannabidiol, CBD) B LLIE™Y A9-THC AYFKHRE N , K FRES ( Cannabinol, CBN) HL.A 4
FRRURBEII L KRB SR A0 W0 00 5 o A2 a8t A% Bk 55 8 B8 L WOk s i) i 77 4% 1 25 TR R 3%
mi ARG LA 3 PR BIFEEC, DR RRRS A FE AL T RRR (T R RNZF 4R R RR (T AL) 00 (1) 4K
P A9-THC &I, 4 A9-THC 5 H>0.3% , WIAEE B RIRR; # A9-THC FiE<0.3% , WIhLF 4
RIRBE, (2) KPR A5 B0 8 A2 (A9-THC+CBN) /CBD HIWr, B FRAFER>1, W) R 355 8K
Fr AR R <1, WA ERIRR, (3) MK 1~ AU 4548 A9-THC/CBD #1 CBN/CBD Hr, # M ~3%
RIFRECZ — KT 1, WEEESBIRRR s AR AN T 1, WML AR

HRT, X RRRI 2 i 43 A DU 2 35 A SO - R B BT 3 12 ( GC-MS/MS) RAH €833 - £ B T 3%
B:(LC-MS/MS) , A3 43 BT it B 5 B0 KRRAE S EA T I AT AE AR T AL 3, 7E bkl B b, metE K
IR 2 B R A BT T e 1 408 5 TR a0k DO R 75 S o B v 2 o D A KRR e ) R
FFRPE RIS S R RRAE ) 24 BB 53 1 5234 40 #F . Happyana 255R F LC-MS J7 35X K JFk
R RORR B2 43 B 43 Be A6, #E R 40 min'" . Ambach %5 3% ] HPLC-DAD J5 2%, K¢ i 6] 45 465 &
16 min"") AT FT A = REBOR €033 SR FH w8 e /INIURESEORE , 0 R Ao 8 3 i S e 7, A
B B QDa BTig A #s ) B brd oy 15 Bt —28fih . FIFHIEAR , STy 7 —Frl £ 7 min 58
BCXF R RAR I 3 FlAL 43 A9-THC .CBN 1 CBD K (14 4347 71k (3 Fh R IR S0 7 F a5 XL E 1)
T SE BT KFRAE ) A 22 R 432 S KRR IR AR ) 28 3 A0 R 1 28 A B DTR JEE R 27 £ B Sl RORR A
P EE LR 0 TR R AR AR IE e 55
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(=)-A9-trans-tetrahydrocannabinol Cannabinol Cannabidiol
A9- Y KRR 193 PN PN
(A9-THC, C5H30,, MW=314.5) (CBN, CyHx0,, MW=310.4) (CBD, CH30,, MW=314.5)

Bl 3 FORIRE LI 73T 45k

Fig. 1 Chemical structures of three cannabinoids

2 SIGES

2.1 XEH5EF

ACQUITY UPLC H-Class #8 = 808 A 2,354 ( Waters Empower™ Bl AP R 45, & Waters A H) ) ;
ACQUITY JGH — A BEFIRGI#S (PDA, ATERAEDE K 190 ~ 500 nm, J62E4HE% 1.2 nm) Al ACQUITY
QDa"" BB A &5 (52 Waters 20 1] ) 5 A BIEVEA (RILTTEAERARA ) 3 AN mE R R e O
HL(FE [ Sigma 23T ) 5 Mettler Toledo-XS105 HLF- K- (it Mettler A1) ) 5 5538 J7 BE R EAIL ( T 28
HrR AR A BRA ) 5 0.22 wm MCE 3k 2 i ( L S r A IRA ) o

FA P (92 Fisher Scientific 23 H]) H R ( 3 [E Sigma 2\ F]) Ry E Al S8 K Ak (€
Millipore 2\ ] #8407k 285 & 45 ) ; A9-THC ,CBD H1 CBN AifES: (24 1.0 mg/mL HEEE W, 25 Ceril-
liant A ), —20°C BEGARTE

IRA PR WA BCH] - 23 I ERI LI A9-THC CBD Fl1 CBN FRyERE AT E T 2 mL A8+, LW
TR E 2, BeHI0.5.1.2.5.10 F120 wg/mL B RIVRSFREE
2.2 ftEmBTALIE

