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Abstract

Introduction and Objective: Cannabis (Cannabis sativa L.) has been used for medicinal purposes since
ancient time. Tetrahydrocannabinol (THC) is the major psychoactive compound and the other non-psychoactive
ingredients are cannabidiol (CBD). Cannabis has been used as an active ingredient in various pharmaceutical and
health-related products. However, the appropriate analytical methods for quality control of active compounds in
cannabis extracts remain limited. This study aimed to develop and validate an Ultra High Performance Liquid
Chromatography (UHPLC) method for the quantification of cannabinoids in cannabis extract samples.

Methods: The study was divided into three steps: (1) developing the UHPLC method for analyzing
cannabidiol and tetrahydrocannabinol in cannabis extracts, (2) testing the validity of the analysis method, and
(3) analyzing the quantity of cannabidiol and tetrahydrocannabinol in 10 cannabis extract samples.

Results: This method was validated by establishing the linearity for cannabidiol and tetrahydrocannabinol
at the concentration range of 24.23-290.70 and 23.98-383.62 ug/mL, respectively, with a determination correlation
coefficient (r) of 0.999. The % recovery was in the range of 98.99-100.47%. The limit of detection of cannabidiol
and tetrahydrocannabinol was 1.015 and 2.135% w/w (calculated on the weight as C. sativa extracts, ug/ug),
respectively, while the limit of quantification were 3.382 and 7.118% w/w (calculated on the weight as C. sativa
extracts, ug/ug), respectively.

Discussion: The method developed for analyzing cannabidiol and tetrahydrocannabinol in cannabis extracts
using UHPLC. The validity test result 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 routine quantitative
analysis of cannabidiol and tetrahydrocannabinol in cannabis extracts. It can support the establishment of quality

specifications for cannabis extracts.

Key words: Cannabis sativa L., Cannabidiol, Tetrahydrocannabinol, Ultra High Performance Liquid

Chromatography
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Figure 1 Cannabis sativa L. extracts
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Figure 2 Chemical structure of cannabidiol and tetrahydrocannabinol
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W77 8.5 1% %A %B (28:72), W71 8.5 A3 WiPINl  (28:72)

8.6 14 %A:%B (5:95), W71 8.6 D9 WA 9.5 14 (28:72) (

%A-%B (5:95), WITI7 9.5 019 7T 12.1 1% %A %B

1By W7 12.1 89 W79 16.0 15 %A %B

Table 2, Figure 3)

Table 1 Optimal Chromatography Conditions for Separation of Cannabidiol and Tetrahydrocannabinol by UHPLC system

Chromatographic parameter

Optimal conditions

Stationary phase

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

Column Temperature

o
40 C

Mobile phase Gradient: 0.1 % ortho-phosphoric acid in deionized water
and 0.1% ortho-phosphoric acid in acetonitrile

Flow rate 1.5 mL/min

Detection DAD 220 nm

Injection volume 5 uL

Table 2 Gradient program for UHPLC analysis
Time (min) Flow (mL/min) 0.1% Ortho—phosphoric acid in water 0.1% Ortho—phosphoric acid
(% A) 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

20220620_Standard_CBD+THC_2_tiger | DAD1A Sig=220.0,4.0 Ref=360.0,100.0| 20220620_Standard_CBO+THC_2_tiger20220620 082112
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g
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i
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Figure 3 Chromatograms of standard solution of Cannabidiol and Tetrahydrocannabinol (A) and sample solution

of Cannabis sativa L. extracts (B)
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Figure 4 UV spectrum of Cannabidiol and Tetrahydrocannabinol
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Figure 5 Chromatographic fingerprint of the Cannabis sativa L. extracts sample solution using stationary phases,

the ARC-18 UHPLC column and mobile phases, 0.1% Ortho-phosphoric acid in water and 0.1%

Ortho-phosphoric acid in Acetonitrile
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Figure 6 Chromatographic fingerprint of standard solution of Cannabidiol and Tetrahydrocannabinol, mixed

standard solution of Cannabidiol and Tetrahydrocannabinol.

