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Cannabinoids

Cannabinoid: C21 or C22 terpene phenolic skeleton

Endocannabinoids Phytocannabinoids Synth.etl?
Cannabinoids
 Brain-derived * Plant-derived, naturally e Chemically synthesized

occurred .‘
\\ Semi-Synthetic Cannabinoids ‘

8/ ¢ Plant-derived cannabinoids —\
followed by chemical

modification
e.g. HCO
.
e.g. Anandamide, 2- e.g. A9-THC, A8-THC, CBD, e.g. JWH-018, JWH-024,
arachidonoylglycerol CBG, CBN K2, AB-FUBINACA....
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Statement of the Problem

Challenge: Numerous hemp derivatives
semi-synthetic cannabinoids remain
underexplored in scientific research

. Past | Controlled Substances Act

Cannabis sativa
(Marijuana and Hemp)-> lllegal

THC-O Acetate (THCO)

Q  A8-THCO 0 A9-THCO

o

| 2018 | | 2018 farm bill (P.L. 115-334)

Hemp- Legal in U.S.
Marijuana-> Schedule | CS

A case of panic attack developing after THC-O acetate
%mﬁlﬁce «] inhalation using an e-cigarette device

BOARD

STATE OF NEVADA

wuc Norio Sugawara® | Norio Yasui-Furukori® | Kazutaka Shimoda

ws / COC Heal

;  CDC Health Advisory: Increases in Availability of Cannabis r
Products Containing Delta- CANNABS
Adverse Events & COMPLIANCE Moet the CCB  Nevada Cannabis Program  Laws & Regulations Industry Guidance Consumers

I Now Rapid growth of market

JUGE! U1 1EgIuTial PUISUIT GUNUTUN UETIET @ 1=0UU=££L= 1444 UL D11 UI SEER 11IRUIal auet iuun i

ind report the ingredients of ingested products to healthcare providers. Consumers are also

Hemp or CBD derivatives semi-synthetic
cannabinoids lead to public health concerns

events to MedWatch

that the cannabis marketplace continues to evolve. Other cannabis-derived products of
ed recently, such as those containing delta-10 THC and THCEO/ac8tate. More researcl his
alth effects of products containing these compounds




THC-O-Acetate

» Semi-synthetic cannabinoid First reported in 1942 (Wollner et al)

The acetylation of THC * Greater lipophilicity=>2x potency of THC

* Semi-synthetic cannabinoid from hemp
extract ‘ ~ CBD cyclization THCacetyIation THCO
* Increasing in popularity
o Brief Report
s s ,;, - A Content Analysis of Social
i S Media Discussions on THC-O-
KAcetate
AE-THC,THC-O Acetates and CBD-di-O Acetate: Emerging Daniel J. Kruger!, Amila Karahmet??, a
Synthetic Cannabinoids Found in Commercially Sold Plant Sydney M. Kaplan®?, John Redfield*?, Taylor Stacy®?,
Material and Gummy Edibles Vitush Agarwal®®, Mutaz Fagqouseh®, Carlton CB Bone*
o et P’ R Sy T o e
ey i Ressarch Oppo Program, U of Michigan, Ann Arbor, MI
of , Portland State 1 y, Portland, OR
[ J

No known information regarding:

* Metabolism

] Delta-8 THCO and Delta-9 THCO
* Pharmacodynamics Classified as Schedule | Drugs: This
e Stability Week in Cannabis Investing

Delta-8 THCO and Delta-9 THCO, are synthetically derived from hemp,
and, therefore, are not considered hemp.