BEHUAR[R] = ) 30 AN RIBREEAS | 80 & RS, WS 2 4imfe H . HERRFREL 10 mg KRR
YA, BT 15 mL RO, INARELS mL, ZKIE A FEE30 min 5, L)L 6000 r/min 2.0
5 min, B ETHET 0.22 wm FHfLUERE, fi UPLC/PDA-QDa 5347,
2.3 SREHREES

3 2k . (B354 Waters ACQUITY™ UPLC BEH C (41 (50 mmx2.1 mm, 1.7 pm) ; FEif 35 ;
FEGE IR 20°C 5 BERERRUA 2 pL; JahAH M HEE (5 0. 1% WiR) -/K (87:13, V/V) , S FEVEML,
B 0.2 mL/min; £ 220 nm PERASEATRIN ; (HH 10% H B WS Ve B8 2478 7 min,

Tk S - Waters BT Al #5% QDa, HIMESS B YR, A TS EEY m/z 100 ~500 Da, M EEL
VRAF O TR 0 HH R (AR i B E A SIS 04T, IE B P4, SRAETR 10 /s, BAEHRIER 0.8 kV,
HESLHL RN 30 V, #KIEFE A 600°C

FIFH Waters Empower ™ £ A0 3 R G215 5] 3 Fh IR 2546 G W10 & e 8l , >R SIMCA-P11. 5
(Umetrics AB, Umea, Sweden) 5PFVE £ 0T, 31 7545 SRAFAS ] = KRB A (1) 70 A5 L

3 ZER5iTie

3.1 HEAEEEFNRL

itk — AR BRA A, SCI0 e FH F VR B IGR, LU R Jr sCHEAT A I, 2548 T AN [R) 26 BT
] (15, 30 Fl145 min) FIEEHGREL (1 F12 W) X KR SRR (W TR 152, 2R 30 min
HEFE 1 IRBIAME, 551 WHRIUS , £ H ARG H R 38 2 v S 0E B AR I T AR Z A 95% LA L.
3.2 UPLC/PDA-QDa £ #ayi%+E

HUCGEIETY , ARSI EH BT IA 0. 1% W R, R BE-7K (87:13, V/V) S5 BEVELRT,
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AMLREIE BB 73 B AR, By BRI, HAR T T 7E 4 min PR (U354 . il oo AR )™
Yyrb 2 o3 A2 T REAFTE AR ) T4, R0 ARSI IR TR] A 1 2 Tmin, SR AIRALS A SEIR 260, X RRR
R PR ET IO RRAEL IR SR ORI, 3 R FAR KRR AL S 0 (i I L 2

A 2 B
1 3 3
2
_p
P~
1 1 1 1 L 1 1 1
0 2 4 6 0 2 4 6

t (min) t (min)

K2 RIS PRIETRIR (A) FIORRABE I AE S 7R (B ) A4 w3 AACHRARH (3 151
Fig.2 UPLC chromatograms of cananbis mixture reference (A) and cannabis plant (B)

1. CBD, 2. CBN, 3. A9-THC.

3.3 UPLC AiE=ZFWiE

3.3.1 AEWNERM  E L W, O A 0g ) PR O R B R, CRUEVER LR, CBD,
CBN H1 A9-THC HYAR- BRI 7054 1.1 1.6 F1 1.9 min, £ 8505 HAAR g B ES KT 1.6,
R FAE1.16 ~1.23 Z[H], [FAIAF, QDa &R 1FE A i #b e, HA 8 iR ot it i) M o 1 4
P, AIXTA S R T 20 RE . TEIE B R 4, AR XHR A AR TS W R S S K A AT
A9-THC .CBN £ CBD B m/z 53514 315 311 M1 315, 5I1E m/z 315 A1 311 F B F R G R, %t
KIRFEAS R EA T LU X 2, 1 3 AR 4 2 H B Rl £ QDa X A9-THC ,CBN I CBD £ I/
BEFFRIESS R, 5 PDA K —3k, HICHER 0, fEREa Lo, Bl 3 A RIRRB 24 7
HHEHBRETE, R EINEER,

315.32

10.01 2

A 50 B 2
N 1 31530
. 8.0 130.35 _40r
S 6ol g
x 60 % 30
A 100 200 300 400 500 =
5 0 1su cp "™ £ 20r
= E
. L 100 200 300 400 500 =
2.0 L m/z 1.0r
2.5td THC 1
0.0 1 I 1 s — f 0.0 1 . ) ) | ]
0 1 2 3 4 5 6 0 1 2 3 4 5 6

t (min)

B3 KIRIR AR (A) AR RE TR (B) B3R ICES TR B (m/z 315)
Fig.3 Extracted ion chromatograms of cananbis mixture reference (A) and cannabis plant (B) (m/z 315)
1. CBD; 2. A9-THC.

