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SUMMARY

SIMULTANEOUS DETERMINATION OF 19 SYNTHETIC CATHINONES
IN TABLETS BY GAS CHROMATOGRAPHY- MASS SPECTROMETRY

Synthetic cathinones, which are a group of -keto analogs of phenethylamine, have been reported as
the most emerging new psychoactive substances in the past decade. The quantity and variety of
synthetic cathinones have continued to increase, which poses considerable risks to public health and
social security. In this study, an analytical method based on liquid-liquid extraction combined with gas
chromatography-mass spectrometry (GC-MS) was carried out and applied in the simultaneous
determination of 19 synthetic cathinones in tablets. Under the optimized conditions of liquid-liquid
extraction, the determination of synthetic cathinones in tablets was carried out with GCMS. Good
linear relationships of 19 synthetic cathinones were obtained in the range of 5-20 pg/L with the
correlation coefficients (r) ranging from 0.9901 to 0.9968, the limits of detection were in the range
between 1.2 and 1.5 pg/mL, and the limits of quantitation were between 3.9 and 5.0 pg/mL. The results
show the advantages of the approach in the determination of synthetic cathinones in tablets with fast
detection, high efficiency and sensitivity. The practical application indicated that this method could
provide scientific basis for the determination of drugs of abuse in other laboratories.

1. MO PAU téng hop “thé hé dau tién” phd bién nhét gdm:
Cathinone 1a alkaloid dugc tim thay trong bui 3,4-Methylenedioxypyrovalerone

cdy Khat (Catha edulis). Do sy trong dong vé (MDPV),3,4- methylenedioxymethcathinone
chu tric voi Amphetamine nén cac chat (methylone) ~ va  4-methylmethcathinone
cathinone tong hop thuong dwoc goi la (mephedrone). Tuy nhién, sau khi Co
Amphetamine ty nhién. Trong vai nam qua, quan Quan ly Thuc thi Ma tiy Hoa Ky dat
cac san phdm c6 chira cathinone tong hop da chung theo quy dinh cua Bang I, chung da
tran ngap thi truong ma tiy & Hoa Ky va nhiéu dugc thay thé bang cac cathinone “thé hé thir
noi khac. Nhiing san phim nay, thuong duoc hai” gdm: a-pyrrolidinopentiophenone (a-
goi v6i nhimng tén goi khac nhau nhu “mudi PVP), o- pyrrolidinopropiophenone (a-PPP),
tdm”, “thyc phdm thyc vat” hodc “thudc ké 3,4- methylenedioxy-a-
don”. Ching dugc mua cong khai qua mang pyrrolidinobutiophenone (MDPBP) va 3,4-
internet, tai cdc tram xdng hodc tai cac cilra methylenedioxy-a- pyrrolidinopropiophenone
hang 16n mot cach “hop phap” dé thay cho ma (MDPPP). [4]

tay bat hop phap. [5], [8] Céac san phdm c6 chira cathinone téng hop
Nhitng ché phim “mudi tim” chira cathinone thuong duge st dung bang cach hit (hit thg),
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duong udng hodc tiém tinh mach. Liéu sir dung
thuong dao dong tir 20 dén 80 mg, trong mot
sO truong hop c6 thé thap t6i 5 mg hodc cao t6i
125 mg véi thoi gian tac dung co thé kéo dai
30 phat sau khi su dung. Viéc lam dung
cathinone téng hop anh huong nhiéu d&én hoat
dong véan dong co dia, diéu hoa nhiét do, hoc
tap va tri nhd cua con nguoi nhu: gdy chan an,
m& mét, lo léng, trAm cam, 16 13n, 4o giac, rbi
loan tim than ngén han, ning hon c6 thé lam
tang nhip tim, kich dong, hung hing, do giac,
hén mé va trong mot sé trudng hop co thé gay
tor vong. [10]

