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Examination of analytical methods and results of purchase inspection
for CBD-related products

1

SUGETA WAKO, DATE HIDEYO, TOMIOKA YASUHIRO * , HIRAMOTO HARUE * 2,

HASEGAWA YUKI % UEDA KENTA ** and ISHIBE ATSUKO **

(Received : November 24, 2020)

CBD is a component that has been reported to have anti-inflammatory and anxiolytic effects, and attracting
attention in recent years.

Many products including CBD are on the market, however, there are some cases that THC is mixed in
these CBD-related products.

In this study, we examined the extraction and analytical methods of cannabinoids containing in CBD-
related products.

Cannabinoids in liquid or crystal-shaped products could be extracted with methanol.

We also applied liquid-liquid distribution with hexane and acetonitrile for capsule oil, and heating extraction
with ethanol for lip balm.

These extraction methods showed good recovery rate.

For qualitative analysis, we used HPLC, LC-QTOF/MS and GC/MS, and for quantitative analysis, we used
HPLC and GC/FID.

In addition, we reported the results of component analysis of purchased CBD products for actual condition
survey of unapproved and unlicensed drugs in 2019 in Hiroshima Prefectural Health and Welfare Affairs
Bureau.
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1y ]2 A S R SR ELRT . Narcotics Control Department, Shikoku Regional Bureau of Health and Welfare

IR B REAL R 353 Hiroshima Prefectural Health and Welfare Affairs Bureau, Pharmaceutical Division

3 B R B AL B & ARG #T2ERE Hiroshima Prefectural Health and Welfare Affairs Bureau, Food and Public
Sanitation Division

IR VLR IS A B S AR L S A R, Hiroshima Prefectural Eastern Office of Health, Welfare and
Environment Fukuyama Branch, Public Sanitation and Environment Division
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Table 1. Outline of 5 commercial CBD containing products inspected in this report.

Products

Display amount

No. Form Volume of CBD Ingredients
1 Crystal - 99 % -
2 Liquid 10 mL 200 mg VG, PG, CBD (99 %)
3 Liquid 10 mL 300 mg 1,2 3-propanetriol, Propylene glycol
. Beeswax, Coconut oil, Tocopherol acetate, Vanilla planifolia
4 Lip balm 42 ¢ 20 mg fruit extract, Citrus Lemon Peel oil, Citral, Honey
5 Capsule 2 g 300 mg Cannabis (stem - seed), Hydroxypropyl methylcellulose

(oil) (733 mg % 30 capsules) (10 mg x 30 capsules)

Cannabidiol (CBD)
Molecular Formula : C,,H;,0,
Average mass : 314,462

Monoisotopic mass : 314.224579

Cannabinol (CBN)

Molecular Formula : C,,H,,0,

Average mass : 310430

Monoisotopic mass : 310.193268

A%-Tetrahydrocannabinol (A®-THC)
Molecular Formula : CyHy 0,
Average mass : 314.462

Monoisotopic mass : 314.224579

Cannabigerol (CBG)

Molecular Formula : C,,H;,0,
Average mass © 316.478
Monoisotopic mass :316.240234

Fig. 1. Chemical structures of major cannabinoid compounds.
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18 13 HP1200 (Agilent Technologies Inc. #1) %
W7z St & Table 21278 L7z,
(2) LC-QTOF/MS (C K252

LC 131260 Infinity %, QTOF/MS i 6540 UHD (3t
|Z Agilent Technologies Inc. #) % H\ 7z, &t
% Table 31Z/R L 72,
(3)GC/FIDIZ&KBEE

FEIE GC-2030 (B RAERT ) % F\7z, i &t
% Table 4 1278 L7z,
(4) GC/MS [C K BHER

GC 136890 7, MS1E5973N (312 Agilent Technologies
Inc. ) Z 7z 5t % Table 512R L7z,

(4) &4
Table 2. HPLC analysis condition.
HPLC system Agilent HP1200
Column YMC Triart C18 150 mm X 2.0 mm, 5 um
Column temperature 3BT
Injection volume 10 u L
Flow rate 0.5 mL/min
Mobile phase A Water containing 0.1 % phosphoric acid
Mobile phase B Acetonitrile containing 0.1 % phosphoric acid
Gradient A (21 %) 6 min = A (5 %) 30 min
Wavelength 210 nm
Table 3. LC-QTOF/MS analysis condition.
LC system Agilent 1260 Infinity
Column COSMOSIL COSMOCORE 2.6C18, 2.1 X 50 mm
Column temperature 50 C
Injection volume 10 u L
Flow rate 04 mL/min