3.3.2 LMXRGHRIMESR ACH 3 MRS WS35 0.5 ~20.0 pg/mL BRI
BRI, F IR PR SR AT RN 04T . DA AT T B Y MR bR, WREE X (ug/mL) Ry f A
b, bR R, BEATEME BNE 4387 SR FH 1) 25 1 RE Sl o og 9 9 A0 b e B 149 7 1 A A G BR
(LOD) FIE B IR (LOQ) , $=IR{EMELL S/N=3 FI S/N=10 20 BT L IR A =R, 3 R BRIy 251k
BT S A R e R AR IR 1, #£0.5 ~20.0 pg/mL HREELEI, 3 Fh
KRB AL SN R BAF(R=0.999) , A AL & B MY ELR

3.3.3 AWMEMBEZE 10O S0 S P i B IR b BE KT IR A BR
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10.0r CBN 311.31

A >0r B

8.0 10k
& 6ot =
x x 30r
;‘E 4.0F 100 200 300 400 500 .?
£ 1.5 cBN ™ £ 201
E _“5 CBN

20F Lok ﬂ

O.OM |‘VJ 1 1 1 1 ] 0'0 1 1 1 1 1 1

0 1 2 3 4 5 6 0 1 2 3 4 5 6

t (min) t (min)

4 RIKIR GRS (A) FIRBRAE YRR S (B) RIS F il (m/z 311)
Fig.4 Extracted ion chromatograms of cannabis mixture reference ( A) and cannabis plant (B) (m/z 311)

%1 A9-THC .CBN F CBD fy4: [m1E 77 # K FR (LOD) FisE R (LOQ)
Table 1  Calibration curves, limits of detection (LOD) and limits of quantification (LOQ) for A9-THC, CBN and CBD

i WSy fregnim o Ao 1 B LoD

Number Component Rete(nrtrilci)rrll)time Lén:;;?;gc Regression equation (pg/mL) ( MLgﬁ)mL)
1 A9-THC 1.924 0.5~20 y=3.76x10*x~1. 15x10*(R=0.9999) 0.1 0.4
2 CBN 1.630 0.5~20 y=6.64x10*x+3. 44x10*(R=0.9998) 0.05 0.2
3 CBD 1.129 0.5~20 y=4.00x10*x-1. 06x10*(R=0.9999) 0.1 0.4

FEANREE A 6 YOCEATSESS , SEATIAR BICSE RS, PR vk M EaR . Rl X 4V B /KO- 7E —
KNEEME 6 U, EEME 6 K, PEMJ5iEMR H NG % X (Intra-day precision ) 1 H [])4 % B ( Inter-
day precision) , H1UN3E 2 A1, 3 FhOKBRI 240G B0 INAR TSGR TGy 82% ~102% , ARXS A if i 25
(RSD) ¥I/NT 5% , RUIATIERGH IS, TR,

2 R 3 FS AL EIBCR R ZE R (n=6)

Table 2 Results of recovery test of the three constituents in cannabis (n=6)

WAy éﬂﬁﬁil j]A”d}g% WG % B Precision( % ) T(')”J%{E lﬁlllﬂl$ HE AR 22
Component rigina e - otal found Recovery RSD( % )
(pg/mL) (pg/mL) H N Intra-day H [E] Inter-day (pg/mL) (%)
10. 850 0.6 2.6 1.0 11.42 96 2.5
A9-THC 10. 658 2.0 2.4 2.0 12.39 86 4.1
10. 045 8.0 4.1 3.3 16.57 82 0.77
1.987 0.6 0.3 3.0 2.60 102 3.3
CBN 1.947 2.0 0.8 3.5 3.80 92 0.65
1.791 8.0 4.8 3.3 9.56 97 0.47
0.590 0.6 0.6 3.8 1.21 103 3.6
CBD 0.578 2.0 2.0 0.9 2.52 97 0.61
0.543 8.0 3.2 3.4 8.16 95 0.36

