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K =8 (CBD) S EME
KEWFE, B &, BRrF LR, EAXN F O

(L PR A dr Rk e AR W B IR A AN BRI 2 B Hh S . A 6100655
2. BITTHEIAEYRHEABRA L 224k 151600)

W OB REALIUR PRI SRS L5 KR8 (CBD) & F il o ik, K AR AR
&% C18 B AR P JEAE R 4] & &1k 3 fkvt TR TBSIR I AT 5 3 b4k 43 5] 5 ARk
by, A mE NMR AT o0 2 4540 4« KR =8 (CBD) , X ki 8 (CBG) . X #® (CBN) | A9-79
SR RE B2 (A9-THCA) . K R &5 (CBCO) 3 A G Bt -— R T (1 DARFA R A 1%
FEBLE-HBKRA0: Doy 86,257 CBD # & &4 (TLO AN 7 % ; A THE-0. 05 % 5
BR iR (80 ¢ 20) A A AR, 45 CBD BOk$ & a9t ml sk K, 25 7 CBD & 28Uk 48 & 4%
(HPLO)#m 7 % 3% 7 ik 42 3. 125~100 pg/ml &b % & BAF (R =0. 9997) , F 3y @ik & 4
103.69% ,RSD 1. 32% (n=5).
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Study on chemical constituents and determination of cannabidiol
(CBD) in hemp leaves of Heilongjiang province

CIREN Qu-Zong', LUO Yu', QU Xiao-Yu', DENG Xiao-Kuan', WANG Yong-Li*, GAO Ping'
(1. Key Labortatory Bio-resources and Eco-environment of Ministry Education, College of Life Sciences,
Sichuan University, Chengdu 610065, China;2. Heilongjiang Kangyuan Biotechnology Do. Ltd, Suihua 151600, China)

Abstract: The purpose of this research is to study the chemical constituents in the leaves of Heilongjiang
han hemp and establish a method for the determination of cannabidiol (CBD). The ethyl acetate extract
of hemp leaf was separated and purified by silica gel column chromatography, C18 reverse phase medi-
um-voltage column and semi preparative chromatography to obtain 5 monomer compounds. And the
structure of these compounds was determined by nuclear magnetic (NMR) analysis. They were cannabi-
diol (CBD), cannabigerol (CBG), cannabinol (CBN), A9-Tetrahydrocannabinolic acid (A9-THCA) and
cannabichromene (CBC). By using petroleum ether-dichloromethane (1 : 1) as the developing solvent,
iodine and 1% Vanillin ethanol -sulfuric acid (10 : 1)were used to establish the TLC method for CBD re-
spectively. High-performance liquid chromatography (HPLC) detection method for CBD was also estab-
lished by using acetonitrile-0. 05% phosphoric acid solution (80 : 20) as mobile phase and selecting the
detection wavelength with high CBD absorption peak, which has a good linear relationship at 3. 125~100
pg/ mL (R*=0.9997), the average recovery rate is 103. 69% and RSD is 1. 32% (n=5).

Keywords: Hemp leaves; Isolation and purification; Structure identification; TLC; HPLC

KR EE: 2019-05-17

EL£WmA: RS m AR H (17H0745)

TEE B AT M2 (1993 —) , Lo, PUm 5 e 5L B A , TR EEAF ST U8R KR =), E-mail: 2426189637@qq. com
BIEE . 5F. Email: gaop@scu. edu. cn



958 Wl KFFH/CA RFAF R

% 56 &

1 5]

WURR (Cannabis sativa L) EZBL KB .
KRR —4E A FEARIYY. DU Y 32 55 A
SIRZEAE Y s SR JLAFE 24 R DR A
H T H s

B P A X6 DCRR 19 F 5% 32 2 4 R TR R
(CBD) \ KJkib By (CBG) . KR {64 (CBC) B Kbk
Ty Bk 2 A 5 0 1) 24 BRI 5 J5 1T Ligresti S50 %f
CBD. KB B2 (CBDA) \A° PUE R FRE R (AT
THCA) DU & Kk B CTHC) | KR i 1) B2 (CB-
GA) \CBC /PG 4 BT g 6 e EA T T 5%
Hrp, AHF5E 2 CBD.AY THCA X g 40 s Y
B HLA B A R . S A R B RR R
FKAEY CBG. WA KK E (THCV) /] HI T4
JE MR . FLIRIT SR T CBD. B8 %0
RIRDURRAE P v ) £ 22 53 THC, CBD FE3R 97 HiL
e A2 RGO AR G IR Y A5 D T LA
FEMTF M. sz &8 CBD M CBD 2518l
WA IRIT IR R TR IRETIRL.