Mobile phase A
Mobile phase B
Gradient

Water containing 0.1 % formic acid

Acetonitrile containing 0.1 % formic acid
A (87 %) 05 min = 4 min = A (5 %) 5 min

QTOF/MS system Agilent 6540 UHD

MS conditions

Tonization mode ESI Gas temperature 350 C

Gas flow 10 L/min Nebulizer gas pressure 50 psi

Capillary voltage 3500 V Fragmentor 120 V

Scan mass range m/z 50-1000 Reference mass m/z 121.050873, 922.009798
Targeted MS/MS conditions

Collision energy 10, 20, 40 eV

Precursor ion

m/z 3152318 (CBD, THC) , m/z 311.2005 (CBN) , m/z 3172475 (CBG)
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Table 4. GC/FID analysis condition.

GC/FID system Shimadzu GC-2030
Column SH-Rxi-Sil MS 30 m X 0.25 mm X 0.25 mm
Carrier He 1.2 mL/min, constant flow
Injector Split / Splitless, 250 T
Split ratio 201
Injection volume 1 ul
Oven 200 C (2 min) -10 T /min — 240 T (15 min)
Detector FID 300 C , H, 32 mL/min, Air 200 mL/min He 24 mL/min
Table 5. GC/MS analysis condition.
GC system Agilent 6890
Injector Splitless
Injector temperature 250 C
Injection volume 1 ul
Carrier He 1.2 mL/min , constant flow
Column DB-5MS 30 m X 0.25 mm X 0.2 mm

Column temperature

150 T (2 min hold) -10 T /min -300 T (8 min hold)

MS system Agilent 5973N
Tonization mode EI

MS mode Scan

Ton source temperature 230 C
Quadrupolar temperature 150 C

Scan mass range m/z 40 - 400

4 BEAROAHR
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FHUMBMTE = MU L20mLEINA, 150 HEE



[ B B AR A AT BF TR RAIEERBE 2 > & —BFFE#E, No. 28 (2020)

AL, 7 b= MY VEE SR 7:. FEROERIE
Z2MEEDREL, &7 M= MY VEEEDE, Th
12, 7 b= N IVEIRIANF 2 10 mL &Nz TR &
IR, TRF=ZMUNBESLZ, TRV
wWER L, EAL, METE M= MY ILVTHRL
DAY TLYTANE—TAHBL, AT L
L7.
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SENAT R ORI & R, TP % IR E L7z,
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OTHC A3 5 Z L S BETH - 72, F 7R
KB L, M ABTLIET, Uy T2 —AIlE
INDLMAELRET LI ENTE

BT VHREDE, MaE L EL I ENTHEEN
7ot WHUL S O (7] # B2, AFH 2 -TE b
= MUV AT L 7o, EEREL RN X B
T IVNEW S 5 O CBD BN IL 815 %, 20Tl
159 %, 3[Tix23 %, 41MTi30.3 %, 501Ti120.03
%TdH Y, SEDOHEEETI %L LD EINEATE S
N2 e, FEEIEX3RE L.

VAT NVER) F v FIZonwTIlE, 2%/ —)uiZ
BEL, WEICEETHCBD At Ta s &
WU[RECTH - 72,

2 FhnENEER

WY v 727 ) — 412815 5 CBD @RI IE
HPLC T95 %, GC/FID T96 %, THC O AT &
HPLC T9 %, GC/FID T93 % CTdh o7z 72, &M
2B 5 CBD @ EILFR I HPLC T87 %, GC/FID
T88 %, THC ®[ali{#ix HPLC T87 %, GC/FID T
78 % TH Y, BIFiERHTF 5Nz (Table 6).
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2352 CBD @ ¥ — 7 75380 5172 (Fig. 2).
(2) LC-QTOF/MS (c k2 5E:R
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31523186 % =¥ — A F > & L2427 u<
k275 A (EIC) RUNE A~ M V% Fig. 31275R L7z
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AT P IZDOWT, Citty C. 5 0¥ [8] 2% %
12, 3o N8 A4 v L CBD RO REIZOWT
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A, BEEL 72 L HEE S NS A 4 ¥ m/z 25916895
(Fig. 4 (a)), &5 22 &3 D R FEB 2 L
72, 2-methyl-5-pentyl-1, 3-benzenediol & # % & 11
% A F ¥ m/z 19312227 (Fig. 4 (b)) & 0¥ 5-pentyl-1,
3-benzenediol & HEE &b A F » m/z 18112187 (Fig.
4(c)) MBI S 7z,
(3) GC/MS IZ & BHER