3.4 EEREFERSH

I FHAS 7 00 7 AN [R) 7 b 8 R BRAR I R A oh 3 R RORR I 2505 0 & 1, IREE AR IRl SR AR B0
BNAXTREAR AT R 5y, ZERIE 3,

ZAERHIE ARIE I ORI E] AR R WS, KRR A 3 Fh R 2546 &9
MERARKES, EFZEE, RIRFMIEG AR, M7 RV E K, 57520k 5
mn P FORE PG MY BT A9-THC 9 & s IR TR AR T IR, ZERRUN, AR VFAME S RRR, H A9-THC %
KRR TYREER 0.2% 5% 0.3% , LI B S BREE" A9 5250 I 52 59 KRR 4 B A o
A9-THC ,CBN F11 CBD & 28 AL [l 43 W 7E 0. 026% ~1.44% 0.006% ~3.33% F10.006% ~3.84% 2
B, AR EEE AW, 23 A 12 DNRIRFEART AS-THC F& KT 0.3% , AT IH R a5 B R,

I SCHR [ 4 4R IE , BT X RO B ANER e PR | RRRAE ) A it v 9 A9 - THC MR J32 23 il B[] B K T
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F3 ORREEAR R 3 BRI S A& Wi I 25

Table 3 Contents of 3 kinds of cannabinoids in cannabis samples

i Content (w/w, % ) ﬁﬂ?ﬁ‘fﬁ((Z) Z‘i’ﬂ’fﬁ'@(ﬁ)
P juﬁ‘(#zt; A9-THC Phenotypic index(2) Phenotypic index(3) Ip2
No. C;I;rl’llalbls FREEH (1) CBN CBD Phenotype
sample Phenotypic (A9-THC+CBN)/CBD A9-THC/CBD CBN/CBD
index(1)
1 HLJ-1 0.395 ND ND - - - I
2 HLJ-2 0.505 ND 0.035 14.43 14.43 - I
3 HLJ-3 1.44 3.33 0.317 15.04 0.43 10.49 I
4 HLJ4 0.423 0.01 0.409 1.06 1.03 0.02 I
5 HLJ-5 0.047 ND 0.056 0.84 0.84 - I
6 HLJ-6 0.021 ND 0.108 0.19 0.19 - I
7 HLJ-7 0.033 ND 0.351 0.094 0.094 - |
8 HLJ-8 0.224 0.006 0.053 4.34 4.23 0.11 1,0
9 NMG-1 0.671 0.012  0.031 22.03 21.65 0.39 I
10 NMG-2 0.632 0.007  0.029 22.03 21.79 0.24 I
11 NMG-3 0.693 0.012 ND - - - I
12 NMG4 0.031 ND 0.325 0.095 0.095 - I
13 NMG-5 0.038 ND 0.046 0.83 0.83 - I
14 NMG-6 0.045 ND 0.034 1.91 1.91 - 1,1
15 XJ-1 0.375 ND ND - - - I
16 XJ-2 0.338 ND ND - - - I
17 XJ-3 0.485 ND ND - - - I
18 XJ4 0.454 0.007 0.014 32.93 32.43 0.5 I
19 XJ-5 0.202 2.92 3.84 0.81 0.05 0.76 I
20 XJ-6 0.125 0.007 0.01 13.2 12.5 0.7 I,1
21 XJ-7 0.216 ND 0.084 2.57 2.57 - I,1
22 XJ-8 0.101 0.01 0.067 1.65 1.51 0.15 1,0
23 SX-1 0.731 ND 0.484 1.51 1.51 - I
24 SX-2 0.386 ND 0.037 10.43 10.43 - I
25 SX-3 0.026 ND 0.070 0.37 0.37 - |
26 SX4 0.033 0.033 ND - - - |
27 SX-5 0.084 ND 0.008 10.5 10.5 - I,1
28 SX-6 0.072 ND 0.042 1.71 1.71 - [, 1
29 SX-7 0.034 ND 0.010 3.4 3.4 - 1,1
30 SX-8 0.095 0.006  0.006 16.83 15.83 1 1.0

>

HLJ: 2JpYT ( Heilongjiang) ; NMG ; N %2 7 (Inner Mongolia) ; XJ: #7# ( Xinjiang) ; SX: B P4 (Shaanxi), 1 : ﬁ;ﬁ:ﬂj{ﬁ(drug—type
cannabis) ; I : £F4ERIFKBR (fiber-type cannabis) , ND, not detected.

