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Abstract: This study developed a method for the simultaneous qualitative and quantitative analysis of two alkaloids,
including strychnine and brucine, in poisoning or post-mortem human blood samples using liquid chromatography-
mass spectrometry (LC-MS/MS). This method is developed based on current FDA guidelines. Results: Isotopes
Warfarin-d5 was used as an internal standard. The procedure for samples treatment was simple, with the value of
recovery being higher than 85% and repeatability being lower than 15.0%. The experimental results showed that the
limit of detection (LOD) of strychnine and brucine were 0.25 ng/mL and 0.15 ng/mL. The linearity of the method was
in the range of 1 ng/mL to 250 ng/mL with a correlation coefficient (R) from 0.9997 to 0.9998.

Keywords: strychnine, brucine, alkaloid, human blood samples, LC-MS/MS.
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Tom tat Nghién ciru phat trién mgt phwong phdp dinh_tinh va dinh lrong dong thoi 02 alkaloid déc c6
nguon goc tir cdy Ma tién (Strychnos nux vomica L.) trong mau mdu nguoi bi ngd doc hodc tir vong lién quan dén
Strychnin va Brucin bang ky thudt sac ky long khoi phé (LC/MS-MS). Phirong phap diroc tham dinh theo hudng
dan hién hanh ciia FDA. Két qua: Phirong phdp sie dung Wafarin-d; lam ngi chudn. Quy trinh xur [y mau don
gidn, d6 thu héi ciia cdc chat I6n hon 85% va dg léch chuan twong doi dwdi 15,0%. Két qua nghién citu cho thdy
gi6i han phat hién (LOD) ciia Strychnin va Brucin lan lwot la 0,25 ng/mL va 0,15 ng/mL. Khodng tuyén tinh khdo
sdt cac chat 6 ham heong tir 1 ng/mL dén 250 ng/mL véi hé s6 twong quan tuyén tinh (R) tir 0,9997 dén 0,9998.

Tir khéa: strychnin, brucin, alkaloid, mau méu nguwoi, LC-MS/MS.
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1. PAT VAN PE

Strychnin, Brucin thugc nhom alkaloid ¢6 doc tinh cao
duoc nghién ciru va chiét xuét tir cdy Ma tién (Strychnos
nux vomica L.). Ma tién phan b phd bién ¢ khu vurc chau
A nhu An D6, ban dio Malaysia, Campuchia, Lao va
Viét Nam. Tai Viét Nam, M3 tién duoc tim théy tor Khanh
Hoa dén Tay Ninh [1]. Ngo doc va tir vong lién quan dén
strychnin va brucin ¢6 nhiéu nguyén nhan khac nhau, c6
thé do uéng nham rugu xoa bop ngam hat Ma tién, do ngd
doc thude diét chudt co thanh phan 14 strychnin hodc sir
dung qua lidu mot s6 loai thude diéu tri c6 chira hoat chét
strychnin... Do do, viéc xac dinh dugc nguyén nhan gay
ngd doc va tir vong 1a thuc sy can thiét.

Hién nay, sic ky long két hop véi detector khdi phd
ndi tiép 2 lan (LC-MS/MS) dugc xem la thiét bj phan tich
hién dai, v6i nhiéu diém wu viét nhu c6 d6 nhay, do 6n
dinh, d6 chinh x4c cao va thao tac xu ly don gian giup
phan tich nhanh cac alkaloid doc trong méu vira tiét kiém
thoi gian, cling nhu chi phi [3 - 5]. Nghién ctru xay dung
mot quy trinh phén tich dong thoi strychnin, brucin chinh
xac trong mau méau sir dung thiét bi LC-MS/MS, két hop
v6i ky thuat chiét 1ong - 1ong (LLE) gitip xir Iy mau nhanh,
don gian. Phuong phap xay dung c6 y nghia thyc tién cao,
gitip xac dinh nhanh chéng, chinh xac nguyén nhan ngd
ddc va phuc vu cong tac giam dinh phap y tai Viét Nam.
2. THUC NGHIEM
2.1. Thiét bi, dung cu, héa chét, chat chuin
2.1.1. Thiét b, dung cu

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 g); bé rung siéu am Elmasonic
S100; may ly tim Rotina 380, bo lam khé miu bang khi
nito; micropipet cac thé tich tir 2,0 — 1000,0 uL; cac dung
cu thiy tinh ¢6 do chinh xac va cac dung cu can thiét khac
trong phong thi nghiém.