CBDO5S5FA4+>y (M) 2E=F—AF L7
EIC, ¥ A+ >~ (E) A2 M VR UEHHI & iz A1+
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CBD iAo 7 1o~ k79 4%, RT 1334k
WCE— 2RO LN, FOEIANXZ MVIZIZ 1AL L6
D RFEM R O3 & AR R FEB AL, BigEL 72
EHEEES NS A F ¥ mz 231 (Fig. 5 (C)) 25w b7z,
(4) 80D CBD DHERER
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TORBHEMWIZCBDIZ# U T A E— 7 RO 51,

Table 6. Recovery rate of CBD and THC added to commercial lip balm and edible oil.

CBD THC
HPLC GC/FID HPLC GC/FID
Commercial lip balm 95 % 96 % 96 % 93 %
Oil 87 % 88 % 87 % 78 %
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Fig. 2. HPLC chromatogram and UV spectrum of CBD and 5 commercial CBD containing products.
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Fig. 3. Analysis of CBD and 5 commercial CBD containing products by using LC-QTOF/MS.
(A) Extracted ion chromatogram (EIC) , (B) MS spectrum, (C) Product ion spectrum.
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Fig. 4. Chemical structures estimated from product ions of CBD by using LC-QTOF/MS.
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Fig. 5. Analysis of CBD and 5 commercial CBD containing products by using GC/MS.
(A) EIC, (B) Electron ionization (EI) spectrum, (C) chemical structures estimated from product ions of CBD.
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(8] #Z#2, BONTEA F v LKW OHEE DR
& % FEAT L 72

THCOZ7a ¥ o7 A% v AT FVIZIE, 5RO
R 6D M, 6afr s 10afzd kM K N 6afs &
TR D feF A%, il L7 L s s A 4 > mz
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Fig. 6. HPLC chromatogram and UV spectrum of THC, CBN and CBG.
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Fig. 7. Analysis of THC, CBN and CBG by using LC-QTOF/MS.
(A) EIC, (B) MS spectrum, (C) Product ion spectrum.
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3-benzenediol & HEZE S LD 1 F ¥ m/z 19312222 (Fig.
8 (b)) »@ll 7.
(3)GC/MSIZ kbR
FHEHERO EIC &U“Elx&y MV% Fig 91R L7z
EIC I, RT 1455 412 THC %5, RT 15043 )&

IZCBN#%, RT 14943 ICCBGO ¥ — 7 58 5
niz.

EIANRZ M VIZDOWTIE, 353 X_T, M 7%
O 5HN7z. THC K O'CBNIZDW T, M° ir%lS‘(Jﬁi
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LTz m/z 299 K O m/z 295 28@lll S -, %72, THC
K OCBG I, CBD & [WHkD m/z 231 3Bl Sz, =
DA F 22T, CBG, THC K U CBD D ## 1 |2 %
TLREEBNT L7 2 A, THCIZ8AL & 9Dk
H, 6afi & 10afed e FE M K OB DOMRTE & 6 (LD jx
FZHEDHZ L -1, CBGIE3 L& 4 (oRFEMA
BHZL L 7ok T A EHEEE X N7z (Fig 10 (a)).

CBGIZoWTid, 1" &2 o peFEMaspzd L7z
2-methyl-5pentyl-1, 3-benzenediol & % XL 5% 1 F
> m/z 193 (Fig. 10 (b)) 2 & 7z,
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r%\/é\/\f\ jf.:;\/\/\ ﬁN\
(a) (b)

(c)

Fig. 8. Chemical structures estimated from product ions of THC, CBN and CBG by using LC-QTOF/MS

P P kg nuid

(A) (B)

Fig. 9. Analysis of THC, CBN and CBG by using GC/MS.
(A) EIC, (B) EI spectrum

/ H OH

HO

(a) (b)

Fig. 10. Chemical structures estimated from product ions of THC and CBG by using GC/MS
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Table 7. CBD contents of 5 commercial CBD containing products measured by HPLC and GC/FID.