Hién nay, trén thé gi6i co nhiéu phuong phap
phan tich cathinone tong hop nhu: phuong
phép quang phd hdng ngoai, phuong phép sic
ky khi khéi phd, phuong phap sic ky long
khdi phd, phuwong phap quang phd cong hudng
tir hat nhan. Trong d6, phuong phap sic ky khi
khéi phd két hop véi k§ thuat chiét 1ong - 1ong
la phwong phap phé bién, co tinh chon loc, do
nhay cao, phii hop v6i ca mau nhiéu va mau it
ma khong can din xudt nhu: phan tich 16
cathinone téng hop trong miu nuéc tiéu voi
giéi han phat hién (LOD) tr 0,005 - 0,01
pug/ml, gidi han dinh lugng (LOQ) tr 0,01 -
0,02 pg/ml [3]. Phéan tich 34 cathinone tong
hop trong mau mau véi gidi han phat hién tir
0,02 - 0,72 ng/ml, gidi han dinh lugng tir 1 -
2,5 ng/ml [6].

Tai Viét Nam, trong nhiing nim tuor 2016 -
2019, Vién Khoa hoc hinh sy da gidm dinh va
phat hién cac chit méi thudc nhom nay gdm:
M P P, BMDP, 4-CEC, 4-CMC, Eutylone,
Pyrovalerone va N-Ethylhexedrone (chu yéu
xut hién & dang vién n n véi nhiédu logo va h
nh dang khac nhau). Tuy nhién, cho dén nay
chua c6 mot cong trinh nao nghién ciru xay
dung quy trinh k¥ thuat giam dinh cac chat ma
tiy nhom cathinone tong hop, do dé cac phong
thi nghiém tryc thudéc Cong an céac tinh déu
phai chuyén miu vé Vién Khoa hoc hinh sy
giam dinh. Trudc yéu cau thyc tién ngay cang
cAp bach, phan tich déng thoi cac cathinone
tong hop trong mau vién nén bing phuong
phép sic ky khi khdi phd da dugc nghién ciru
va thuc hién.
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2. THU'C NGHIEM

2.1. Héa chit

Dung dich chuan gbc: 19 chit chudn cathinone
tong hop gom: Cathinone, Methcathinone, 4 -
CEC, 4-methylcathinone, oa-PVP,
Diethylpropion, Ethylone, MDPBP, MDPV,
Mephedrone, Methylone, Pentedrone,
Pyrovalerone, 4-CMC, a- PHP, Benzylone
(BMDP), Eutylone, N- Ethylpentylone, N-
Ethylhexedrone dugc pha trong methanol sao
cho nong d6 dung dich chuan gbc 1a 1mg/ml.
Dung dich n6i chuan docosane 1 mg/ml: Can
10 mg docosane hoa tan trong n-hexan (lugng
t6i

thiéu) va dinh muc thanh 10ml bang hdn hop
dung moi chloroform:methanol (6:4).

Céc dung moi gdm: methanol, acetonitril, ethyl
acetate, dichloromethan, diethyl ether,
chloroform,

- Ham luong chét phan tich:

SVt 100

Trong d6: C% =
mt
n-hexan 1a cic dung moi siéu tinh khiét phan
tich dung cho LCMS cua hang Merck.
Céc hoa chit nhu: mudi NaySO4 khan, NaOH,
HCI déu 1a hoa chét tinh khiét phan tich. Khi
N2 99,999% dugc dung lam théi kho, co dic
mau.
Mau trdng: La mau c6 thanh phan: lactozo.
Mau thye: La miu vién n n ¢6 chira chét trong
nhém cathinone tong hop thu giit trong mot sd
vu an tai Viét Nam.
2.2. Quy trinh, diéu kién thi nghiém
Mau vién n n téng hop duoc ddng nhat hoa
méu (nghién thanh bot min, tron déu). Can 100
mg bt vién hoa tan trong 100ml dung dich
HCI 0,1M (ty 1é¢ mau khoang 1 mg bot vién/ml
dung dich), siéu 4m hoa tan mau trong 30 phut.
Lay 2ml dich loc miu tring, thém Iml dung
dich dém phosphat pH 11. Thém tiép 2ml dung
mdi ethyl acetate, lic xody 3 - 5 phut, ly tim 5
phat véi tbe do 3000 vong/phut dé tach pha.
ich chiét thu duoc cho chay qua Na,SO, khan.
Lay 1ml pha dich chiét, thém 100ul dung dich
HCI 1% trong methanol, thdi khd miu bing
dong khi nito & 40°C t6i can. Hoa tan cén bang
1ml dung dich ngi chuan docosane 5 mg/l.
Thiét bi: Phuong phap dugc thuc hién trén hé