A9-THCO

12
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Commercial THCO Hemp

Abundance

i Tt iy :
----------
'''''''

\

'''''''''''''

Commercially available THCO Hemp (Before THCO was schedule |)

CBD
2000000 GC-MS (TIC) )
1800000, Commercial THCO Hemp Most of the commercial
16000001 THCO hemp has A8-THCO
14000001
1200000]
1000000 A8-THCO
800000
600000 f 8.100
4000001 STD
200000 \\ MTHC  cpg
3.00 400 500 600 7.00 ' 9.00 1000 11.00
Retention Time (min)
8.101
42000 8.459
38000 A8-THCO 45000 A9-THCO
40000
34000 Standard 25000 Standard
g 30000
S 26000 % 30000
g 22000 2 25000
< 18000 § 20000
14000 15000
10000 10000
60000 50000
20000 ‘ i L . . . : . L . .
6.00 7.00 800 9.00 10.00 6.00 7.00 8.00 9.00 10.00

Retention Time (min)

Retention Time (min)



Drug Metabolism

THC (A8- and A9-THC) _ THCO (A8- and A9-THCO)

LI-OH-THC
CYPs 7-OH-THC 4'_OH_TH c P, ?
1’-OH-THC el . *
H >-OH-THC Many others .

: Investigate the metabolism pathway of A8-THCO and A9-THCO

— |n vivo

_ — Human Liver Models | = Human Liver Microsome (HLMs)
Metabolism K Com.prel';(.efr]:.swle, Phase | Enzymes« cytochrome P450s (CYPs)
- expensive, difficult -
Studies P Phase Il Enzymes carboxylesterases, epoxide

— Invitro — Human Plasma hydrolase, UDP glucuronyl
Esterase
- Controlled, transferase, etc.

— .... Many others
inexpensive, easy,
lacks endogenous
factors

proteases, lipases, and esterases



Experimental Design

Investigate of the metabolism pathway of A8-THCO and A9-THCO with LC-QTOF-MS

- Compound optimization

Method development Source optimization
and optimization

LC optimization

A8-THCO & A9- = Sample prep optimization
THCO Metabolism

Human liver .I Cytochromes P450 (CYPs)
1 microsome (HLM)

Metabolism
studies ==

Potential metabolites
screening

S Carboxylesterase (CES)

Human plasma
pool




A8-THCO 0.2 min 1.3 min __1min
50% B (6.5 min) —>57% B—> 98% B (1 min)—> 50% B Parameters Optimized Conditions

x10° A8-THC Column Poroshell 120 EC-C18
6 11-OH-A8-THC Mobile A/B H,0+0.1%FA/ACN+0.1%FA
j A8-THC-COOH AS-THCO Injection/ESI SuL/positive
31 Drying Gas 350 °C, 13 L/min
2] Sheath Gas 200 °C, 12 L/mi
; Nebulizer 20 psi
5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 Cap/Noz V 4500/2000 V

Counts vs. Acquisition Time (min)

Ag'TH CO . .0.5min . 11.5min . 11 min . . -
50% B (1 min)—>55% B (3 min)—>95% B (4 min)—50% B RZIEINEE0 Optimized Conditions

N AS-THC Column Poroshell 120 EC-C18
e Mobile A/B H,0+0.1%FA/ACN+0.1%FA
L& Injection/ESI  5pL/positive
] -gf A9-THC-COOH A9-THCO , ) _
Se 11-OH-AS-THC Drying Gas 350 °C, 13 L/min
051 A Sheath Gas 200 °C, 12 L/mi
O'S L., K Nebulizer 20 psi
é ?;.5 4 4.5 5 5.5 6 6.5 7 f.5 8 5.5 9 Cap/Noz V 4500/2000 V

Counts vs. Acquisition Time (min)




Sample Preparation Optimization

> Initial procedure

THCO abundance (n=6)

THCO in glass conical tube

2.0
1 Air-dry 1.8
1.6
Reconcentrate with 14
phosphate buffer (pH7.4) L 12 Surface
a 1.0
“ 08 absorption test
— : 0.6
Transfer to 1.5 pL plastic tube 0.4
¥ 0.2
\ 4 00
Enzyme addition and Incubation Non-transfer Transfer

A 4

1:1 mix with Stop Solution \
| Centrifuge

T dil e : . Stop Solution:

