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ANALYSIS OF 11-NOR-9-TETRAHYDROCANNABIOL-9-CARBOXYLIC
IN HAIR SAMPLES BY LIQUID CHROMATOGRAPHY TANDEM MASS
SPECTROMETRY
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ABSTRACT: In this study, we developed a liquid chromatography tandem mass spectrometry (LC-MS/MS)
analysis method for the qualification and quantification of 11-Nor-9-Tetrahydrocannabiol-9-carboxylic (THC-
COOH) in hair samples was reported. The method was used THC-COOH-d, as internal standard. The following
validation parameters were evaluated: selectivity, linearity, limit of detection (LOD), limit of quantification
(LOQ), precision and accuracy. The limit of quantitation for 11-Nor-9-Tetrahydrocannabiol-9-carboxylic (THC-
COOH) was 0,01 ng/mg. The method was applied to analyse 20 positive hair samples with THC-COOH. The
concentration of THC-COOH ranged from 0,11 ng/mg to 3,04 ng/mg.

Keywords: 11-Nor-9-Tetrahydrocannabiol-9-carboxylic, THC-COOH, hair samples, liquid
chromatography tandem mass spectrometry (LC-MS/MS)
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Tém tit: Trong nghlen ciru nay, chung 16i phat trién mét phwong phdp phan tich sir dung sdc ky long két
néi hai lan khoi phé (LC- MS/MS) dé dinh tinh va dinh leong 11-Nor-9-Tetrahydrocannabiol- 9—carboyg/lzc
(THC-COOH) trong cac mau toc da dwoc bao cdao. Phuong phap da s dyng THC-COOH-d; lam chdt néi
chuan. Céc chi tiéu di tham dinh nhw: d¢ déc hiéu, khodng tuyen tinh, gioi han phat hién (LOD) gioi han dinh
lwong (LOQ), dg ding, do Idp lai. Giéi han dinh heong doi véi 11-Nor-9-Tetrahydrocannabiol-9-carboxylic
(THC-COOH) la 0,01 ng/mg. Phwong phdp nay da dp dung dé phan tich 20 mau téc dwong tinh véi THC-
COOH. Nong dé THC-COOH dao déng tir 0,11 ng/mg dén 3,04 ng/mg.

Tir khoa: 11-Nor-9-Tetrahydrocannabiol-9-carboxylic, THC-COOH, hair samples, liquid
chromatography tandem mass spectrometry (LC-MS/MS).
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1. DAT VAN DE

“Can sa” 1a tén mot loai ma tay duoc ché bién tir hoa
va 1akho ctia cay can sa Cannabis Sativa. Trong cy can sa
tu nhién chira Tetrahydrocannabiol (THC) la chat c6 hoat
tinh chinh. Nhung khi vao trong co th¢ THC nhanh chong
bi chuyén hoa, trong d6 11-Nor-9-Tetrahydrocannabiol-
9-carboxylic (THC-COOH) 14 chit chuyén hoé chinh c6
gbc acid ton tai ¢ dang lién két v6i acid glucuronic. Céac
chét chuyén hoa dugc dao thai qua nudc tiéu, mo hoi...
Tuy nhién, nhiéu nghién ctru cho thay THC, THC-COOH
dugc Iuu gilt trong toc nguoi su dung can sa [3].

Hién nay, cac nghién ctru chu yéu tap trung trén mau
mau, nudc tiéu, phii tang va cic mau tang vat thu giit nhu
bot, dung dich... ma chua tap trung dén phan tich miu toc.
Trong khi trén thé gidi, str dung mu toc dé phan tich ma
tuy da rat pho bién.

Ky thuat sic ky 1ong ghép ndi véi detector khdi phd
noi tiép 2 lan (LC-MS/MS) duogc xem la k¥ thuat hién dai,
¢ do on dinh, chinh xac va dj nhay cao. Qua trinh xt Iy
mau trude khi phan tich nhanh va don gian, lwong mau
ding trong phan tich rt it.

Vi vay, viéc xay dung quy trinh phan tich nhanh
11-Nor-9-Tetrahydrocannabiol-9-carboxylic c6 trong
mau toc 1a can thiét khi ma B y té chua co quy trinh
giam dinh [1].

