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Abstract

Introduction and Objectives: Thailand’s cannabis policy, which permits the medical use of cannabis, has
led to increased production and research of cannabis-derived products. Ensuring the quality control of cannabis
extracts and products to meet safety standards and legal requirements necessitates the use of a standard substance,
delta-9-tetrahydrocannabinol (delta-9-THC), for comparative analysis in quantifying active compounds. The Bureau
of Drug and Narcotic, Department of Medical Sciences, has undertaken the production of delta-9-THC reference
standard to support national policy and reduce the ongoing reliance on imported reference standards.

Methods: Delta-9-THC was extracted and isolated from the inflorescence of cannabis using supercritical
fluid extraction (SFE) with a suitable ratio of carbon dioxide to ethanol. The resulting extract was further puri-
fied using supercritical fluid chromatography (SFC) to obtaining delta-9-THC. The identity of the compound was
confirmed through IR spectroscopy, mass spectrometry, and 'H-NMR spectroscopy, and purity was analyzed using
high-performance liquid chromatography (HPLC) prior to its establishing as a Department of Medical Sciences
reference standard.

Results: The application of SFE with a carbon dioxide to ethanol ratio of 95:5 suitably produced a cannabi-
noids-rich extract. Subsequent purification of cannabinoids-rich extract via SFC achieved delta-9-THC with 99.4%
purity, calculated on the as is basis, obtaining a yield of 0.6%. The produced delta-9-THC reference substance,
formulated in methanol solution, adhered to ISO 17034:2016 standards for reference material production. Stability
assessments indicated that the substance maintained its integrity when stored at 2-8°Covera three-year period.
The homogeneity studies demonstrating uniformity throughout production batch. The certified concentration with
associated uncertainty of the standard was determined to be 0.9303 + 0.0792 mg/mL.

Discussion: The use of SFE and SFC under developed conditions enabled the selective isolation of delta-
9-THC from other cannabinoids, achieving > 99% purity. This method presents minimal environmental and health
impacts compared to traditional organic solvents.

Conclusion and Recommendations: The produced standard substance can be utilized for analyzing delta-
9-THC amounts in cannabis plants, extracts, and products, ensuring the quality of domestically produced medical
cannabis products. Furthermore, it serves as a resource for research, efficacy testing, toxicity assessment, and the

determination of active ingredient dosages in future medical applications..
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oxide kA ethanol Wudhvhasausin ludadin
WavaMITRmsNEaENYMIaRe v lRldaneatia
cannabinoids-rich extract ﬁﬁmi delta-9-THC
VRanmigefisnadeuin o Tulssnauder amiu
Sehansared taanuenlile delta-o-THC 7%
eaLAgNTgIudtieas SFCT ddldndnn
WANEITHUAD AN WA ATUAT HPLC welld
NENMTFITALAILFIN MM THENE T T UH
fuwmeadia SFE laeldme carbon dioxide 1y
acetonitrile L% isopropanol ﬂwwl}aqquﬁ
LLasmmé’ﬂuaﬂmiﬂqm?Jam@ MHIDLEN
HINAN a%ﬁ@slu cannabinoids-rich extract ﬁ

a A (=) g: v A £ £ 2
NQMGNU@]@’HJ\I"LNN‘?J’DSLT]G LG Hdﬂ%aaﬂ’ﬂﬁﬂﬂ%\l@]

=3 % a A = tg
& auleens delta-9-THC fiflannsSqrdgouay
FuSannannwafiasihaiduwienaudmiunms

