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Abstract

Introduction and Objective: Cannabis (Cannabis sativa L.) has been used to treat several diseases since
ancient time. Tetrahydrocannabinol (THC) is the major psychoactive compound and the other non-psychoactive
ingredients are cannabidiol (CBD) and cannabinol (CBN). Cannabis has been used as an active ingredient of sev-
eral drugs and products in the markets. However, the appropriate analytical methods for quality control of those
compounds are still limited. This study aimed to develop analytical methods for quantification assessment of CBD,
CBN and THC in cannabis flower samples using the Ultra-High Performance Liquid Chromatography (UHPLC)
technique.

Methods: The study was divided into three steps: developing the UHPLC method for analyzing cannabidiol,
cannabinol and tetrahydrocannabinol in cannabis flowers, testing the validity of the analysis method, and analyzing
the quantity of cannabidiol, cannabinol and tetrahydrocannabinol in 12 cannabis flower samples.

Results: This method was validated by establishing the linearity for cannabidiol, cannabinol and tetrahy-
drocannabinol at the concentration range of 1.05-104.90, 1.00-99.60 and 1.00-99.90 ug/mL, respectively, with a
determination correlation coefficient (r) of 0.999. The % recovery was in the range of 98.99-100.39%. The limit
of detection of cannabidiol, cannabinol and tetrahydrocannabinol was 0.612, 0.872 and 0.320% w/w (calculated
on the dry weight as C. sativa flowers, ug/ug), respectively, while the limits of quantification were 2.041, 2.908,
and 1.066% w/w (calculated on the dry weight as C. sativa flowers, ug/ug), respectively.

Discussion: The method developed for analyzing cannabidiol, cannabinol and tetrahydrocannabinol in
raw cannabis flowers using UHPLC involves the extraction of dried cannabis flowers with ethanol as the solvent
through the reflux method. The validity test results for the analysis method all fell within acceptable limits. This
developed analysis method requires less time for analysis and involves a simple, convenient, and rapid preparation
of the mobile phase.

Conclusion and Recommendation: This recently developed method proves suitable for analyzing the
levels of cannabidiol, cannabinol and tetrahydrocannabinol in cannabis flowers. It enables the establishment of

accurate specifications for these compounds in cannabis flowers.

Key words: Cannabis sativa L., cannabidiol, cannabinol, tetrahydrocannabinol, Ultra-High Performance
Liquid
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Figure 2 Chemical structure of cannabidiol, cannabinol and tetrahydrocannabinol
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2.2.4 MSNAFLAAINAVRINIFIALTIUTN (limit of quantitation, LOQ)

AMUWENUTERNMIRS LOQ ’Q']ﬂﬂi’ﬁ/\]&l"l@ﬁj?% Motk

LOQ (ug/mL), Milszanms

10 X O/S

LOQ (ug/mL) X Y3snasfieies (mL) X TeaUIRna19 X 100

LOQ (%w/w), e1szannt

WRHNAIATAEs e TaRanTTym lneds
fMathetanantiye 0.5 NS dNAMILEMUEa
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6 o .:s' Y v
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InAPesiueLseannians LOD w&emadaavi
Usanomaundfona uanniinea wasieaii le-

Tosuaunnea 1 spiked sample 6 9

2.2.5 MINAFaLAANNAYINITIALBIUTaNa (limit of quantitation, LOQ)

MuneUsEaNsa9 LOQ 27N calibration curve ¢34
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1,000,000 X ¥AHNEIDEN (g)
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HaNIANE

1. MSNAVIITIAIZHUSHIALAUMTA
29a uAaumiivea nasmailalasuau
miiuealugeasnigym

1.1 nsAnsimaniazzasszuulasanly-
s

AeNNINEIAYM LN T IUYRLAWNDR-
o0a waunduoa waneai lalasuaunivea

upsanTaraeshatstarantym WA neidne

Lﬂ%‘aﬂmmﬂmmﬂmaammﬁammmqa WL
I¥anmzansszuulasnnnmffivsngaslums
wanEsuaunifona wawniuaa wazieni-
lalosuenniues (Table 1) lnedashuaasinme
\ADUALLL gradient program awiEafiem Wil
7 0.0 B w7 8.5 14 % A% B (28:72), wifif 8.5
A9 w177 8.6 1% % A:% B (5:95), wiifi 8.6 B w#l
#9514 % A% B (5:95), wfifi 9.5 fe Wit 12.1
14 % A% B (28:72) Wag WifiA 12.1 B9 widifi 15.0