Trong nghién ctru nay, nhém nghién ctru c6 dua ra quy
trinh va két qua phan tich 11-Nor-9-Tetrahydrocannabiol-
9-carboxylic trong 20 mau toc thue té duge giri giam dinh.
2. THUC NGHIEM
2.1. Thiét bi, dung cu, héa chit, chit chuin
2.1.1. Thiét bj, dung cu phén tich

Heé thong sic ky long két ndi detector 2 1an khéi phd
(LC-MS/MS 8045) cua hang Shimadzu; can phan tich
Sartorius (d9 chinh xac 10-4 g); bé rung siéu am Elmasonic
S100; May ly tdm Rotina 380, b lam kho mau bang khi
nito; micropipet cac thé tich tir 2,0-1000,0 ul; cac dung
cu thu tinh ¢6 d6 chinh xac va cac dung cu can thiét khac
trong phong thi nghiém.

Thiét bi va dung cu duoc hiéu chuan dinh ky theo quy
dinh cta ISO/IEC 17025 va GLP.

2.1.2. Dung méi, héa chit

Dung moéi, hoa chat: Cac hoa chét sir dung trong
giam dinh 1a tinh khiét ding cho phan tich sic ky gdm:
acetonitril (ACN); ethylacetat (EA); methanol (MeOH);
acid clohydric (HCI); acid formic (HCOOH); nudc loai
ion.

2.1.3. Chiit chuin:

Chat chuan: THC-COOH, néi chuan THC-COOH-d,
(IS) ciia hing Cayman co code lan lugt la 20754,
10009898, nguyén trang.

2.2. Pbi twgng va phwong phap nghién ciru
2.2.1. Déi twgng nghién ciru

Déi tugng nghién ctru 1a THC-COOH trong mau toc.

Mau str dung nghién ciru: mau téc ciia 06 ngudi khong
sir dung ma tly. Mau toc ctia 20 truong hop thuc té gii
gidm dinh.

2.2.2. Phuwong phdp nghién ciru

Dua trén céc tai liéu tham khéo, tién hanh khao sat cac
diéu kién sic ky dé lya chon diéu kién sic ky t&i wu. Viée
xdy dung quy trinh xir Iy mau con duya trén dic diém ly
hoa ciia chit phan tich.
2.2.2.1. Quy trinh phan tich

* Pieu kién sdc ky

Cot ZOBAX Eclipse Plus C18 (100 mm x 2,1 mm;
3,5 pm) Part No. 959793-902 cua hang Agilent dung cho
sic ky long khoi phd. Pha dong: A: acid formic 0,1 %
trong nudc deion; B: acid formic 0,1 % trong methanol.
Chuong trinh phén tich rira giai gradient. Téc do dong:
0,5 ml/phut. Thé tich tiém: 3 pl

* Diéu kién khoi pho

Str dyng detector ghép ndi 2 1an khéi phd Triple
Quadrupole (MS/MS). Kiéu phan tich thuc hién theo
ché do ion hoa dau phun dién to (ESI) ban pha ion
dwong. Phan tich dung dich chuén va ndi chudn & ché
do full scan dé xac dinh lua chon precursor ion. Tiép
theo s& tién hanh phan tich theo ché d6 production dé
x4c dinh manh con, tir d6 lwa chon manh ion dé phan
tich theo ché 46 MRM (Multiple Reaction Monitoring).
T4i uu héa phuong phap bang phan mém Optimazation
cua thiét bi.

* Phuong phap chuin bi miu

Dung dich chudn goc: dung dich chuan gbc THC-
COOH va dung dich chuan ndi THC-COOH-d,(IS)
dugc pha trong methanol déu c6 nong d6 khoang
1000 pg/ml.

Dung dich chudn ngi lam viéc: tir dung dich chuan noi
gdc chuan bi dung dich chuan IS 1am viéc trong methanol
c6 nong do khoang 100 ng/ml va 1000 ng/ml.

Dung dich chudn lam viée: tir dung dich chuan gbc
chuan bi dung dich chuan lam viéc trong methanol co
ndng d khoang 100 ng/ml va 1000 ng/ml.
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* Phirong phdp xir 1y mau

Quy trinh xtr Iy mau: Can khoang 100 mg téc cho vao
cbe thiy tinh, thém 10ml nude deion, sidu am trong 5 phit
(thyc hién 2 lén) dé loai tap va bui ban. Loai bé nudc ria
va thdi kho nhe mau & nhiét do phong. Mau téc duoc cét
thanh cadc manh nhd kich thuéce khoang 1mm va cho vao
ng fancol 15 ml. Thém 5 ml dung méi chiét ¢ 45 °C trong
3 gio, rung siéu am lién tuc. Dich chiét duoc loc qua mang
loc 0,22 pm. Bay hoi dich lgc tdi chom kho dudi dong khi
nito & nhiét d6 40 °C. Cén dugc hoa tan bang bang 1000ul
dung dich IS néng d6 20 ng/ml, mau ding dé bom vao hé
thong LC-MS/MS.