1:5 dilution with Mobile A/B ce cold A9-THCO-d9 (5uM )

v in mobile phase B (ACN)
LC/Q-TOF/MS

10




Surface Absorption Test

50uM THCO in phosphate buffer (pH7.4)

- }

Glass Eppendorf Invitrogen Kimble
n=3 n=3 n=3 n=3
37°C, 250 rpm

Collect sample at|TO, T30, T60, T120

1:1 mix with Stop Solution

{ Centrifuge
1:5 dilution with Mobile A/B

LC/Q-TOF/MS

All incubations to be done in glass tube

RPAto TO

RPAto TO

120% :
1009 \$\ ? I
| -4 -e-Borosilicate
809 | (Glass)
i % ! ! Polypropylene
60% 1 | (Eppendorf)
J $ T Polypropylene
40% L T (Invitrogen)
- Polypropylene
20% (Kimble)
0%
30 60 120 240
Time (Min)
" A9-THCO
140% T £
120% -8—Borosilicate
I
100% — M (Glass)

. > I Polypropylene
80% . | (Eppendorf)
60% : Polypropylene
40% I(Dlnlvltroger:)

olypropylene
20% (Kimble)

0%

30 60 120 240
Time (Min) H



Experimental Design

Investigate of the metabolism pathway of A8-THCO and A9-THCO with LC-QTOF-MS

- Compound optimization v

Method development Source optimization v
g —
and optimization
- LC optimization \/
A8-THCO & A9- | _ ~  Sample prep optimization | V'~

THCO Metabolism

Human liver P Cytochromes P450 (CYPs)
1 microsome (HLM)

Metabolism
studies < Potential metabolites

screening

— Carboxylesterase (CES)
Human plasma

pool
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THCO Metabolites Screening: HLM

> A8-THCO+HLM (n=3) e > A9-THCO+HLM (n=3)
x10% - x105
1 4] TO A TO A9-THCO
1.27 1
1.00
0.8
0.6
0.4
0.2
07 T T T T T T T T T T
65 7 75 8 85 9 95 10 105 o 3 3¢ 4 45 5 55 6 65 7 75 8 85 9
104 104
Xz_{ M1 A8-THC 6 T120
2.0] 5]
16 4]
1.2 M2 3 M2
0.8 11-OH-A8-THC | 2] 11-OH-A9-THC A9 THC A9-THCO
0.4 M3 M6 AM‘L e L K A.
0 ‘ ‘ ‘ ‘ ‘ ‘ A ‘ ‘ ‘ ‘ — 0= ‘ — e — ‘ ‘
4 45 5 55 6 65 7 75 8 85 9 95 10 105 3 35 4 45 5 55 85 9
Counts vs. Acquisition Time (min) Counts vs. Acqwsmon T|me (mm)
Accurate Mass [M+H]* Molecular Formula Mass Error Identification
M1 315.2324 C,,H3005 Within £ 5ppm THC
M2 331.2273 C,,H,50, Within £ 5ppm 11-OH-THC
M3, M5 331.2268 C,1H300; Within £ 5ppm THC+O

M4, M6 313.2165 C,,H,50; Within + 5ppm THC-2H 13



THCO Metabolites Screening: Plasma

» 0A8-THCO+Human Plasma (n=3) » A9-THCO+Human Plasma (n=3)
x10% x10°
A8-THCO A9-THCO
1.01
67 T0 ISTD 0.9 10
57 0.8
0.7
4 0.6 ISTD
3 0.5]
0.4
2 0.3
1 0.2]
) 0.1
0 L T e I e e
5. 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 6 6.5 7 7.5 8 8.5 9 9.5 10
x10% . M1
. T120 STD 1% A9-THC
. A8-THCO j A9-THCO
4: 6
3 S
] 4
2] 3 ISTD
: : -
0 . ‘ ‘ ‘ ‘ — = 0 — ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
55 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 4 4.5 5 55 6 6.5 7 7.5 8 8.5 9 9.5 10
Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)
Number Accurate Mass [M+H]*  Molecular Formula Mass Error Identification
M1 331.2273 C,,H;3,04 Within £ S5ppm THC

14



THCO Metabolites Screening Summary

» In vitro incubation with human plasma pool

A8-THCO: A8-THC formation Attributed to the esterase within human plasma
A9-THCO: A9-THC formation (BChE, PON1, albumin esterase, and AChE).