DURRI Ay 2l i 284k & 5 e B AL
CL A7 SCBRHR T 2 Ak 5 ) BAT W AE 19 25 BB 58 A
(ERIR, FHA T s HDURRER 29 o (R 4R B 43 185 4
b5 B A R 12 R R 5T B S HAT . XHDURR
R R B4 (AN CBG) B4 B8 4k 7 TR 55 43
TR, SR URRI A DG 15 2 78 4 1 TT & R
FH o STHIE B alifl 2R S e OB AR Rl

Wi 25 % 1 DURR 1 & e 55 0 DURRIE 25 Ay
(EANTHE 5 BIFSR ( 5 S FH | M A v ) RO RR It 245
FH B3 W G I 72 A 5 2. LR P v 149 245 3550 53
CBD FEAR Gk J5 1 b AEAER B RIS, K 2%
SRARAE e A, A 3% Tk B T R R
(B A T . BRE S i, Ay —
PR | 15 A A (R R I 1y v ) CBD 47 7
TE AT ARBEFERBUR M KRR AL A A T
ThHBSEM %, @ T E DU CBD &
R @ (TLC) & 20 A {6 3% 1
(HPLC), S UK i v 5y 2 4 o (1) 18 — 20 0F 58 A
TR I FH AR T B A 4R AR o A 0 - .

2 #wRlEFE

2.1 & #
2.1.1  SREAR DURM CRIETCHEIRA: YR
HIRAED #E 5L (Cannab-1 ~Cannab-16) 7= il M2 Jp

il

L X E. CBD #1 CBN A5 #E & (i B EY)
BHEARAFD.
2.1.2 X A ZRIER. AIMEE LN (RS
ali, AR AL TR ) s B R (O dral, R
FHET R A BRAFD s #EBE (60~80 H, 100~ 200
H. s e b T35 ) C18 fEfR (10 pm, H
BT,
2.1.3 B F KEHBFRFJFL004, bk
SRR A PR 7D 5 F42 20 T RE M AL
(DEFT-200, JRIATTARKHLARA FRA FDD 5 B 3 X
THEFE (101-0O, i FHIGSC AN AN A PR A D 5
FEEMTHE(EAR 5 em, RigSEEAME L RA R
23] s LC3000 1 RO AH 354 (UV3000 28 414
Z5 . P3000 =y i aE » Jbat G fa AL A7 FR
A CL8 g (250 mm X 4. 6 mm, 5 pm, Se-
pax Sapphire) ; [[ -600 MH ##Z3L4R (600).
2.2 XA
2.2.1 KRBy EALS DI, o5 B AL &
BUsnt 1 kg, 100 CHET 248 8 5 20 w0, o
JEH 415 2R T 2 20 g BB AE 18 1 28 K CA i
), Tk EAEGRF + kERE=1 + 200, DiAk—
CPR CERFREEVRL . JF H R OB v AE, A1 A
LA 43 X BEL H AR AR C18 R v At
AT — L alifh, DIHEE-K (70 = 30~80 + 20) i
FFUeR. R i 4 i X C18 S AH Hh Fe 43 125
1) B bR 38 A7 2E 17 43 88 gl Ak Ui sl AH A EE-K
(75 + 25~85 + 15) L.

SRR LL TLC 55 HPLC 3%k 47 @ 1
I, Wi Al k9896 L b vk B Be . Bruker
AV [[-600 MH #2134 (600) #E4 745 14 31 .
2.2.2 TLC %% CBD HBUNRRMH A 0.5 g,
JIFEE 10 mL, B AL 30 min, 8, IR
T BRI EE 1 mL 3%, ME ARSI 05
HU CBD #rdffh, in R R 1 mL 3 1 mg 1%
W, AERr RE SV U W R AP T 45 5 el
S S TR — R G E R L, DA
AL s DOMRIFR, BIF, BT, BT Bk
UL 1R R R (10 ¢ 1)V 8 (57,
100 “CHEFR b4 2 BE o I 05 . 35 (853
TE 550 Rt B R O (67
2.2.3 BhXSEakey R & BUURM R R G 40
Hi) 2y 0.5 g, W#HFRE, BHIE=MAVRS, K
HIMAHEE 5 mL, HIEFRE, WA 30 min
Je s AW RN BRI i, P8, B 1 mL 8
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KAz R, F. BRZURTFE RS RS RA=B (CBD)4F 0 & 959

EARE 25 mL AR T, 0. 25 pm G L uE AR
I UEARE.