2.2 manedauaMaiiuiuasiuazdaems I uEUaTIIUT 9 NE NT W 24.23-290.70
AN lalrsnSa/Aadans lnefendnsseavisandamss
NNNTBNAITTIMIERINe NN uIes (1) vy 0.9998 uazansIesTIwaai lalas
aﬁas:mammgml,l,agﬁuﬁsléiﬁ@ wuneNERi  weundusafdnwuewduasslugasanu
gasesazmsnas e dfoes uasian  diudin 23.98-383 62 lulesnSu/daddes loaden
lalasurundueatuiuildReddnumedy  SulssAvanduiug (r) Wi 0.9995 (Figure 7)
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Figure 7 The calibration curve of Cannabidiol and Tetrahydrocannabinol standard intensity against peak area

under the curve (AUC) concentration range of 24.00-400.00 ug/mL
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2.3 NMSNAFAUSDYATUDINITABNALLAL
o
AN
Walinasasmemsanasuiaunicoas
waznaviani lalasiauiniues Annududu
Se6iueha ) Tugaams ks 3 926U adlu sample
blank 3.AT1¥3# sample blank 31U 6 91 ey
AL spiked sample TERUAE 3 91 woiazd

SANATILH 2 @59 NASU MT@TLN spiked

blank 3150w GITUSDEAE 9.09, 16.67
wae 23.08 Taenimrin sadndy uaninailalas
wannTuaa Mwnldivhiuseas 9.09, 16.72
wae 23.15 Toenisin ensdnéi
NNMIATIENFIDENI spiked sample WU
SouarradnshunadurasaseauuIdfeaa
wazuaziaai lalasianwines ogluga

Soeay 98.99-100.47 Ly 99.26-100.36 MNA1GL

sample RN 50, 100, 160 % @nMdindts  (Table 3)
aa 4 .
WDILLAWILUABDN Y1 spiked a\‘]vL‘]JeL% sample
Table 3 Results of percentage recovery and repeatability
Analyzed Sample blank Spiked level n=6
Substances (ug/mL.) (% w/w) (%) (% w/w) % recovery % RSD | HORRAT
Mean = SD
50 9.09 98.99 + 1.53 1.55 1.90
CBD 58.51 7.69 100 16.67 100.47 £ 0.33 0.33 1.52
150 23.08 99.30 £ 0.63 0.63 1.12
50 9.09 100.36 + 1.56 1.55 1.89
THC 47.66 9.51 100 16.67 99.26 + 1.23 1.24 1.87
150 23.08 100.07 £ 0.59 0.59 1.09

ﬂ'l’iﬂﬂﬁﬂﬂﬂ’nmﬁtla (precision)

Repeatability S sanaansuennifons
wazead lalasuaundnealusnatsasaria
ey WU & ELLWNAITIUENANS (% RSD)

WAL 0.10 ag 0.13 eNAGL (Table 4)

NINAFY Intermediate precision between-
day AR USamasuauudfona way
wers lalasuauwnduea udhaehsssariatymn
Wudwﬁ@hlﬁ'mL‘]_lummgmé'mﬁwﬁ WAy 0.14

Lag 0.19 ¢NAGL (Table 4)

Table 4 Results of repeatability and intermediate precision between-day

Analyzed substances % RSD % RSD
of Repeatability of intermediate predision
between—day
CBD 0.10 0.14
THC 0.13 0.19
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NMSNAFUAAINNAVINITASIANY (Limit
of detection, L.OD) : WU LOD maamﬁmmmﬁ
uaunfens tasead lalasuaunvas whi

Xoeay 1.015 way 2.135 laenhmsin ensaeiu Tae

Table 5 Results of the limit of detection (LOD)

Analyzed Spilied sample LOD

Substances (ug/mL.) (% w/w)