sic ky khi khdi phd k p Agilent 7890 GC-
MS/MS; cot Agilent J&W DB-1MS (30m x
0,25mm; 0,25um).
Tinh két qua: xay dung dudong hdi quy y =
ax+b bicu dién sy bién thién ciia ndng do chat
phan tich va ty 1¢ dién tich pic ciia chat phan
tich so v&i ndi chuén.

St: ty 1¢ dién tich pic ctia chét phan tich va ndi
chuan trong dung dich mau thyc.

a,b: hé sb trong phuong tr nh dudng chuan
dangy =ax +b.

k: Hé s pha lodng mau.

V¢ thé tich dung dich mau thuc (1).

me: khéi lugng bot mau thue dem hoa tan (mg)
: Khéi lugng trung b nh vién (mg).

3. KET QUA VA THAO LUAN

3.1. T6i wu diéu Kién phén tich

Diéu kién sic ky khi:

S-b
- Nong d6 chat phan tich: C, — k1

a
- Khéi lwong chét phén tich: m = G-, T,
mt
Khi mang Heli, toc d6 dong 1,0ml/phut; thé
tich tiém 1pl, ty 1¢ chia dong 9:1; nhiét do dau
phun 225°C.
Chuong tr nh gradient nhiét d9: 90°C (gitr 1
phit), ting dén 150°C véi tbe do 8°C/phit,
tang dén 200°C véi téc do 5°C/phut, tiép tuc
tang dén 280°C véi toc do 10°C/phat (giir &
280°C trong 3,5 phat).
Diéu kién khéi phd: ngudn ion hoa EI 70eV;
ché do qu t: Full scan trong khoang 50 - 550
m/z; nhiét d6 budng MS 230°C.

xi0 6

175
15
125
1
075
05
025
0

8 ¢ 10 M 2 13 115 o% 17819 NN 2 BN

Counts vs. Acguisition Time (min)

Hinh 1. Sdc ky do cia 19 cathinone tong hop
(1:cathinone; 2: methcathinone; 3:
mephedrone; 4:Pentedrone; 5: 4-CMC, 6:
diethylpropion; 7: 4-methylcathinone; 8: 4-
CEC; 9: N-Ethylhexedrone;

10: methylone; 11: ethylone; 12: a-PVP; 13:
eutylone; 14: a-PHP; 15: Pyrovalerone; 16:
N-Ethylpentylone; 17: MDPBP; 18: MDPV;
19: Benzylone)
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Bdng 1. Thoi gian luu, phdn manh va diém |P

Chat

phan tr Manh con Diém IP

tich
1 8,15 | 44,77,51, 105 6
2 8,64 58, 77, 51, 56 6
3 10,63 58, 91, 56, 65 6
4 11,26 86, 44,77, 87 6
5 11,51 58, 111, 77 4,5
6 11,60 | 100, 44,77,726 6
7 11,69 44,91, 119 4,5
8 12,59 | 72,44,111,75 6
9 13,92 | 114, 77,58, 115 6
10 15,13 58, 56, 63, 65 6
11 16,26 |72,44,70,42,149| 7,5
12 16,52 | 126, 127,77,105 6
13 17,54 | 86, 87,58, 63 6
14 18,24 140, 77, 141 4,5
15 18,74 | 126, 127,91, 119 6
16 19,02 | 100, 58, 149, 65 6
17 21,45 112,113,70 4,5
18 22,40 | 126,127, 149, 55 6
19 24,52 | 91, 134,65, 135 6

Véi chuong tr nh nhiét 6 nhu khao sat da tach
duoc 19 cathinone téng hop. S6 diém nhan dang IP

> 4 nén dap tmg dugc yéu ciu ciia AOAC
trong phan tich dinh tinh.