2.2.4 BRERGHE KR CBD X |
fn s IH AR R 2R ZI B, O 0BT B R B 2 2k 100
ug/mL T RE AL R T

2.2.5 CBD HPLC #@l 7 % ¢4 4k4L B —14y
Xof B S W (100 pg/mL), 48 BIFE 190 nm, 200
nm.210 nm . 220 nm., 230 nm, 240 nm. 250 nm.,
260 nm % KPR I T AUE Y RSD A7 1. 0176~
1. 05%.

3 #BRES

3.1 NEHBENYRRIN.SBESEHETE

Py B4R 300 5 AR G g R nE 1
F7s s BIEERE T
3.1.1 dss 1l zikaWhrnaiik, BT
MR OB AT Ol AT AN TR S5 G
TLC, HPLC 43 #7 Fl SC ik 4% 18 % & R KK — 1
(Cannabidiol).

'"H NMR (400 MHz, CDCI3) & 6.31 (s,
1H), 6.27 (d, ] = 1.3 Hz, 1H), 6.14 (d, ] =
1.4 Hz, 1H), 3.20 (d. J = 10.9 Hz, 1H), 2.41
(s, 1H), 2.20 —2.13 (m, 2H), 1.96—1. 87 (m,
1H), 1.70 (s, OH), 1.68 (s, 3H), 1.55 (s,
1H), 1.45— 1. 38 (m, 5H), 1.40 (s, 1H), 1. 29
(d, ] = 3.4 Hz, 2H), 1.02 (d, ] = 2.7 Hz,
0H), 0.87 (t, ] = 6.9 Hz, 4H).*C NMR (101
MHz, CDCI3) & 154.71 (s, 3H), 154.20 (s,
4H), 142.80 (s, 3H), 134.34 (s, 4H), 123.74
(s, 6H), 110.00 (s, 6H), 109.03 (s, 3H),
107.56 (s, 6H), 77.28 (d, J = 11.5 Hz, 43H),
77.02 (s, 39H), 76.71 (s, 37H), 45.77 (s,
6H), 35.47 (s, 7TH), 33.56 (s, 6H), 31.50 (s,
9H), 31.15 (s, 7H), 30.66 (s, 6H), 27.56 (s,
8H), 25.00 (s, 6H), 23.38 (s, 6H), 22.54 (s,
10H), 19.25 (s, 7H), 14.02 (s, 8H), —0.01
(s, 1HD. DA 8 5 SCik 11 ] —2k.

3.1.2 s 2 Wyl A AL RS AR, A AN
77 °C 9B 5185 °C (6. 67 Pa). NIE T /K. IET &
Fist | 2Tk R FIRIA . 2 DL T RRRAE I i 77
AR PUSCRRR AT AR A Wk s SR AR T = A )
—Fh¥ JF . MS: m/z: [M+H ]+ 311. 437, HPLC
S3Hr C4 A1 CBN X RE i i £ B B 1] — 380, 5 TR
BRI £ B s R B A FE AR B 2 S KRR

fiy (cannabinol).

