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Abstract: This article develops a combined solid phase extraction (SPE) and gas chromatography
— mass spectrometry (GC-MS) procedure for determining amphetamine-type stimulants
Amphetamine (AM) and Methamphetamine (MA) in human hair. Hair samples were incubated in
methanol containing 1% hydrochloric acid in 18 hours and then subjected to SPE. The obtained
extracts were evaporated to dryness, derivatized with heptafluorobutyric anhydride (HFBA) at 70 °C
for 30 minutes prior to GC-MS analysis. Gas chromatography mass spectrometry was run on HP5-
MS column (30 m x 0.25 mm x 0.25 um) with detector MS 5975C. Experimentally, the proposed
method proved sensitive, simple and time-saving, but quite accurate with a low limit of detection
(LOD = 0.05ng/mg) and quantitation (LOQ = 0.15ng/mg).
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Xac dinh Amphetamin va Methamphetamin
trong toc bang sac ky khi khoi pho
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Tom tit: Nghién ciu dd xdy dung dugc phuwong phap xac dinhAmphetamin (AM),
Methamphetamin (MA) trong toc bang sic ky khi khdi phd. Xir Iy miu bang ngdm toc trong
methanol c6 chita 1% acid hydrochloric, két hgp véi chiét pha rin. Chat phan tich dugc dan xuat
v6i HFBA 6 80 °C dé tang do nhay. Phuong phép c6 dé tin cdy cao va kha ning phat hién duoc AM,
MA trong toc v6i mot lwgng rat nho 1a 0,06ng dbi véi AM va 0,08 ng d6i voi MA trong 1 mg toc.

Tir khéa: GC-MS, téc, AM, MA, chiét pha rin.

1. Mé dau

Amphetamin (AM) va Methamphetamin
(MA) 1a chit kich thich than kinh dang
amphetamin (ATS) hién duoc sir dung bat hop
phap trén thé gi6i trong d6 c6 Viét Nam va gay
ra nhiéu hé luy trong xa hoi. Pé thyc hién t6t
cong tac phong chdng cac hanh vi bat hop phap
lién quan t6i loai ma tay trén, cong viéc kiém
nghiém va phat hién ATS dong mot vai tro
khong hé nhé. Sy két hop ctia phuong phap phan
tich hién dai st dung sdc ky khi khdi pho (GC-
MS), sic ky long khoi pho (LC-MS) vé6i phuong
phap chiét pha ran (SPE) hay chiét long — long
dbi voi cac mau phap y nhu nuéce tiéu [1,2]; téc
[3,4] da thu hut dwoc nhidu sy quan tdm nghién
clru cta cac nha khoa hoc trén thé gioi va da
duogc tng dung thanh coéng.

Tai Viét Nam, mot s6 co quan giam dinh
cling da bit dau nghién ctru, xac dinh ma tay
trong dich sinh hoc, m¢ ra mot hudng médi cho

" Téc gia lién hé.
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viéc phan tich cac chat gay nghién, trong d6 viéc
phan tich ATS trong nudc tiéu sir dung phuong
phap vi chiét pha rin két hop v6i GC-MS hoic
SPE két hop v6i GC-MS [5] duoc chi trong
nhiéu. Tuy nhién, viéc phan tich ma tdy trong toc
chua dugc nghién clru. Pac biét giam dinh ma
tay trong toc d6i véi phap y ¢ ¥ nghia rat quan
trong dé xac dinh dbi trong sir dung ma tay trudc
d6 da lau hoac trong truong hgp nan nhan ti
vong. Do d06, nghién ctru nay dugc thuc hién voi
muc ti€u xdy dung quy trinh xac dinh ma tay
tong hop AM va MA trong toc bang GC-MS
phuc vu cong tac phong chdng té nan ma tay va
giam dinh phép y tai Viét Nam.