* Phurong phdp tinh két qua

Xac dinh néng d6 THC-COOH c6 trong cac mau thir
(chua biét ndng d6) dua vao ty 18 dién tich pic twong mg
THC-COOH/IS thu dugc tir sédc d6 cia mau thir va dudng
chuan phan tich trong cting diéu kién.

2.2.2.2. Tham dinh quy trinh phan tich
Tham dinh phuong phap phan tich theo huéng din cua
ANSI/ASB Standard 036 va USP v6i cac chi tiéu nhu: Do
thich hop hé¢ théng, dd dac hi¢u, do chon loc, gidi han phat
hién, giéi han dinh luong, khoang tuyén tinh, do dung va
do lap lai [4],[5].
3. KET QUA VA BAN LUAN
3.1. Két qua khao sat diéu kién khoi phé MS/MS
Tién hanh phan tich mau chuan THC-COOH, THC-
COOH-d, co nong d6 1000 ng/ml theo ché do full scan
dé x4c dinh lya chon precursor ion. Tiép theo sé tién hanh
phén tich theo ché d¢ production dé xac dinh manh con.
MBJi chét Iya chon 4 manh ion trong d6 1 manh tin hi¢u
cao dé dinh luong va 3 manh dé dinh tinh. Két qua khao
sat duoc trinh bay dudi Hinh 1.
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Hinh 1. Manh con dwoc lya chon phan tich cua THC-COOH (4) va THC- COOH-d3 (B)

Tién hanh ty dong t6i wu hoa dé tim didu kién MS/MS bang phan mém Optimazation, két qua diéu kién khdi pho
duoc trinh bay dudi Bang 1. Didu kién khéi phd nhu sau: Nhiét do interface, DL, desolvate hoa lan luot 1a 300 °C,

250 °C, 526 °C.
Bing 1: Piéu kién phan tich trén khéi pho
STT Chit Thoi gian lwu| Precursor Product | Dwell time Q1 Pre CE Q3 Pre
(Phut) m/z m/z (msec) Bias (V) (eV) Bias (V)
345 193" 50 -14 =27 -20
345 299 50 -14 -37 -11
1 |THC-COOH 3,555
345 187 50 -11 -28 -19
345 123 50 -14 -35 -25
348 196" 50 -13 -29 -20
348 302 50 -10 -28 -11
2 | THC-COOH-d, 3,556
348 187 50 -14 -36 -22
348 123 50 -19 -29 -19
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Tir két qua bang 1 va cac diéu kién khdi phd da khao
sat dugc, nhan thy diéu kién khéi phd hoan toan phi hop
v6i cong thitc phéan tir chat phén tich tai ché do [M+H]".
MG&i chat phan tich nghién ctru lwa chon 4 manh m/z ion
con dé dinh tinh va dinh lugng.

3.2. Két qua khao sat diéu kién sic ky long

Sau khi Iya chon dugc cac manh ion phan tir me, ion
con va toi uu duge diéu kién phan tir. Tién hanh khao sat
chuong trinh pha dong cua phuong phap st dung cac dung
dich chuan THC-COOH 100 ng/ml va ndi chuin THC-
COOH-d, 100 ng/ml.

Pha dong: A: acid formic 0,1 % trong nudc deion, B:
acid formic 0,1 % trong methanol. Chay chuong trinh
gradient. Két qua khao sat pha dong duoc trinh bay dudi
Bing 2. Sic ky d6 ciia THC-COOH va THC-COOH-d,
dugce trinh bay trong Hinh 2.

Bdng 2: Chuong trinh gradient pha dong

Thoi gian Téc do dong A B
(phit) (ml/phut) (%) (%)
0,00 - 2,50 0,25 30 70
2,51 -5,00 0,50 0 100
5,01 - 6,00 0,25 30 70

Tir két qua khao sat chwong trinh pha dong trong Bang
2, nhan thay v6i chuong trinh gradient trén cho két qua cac
pic THC-COOH va THC-COOH-d; ¢6 thoi gian luu on
dinh, cac pic tach tot, can doi, khong c6 hién tugng dinh
pic. Tuy nhién thoi gian luu ciia 2 chat phan tich gan sat
nhau, nhung day khong phai la van d& 16n khi phan tich
trén detector khéi phé do ¢6 thé lya chon manh m/z theo
chat nghién ctu.