OH

(e)

A1 e
a LEW 1 bALEY 2; c LEW 3 sd (LEW 45 e (LAY S
Fig. 1 Structural formula of compounds
a. compound 1;b. compound 2; c. compound 3; d. compound 4;
e. compound 5

3.1.3 Aedadh 3 WIBUHLLEIR, BT RTE,
W AT STR CWR VAT AT KRR %
BdE 2% 58 R KK {0J4 (Cannabichromene).

'H NMR (600 MHz, CDCI3) § 0.00 (s,
2H), 0.00 (t, J =7.0, 7.0 Hz, 2H), 0.00 (s,
2H), 1.34 - 1.25 (m, 3H), 1.58 - 1.54 (m,
1H), 0.00 (s, 2H), 0.00 (s, 1H), 2.07 - 2.04
(m, 1H), 0.00 (dt, J] = 13.5, 7.0, 7.0 Hz,
2H), 2.46 - 2.42 (m, 1H), 2.12 - 2.08 (m,
1H), 0.00 (d, J = 7.1 Hz, 1H);13C NMR (151
MHz, CDCI3) § 154. 84 (s, 2H), 142. 74 (s,
1H), 138.94 (s, 1H), 132.07 (s, 1H), 123. 77
(s, 2H), 121. 75 (s, 2H), 110. 61 (s, 1H),
108.33 (s, SH), 77.25 (s, 24H), 77.04 (s,
29H), 76. 83 (s, 25H), 39. 71 (s, 3H), 35.53
(s, 3H), 31.51 (s, 3H), 30.82 (s, 3H), 26. 39
(s, 2H), 25.69 (s, 3H), 22.56 (s, 3H), 22.27
(s, 3H), 17.71 (s, 2H), 16.20 (s, 2H), 14.04
(ss 3HD. 12 LA I EUE 5 Kemal 50 SCHRAR IE (14
Bedli—3
3.1.4 Aesin 4 ZWIBUNIRE OB AR, BT
HEE L O Sk T AT Tk AR e i K
X 5B A PUE KR iR (11-nor-tetrahydtocanabinol-
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9-carboxylicacid).

'H NMR (600 MHz, CDCI3) § 12.22 (s,
5H), 7.28 (s, 6H), 6.42 (s, 5H), 6.42 (s,
5H), 6.33— 6.25 (m, 7H), 6.30— 6.26 (m,
6H), 3.25 (d, ] = 11.0 Hz, 6H), 2. 97 (ddd, J
= 13.5, 9.7, 5.9 Hz, 6H), 2.81 (ddd, J =
13.3, 9.6, 6.3 Hz, 6H), 2.73 (s, 1H), 2.20
(d, J = 6.0 Hz, 13H), 1.96— 1.95 (m, 2H),
2.00— 1.88 (m, 6H), 1.77 (d, ] = 41.0 Hz,
4H), 1.72 (s, 2H), 1. 71 (s, 18H), 1. 67 (dt, ]
= 28.0, 13.1 Hz, 29H), 1.60 (d, J] = 6.5 Hz,
10H), 1.47 (s, 17TH), 1.61— 1.10 (m, 90H),
1.40— 1.31 (m, 29H), 1.13 (s, 15H), 0.92
(dd, ] = 14. 3, 7.4 Hz, 20H), 1.01— 0. 47 (m,
23H), 0.03 (s, 10H).

BC NMR (151 MHz, CDCI3) § 176.34 (s,
1H), 164.71 (s, 1H), 159.79 (s, 1H), 146.98
(s, 1H), 133.85 (s, 1H), 123.63 (s, 2H),
112. 66 (s, 2H), 109.88 (s, 1H), 102.32 (s,
1H), 78.87 (s, 2H), 77.23 (s, 41H), 77.02
(s, 40H), 76.81 (s, 40H), 45.61 (s, 2H),
36.52 (s, 3H), 33.47 (s, 3H), 32.03 (s, 4H),
31.25 (d, J = 8.4 Hz, 6H), 27.39 (s, 3H),
25.00 (s, 3H), 23.34 (s, 3H), 22.52 (s, 4H),
19.52 (s, 3H), 14.07 (s, 4H), —0.00 (s, 1H).
DL E%dE 5 Semk 13 J40aE — 2L
3.1.5 &S WBUNEEAR, T B,
CBE Ak &7, AT T K, ARSI A 4
SE MR BRI 1 (Cannabigerol).