2. Nguyén vit liéu va phwong phap nghién ciru
2.1. Nguyén vat liéu

Hoa chat, thude thir;
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- Chat chuan Amphetamin  1mg/ml
methanol, ma A-007, Lot: FE050614-06(My).

- Chat chudn Methamphetamin 1mg/ml
methanol, ma M-009,Lot: FE01710-02 (M¥).

- Chat chuanmethamphetamin-d5 (MA-d5)
1mg/ml methanol, ma M-023, Lot: FE042012-
02 (My), dugc st dung lam ndi chuan.

Methanol va ethylacetatloai HPLC; anhydrid
heptafluorobutyric (HFBA), kalihydrophosphat,
kalidihydrophosphat va amoniacloai PA déu ciia
Merck, DPuc.

Thiét bi: may sac ky khi khdi phd Agilent
Technologies 6980N, detector MS 5975C.Hé
thong chiét pha rin Agilent sir dung cot Evidex
Cartridges, 200 mg, 3 ml (M¥).

Mau nghién ctru: mau toc khong nhiém ma
tiy (mdu tring) va mau toc cua ngudi nghi ngd
sir dung ma tay gtri dén giam dinh tai Vién Phap
y Quéc gia tir thang 7 dén thang 9 nim 2019.

2.2.Phuwong phap nghién ciru

Diéu kién sic ky: cot sic ki HP5-MS: (30m
% 250 pm x 0,25um). Chuong trinh nhiét d¢ cot:
Bit dau 80°C, giir 3 phut, ting 1én 40°C/phut dén
200°C va giir 1 phut, tiép tuc ting 10°C/ phit dén
290°C va giir trong 10 phat. Khi mang: Heli, toc
d6 dong 1 ml/phut. Thé tich tiém mau: 1 pl, ché
do khong chia dong.

Diéu kién MS: nhiét do nguén ion héa MS
230°C; nhiét 6 khoi tir cwec MS 150°C; nhiét do
dudng dan két néi GC va MS 280°C. Ngudn ion
hoa bang va cham dién tir (Electron impact, EI)
véi nang lugng 70eV.

2.3. Chudn bi mau

Mau chuén: c&c dung dich chudn AM vaMA
néng d6 Img/ml pha thanh cic dung dich co
ndéng d60,1 pg/ml val pg/ml trong methanol.
Chuan ndi MA-d5 nong do 1 pg/ml trong
methanol.

Mau tring thém chuan: sir dung mau toc
trang thém chuan dé duoc cac mau c6 ham luong
0,5 - 50 ng/mg, va chuan ndi MA-d5 10 ng/mg.

Mau thir: mau thir duge thém nodi chuin dé
c6 ham lugng 10 ng/mg.

Xir i mau: ¢an chinh xac khoang 10 mg toc
vao mdi 6ng nghiém. Rira theo thir tyr bang nudc
cit 3 1an, mdi 1an 5 ml r6i bang methanol 3 lan
mdi 1an 5 ml. Téc sau d6 duoc cit khoang Imm.
Thém 2 ml dung dich acid hydrocloric
1%/methanol, thém ndi chuan va  khoang 18
gio & nhiét do phong. Mau duoc ly tim lay dich.
Dich thu duogc s€ duoc lam kho b@fmg khi nito t&1
cin.[3]. Can dugc hoa tan bang 3 ml dung dich
dém phosphat 0,1M; pH 6 rdi tién hanh chiét pha
ran. Hoat hoa c6t 1an luot bang methanol va dung
dich dém phosphat 0,1M; pH 6 mdi loai 3 ml toc
d6 2 ml/phut. Nap miu vao cot véi toc do 2
ml/phut. Rira cot voi 10 ml nude cat va 5 ml
dung dich acid hydrocloric 0,IN toc do 5
ml/phut. Tiép tuc, rira cot bang 5 ml methanol
tbc do 2 ml/phut. Hut kho cot 1 phut. Rira giai
bang 5 ml hdn hop ethyl acetat : methanol :
amoniac (80:18:2) téc d6 2 ml/phat. Dich rira
giai dugc 1am kho dudi dong khi nito toi cin [1].
Thém vao cin 100 pl ethyl acetat va 100 ul
HFBA.U & 80 °C/30 phut. Bé ngudi, 1am kho va
hoa can bang 100 pl methanol.