(x10,000)

Max Intensity . 45383

5 (TTRC-COOH 345 0000>193.0000() CE. 270
2-THC-COQH-D3 343.0000>196.0000(+) CE: -29.0
4]

3.0+

2+

Time 1319 - Scan# -~ 373 - Inten. 187

Hinh 2. Sic ky do THC-COOH va THC-COOH-d3

3.3. Khio sat dung méi chiét

Khao sat 06 dung méi chiét thudng sir dung tai phong
thi nghi¢ém bao gém acetonitril, methanol, ethylacetat,
acetonitril/0,1 % HCI, methanol/0,1 % HCI, ethylacetat/0,1 %
HCI tai 2 mirc ndng d6 10 ng va 100 ng. Tién hanh xir Iy
méu theo quy trinh tai myc 2.2.2. Két qua khao sat dung
mdi chiét dugc trinh bay trong Bang 3.

Bing 3: Khdo sdt dung méi chiét mau

. .| Trung binh @) thu hdi (n = 6)

H¢ dung maoi khao sat

10 ng 100 ng
Methanol 89,83 91,97
Acetonitril 80,07 83,40
Ethylacetat 63,87 67,82
Methanol/0,1 % HCI 93,62 95,41
Acetonitril/0,1 % HCI 82,58 84,65
Ethylacetat/0,1 % HCI 65,44 68,33

Tir két qua Bang 3 cho thay, dung moi Methanol/0,1 %
HCI cho lugng chat thu hoi sau chiét 16n nhat. Do vay,
Methanol/0,1 % HCI dugc lya chon lam dung méi chiét
mau.

3.4. Tham dinh phuong phap

3.4.1. B thich hop hé théng LC-MS/MS

Tién hanh khao sat d6 thich hop hé théng ¢ 03 mirc
¢6 ndong do chuin THC-COOH la 5 ng/ml, 75ng/ml
va 200 ng/ml, ndng d6 chit ndi chuan THC-COOH-d,
trong ca 03 muc 1a 20ng/ml. Mo6i nong d6 bom Iap lai
06 1an. Ghi lai thoi gian luu va dién tich pic cta chét
phan tich va ndi chuén. Ty 1€ dién tich pic trung binh ctia
THC-COOH va THC-COOH-d, dugc trinh bay trong
Bang 4.
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Bing 4: Két qua dg thich hop hé thong
Nong d¢ thi nghiém Ty 1€ dién tich pic trung binh RSD Ty 1€ thoi gian llE’u trung RSD
(ng/ml) cia chuan/IS (%) binh cia chuan/IS (%)
5,0 0,339 2,38 1,000 0,02
75,0 5,230 2,92 1,000 0,01
200,0 13,269 1,22 1,000 0,02

3.4.2. Dy dac hiéu
Tién hanh phan tich trén thiét bi véi cac didu kién da xay dung trén 06 mau toc trang, 06 mau chuin va 06 mau toc
trang thém chuan ¢ ndng do 25 ng/ml. Két qua dugc trinh bay trong Hinh 3.
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Hinh 3. Sic ky do mdu trdng (4), Sdc ky do mdu trdng thém chudn va IS ¢ nong dé 20 ng (B)

3.4.3. Puong chudn va khodng tuyén tinh

Puong chuan dugc xay dung dua vao 07 diém chuén. Ham luong chét chuan THC-COOH dugc thém vao miu toc
blank tao thanh cac muc 1,0 ng; 5,0 ng; 20,0 ng; 50,0 ng; 100,0 ng; 150,0 ng; 200,0 ng. Mbi mirc chuén déu c6 ham
luong chit ndi chuén 1a 20 ng. Tién hanh xtr Iy mAu va phan tich theo dung quy trinh, mdi diém 13p lai thi nghiém 06 1an
liy gié tri trung binh. Phuong trinh hdi quy dugc xdy dung 1a y = 1,3344x + 0,0374 véi R2=0,9998. Trong d6: Y la ty
1¢ dién tich pic. X 1a ti 1& luong chat ciia THC-COOH/IS. Puong chuan dugc trinh bay dudi Hinh 4.
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Hinh 4. D6 thi biéu dién khodng tuyén tinh ciia THC-COOH