Dbi voi phan tich dinh lwong, dé ting do nhay
ctia phuwong phép c6 thé sir dung SIM manh ion
dac trung (manh gach chan) 1 manh cé cudng
d6 16n nhat dé phan tich. Ngoai ra, dé giam su
sai khac gitra mdi lan thi nghiém chuing t6i str
dung chat ndi chuin docosane trong phan tich
dinh luong.

3.2. Khio sat dung méi tach chiét

Cac cathinone tong hop thudng ton tai ¢ dang
bazo hodc dang mudi HCL. Tuy theo muc dich
va yéu ciu, chung ta co thé chiét dé thu dang
bazo hoic dang mudi axit. Trong qua tr nh
chiét, dung méi chiét dong vai trd quan trong



trong viéc tach chiét cc chat phan tich ra khoi
thanh phan t& dugc.

Dé nghién ctru anh huong ciia dung mai t6i do
thu hdi ctia qué tr nh chiét, ching t6i sir dung 5
dung moéi thong dung dé khao sat gom: ethyl
acetate (viét tat 1a EtAc), chloroform (viét tit 1a
clorf), diethyl ether (viét tit la ete),
dichloromethan (viét tat 1a DCM) va n-hexan.
Két qua nhu sau:

14 —e—EtAc
0 #— Clorf

g 12 ; Ete
g 0 . 8 J m DCM
= 10 |y -
Z ~3—n-hexane
& 80

60

40

0o 10 . 20
Chat phan tich dang muoi axit HCI

Hinh 2. Anh huong cia dung méi chiét t6i dé
thu hoi dang mudi axit HCI
Cathinone tong hop ¢ dang mudi c6 d thu hoi
kha cao. Trong d6 diethyl ether bay hoi rat
nhanh ¢ nhiét d¢ phong, kha nang 1ap lai thép,
gdy ra sai s& dwong cho ph p phan tich va khé
kiém soat nén diethyl ether khong dugc chiing
toi st dung trong phan tich dinh lugng céc
cathinone tong hop. Trong bén dung mdi con
lai gdm: ethyl acetate, chloroform,
dichloromethan va n-hexan déu c6 thé st dung
dé chiét mau. Tuy nhién ethyl acetate c6 do thu
hoi tét (dat tir 79,68 - 96,23%), d6 6n dinh cao
va la dung moi kha nhe d& phan 16p, khi chiét
pha hitu co ¢ phia trén, dé dang dé tach pha
hiru co ra khoi pha nuée nén duoc st dung dé
phén tich dinh tinh va dinh lugng cathinone

téng hop trong mau vién nén.
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Hinh 3. Anh hieong ciia dung méi chiét t6i do
thu hoi dang bazo
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So v6i d6 thu hdi & dang mudi axit HCI th do
thu hdi & dang bazo giam dang ké, dic biét la:
cathinone va methcathinone (gan nhu khong
quan sat thdy tin hi¢u phén tich), mephedrone,
pentedrone, 4-CMC, diethylpropion, 4-
methylcathinone,... 6 thu hoi chi dat tir 0 -
40%. D6 1a do cic cathinone tong hop niy
khong bén & dang bazo, chiing d& phan huy khi
gap nhiét d6, ¢ am hodc pH. o d6, dé phuong
phéap c6 tinh 6n dinh, hiéu sut tdt chung t6i
chiét tach va nghién ctru cac cathinone tong
hop & dang mubi axit HCI.

3.3. Khio sat mdi truong chiét (pH)

Moi trudng chiét xuat 1 mot trong nhitng yéu
t6 quan trong quyét dinh hiéu sudt cua qua
trinh chiét. Céac cathinone téng hop duoc
nghién ctu 1a cac alkaloid chira nito bac 1, 2
hodc 3 nén c¢6 tinh kiém. Pé khao sat anh
hudng cia yéu t6 nay, chung téi nghién ctru
chiét cac cathinone téng hop trong dung dich
dém phosphat ¢6 pH tir 8- 13. Két qua nhu sau:

BothuhditheopH

12
- 0 —+—pH 8
X
.‘g 10 —a—pH 9
8
2 —a—pH
‘g' 80 10
60 pH
40 =
20 ——pH

0 10 2
Chét phan tich dang muéi HCI
Hinh 4. Anh hudng ciia pH dén dg thu hoi

dang muoi HCI
Céc cathinone tong hop dang mubi HCI déu
cho d6 thu hdi cao khi chiét bang ethyl acetate.
Vé6i pH 13 do thu hdi tuy rat cao nhung co
phan kho kiém soat nén khong dung trong
phan tich dinh lugng cathinone tong hop.
Voi pH 8 d6 thu hdi c6 thé tam chép nhan
nhung van chua dat yéu ciu cia AOAC
(Association of Official Analytical Chemists)
trong phan tich dinh lugng nén pH nay ciing
khong dugce nghién ctru sir dung.
V6i pH tir 9 - 12 d6 thu hdi kha cao, én dinh
nén c6 thé str dung moéi trudong kiém c6 pH tir 9
- 12 dé chiét cac cathinone téng hop. Dé thong
nhat chung t6i st dung dung dich dém
phosphat c6 pH 11 trong cac khao sat tiép theo



thay vi dung dung dich kiém vi ching c6 kha
nang giit cho pH cua dung dich khong thay déi
trong qua trinh thi nghiém.

3.4. Thim dinh phwong phip va ting dung
phan tich miu thuc té

Tham dinh phuong phép c6 két qua nhu sau:
cdu cua AOAC trong phan tich dinh lugng
cathinone tong hop tir mau vién n n.

Trén co s¢ thuc nghi€ém da nghién ctu, chung
toi dua ra quy tr nh phan tich dinh tinh va dinh
lwong céc cathinone tong hop tir mau vién n n
nhu sau:
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Hinh 5. Puong chuan dinh lwong cdc

cathinone téng hop

- Khoang tuyén tinh tir 5 - 200 mg/I.

- Hé s6 R tir: 0,9901 to 0,9968.

- Phuong phap c6 gidi han phat hién tur 1,2

-1,5 mg/l; giéi han dinh lugng tir 3,9 - 5,0

mg/l.

- B6 chum tt (% RS tir 1,15 - 5,12%),

phuong phép c6 d6 on dinh tdt, chon loc

cao; do thu hoéi cao (R% tir 80,59

97,07% v&i mot 1an chiét); anh hudng

ciia nén miu déu nhé hon 20% dap tng

yéu cau ciia AOAC trong phan tich dinh

luong cathinone tong hop tir mau vién n n.



- Trén co so thuc nghiém da nghién curu,
chung t6i dua ra quy tr nh phan tich dinh
tinh va dinh luong céc cathinone tong hop

tir mau vién n n nhu sau: JERi IEEREEmesn= o

Vién nén chira cathinone téng hop
1/ Déng nhit mau Nghién min, tron déu J‘
Y ‘ w
Bot vién
2/ Hoa tan mau - Cén 10 mg bdt vién —"7_ S ETTTRTRELEE T
- Hoa tan trong 10 ml i
HCI10,1M (ty 1€ 1:1). [ .‘w T
- Lac siéu 4m 30 phut. i
A
Dich loc
3/ Kiém héa mau - Lay 2ml dichloc iff el | e ey

phosphat pH 11
v
Dich loc kiém

4/ Chiét mau - Thém 2ml ethyl acetate N R RN R AR LA LR Y
- Lac xody 3-5 phit N i
- Ly tam 5 phut (toc do \ S N, Az

3000 \'6nglt‘phﬁ§) ) Hinh 7.’Sac ky do cua mot so ’mazf thuc ’
- Tach pha hiru co Bang 2. Ket qua phdn tich mgt s6 mau thuc té
v Loc qua Na;SOs khan