2.4. Xir Iy 56 lidu

Céc dac trung théng ké duoc tinh dua vao
cong thirc hodc dwa vao cac ham sb trong phan
mém Microsoft Excel 2003.Ham lugng AM va
MA trong mau téc duge tinh dya vao duong
chuén xay dung trong cling ngay phan tich véi
r>0,99.

3. Két qua va ban luin
3.1. Két qua

Khao sat phd khdi cia AM, MA va MA-d5

Pho khdi cia AM, MA va MA-d5 tao dan
xuét voi HFBA 1o rang, riéng bi¢t. Dua vao tinh
dac trung va muc tin hi€u, chon cac manh m/z =
240 cho AM, m/z = 254 cho MA va m/z= 258
cho MA-d5 dé tién hanh phan tich sic ky theo
ché d6 SIM (Hinh 1).
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o Hinh 1. Pho khoi va séc ky do ciia AM, MA, MA-d5 dn xuat HFBA. i
a) Pho khoi cia AM-HFBA; b) Pho khoi cua MA-HFBA; ¢) Pho khoi cua MA-d5-HFBA; d) Séc ky d6 cia AM-
HFBA (m/z = 240); e) Sic ky do ciia MA-HFBA (m/z = 254); f) Sic ky dd ciia MA-d5-HFBA (m/z = 258).

Tham dinh phwong phép

Do thich hop cua hé thong

Tiém lap lai 6 1an dung dich chuin AM va
MA nong d6 100 ng/ml. Ghi lai gia tri thoi gian
Iru va dién tich pic. Két qua thoi gian luu cua
AM khoang6,49 phut va cia MA khoang 6,98
phat; RSD cua thoi gian luu cia AM va MA lan
luot 12 0,22% va 0,25%.RSD cua dién tich pic
cia AM va MA lan lugt 1a 1,71 % va 1,66 %.
Diéu nay cho thiy thoi gian luvu va dién tich pic
déu c6 RSD < 2%, thoi gian luu cta cac chit giita
cac lan phan tich khong co su khac biét nhiéu.
Vay hé théng sdc ki 6n dinh, ddm bao chinh xéac
dé phan tich mau cho két qua tin cay.

Do dac higu

Chuén bi 6 miu toc trﬁng, 6 mau toc tréng
thém chuan va ndi chuan ¢ ham luong 10 ng/mg.
Xt Iy miu va tién hanh sic ky. Két qua duoc
trinh bay & Hinh 2.

Két qua & Hinh 2 cho thay trén sic dd miu
trang, tai thoi gian luu cia AM, MA va MA-d5
khong thay xuat hién pic. Sic d6 cia miu tring
thém AM, MA va MA-d5 c6 cac pic xuét hién &
khoang 6,5 phut va 7,0 phat ung voi gia tri trén
sdc dd ciia chat chuan AM, MA va MA-d5 da
khao sat. Két qua xac nhin phuong phap dam
bao tinh dac hiéu.
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Hinh 2. Séc ky d6 cua a) miu toc trang (M/z = 254); b) miu toc tring (m/z = 240); ¢) mau toc tring (m/z = 258);

d) méu toc tring thém chudn MA (m/z= 254) ) gnz:m toc trang thém chuan AM (m/z= 240) va f) miu toc tring
thém chuan MA-d5 (m/z = 258).