'"H NMR (600 MHz, CDCI3) § 6.24 (d, ] =
6.0 Hz, 1H), 5.27 (t, ] = 6.7 Hz, 1H), 5.05
(t, ] = 6.7 Hz, 1H), 3.39 (d, J] = 7.1 Hz,
1H), 2.48— 2.42 (m, 1H), 2.10 (dd, ] =
14.6, 6.9 Hz, 1H), 2. 08— 2. 03 (m, 1H), 1. 81
(s, 1H), 1.66 (d, ] = 13.3 Hz, 2H), 1.59 (s,
2H), 1.58— 1.54 (m, 1H), 1.35— 1.24 (m,
3H), 0.88 (t, ] = 7.0 Hz, 2H). *C NMR (151
MHz, CDCl;) § 154.03 (s, 2H), 151.00 (s,
2H), 144.77 (s, 2H), 131.66 (s, 2H), 127.25
(s, 4H), 124.20 (s, 4H), 116.81 (s, 4H),
109.13 (s, 4H), 107.71 (s, 4H), 107.00 (s,
1H), 78.21 (s, 3H), 77.25 (s, 17TH), 77.04
(s, 17H), 76.83 (s, 16H), 41.04 (s, 4H),
35.91 (s, 4H), 31.48 (s, 4H), 30.65 (s, 4H),

26.25 (s, 4H), 25.69 (s, 4H), 22.73 (s, 1H),
22.64 (d, ] = 25.3 Hz, 7H), 17.63 (s, 3H),
14. 03 (s, 4H). DU BcHE Sk 14 48 — 2L
3.2 TLC£%3I CBD

JENTIR R T RERE G A SRR T RICR ,
i (LT O E 55 00 BR (  AE L A L, A [R]
Bt B o5, vl B S T EFE CBD, 25 R
K 2.

B2 TLC B
(a) BLE s (b) 197 HE Z iR (10 * 1) (7 (0. CBD
XFHE S, s 1: Cannab-13; 2; Cannab-14; 3: Cannab-15; 4: Can-
nab-16)

Fig. 2 TLC profiles
(a) iodine color; (b) 1% vanillin-alcohol solution-sulfate
(10 : 1) color(0:CBD CK; 1: Cannab-13; 2: Cannab-14; 3
Cannab-15;4 ;Cannab-16)

FERCAR Z AT LS 45 R WoR . A — & H
il s DR, RE(EAT LA E] 0.4 DL b, BEAS0E
W, BEAHERIS. HE 2 AT A, zES EE
CBD & (A5, BEAS 2860 A 2(b) iR, 5
B 2 1 — BRI AE T CBD {0 15 i, B o 5 i
. AT, R PIRN Ty A AT AE Tk A=
e 1 VOB OB BLR (10 2 D)
Ko, B, (3 B vl B L B ()4 AN Y
W Sy A hE B A R A, 52 L 5 T AL 7% /< B 25 H AR
faj i, S A, Som Rz SRR L .
3.3 CBD HPLC ¥l /5 E 4L

H & 3 AT CBD 7£ 210 nm &b MRS 06 A 155
RIS FEIBE )™, 260 nm Kb AR T0 Wi 0. 3 % B
HPLC n]{fi CBD 5 HE TP BA R 5, )
Wl 54k G Z 18] A X6 0 5C R R 4F, 42 & HPLC
PR IE TS, R R s 04 1 RS ) BT vk B 2 )
XTI e FR. S BEAIG CBD 1 B8 /R W i R %k, 7] ik
PR A R K 210 nm.,
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%54 KA ®, F. BRI IUR T AL FE R
7000 -
6000 -
= 5000 A
&
= 4000 3
g
= 3000 -
=
22000 4
®
1000
O T T T T T ?

190 200 210 220 230 240 250 260
KK fom

B 3 AREFEEK CBD %454 @ f2
HFg. 3 Different wavelength CBD HPLC peak area

BTG IR, A5 AR 30 C L kR
15 pL R 1 mL/min; sl 48 ¢ 0.05%
WERRVA IR (80 = 20) SEFEPEML. ZEML A IB 4T, K
JR B BRI AR B AR T 10 000, 4385 5
I 75 6 kil 2K
3.4 FHiEFEE
3041 RMEXAFR KO IREEW (100 pg/ml)
RN 6.25,12.5,25.50 pg/ml. BUAR [k
JEXT BRI LS s T AVRORE €8 35 A, AU T R
H(mV « ) YA FR, T B (pug/mlL) S g Ak
PRk i 26 PR [, A5 280 =3 7 B a5l k. y =
97. 4942+102. 04(R*=0. 9997) , Z5 - 321 CBD ¥
JE 6. 25~100 pg « mL™'JEREIN LM R REF,
4.