thu dwoc tr cac vu an guri dén Vién KHHS

Piehchicyd o e Ky hiéu [Két qua phan tich
5/ Chuyén dang muéi { Ly 1ml dich chiét bazo mau
- Thém 100ul HC1 1% M1 | Dinh tinh: 4-CMC
trong methanol )
- Lam kho bing dong khi - Dinh luong: 35,78 + 0,63 (%)
- e °_400C M2 |- Dinh tinh: Benzylone (BMDP)
Can chiét dang muo61 HC1 .
- Dinh lugng: 26,98 + 0,32 (%)
6/Hoatanlaimdu | Hoa tan cén bing 1ml M3 |- Dinh tinh: Pyrovalerone
yilocosahe 5 gl - Dinh luong: 40,86 + 0,25 (%)
Dung dich phéin tich bing GC/MS M4 |- Dinh tinh: N-Ethylhexedrone
Hinh 6. Quy trinh phdn tich cathinone tong - Dinh lugng: 38,00 + 0,81 (%)
hop trong mdu vién nén bﬁngphu"ongphdp M5 |- Dinh tinh: 4-CEC
GC-M5 - Dinh luong: 39,39 + 0,71 (%)
S}"r dl_mgA qu}f tr nh Adﬁ (’iu:qc :thém’ dinh’ o tr€’:n M6 - Dinh tinh: Eutylone
vao phan tich mft s6 mau cé chua cac ) .
cathinone téng hop dugc giri dén Vién Khoa - Dinh luong: 36,16 + 0,33 (%)
hoc h nh sy trong thoi gian qua. C4c thong tin M7 |- Dinh tinh: MDPBP
vé miu da duge mi hoa tir M1-M7 dé dam bao - Dinh lugng: 24,16 £ 0,45 (%)
tinh bao mat thong tin, két qua nhu sau: Cic mau chtra chat ma tiy nhom cathinone

téng hop thu giit & Viét Nam trong thdi gian
qua c6 dic diém sau:
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+ Mau thu giit & dang bot vién n n hodc vién n
n v6i nhiéu logo, h nh dang, mau sic khac
nhau.

+ Tt ca cac mau thu giir déu chira chat ma tiy
(thuong chira mot loai chat) dang mudi HCI.

+ Péu chira chét pha tron: ¢ loai mot chit pha
tron, c6 loai 2 hoac 3 chét pha tron. Cac chét
pha tron thuong goém: duong (dextrose,
maltose, lactose), bot talc, tinh bot,. ..

+ Ham luong cac chat ma tdy nhém cathinone
téng hop trong mau vién n n thuong tir 20 -
40%.

4. KET LUAN

- Pi xay dung duoc didu kién phan tich trén
thiét bi GC-MS két hop véi cot Agilent 7890
GC- MS/MS; cot Agilent J&W DB-1MS (30m
x 0,25mm; 0,25um): Khi mang Heli véi tde do
1,0ml/phut, thé tich tiém 1ul, ty 1& chia dong
9:1, nhiét do 16 cot: 90°C (giir 1 phit), tang dén
150°C véi tée d6 8°C/phiit, ting dén 200°C voi
toc do 5°C/phut, tiép tuc ting dén 280°C véi
tbc d6 10°C/phit (giir & 280°C trong 3,5 phut);
nhiét d6 dau phun 225°C; ngudn ion héa ESI
70eV; ché d6 quét: Full scan trong dai kh6i 50
- 550 m/z

- Téi wu diéu kién xur Iy mau tir vién n n chta
cic chat trong nhom cathinone tong hop:
phuong phap chiét 1ong - 1ong st dung dung
moi ethyl acetate trong moéi truong c6 pH 11
dé thu cathinone tong hop dang mubi axit HCI.
Phuong phéap chiét don gian, khong can chiét
lap, d6 thu hoi dat tir 80,59 - 97,07% véi mot
lan chiét.

- ba xay dung phuong phap dinh tinh, dinh
lwong cho 19 cathinone tong hop: xay dung
dugc duong chuan dinh luong cho cac
cathinone tong hop trong khoang tuyén tinh tir
5 - 20 mg/l v6i do lap lai tt vé thoi gian luu,
ty 1€ dién tich pic; d6 chum va d§ dung cao;
hiéu suét thu hoi tbt, anh hudng cta nén mau
dap ung yéu cau phan tich cia AOAC.

- Pa phan tich mot s mau thuc 1a c&c vién nén
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hodc bt vién n n thu gir tai Viét Nam. Ham
luong cathinone tong hop trong mau vién n n
thuong dao dong tir 20 - 40%.
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