» THCO - THC in HLM
In HLM:|cytochrome P450s,

flavin monooxygenases, carboxylesterases, epoxide hydrolase...etc

Reported in literatures:

12 CYPs is chosen

Several CYPs have A9-THC 2C9, 2C19, 2D6, 3A4 _ .
been reported to T [ to be tested in this
be involved in the SEes LAV,
metabolism of ASTHC 269, 374 1A2, 2B6, 2C8, 2C9,
I CBD 1A1, 1A1, 2C9, 2C19, 2D6, 3A4, 3A5 2C18, 2C19, 2D6,
CBN 2C9, 3A4 2E1, 2J2, 3A4, 3A5

CBG

2C8, 2C9, 2D6, 3A4, 2)2

15



Experimental Design

Investigate of the metabolism pathway of A8-THCO and A9-THCO with LC-QTOF-MS

- Compound optimization v

Method development Source optimization v
o preacs,
and optimization
- LC optimization \/
AS-THCO & A9- ~  Sample prep optimization | V'~
—

THCO Metabolism

Human liver ] Cytochromes P450 (CYPs)

. | microsome (HLM) CYP1A1, 1A2, 2B6, 2C8, 2C9,
Metabolism 2C18, 2C19, 2D6, 2E1, 2J2,
1 studies =< THCO->THC 3A4, 3A5

— Carboxylesterase (CES)
Human plasma

pool

16



A8-THCO and CYPs

x10° AS-THCO
None of the twelve tested rCYPs were O TO CYP2D6
. . 0.84
involved in A8-THCO—->A8-THC 07
0.5
0.4 ISTD
Metabolite R.T Mass Error Propose.d CYP 0.31
(min) (ppm) Metabolite o 021 A8-THCO
7.60 0.5 THCO-2H 2C8 e D U & S —— T8 ISTD
7 6]. ]. 7 THCO-ZH 2C9 66 68 7.0 72 74 76 78 80 82 84 86 88 9.0 92 94 96 | fL
760 0'1 THCO-H EYaIT Counts vs. Acquisition Time (min) 6‘_6 GI.S -'7 72 74 ‘.S IS SI.Z SI.4 SI.G SI.S é, 9‘_2
T1 7.63 0.5 THCO-2H| 2C19 e ‘ )
7.61 1.9 THCO-2H 2D6 »s;  CYP1Al MY CYP3ad ISTD
7.61 1.2 THCO-2H| 2J2 2ol 0o
7.61 1.1 THCO-2H| 3A5 L ol AS-THCO
= 7.72 0.6 THCO-211 1A1 ] 06, & '
7.73 0.0 THCO-2H 3A5 101 . e THCO 0.4]
3 7.85 0.2 THCO2H| | 3A4 0] o 02] |
7.84 1.0 THCO-2H| | 3A5 | N * 0 J A
7.78 -04 THCO-4H 2D6 66 68 7.0 72 74 76 78 80 82 84 86 88 9.0 92 66 68 7.0 72 7.4 76 7.8 80 82 84 86 88 00 02
T4 7.78 0.8 THCO-4H 202 ‘o
7.79 1.0 THCO-4H 3A5 ' e sas .
T5 772 0.1 THCO+O 1A1 4.0 Inhibition Studies (n=3)
7.84 2.1 THCO+O 2C18 20 ‘;_
6 7.83 2.4 THCO+O 2C19 =
7.85 0.1 THCO+O 3A4 . 1.0
7.85 0.3 THCO+O 3AS 508 = Uninhibited
T 7.64 0.3 THCO+O 2D6 o6 = Tnhibitied
7.64 1.5 THCO+O 202
- 0.4
T8 7.78 13 THCO+O 2D6
20 02
- B
5 0.0
T1, T2, T3 showed hlgh 2D6 3 ) 2C19 3A5 1A1 3A5 3A4 3A5