ANENTINETIN L
I Al
ITIIVIDANEN

-4

1. 3dq

Rodhothafildlumsenem dun gamnan
”r:ym (herbarium specimen no. DMSC 5268)
CRRCSV PRI RHRK mimmgmuazmimﬁﬁ
14 1w §13019337% Delta-9-THC solution
(Lipomed AG reference standard, Switzer-
land) lot 135.1B78.0L.2 @NNENTU (certified
concentration) 1.0250 mg/mL, 133OI 1%
CBD, (DMSc reference standard) control No.
02A64217 mmu’%qw%%aaaz 99.38 i
FNWUNG (as is basis), FIN9IF1M cannabinol
solution (CBN), (Supelco reference standard,
USA) lot FE05052008 ANANUNTU (certified
concentration) 1.000 mg/mL, NN tetra-
hydrocannabinolic acid (THCA), (Lipomed AG
reference standard, Switzerland) lot 741.1B0.13
mmu%ﬁjm%%aaas 97.946 oFmuamamnung
(as is basis), acetonitrile HPLC grade (Fisher
Chemicals, USA), methanol HPLC grade
(Fisher Chemicals, USA), ethanol HPLC grade
(Honeywell, USA), isopropanol HPLC grade
(Honeywell, USA), formic acid AR grade (Carlo
ERBA Reagents, UK) , carbon dioxide: dip tube

(food grade) Lag water type 1
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delta-9-THC 1%@@534‘1/1 Ascentis Express
(Sigma-Aldrich, USA) C18 211 3.0 X 150
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ANTRLALFIN 0.1% formic acid I (A)
0.1% formic acid GL% acetonitrile (B) 1%5@1??65’3%
Badin 50-50 waztsranlif 5:95 lnan 8 wifl
Sammsiva 1.0 Aadanssiowmd gumylaads
50°C AHENIAAL 210 1l U5aNamsan
10 lulasfas wuans delta-9-THC lushoehs a1n
Shwhanadndluieias SFE lagvmasnaseu
Samdnvessvara T INAmITaNE Ty
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[Figure 1(a)] \1691/@%?11‘567:7@ cannabinoids-rich
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(Table 1)
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Table 1 SFE optimal condition for Cannabis sativa L. extraction

SFE condition

Flow rate (ml/min) 100

Run time (min) 45

Vessel condition: temp/pressure (°C/bar)

Extraction vessel 55/240

Collection vessel 1 557120

Collection vessel 2 50/90

Extraction ratio (CO, : ethanol) 98:2 95:5 90:10

Cannabinoids extraction appearance no extraction dark brown liquid-liked
collected viscous extraction  extraction

% vyield of cannabinoids extraction N/A 6.7 N/A

% of delta-9-THC and THCA in cannabinoids-rich extract N/A 62.1 and 36.0 N/A

% of delta-9-THC and THCA in cannabinoids-rich N/A 82.2 and 2.5 N/A

extract after heated (delta-9-THC-rich extract)

Li@3d@1387@ cannabinoids-rich extract
1A me9AdneAs HPLC-RSC fuwinslaes area

normalization h$1/5310s delta-9-THC 3aeia 62.1

uay THCA 3atiay 36.0 1A leLNIHT0IanIane

L. . . { o Fi 1 C binoids-rich extract fi SFE extracti
cannabinoids-rich extract [Figure 2(a)] waziiinih igure 1 (a) Cannabinoids--rich extract from extraction

. P NS (b) Delta-9-THC from SFC isolation, > 99% purity
§138N® cannabinoids-rich extract fﬁlﬂaw 120 C
unan 45 w7 wuhens THCA Tusseriowden  Zoway 82.2 uay THCA Sauay 2.5 (fn36iia delta-

s delta-9-THC SomeiletSans delta-9-THC ~ 9-THC-rich extract) [Figure 2(b)]

000 100 200 300 400 500 600 700 800 900 1000 1100 1200

(@) Cannabinoid;':;ich extract

-4971

(b) Delta-9-THC-rich extract

Figure 2 HPLC chromatogram of cannabinoids-rich extract from SFE extraction, CO2 : ethanol (95:5)



JThai Trad Alt Med

Vol.22 No.3 Sep-Dec 2024 [665]

1Nd138N@ delta-9-THC-rich extract d1
weneiolilel delta-9-THC 15qw3 Hie30s SFC
Tnemasausfinunssnynaraafivisnsauisn
carbon dioxide WUANFIVNAEAILIINTENIN
carbon dioxide MU ethanol, isopropanol g
methanol VLSJm;\IﬁDLLHﬂﬁﬁ delta-9-THC aan
mﬂﬁﬁﬁlu G]VL@gT [Figure 3(a)] LﬁaLﬁN acetonitrile