1% % A:% B (28:72) (Table 2, Figure 3)

Table 1 Optimal chromatography conditions for separation of cannabidiol, cannabinol and tetrahydrocannabinol by

UHPLC system

Optimal conditions
Stationary phase

Column Temperature 40°C

Mobile phase

acid in acetonitrile
Flow rate 1.5 mL/min
Detection DAD 220 nm

Injection volume 5 uL

UHPLC column ARC-18; 4.6 X 150 mm, 2.7 um

Gradient: 0.1% ortho-phosphoric acid in deionized water and 0.1 % ortho-phosphoric
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Table 2 Gradient program

Time Flow 0.1% ortho—phosphoric acid 0.1% ortho—phosphoric
(min) (mL/min) in water (% A) acid in acetonitrile (% B)
Initial 1.5 28 72
8.5 1.5 28 72
8.6 1.5 5 95
9.5 1.5 5 95
12.1 1.5 28 72
15.0 1.5 28 72
o T L R i s o L O B
EE aE E @)
I ;
I gj CBN

LR O R S T T R O R O R O R

1 2606202 32CWES 1Ot &

©
g

” CBD

i E
: j\

CRCTE I BRI O R R R T R R R R A LR R R S R R R R Ol
Retenson!

(B)

Resporme mA]

Figure 3 Chromatograms of sample solution of Cannabis sativa L. flowers (A) and standard solution of cannabidiol,

cannabinol and tetrahydrocannabinol (B)

mMadnmeferasdivinazaralunisade 13.759 way 150.260 hulaan3n/fiadaes (2.796,
wudwdleshansaraefildanmsaiadonan  0.274 uay 2.992% w/w) MK F951nNI
ﬁ’aym@h&JLa‘mmaaLLazLamem’imezﬁ@%EJL@'%@& fanaTananyaLLENEY A Aa1Lviiy
Tessnlnnrilaasmadsussaurgs daathay 2 67.860, 11.962 way 73.552 (wlesnia/Aasans
1 wuhEsEadenentmditenuea 1 (1.352, 0.238 Uat 1.466% w/w) MaEL (Table
B3NN TR LI TUANNTRD08 LAT- 3)

Tuoa Lauee lalasuaunduos whiu 140,403,
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Table 3 The results showed cannabidiol, cannabinol and tetrahydrocannabinol contents in Cannabis sativa L.

flowers ethanol extracts and hexane extracts

Sample

The concentration of CBD, CBN

Substances contents (% w/w)

and THC are calculated from a linear

equation of Calibration curve (ug/mL)

CBD CBN
Ethanol extract 140.403 13.759
Hexane extracts 67.860 11.962

THC CBD CBN THC
150.250 2.796 0.274 2.992
73.552 1.352 0.238 1.466

ol AT SN DA -
Tfaoa wauwbuea uaswe alasuennives
lugamantiym 3aden demueadushvhezane
lumssringanantyn

1.2 msdnwszazaimanzalumssio

mMadnmszuznaimanzaslunsada
wuasaraneildanmsafinsnatstanan
ATy FefiadeAT e ulaunsanand

LOVNUDE LeITZELIA E lTa i LeNeITL

WarhsiensicneesaslasannnafNaeamad
FNIINULGI NUNIMIETIAMEITIEIR 30 Wil Ay
T Bmuaseundfions uaunduea Lasies
% a 2 1 (9 £

Hlalasuauwnduna tounmsaiaaiassey
187 60 WA 90 W FIULSILEITLAUIN-TA
008 Launduea wasead lalasuaumndnes
YDINETAILTZLLIA 60 Lag 90 WIT haLen

¢N9ni (Table 4)

Table 4 The results showed cannabidiol, cannabinol and tetrahydrocannabinol contents were extracted with ethanol

at 30, 60 and 90 minutes

Sample Vail The concentration of CBD, Substances contents

CBN and THC are calculated (% w/w)

from a linear equation of

Calibration curve (ug/mL)