intensity in metabolite profiles Tl 2 T3



Desaturation Metabolites of A8-THCO

» T1 and T2 metabolite A8S-THC
3 107
7 1 -2Da
; 2.0-
‘] L m/z 191,257, 313
41 : A8-THCO
3 1.0
N ] TS
;_ 0'5: ISTD
6.6 68 7 7.2 66 6.8 7.0 72 7.4 7.6W%sg 80 8.2
o TLand T2 MS/MS 315 | A
1.y A8-THC Product lons: I -2Da _ ) .
(])g_ 313.2159 x104 _ [CnH2:01]*
0.8] L1 i
0.7 1.0] - Pl A 313.2159
0:6- 193 259 0.9 l A I 4 A,
0.5 I -2Da 2D 8% ) N W Y N . | PPN
0.4 93 135 - d 061 I~ LA _ _
0.3 191.1055 THCO-2H 0.54 CoH* - [CuH0:]* [CuHuOi
0.1 [ . L l L u o 03] 03.0705 135.1184 1911055 257.1529
| G PSP U | NS 3 S A K b A " 355.2268
50 70 90 110 130 50 170 190 210 230 250 270 290 310 330 350 370 390 . L n, ‘ uL ol \1 D SRR
Counts vs. Mass-to-Charge (m/2) 30770 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390

Counts vs. Mass-to-Charge (m/z)



> T3 metabolite

Desaturation Metabolites of A8-THCO

x107 i
CYP3AS x10° CYP3A4 ISTD
L0 1.0
' 0.9-
05 T 0.8
: T3 0.7-
0.6 l 0.67 T3
0.5
0.4 - T2 0.4
e 0.3
0.2 1 0.21
0 | O';: JI\_/\
66 68 7.0 72 74 7.6 66 68 7.0 72 74 7.6 M 20 82
Coflluts vs. Acquisition Time (min)
21
X100 T3 MS/MS | -2Da
241 A8-THC Product lons: 3132157
2.07
1.6 71.1691
1.2
0.81 201.0896
] THCO-2H
0.41 L L 355.2248
..-I.-l-n-l.-.ll-.. |.LL Vol L ha, li| 'ul P |l| ki | Ll |L|. u..............ll Ll. wa

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
Counts vs. Mass-to-Charge (m/z)

x10°
247
2.0:
1.6:
1.27
0.8:
0.4:

[CioH1ol

133.1006

|...\-LL\--.4|.. .

m/z 247 Q3-THC
-2Da

m/z 245
[C21H2802]+
(1.6 ppm)
313.2157
[CISHZZOZ]+
[CIGHZO()Z]+

271.1691
[CisH,0,]" 245.1532
(-7.1 ppm)

201.0896

L L 3532248
Wi llll ik w U.\ ,......I.lnL\ i |L|. u.......u...ll o Ll.‘-- W

b b

TICTERE N RTT
T T

60 80

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

Counts vs. Mass-to-Charge (m/z)



A9-THCO and CYPs

None of the twelve tested rCYPs

were involved in A9-THCO—=>A9-THC

<@ CYP 2D6

ISTD

| A9-THCO

L. |

. RT Mass Error Proposed
Metabolite | . e P | rCyp
5.65 -1.1 THCO-2H IA1
5.65 -0.1 THCO-2H 2C8
5.64 1.1 THCO-2H 2C18
P1 5.64 1.6 THCO-2H 2C19
5.65 -0.1 THCO-2H 2D6
5.64 -1.3 THCO-2H 212
5.65 -3.1 THCO-2H 3A4
5.65 -1.3 THCO-2H 3AS5
5.89 1.2 THCO-2H 1A1
P2 5.89 1.4 THCO-2H 1A2
5.89 4.3 THCO-2H 3A4
5.87 -1.3 THCO-2H 3AS5
P3 6.21 -0.1 THCO-2H 2C19
0.0 Z./ 1HCU-4H IAD
52 5.89 1.3 THCO+O IA1
5.87 -1.1 THCO+O 3AS