12000 - y=97.494x+102.04
é 100009 R?=0.9997
<8000 - o
=
w
E 6000
2 4000 -
[a]
O 2000 A
0 ' ' :
0 50 100 150
W/ (ng/mL)

A4 CBDAr/w&
Fig. 4 Standard curve of CBD

3.4.2 ARFEKI ORGE RO BRI R (100
pg/ml) , HEPERE S Y, MG IETIARE R RSD
0. 8400, SRR IR % L R AT

3.4.3 AR M HUR % B I (100 pg/
mL), 4357 1 h.4 h.8 h.12 h.24 h.48 h, 7§
M AUE R RSD o4 1.41%, %89 48 h pyfasE
BT

3.4.4 FHMEFEE  EHHELUAH R ASDURRM 2544

SEATHIES 5 Oy A T A R 0 A R A R
AR, A5 RSD b 1.30%, 4558 F & &0
R4t

3.4.5 eAfwicER BUER T 5 MTUKZY
AR 0.5 mL B I 0.5 mL KRR %t
HEVES W, THR IR RO IR 25 R an 3k 1 iR, 4l it
15 EINEE DCRSE 7K - 7E 103,36 %0, RSD fH /&
L. 32% UNT 3%, Wizt B R B 7 vk vl bk
RAF, FFA R 5 2.

F 1 CBD R EIRIEER
Tab.1 Sample recovery rate result of CBD

FE & CBD fin A mA5-& EleEs RSD

H/pg /pg i/pg /% /%
15 50 68 104. 61
14 50 65 101. 56
15 50 68 104. 61 1. 32
15 50 68 104. 61
15 50 68 103. 07

3.4.6 FRRE&AF CBD &-agal g BOAFH

WAL AP IDURRIT , 2 CBD & &, A7 002 =k,
& 25 FAn 2 2 fios.

x2 16 MtARMPEENELER (n=3)

Tab.2 Result of content determination of 16 batches of
samples (n=3)
FEiS FE 24 CBD/ %
1 Cannab-1 0. 007=£0. 10
2 Cannab-2 0.010+£0. 08
3 Cannab-3 0.015+0. 04
4 Cannab-4 0.015+0. 06
5 Cannab-5 0.021+£0. 08
6 Cannab-6 0.028=+0. 11
7 Cannab-7 0.040=£0. 12
8 Cannab-8 0.049+0. 03
9 Cannab-9 0.049+0. 10
10 Cannab-10 0.052+0. 05
11 Cannab-11 0.052+0. 04
12 Cannab-12 0.069+0. 11
13 Cannab-13 0.460£0. 02
14 Cannab-14 0. 790=£0. 02
15 Cannab-15 1. 32040. 15
16 Cannab-16 1.48040. 13

ANEHEK BTURE R h CBD & 25 Rk, 13
~16 #EAE CBD & 0. 5% A I, AHT CBD 1Y
TR o B alidh, oA AT #43 fFp CBD Y
TR 0.05%, $EMUrBIXERE K, FERTFEM FE
B, HEE IR ERE G F Tk 4k Y CBD $2 B
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FRCH AAF RO

AR ARGAGINAT B T-45 S DURS BEAY 5 R S B IR
45 B3 A

4 & &

P2 I DURR AR G 25 38 G e i, A
RGP A 255 M. Horp CBD 2 i B A R 3tk
ANy, BAT PR A H VBUR DU i
2P0 PUEAL R L 2R 2 i A S 2
PRIEPE. BT, DUBRIMFE il ot — R AT R B

M S, B I 5 MME G . £ N CBD,
CBN.A9-THCA. CBC H1 CBG .

AR T CBD iy TLC ik, BAER
fEpeE, wT R A 2 AR S itk T CBD 1)
HPLC A3 #iE T CBD fi K224 MRk 1

B RSN 26, AR AR o X DURRIF-ZEA A . 2%
Wy BEREUS . SE IR B IEL I By, J7 ko G A 4G

1, CBD By(R*=0. 9997) K& Bk, 4 ik
5 RSD 576 1. 05 Y6 AP s [MICRIERE N 101. 5 %6~
104. 6 %60, T AR EE D, R, wT LA
FrEDUKM Y CBD asy s HA B m i ER b,

S Xk
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