CBD CBN THC CBD CBN THC

Ethanol extract (30 min) 1 64.608 3.479 70.142 1.287 0.069 1.397
Ethanol extract (30 min) 2 64.706 3.486 70.142 1.289 0.069 1.8397
Ethanol extract (60 min) 1 149.146 5.356 161.197 2.972 0.107 3.212
Ethanol extract (60 min) 2 149.417 5.378 161.588 2.978 0.107 3.220
Ethanol extract (90 min) 1 149.504 5.378 161.652 2.981 0.107 3.223
Ethanol extract (90 min) 2 149.455 5.380 161.918 2.980 0.107 3.228




JThai Trad Alt Med

Vol.22 No.3 Sep-Dec 2024 [685]

G NI TR AT LA LA US I wans
uenndfons ueuwniuea uauee lalasuaui-
a 1 (% =3 = £ [~ o
Tuealugarantym Jadenfomusaidudi
vhavang lumaatioas 1 dna lumsatia 60 wif

1.3 anNgmaanlunmsnsaiasswauwinesa
wanwdnea wazaes lalaswawudnea

mﬂmsﬁﬂmms@@ﬂﬁuLLaaé’amﬁLﬂa LG

paauindfona wanunduea Lavani lalas-

LaOuea WU Amax 2adasiaunifons
wasae balasiauindves Henwifiu 208 uay
274 WIMANAT 3% Amax Tadhauduas Hen
WD 220 waY 284 Wlaas wandiadaes
aﬁasamé”;aa'wﬁa@aﬂﬁzysmﬁaym‘%'aﬂmm—
InnAvasmaranssnuegs taald DAD 1w
LPRDIII9YR Aemnsemaan 220 wilmaes 1l

WUNIToUTLY0INAR9E38U (Figure 4)

I ' THC ©)

hned standerd COO-CON-TIC_{_J0067023| DAD Scan R=3.81 Mirwis 1
Ut stardard CHO-GBI-THG ) J6063023| DADY Scan RT=6.34 U

o388858838885

ol Rospareeln

- |

190 1 200 30 210 716 220 22 230 T 240 246 I 306 20 26 T T W0 26 W 70 M 305 N0 N6 0 Ts 3 206 240 6 0 2o M0 M6 I 36 20 e W0 2w 40
Wavelench

0

%
' CBD

s

g 1))

1, B0 DA Sean RT3 Al Sarore o
36082023 | DAD! Scan RTe8 30 Mrnden

]
cB¥E88B2888F

—— pils

) 3%

0 196 0 206 210 716 20 2 230 D6 200 245 20 2 60 26 0 T W0 2 T T N0 3% 30D 36 3 s 3 26 30 6 X0 s 20 36 7 I M W6 W0 2 40
Wavelengh

Figure 4 UV spectrum of cannabidiol, cannabinol and tetrahydrocannabinol (H) in mixed standard solution

of cannabidiol, cannabinol and tetrahydrocannabinol (G) compare with UV spectrum of cannabidiol,

cannabinol and tetrahydrocannabinol (J) in Cannabis sativa L. flowers sample solution (1)
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Figure 5 The UHPLC chromatograms of the Cannabis sativa L. flowers sample solution using different stationary
phases, where (K) represents the ARC-8 UHPLC column, and (L) represents the ARC-18 UHPLC column
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Figure 6 Chromatographic fingerprint of the Cannabis sativa L. flowers sample solution was obtained using

different mobile phases. (M) represents a mixture of water and acetonitrile, while (N) represents a

combination of 0.1% ortho-phosphoric acid in water and 0.1% ortho-phosphoric acid in acetonitrile
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Figure 7 Chromatographic fingerprint of standard solution of cannabidiol, cannabinol and tetrahydrocannabinol
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Calibration curve of cannabinol
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Figure 8 The calibration curve of cannabidiol, cannabinol and tetrahydrocannabinol standard intensity against peak

area under the curve (AUC) concentration range of 1.00-104.90 ug/mL
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ILOU a@sl% sample blank AN sample blank

NUIU6 %ﬂ LAIATIYN spiked sample LA 3
o Uslaze AeAATIH 2 A5a euAEL MTeRE
spiked sample WiRaMAENTU 50, 100, 150%
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eudey uazealalasuauniuas dwne  MFesareesmsfundurasssuawnifons
IevhuSensz 9.09, 1672 way 23.15 leenbhwiin - uessniues usziwei lalesiaunduoaat
NG T950LaY 98.99-99.87, 99.22-100.25 Liae 99.32-