CRD 5.17 1.015

ﬁ@h%faaaza’amﬁmmummﬁgmﬁmﬁw%wﬁﬁu
1.00 LAE 1.24 NNAIPU LATSDEALIDINTAUNSL
o¢/lugasdoeay 97.88-100.61 waz 97.27-100.65

fNNA1GL (Table 5)

n=6

% recovery % recovery % RSD

Mean = SD

100.61

99.24

98.10

99.00 + 0.99 1.00
98.80

97.88

99.37

THC 101.89 2.135

98.30

100.65

99.03

98.89 £ 1.23 1.2 d4

98.22

99.87

97.27

NMsnagaudaanaraInisiatdedsuim
(Limit of quantitation, LOQ) : WU LOQ 2849
mMPenziewndfons wauae lalasuaun

fivoa whiiuSouay 3.382 uaz 7.118 laeinwsin

anaey loadenfouardrudasuusnasgu
MBI 1.71 Uas 1.89 NNAISU UarSoeas
sasmsaundueg/luraeiaeay 98.28-102 68 uax

97.31-102.53 eNNA1GU (Table 6)
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Table 6 Results of the limit of quantitation (LOQ)

Analyzed Spiked sample LOQ n=6

Substances (ug/mL.) (% w/w) % recovery % recovery % RSD
Mean + SD

99.58
102.68
98.28
CRD 17.25 3.382 100.11 £1.71 1.71
99.54
98.86

101.72

98.27
97.31

THC 36.30 7.118 100.86 99.52 + 1.88 1.89
98.98
102.53

99.15

mseneilBnameuuifens wazeei Lmumﬁ@aaa;j{iﬁq@whﬁu 347.788 lalesna/
lalasuanmiuaalussafiofgan finaaes (Souax 68.194 Inenimiin) uasli B

namsItenziTinaeunifons uas mm%ﬂaimmumﬁuaaqaﬁqwwhﬁ’u 307.766
wolalesununivealusnetessaraiymn  llasniw/faddes Gouas 60.346 In L)
Fnnu10dhethswuhesanatyniugasune  (Table 7)

AULeda1sA1 (RD1), RD1/1 lHUSuwans

Table 7 The results showed cannabidiol and tetrahydrocannabinol contents in Cannabis sativa L. extracts sample

by Ultra High Performance Liquid Chromatography technique

The concentration of CBD and THC are Substance contents
Sample | Cannabis sotiva L.| Sample weight calculated from a linear equation of (% w/w)
extracts (g) Calibration curve (ug/mL.)
CBD THC CBD THC

1 RD1/1 0.0510 347.788 307.766 68.194 60.346
2 RD1/2 0.0509 211.236 187.569 41.500 36.850
3 RD1/3 0.0512 137.557 95.049 26.867 18.564
4 RD1/4 0.0512 211.065 204.078 41.224 39.859
5 RD1/5 0.0514 222.131 207.553 43.216 40.380
6 RD1/6 0.0508 235.014 160.662 46.263 31.626
7 RD1/7 0.0511 177.655 88.559 34.766 17.330
8 RD1/8 0.0537 166.254 126.722 27.235 23.598
9 RD1/9 0.0522 137.351 102.416 26.312 19.620
10 RD1/10 0.515 186.359 190.653 36.186 37.020
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(Table 8)

Table 8 The results showed concentration of Cannabidiol and Tetrahydrocannabinol in Cannabis sativa L. extracts

sample by Ultra High Performance Liquid

Chromatography technique The concentration of CBD and THC are

Cannabis sativa L. Peak area of CBD and THC calculated from a linear equation of
extracts Calibration curve (ug/mL)
Conc. 216 ug/mL CBD THC CBD THC

1 2820.211 2788.231 220.68 211.53

2 2822.314 2782.415 220.84 211.07

3 2818.524 2788.584 220.54 211.56

4 2819.222 2796.229 220.60 212.15

5 2811.347 2789.221 219.98 211.61

6 2813.898 2785.898 220.18 211.35
Average 220.47 211.54

SD 0.32 0.36

% RSD 0.15 0.17
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