intensity in metabolite profiles

P1, P2, P3 showed high

x10% oTh
4 T0 ) ‘ A9-THCO
27 |
|
1 |
Il
0 A L L
3 35 4 45 é' 55 6 6
xe - CYP 1A1 ISTD
251 \
2: “
f P2 |
"] | A9-THCO
1] ‘
05 p1 ( ﬂ
0: A )
35 4 45 5 55 6 65 7 715 8 85
0.8
0.7
0.6
< 0.5
& 0.4
0.3
0.2
0.1
0 [ ] ——
2D6 2C19

P1

: : : : : 35 4 45 5 55 6 65 7 75 8 85 9
65 7 75 8 86 9 % Counts vs. Acquisition Time (min)

3si CYP2C19

ISTD

3 |
| A9-THCO

3 35

1Al

P2

4

P1 | A
LA
5 55 6 65

7 75 8 85 9 95

45 A
Counts vs. Acquisition Time (min)

Inhibition Studies (n=3)

2C19
P3

® Uninhibited
® Inhibitied

20



Desaturation Metabolites of A9-THCO

» P1 and P2 metabolite (similar to T1 and T2)

9 CYP 2D6 o @ CYP 1A1 . m/z| 93, 135 A9-THC
204 25
| i | Oy ™ 193,259,315
] " L P2 | -2Da
- - - A9-THCO
P1 AIHEO m/z 191, 257, 313
i ' | I
04 | h 051 P1 ' A A9'THCO
ﬂ: h..rih\ | Q.: A FARN L
35 4 45 5 5 6 65 7 75 1 35 4 45 5 55 M 65 7 75
315
0 P1 and P2 MS/MS §2Da
1.8 313.2154
A9-THC Product lons: CyyHys0,]*
1.61 193 259 X103 (ot
141 I_ZDa I_ZDa 1.8 313.2154
1.2] 1.6]
N 93 191.1061 257.1529 1.41 [CioH1,0o]"  [CiyHyOol"
0.8 135 1.2 (29ppm) 2.7 ppm)
' 93.0688 1- [C7 ol o 191.1061 057.1529
0.4- ' 93 0688 ¢
: { \[ 355.2807 06 1351171
0.2_ 0-4,
0- wiboa 1l l h J Ll | l“ll NI \. boo adllle |lu.4] |HL H. il ?.. e 0.2 l \‘ \[ \- 355.2807
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 | ol bt bodi b Lo bl al L Hl il L N hT
Counts vs. Mass-to-Charge (m/z) 60 80 100 120 140 160 180 200 2b0 220 260 280 300 330 340 360

Counts vs. Mass-to-Charge (m/z)



Desaturation Metabolites of A9-THCO

» P3 metabolite (similar to T3)

x10° - m/z 247
3.5 ISTD
)| CYP2C19 ‘ OH 20a  A9-THC
25
o P3 |
1.5 A9-THCO
1 P1
|
05 |
i
o4 o 11
3 35 4 45 5 =55 oAes 7 75 8 85 9 95
Counts vs. AfRuisition Time (min)
x10° pP3 |V|S/ MS
2.5 O 313.2188 [CH,50,]1*
. 245.1544 [C1eHy00,1* (-5.2 ppm)
o] <(B.2p0mD> 313.2188
| 271.1695 245.1544
1.5 271.1695
i [Cyaby0,]
1 ' [C,sH,,0,]*
201.0917 -
- THCO-2H _ . <dzm
1 CigHyy] 201.0917
05 L 355.2310 :
S S N VPN ST RO W STTRRIION L kil O ' L 355.2310
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 I N NPT SRR AR W NTRRIIN 0 P S
Counts vs. Mass-to-Charge (m/z) 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