NNMFIATILNE8EN spiked sample WU 100.39 §nNa1G1L (Table 5)

Table 5 Results of percentage recovery and repeatability

Analyzed Sample blank Spiked level n=6
substances (pg/mL) (% w/w) (%) (% w/w) % Recovery % RSD  HORRAT
Mean = S.D.
CBD 6.62 3.30 50 9.09 99.06 + 1.71 1.72 1.31
100 16.67 99.87 £+ 0.10 0.10 0.12
150 23.08 98.99+0.16 0.16 0.24
CBN 2.77 1.38 50 9.09 99.22 + 1.46 1.48 1.12
100 16.67 100.25 = 0.46 0.46 0.55
150 23.08 99.74 + 0.39 0.39 0.59
THC 6.68 3.33 50 9.09 99.89+1.16 1.16 0.88
100 16.72 99.32 £+ 0.78 0.79 0.93
150 23.15 100.39 + 0.82 0.81 1.23

%Recovery acceptance criteria according to AOAC Peer-verified methods program on policies and procedures, Arlington, VA,

USA (1998) is 95-105% and precision, assessed by HORRAT (< 2)

MNATOVANNINGY (precision) MINAFL intermediate precision, between-day
Repeatability :09erilSannaauau-  Aenzidsinamsuawnisons weuniues
fifona wawndnoa wasaed lalaswan- waseas balasuaniniinea ludag9tanan

Juaa lushathsdaeantym wuhdendoauu Ay wundedosuuwsnaspudains whiu
MO IUFANS (% RSD) WhiU0.42,051 16032 0.89, 0.55 Lay 0.33 MG (Table 6)

FNNA1AU (Table 6)

Table 6 Results of repeatability and intermediate precision between-day

Analyzed substances % RSD % RSD
of Repeatability of intermediate precision between-day

CBD 0.42 0.89

CBN 0.51 0.55

THC 0.32 0.33
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MINaFauANIINNAYBIN1TATIANY (limit
of detection, LOD) : WU LOD maamﬁmmgﬁ
wauwndfooa warnDues uasaad alasuan-
Duaawhiudeuas 0.612, 0.872 wag 0.320 lag
hrin enaidne

nMsnadavdaanarasnisiaidelsaim

(limit of quantitation, LOQ): WU LOQ 2849

Table 7 Results of the limit of quantitation (LOQ)

Analyzed Spiked sample LOQ
substances (pg/mL) (% w/w)
CBD 0.37 2.041
CBN 0.53 2.908
THC 0.19 1.066

MIeeinaundfens wauwdueaa wag
wad lalasuaumnduea wiriudouay 2.041,
2.908 ua 1.066 laemiwrin enuandy Toasien
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n=6
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Table 8 The results showed cannabidiol, cannabinol and tetrahydrocannabinol contents in dried Cannabis sativa

L. flowers sample by Ultra High Performance Liquid Chromatography technique

Sample Breed Sample The concentration of CBD, Substances contents
weight (g) CBN and THC are calculated (% w/w)
from a linear equation of
Calibration curve (ug/mL)
CBD CBN THC CBD CBN THC
1 RD1 (Tree 1) 0.5013 118.847 3.151 39.283 59.03 < LOQ 34.73
2 RD1 (Tree 2) 0.5006 50.331 3.732 162.249 25.14 < LOQ 40.51
3 ST1 (Tree 2) 0.5034 - 6.045 144.474 - 3.00 35.87
4 ST1 (Tree 3) 0.5032 - 7.224 111.810 - 3.59 27.77
5 ST1 (Tree 4) 0.5024 - 34.515 165.174 - 17.18 41.10
6 ST1 (Tree 5) 0.5045 - 13.456 143.200 - 6.67 35.48
7 TT1 (Tree ‘I) 0.5033 - 18.958 162.325 - 9.42 40.32
8 TT1 (Tree 2)  0.5019 - 5.532 151.639 - <lL0Q  37.77
9 TT1 (Tree 3) 0.5045 - 3.984 191.314 - < LOQ 47.40
10 TT1 (Tree 4) 0.5025 - 11.565 199.907 - 5.75 49.73
11 TT1 (Tree 5) 0.5035 - 11.321 147.553 - 5.62 36.63
12 WA1 0.5036 35.735 10.793 58.351 17.74 5.36 39.31
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