Bang 1. Két qua tham dinh phuong phap

. . Chat phan tich | Ham lugng (ng/mg) DPuong chuan Hé sb twong quan
Erl]lr?ang tuyen FAm 0,5-50 y =0,0783x + 0,0642 0,9991
MA 0,5-50 y =0,0902x + 0,0816 0,9994
Chat phan tich | Luong thém (ng/mg) | Do thu hoi (%) RSD (%)
0,5 106,29 3,35
b dung va AM 10 98,36 3,88
do lap lai 50 97,13 411
(n=5) 0,5 97,88 3,18
MA 10 102,98 3,73
50 98,53 2,75
LOD va LOQ | Chit phantich | LOD LOQ
(ng/mg) AM 0,08 0,24
MA 0,06 0,18
Chat phan tich | Ham luong 1 ng/mg Ham lugng 10 ng/mg
Ak R(%) RSD(%) R(%) RSD(%)
Hicusuat | AMm 89,01 365 90,85 3,88
chiét
(n=5) MA R(%) RSD(%) R(%) RSD(%)
89,24 4,17 88,42 3,73
Khoang tuyén tinh Dé khao sat do dang va do 1ap lai, tién hanh

Xay dung d6 thi biéu dién mdi twong quan
tuyén tinh gitra ham luong AM, MA va ti 18 dién
tich pic cia AM/MA-d5 va MA/MA-d5. Chuin
0,5 ng/mg, 1 ng, 5 ng/mg, 10 ng/mg, 20 ng/mg
va 50 ng/mg.

Do dung va d6 lap lai cua phuong phap

danh gia ¢ 3 mic ham lugng cia AM, MA 12 0,5
ng/mg, 10 ng/mg va 50 ng/mg. Mdi mirc ham
luong tién hanh laplai5s lan. X4c dinh ham luong
AM, MA trong miu thr bang phuong phap
duong chuén va ti 1é % gitta lugng xac dinh dugc
so véi 1y thuyét.
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Gidi han phat hién (LOD) va gidi han dinh
lugng (LOQ).

LOD va LOQ cua phuong phap phan tich
AM, MA trong toc duge khao sat bang phan tich
cac mau AM, MA ¢ cac ham lugng giam dan
theo quy trinh xir Iy mau. Can chiét duoc tao dan
xuit véi HFBA r6i tién hanh sic ky. So sanh tin
hiéu chiéu cao pic AM, MA véi nhidu dudng nén
¢ cac ham lugng do.

Hiéu suit chiét

Danh gia hiéu suét chiét d6i voi AM, MA ¢
ham lugngl ng/mg va 10 ng/mg téc. Chuan bi
mAau chuan AM, MA ¢ cac ham lugng di néu,
tién hanh chiét va tao dan xuét, st dung dung
dich chuan thay vi mau thtr. Hiéu suat chiét duoc
tinh bang ty 18 phan tram dién tich pic clia chuan
cling ham lugng giita chudn duogc chiét va khong
chiét.

Céc két qua tham dinh phuong phap duoc
trinh bay ¢ Bang 1.

3.2. Ban ludn

Xir Iy mau cé vai tro dic biét quan trong
trong phan tich, dac biét la ddi véi mau thir sinh
hoc. Qué trinh rira miu téc bang nude va
methanol v6i muc dich loai bui, ban, ddu mé...
tao cho mau sach va it can tré dén qua trinh phan
tich. Quy trinh phan tich da dung st dung
phuong phap ngam téc trong dung dich acid
hydrocloric 1%/methanol ¢ nhiét d6 phong, qua
trinh nay chiét dugc AM, MA dudi dang muoi
do vay it anh huéng dén su phan hity mau va bay
hoi mAu. Chiét pha ran dugc thuc hién trén cot
chiét Evidex 14 cot két hop giita pha dao C18 va
trao doi cation, thich hop cho chiét cac chit ma
tay trong dich sinh hoc. Quy trinh chiét pha rin
duge thuc hién tién loi, co thé lam nhiéu miu
cung luc. Quy trinh phan tich sir dung HFBA dé
tao dan xuat v6i nhém amin trong AM, MA tao
thanh amid 1am ting kha ning bay hoi cta chat
phan tich, tang do nhay [6].