WWudhvharanesiniy isopropanol dasais 1:1

NUNFNIINLENET delta-9-THC aananas
Bu o leathetoian [Figure 3(b)] 39vhnmsda
fIara18aad delta-9-THC-rich extract UFannh
msdnnseay 30 lalasans fvue liasaolfiu
FTANIEAA delta-9-THC a9 lbmeusiuaeng
Foifins MUaB LRI NEmMINEENYRIAIas SFC

Anesauld (Table 2)

THC

C€O: : Ethanol ‘l
; |
H "
i | |

cor|
| A A N1l A e ASNA
THC CBN

CO:: IPA caon

-
" o [ (l,‘ \I 7\I“,J-hr‘.ﬁ_h_\_,\‘m_,_,_\ -
THC
; CO: : Methanol
- cen
i cBD
(a)
o THe (BN
§ e
!;
A

Figure 3 (a) SFC chromatogram of cannabinoids-rich extract with various co-solvent

(b) SFC chromatogram of cannabinoids-rich extract with acetonitrile: isopropanol (1:1) and carbon

dioxide as co-solvent
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Table 2 SFC condition for delta-9-THC isolation

SFC condition

Column

Mobile phase (gradient)

Torus™ 2-PIC OBD 5, 10 X 250 mm., 5 ym.
(A) €O, : (B) acetonitrile : isopropyl alcohol = 1:1

Time (min) A (%) B (%)

0.0 96.5 3.5
13.0 95.3 4.7
19.0 75.0 25.0
21.0 75.0 25.0
23.0 96.5 3.5
25.0 96.5 3.5

Flow rate 14.0 ml/min

Column temperature 50°C

Detection uv 225 nm

Injection volume 30 ul

Run time 25 min

BHIHU-SWINAN 2567

lumauen delta-9-THC 217 delta-9-THC-
rich extract 15anas 20 N3 gheieaas SFC léans
delta-9-THC #efidnwaiuaasmarduniiod
ﬁmwaammﬁm (yellowish brown paste) [Figure
1(0)] 15304 1.5 N33 feufudosas 7.5 vasthnmiin
9810 delta-9-THC-rich extract Waziilothan
FATLAMUSINDL delta-9-THC ¢7e3% HPLC-
RSC 1gufUaIaNesg 1 delta-9-THC WU
ﬁmmu%qw%mﬂﬂ’jﬁaﬁag 99 @3IIDNANEDE

£ dl ¥ v
13 delta-9-THC ensii3gndgefinenidions IR

spectroscopy nud IR spectrum Viaa@@é'm
ﬁuaﬁmmﬁgm delta-9-THC (Figure 4) LLaSLi"a
JTeilaeAs UPLC-QDa-RSC Wui1 UPLC
chromatogram %843 delta-9-THC & retention
time WMWY 2.538 W17 UV spectrum haad@n
MIQANAUAAULEIFIFR (Ao, 7 209.8 wilu
LNGIT LAY mass spectrum LC-MS(ESI)(+) e
[M+H]* m/z whifu 3151 (Figure 5) #980nnaas

UGN delta-9-THC
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Figure 4 IR spectrum of standard delta-9-THC and high purity delta-9-THC, isolated from SFC
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Figure 5 UV spectrum, mass spectrum and UPLC chromatogram of high purity delta-9-THC, isolated from SFC
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6.08 (1H, s, H-3), 3.15 (1H, d, H-1), 2.40 (2H, t,
H-1"),2.13 (2H, brs, H-4, H-5), 1.92 (1H, m, H-6),
1.64 (3H, s, H-(3-Me)), 1.55 (2H, m, H- 29), 1.44

(3H, m, H-(8-Me)), 1.32 (4H, m, H-3", H-4"), 1.04
(3H, s, H-(9-Me)), 1.90 (3H, m, H-5"). (Figure 6)
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Figure 6 '"H-NMR spectrum of high purity delta-9-THC, isolated from SFC
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Figure 7 Delta-9-THC
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Figure 8 HPLC chromatogram of delta-9-THC in standard solution and DMSc solution
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Figure 9 Stability testing data of delta-9-THC DMSc solution
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