Pudng chuan xay dung duoc giita ty 16 dién tich pic cta chat phén tich so véi ndi chuan va ty 16 luong cht tuong img
¢6 hé s6 twong quan r = 0,9999 thoa méan yéu cau (> 0,995) theo hudng dan ciia ANSI/ASB Standard 036 va USP [4],[5].
3.4.4. Gidi han phdt hién (LOD) va gidi han dinh lwong (LOQ)

Tién hanh pha loang dung dich chuan va ndi chuan c6 ndng do 10 ng/ml sau d6 dem phan tich theo didu kién da
chon. Gi6i han phat hién (LOD) dugc xac dinh khi ty 1¢ nhidu duong nén (S/N) tai diém nong do khao sat khoang bang
3. Khi d6, giéi han dinh luong (LOQ) cta chit phan tich c6 nhidu dudng nén khoang bang 10. Do do, phuong phép
phan tich c6 gidi han phat hién va giéi han dinh lugng cuia THC-COOH lan lugt 1a 0,004 ng/mg va 0,01 ng/mg toc.

68



TAP CHI KIEM NGHIEM DUGC VA MI PHAM < S8 01 Tap 22 Nsm 2024

3.4.5. Dj ding va dp Igp lai ciia quy trinh phin tich méu

Do dung va do 1ap lai cia quy trinh dugc danh gia ¢ 03
mirc ham Iugng THC-COOH thém vao 100 mg mau toc
blank 13 5 ng, 25 ng va 75 ng, lugng chét ndi chuan THC-
COOH-d, trong ca 03 murc 1a 20 ng. M&i mirc ham lwong
thém chuan tién hanh thi nghiém 06 lan lap lai. Két qua
dugc trinh bay trong Bang 5.

Bing 5. Két qua khao sat @6 thu hoi va dg lap lai ciia

Két qua tham dinh cho thidy do dung nim trong
khoang 93,02 dén 97,71 % véi d6 1éch chuan tuong doi tu
4,58 dén 8,57 %. Do vay, phuong phap xay dung dat yéu
cau vé do dung va do lap lai theo hudng dan cia ANSI/
ASB Standard 036 va USP [4],[5].

3.5. Két qua phén tich miu thye té

Két qua phan tich 20 mau toc ciia cac trudng hop gidm
dinh thuc té duoc tién hanh theo quy trinh nghién ctru trén
sic ky long khdi phd, két qua dinh luong ap dung theo

uy trinh > p
Ham luon tl(111’ J THC-COOH duong chuan da dung cho thay ham lugng THC-COOH
STT rons = trong khoang tir 0,11 ng/mg dén 3,04 ng/mg. Nhimg mau
nghiém (ng) D thu hoi (%) | RSD % g & ’ & -7 DE/ME. IUNE
1 50 93.02 857 ¢6 ham lugng THC-COOH cao hon giéi han dinh lugng
) 2§ 0 96’31 5’57 trén cia dudng chuan dugc pha lodng dé dinh luong lai
3 75.0 9771 453 | hoicldy lugng toc it hon dé phan tich lai tir dAu.
BI]i 1%‘:{??{2?]9!% Ed)S)DE;I{EIEI:J?? IZ:’IZITIJ'[‘I'(‘:}HC_E ;%7 o - g Time 0110 Scan¥ 31 M:‘T&':‘ensw : 775‘0%
0.0- ‘ , ‘ , , ‘ ,,.I = : : : ‘ %‘
Hinh 5. Sic ky d6 phan tich mau téc thue té dwong tinh véi THC-COOH
4. KET LUAN

Nghién clru da dua ra quy trinh phan tich dinh tinh, dinh
lugng THC-COOH trong miu téc bang thiét bj LC-MS/
MS ¢6 str dung chat ndi chuén la THC-COOH-d,. Thiét bi
phan tich c6 do chinh xac cao, thoi gian phan tich 6 phuit
1 mau. Quy trinh xir Iy mau don gian. Két qua thim dinh
cho thay phuong phap c6 d6 nhay t6t, d6 tin cay cao va kha

nang phat hién duoc chit phan tich dén ham luong ng/mg.
Két qua dinh luong 20 miu toc thyc té giri giam dinh
ma tiy cho thay ham lugng THC-COOH c6 trong khoang
tir 0,11ng/mg dén 3,04 ng/mg toc.
Phuong phép trén c6 thé 4p dung dé phan tich dong
thoi nhidu loai ma tuy ¢ Viét Nam phuc vu cho giam dinh
trong phong chong ma tdy.
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