i, B IEBRAF T KRR 22 P8 A5 D 3R i & A8 1k, T DL 3 R oRORR I8 28 Ak 25 W B R Xk Al 75
FIWT A AR AL, DIRARIFEE(2) S TREAR DAL, B 17 MREARB I N3 AL, Hop g 9 MEEAINA9-THC
FRET 0.3% , B NTEM BRI, REHEE(3) EXr R AL (2) Mo, it iL, 1534
Wi 5 R AR (2) AR — B, ZFIWITEAGE I T AR CBD WAHIAE AR 3, (EX T A
B A9-THC %t FEARMERTR A 284k, Xk e R B — 2 15 BANE .
3.5 ETERSTATHTEHAR

iﬁiﬁj\ﬁj\*ﬁ( Principal component analysis, PCA) T8 o X B AT PR LA B s ] DLW s A5 A R
Af 22 51020 DUIKRRFE A A9-THC (CBN CBD #9328 i, 45 £ M5 (PCA) 34T, H4 ST |
PSEH BRI 4 A= M K IRFEA Y 30 5 B0di A SIMCA-P 8 PF, 5 2dlabn i fL R £ 4T PCA
3T, 3 PRI 2L &0 BT TTmkRak 51 94. 4% , Wi B8 L ANIEL 5 Frs, ASTR] P2 Mt ) K RREE
APy 2 ZERNFE GBI B RRR, 12 1R 3 B ORIRR I 22105 WY RIS M 647 7028, A5 5 RIS EL
(1) V&R B R
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LY 3r °
4 é:lg -Lb ol 2) MBI IL Heilongjiang
& M52 Inner Mongolia
ARBFFER DG S S (PDA) BEs | Cw {ieishdn
ST (QDa) BARBEF, A TR _ £ B
SRR 3 B A il = e
eSO (L 5 RS R FH 0A J7k , AlRg3 A ol
R R 5 248 S B €00 3 ) DR 1 8 B B £ 38 B 3 a19
BAE o AR J7 12 65 AN [ 7 s B A JRR A ) A 3 2 1 0 1 2 3 4 s

AT E AT, XA A [ 1 2 20 45 %L i[1]
2 J8E 53 53 BT S W A PR ) ) A o 3 T AT

TARVE, O WO RAT o 2 i AR A AR i Bl
AR AL T i A DR G T 3 AT 3R

BISs AN RBREEA PCA S3Hr iS5
Fig. 5 Score plots of cannabis samples from different origin

analyzed by principal component analysis (PCA)
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Determination of Three Kinds of Cannabinoids in Cannabis Using
Ultra-high Performance Liquid Chromatography-Tandem Mass
Spectrometry and Analysis of Phenotype of Cannabis

SUN Wei-Lai' , ZHENG Xiao-Yu®, ZHAO Yan-Biao’ , ZENG Ling-Hua', GAO Li-Sheng’,
ZHENG Hui**, LIU Yao*'?
'( People’s Public Security University of China, Beijing 100038, China)
*(Institute of Forensic Science ,Ministry of Public Security, Beijing 100038, China)

Abstract An analytical method of ultra-high performance liquid chromatography-tandem mass spectrometry
(UPLC/PDA-QDa) for the qualitative and quantitative analysis of A9-tetrahydrocannabinol ( A9-THC),
cannabidiol (CBD) , and cannabinol (CBN) in confiscated cannabis was developed. The seized cannabis was
extracted in methanol by sonication. The binary mobile phase consisted of methanol (containing 0. 1% formic
acid) and water. After centrifugation, the supernatant was separated on Waters UPLC BEH C18 column (50
mmx2.1 mm, 1.7 pm) with isocratic elution at a flow rate of 0. 2 mL/min. The three cannabinoids were
analyzed by photodiode array ( PDA) detector at 220 nm and confirmed by mass spectrometer QDa. The
correlation coefficient of standard curve for the three cannabinoids in linearity range was not less than 0.999
as well as the recoveries were 82% —102% with the relative standard deviations (RSD) of 0.36% —-4.12% at
three spiked levels. The method is specific, easy, quick and suitable for confirmation of the cannabinoids in
seized cannabis. Cannabis plants in different areas were classified by their chemical phenotype as drug-type or
fiber-type plants, taking into account the phenotypic index A9-THC, ( A9-THC+CBN )/CBD, or the
A9-THC/CBD and the ( A9-THC + CBN)/CBD ratios. The analysis of the original composition of plant
material is necessary for the detection and the quality control of cannabis plants.

Keywords  Ulira-high performance liquid chromatography-tandem mass spectrometry; Cannabis plants;

A9-Tetrahydrocannabinol ; Cannabidiol ; Cannabinol; Phenotype
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