Diéu kién sic ky st dung cot HP5-MS 1a cot
¢6 d6 phan cyc trung binh, ph bién trong phan
tich doc chat. Chuong trinh nhiét do bat dau tir
80°C va két thiic & 290°C. Véi chuong trinh nay,
sic ky do cia AM, MA va MA-d5 cho pic ré
rang, nhon, sic nét va thoi gian phan tich ngan

hon so véi két qua cua tac gia Dong-liang Lin
[3]. Tac gia Dong-liang Lin su dung c6t HP1-MS
va chuong trinh nhiét d6 bat dau tir 60°C va két
thuc ¢ 300°C.

Phuong phédp GC-MS trong phan tich doc
chat c¢6 do nhay va chinh x4c cao. Qua két qua
khao st tinh phii hgp ctia hé thong tai thoi gian
luu va dién tich pic cho thdy cac thong s6 RSD
<2 %, chimg to hé thong c6 tinh phu hop, c6 thé
mg dung trong mAu phan tich thyc té. Phuong
phap c6 tinh chon loc, d§ dac hi¢u cao, cho théy
su xuét hién rd rét cac pic cia AM, MA, MA-d5.
Tham dinh phwong phap cho thiy do dung la
97,13 % - 106,29 %. Quy trinh phan tich thyc
hién cho két qua vé gidi han dinh tinh va gidi han
dinh luong cua AM la 0,06 ng/mg va 0,18 ng;
ctia MA lan luot 1a 0,08 ng va 0,24 ng trong 1
mg toc. Phuong phap dap tmg duge yéu cau phan
tich lwong vét AM, MA trong toc [7]. Tac gia
Maria Jesus Tabernero va cong su [8] sir dung
LC-MS/MS dé xac dinh AM va ketamin trong
toc voi gii han phat hién tir 0,1 ng/mg dén 0,5
ng/mg. Diéu nay cho thiy phuong phap GC-MS
phéan tich ma tiy trong téoc c6 d6 nhay tuong
duong so vai LC-MS/MS.

Phuong phap da dugc 4p dung phan tich mau
thue. Két qua phan tich 5 mau cho thiy c¢6 3 mau
duong tinh v6i AM, MA va 2 mau am tinh véi
AM, MA. Piéu nay chiing té quy trinh phan tich
la phu hop trong giam dinh AM, MA trong toc.
Trong nudc chua c6 cong bd nao vé phén tich
AM, MA trong toc. Tuy nhién ¢ nudc ngoai, viéc
phan tich cic miu téc cho thiy ti 16 AM, MA
duong tinh kha nhiéu [3]. Viéc phat hién duoc
luong vét AM, MA trong mau thyc dwa ra goi y
toc 1a mau dugce lya chon tdi wu dbi voi truong
hop khéng thé lay dugc dich sinh hoc nhu mau
va nude tiéu.

4. Két luan

Nghién ctru da xéy dung duoc phuong phap
xac dinhAM, MA trong toc bang sac ky khi khoi
phd, xr Iy mau bang ngdm toc trong methanol c¢6
chira 1% acid hydrochloric, két hop véi chiét pha
ran. Chat phan tich dugc din xuat véi HFBA &
80°C dé tang do nhay. Phuong phap c6 d¢ tin cay
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cao va kha nang phat hién dugc AM, MA trong
toc voi mot lwong rat nho 1a 0,06ng dbi voi AM
va 0,08 ng d6i véi MA trong 1 mg toc. Pa phan
tich 05 miu thuc té, trong d6 c6 3 miu duong
tinh véi ca AM va MA.

Két qua cho thay phuong phap di xay dung
phu hgp cho nghién ctru xac dinh AM, MA trong
toc, 1am co s& dé ap dung cho cac phong giam
dinh ma tay va phuc vu cho chuyén nganh phéap
y trén toan qudc.
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