Counts vs. Mass-to-Charge (m/z) 22



Summarized THCO Metabolites

CYP2C8. CYP2C9
CYP2C18, CYP2C19,

THCO-4H

. _CYP2D6. CYP212
T4 < CYP3AS

THCO-2H
CYP2C19 - P3

c‘l?\f"\
THC()+0/ | A8-THCO A9-THCO N

TS5 PYAS
C{Q ey
mﬁx‘bﬁu?s g . P4
IR - Akthough not seen iCHLUM,/ EYPs O
Té6 5 3 sinaferpresentin otherergans
THCO40 —>Potential pharmacological
7 taco+o2n  effects of THCO-2H metabolites THCO+O

T8 might be relevant



CYPs Contribution to THCO Metabolites

» A8-THCO with CYPs » 0A9-THCO with CYPs

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100% .
90% o
80% e

10%

60%

50% 2C19
40% .
30% .
20%  2C19 —
. 10% —
o R
T4 TS T6 T7 P1 P2 P3 P4 P5
w1Al 208 ©2C9 2CI8 w2Cl9 m2D6 m2I2 ©=3A4 m3A5 “1A1 1A2  2C8 2C18 =2C19 W2D6 m2J2 ©3A4 m3AS
CYP1A1, CYP2CS8, CYP2C9, CYP2C19, CYP2(C18, CYP1A1, CYP1A2, CYP2CS8, CYP2C19 CYP2(C18,
CYP2D6, CYP2J2, CYP3A4, CYP3A5 CYP2D6, CYP2J2, CYP3A4, CYP3A5

* CYPsinvolved in the formation of major and minor metabolites of A8- and A9-THCO are highly similar
e Although A8-THCO and A9-THCO have similar THCO-2H metabolites, some different CYPs in charge



Experimental Design

Investigate of the metabolism pathway of A8-THCO and A9-THCO with LC-QTOF-MS

- Compound optimization

Method development Source optimization
and optimization

LC optimization

A8-THCO & A9- = Sample prep optimization
THCO Metabolism

Human liver ] Cytochromes P450 (CYPs) | THCO-2H

. | microsome (HLM) CYP1A1, 1A2, 2B6, 2C8, 2C9,
Metabolism 2C18, 2C19, 2D6, 2E1, 2J2,
1 studies =< THCO->THC 3A4, 3A5

Carboxylesterase (CES) | THCO->THC?
CES1b, CES1c, CES2

Human plasma
pool

25



Metabolism: Carboxylesterases

» THCO-> THC in HLM

In HLM: cyt Os, flavin monooxygenases,|carboxylesterases,| epoxide hydrolase, and
UDP glucuronyl transferases

» Carboxylesterases - CES1 and CES2 are most studied

 CESI: A8-THCO and A9-THCO
80%—-95% of hydrolytic activity in liver
(major variants: CES1b and hCES1c) CES1b, CES1c, or CES2 addition
e (CES2: Incubation at 37°C

Expressed in the gastrointestinal tract and kidney

LC/Q-TOF/MS




Metabolism: THCO and Carboxylesterases

| CES1b (n=3) | CES1c (n=3) |CESZ(n=3)
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All three CES are involved in the transformation of THCO to THC



Conclusions

» A8-THCO
* CYPs resulted in the formation of
High Intensities 1A1, 2C19, 2D6, 2J2, 3a5  Prominent desaturated metabolites
N of A8-THCO and A9-THCO
Low Intensities 2C8, 2C9, 2C18, 3A4 « CYPs were NOT involved in the
None 1A2, 2B6, 2E1 transformation of THCO to THC
e THCO to THC transformation was
» 09-THCO attributed to carboxylesterases (1b,
. . 1c, and 2), and other plasma
esterase
High Intensities 1A1, 2C19, 2D6, 3A5 e Further research is need to identified
Low Intensities 1A2, 2C8, 2C18, 2J2, 3A4 observed metabolites chemistry and

None 2C9, 2B6, 2E1 its impact on public health and safety
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