Products No. HPLC GC/FID (n=3)
Content (mg/g) CV (%) Content (mg/g) CV (%)
1 989.3 04 1036.9 23
2 99 1.1 109 05
3 232 0.9 271 23
4 2.2 6.3 43 6.0
5 16.3 1.2 18.1 18

PiEic kY, CBDIZHN A T, THC, CBN & UFCBG
I22WwW T, HPLC, LC-QTOF/MS K O GC/MS THf
BT B e REE o7z
(4) Wb OERER

58 o BEHAT 122w, HPLC, LC-QTOF/MS
B OSGC/MS 2 & BB A FEM L 728 25, £l
FUT L= R ARY M VIR ST, SO
B EFEGFIZIECBD NS v F ¥ A FisE
HENTWRWIEDRHSPE Lo

5 ®WghlcgFEhs CBD DEERR

HPLC (% CBD 10-100 pg/mL, GC/FID i CBN 3.3-
53.3 nug/mL D #EIPHIZ B\ THER L THRE i &
PERC L7z, THC® CBD OftH & L TCBN TKIEY %
ZLiE, BBz EThh, B FAHBAEIL1.00T
H5HZ & [6] 205, GC/FID ORHEMIZIZ CBN % v
THHT L7z, CBD R ONCBN &6 5 & MR r = 099
D EDOWEEIES N ARERE T, #5h
DO CBDMEZ E&E L7, fidtid Table 7128 L7z, 35,
Nol DEEAER, FRNBEEMER P72 T/, B
fNo. 3122WT b FREIIH$ 5 CBD &4 =13 84-
98 WRETH -7z, —F, B No. 21220 TiE, %
EmARETFRO 10 mL Y720 ISEE L, #BEOFRR
#CBD 200 mg & L7224, 60 %LU TFTH o
72, SOEKE LT, BMEY CBD & mAFREIC
WL, YhahrollenEzoNn Vy T o) =4
IZoWCiX, CBDEAEENL R, HPLCIZBIT 5
v T o) — AOEIRE (CV%) 7763, GC/FID %6.0
THY), E52EHNKEDPo722 EHHPLC K UNGC/
FID DEEMEOTEEEE L2 EZbNL. Tk
WABEWIZOWTIE, #REICHT 5CBDEHEL
120-132 % &%), FREL D L CBDAE L EENT
WL HREM S - 72,

¥F & B
ARFFETIE, CBD BIHEL 7 5 0 THC O )7

RO > F e/ A4 FOGHTEIIOWTHE L7z 7
VAZNVRD) Fy FRIRO S DIE x5 7 — Vil

22

Uy S )=y ) — ViRt G AE, 1Tt
VHEPIEAFY Y /TR b= MY LI 24T) 2 &
T, CBD R U'THC ® BIF % [MUNEA 1§25 2 L 5T X
7=. % 72, HPLC, LC-QTOF/MS K F GC/MS o 3 &
HOGHTHERR 2 FINTD N ¥/ 4 FORERZ Et
L, ZROE W FFEETIZIZCBD & H S, 20
D3ODH v FE ) A4 FITEAHENTH RN LS
O E R o7z, SRIOBKEICE )RR ) *
v FBREOBE LS v FE A4 Rtk
MTEDS, SROTHEN R, £ mOHBEEBEO M
nEREL Ko SRlE, TROREEMRETL
TWLEDH 5.

HARIZ BT 2 RRIU gHE RS X 2z NB S,
WAEDEATT HILGRAE [9] 12 KAUE, FRk 26 4E LU
BEIMERIZH Y, PR 304E1: 3762 A Tah ) &% % 7L
FRL72 KREHEDSHEI L TV A RICITEE 0%
%2 B5NBH, FDO—2IZ ATHESOWEMAH 5
[10]. I TIE, KE DS L CIETHCHEA S 7z
ZyF—RXx 7, Faal— MEOKKAEND
ZLHEl->THBY), 428 — %y METHED AL
AFURETH L. 2O L9 B RERENZ XS 3
L, EREZRITREELZEZOND. 20 L)
BHEIIIET 5 212 b St b A B E» D9 >
T E A FFEEROGITEZ R L TV LEDSH 5
LRI, BN OTEEIRI A B F 2 7R 7 e
EETo T LED D 5.
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