Thiét bi va dung cu dugc hi¢u chuan dinh ky theo quy
dinh cua ISO/IEC 17025 va GLP.

2.1.2. Héa chit, chit chudn

Chat chuan: strychnin, brucin va warfarir‘l-d5 (IS)
dugc mua tir hang Cayman Chemicals c6 code lan lugt 1a
27221, 25432 nguyén trang.

Dung mdi, hoa chit: ethylacetat (EA); diethyl ether;
chloroform; acetonitril (ACN); acid formic (HCOOH),
NH,OH 10%; nu¢c deion.

2.2. Poi twong va phuong phap nghién ciru
2.2.1. Déi twong nghién ciru
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- i tugng nghién ctru: strychnin, brucin trong mau
mau.

- MAu sir dung nghién ctru: Mau mau blank (6 mau)
duoc ldy tir nhitng mau giam dinh 4m tinh véi cht nghién
ctru. 05 mau mau thuc té cla cac truong hop ngd doc hoac
tir vong lién quan dén strychnin, brucin.

2.2.2. Phwong phdp nghién cuu

* Piéu kién sac ky 1ong

- Cot Leapsil-C18 (2,1 x 100 mm, 2,7 um) ctia hang
Dikma.

- Pha dong: Pha dong: A: acid formic 0,1% trong nudc
deion; B: acid formic 0,1% trong acetonitril. Chay chuong
trinh gradient.

- Téc d6 dong: 0,2 mL/phut

- Thé tich tiém: 3 pL

* Piéu kién khdi phd

St dung detector ghép ndi 2 lan khdi phd Triple
Quadrupole (MS/MS). Ché d¢ ion hoa dau phun dién tir
ESI. Céac dung dich chuan va ndi chuan dugc phan tich
& ché do full scan dé xac dinh lya chon manh phén tu
me (precursor ion). Tiép theo, ché do production duoc st
dung dé xac dinh manh phan tir con. Cac méanh ion phan tir
sau khao sat dugc lwa chon dé phan tich theo ché 46 MRM
(Multiple Reaction Monitoring). Diéu kién khdi phd duoc
t6i wu hoa bang phin mém Optimazation cta thiét bj.

* Chuén bi dung dich chuin va ndi chuan

- Dung dich chuan gbc ndéng d6 10 pg/mL trong
methanol dugc pha tir chit chudn strychnin, brucin ham
lugng 99,33%.

- Dung dich chuén ndi gbc nong d6 10 pg/mL trong
methanol dugc pha tir chat chuan warfarin-d; ham luong
99,83%.

- Cac dung dich chuén va chudn noi trung gian 2 pg/mL
trong methanol dugc pha lodng tir dung dich chuan va
chuan ndi goc 10 pg/mL trong dung mdi methanol.

* X1r ly mau phan tich

Lz”iy chinh xac 1,0 mL méu vao 6ng nghiém ly tam
10 mL, thém 25 pL dung dich ndi chuan warfarin-d; (nong
d6 2000 ng/mL). Sau d6, miu mau dugc kiém hoa bang
50 pL dung dich NH,OH 10%, lic déu, dé yén trong 20
phat. Thém 2 mL dung dich Chloroform va dem lic trong
30 phiit. Mau duoc ly tim 6000 vong/phut trong 5 phut.
Hut 1,0 mL 16p dung moi va loc qua mang 0,22 pm. Lam
bay hoi dung mdi dudi dong khi nito ¢ 40°C. Hoa tan can
bang 500 pL acetonitril, dich thu dugc ding dé phan tich
LC-MS/MS.
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* Tham dinh phuong phap phan tich

Thiam dinh phuong phép phén tich theo hudng din
cta US-FDA gdm cac chi tiéu: Do thich hop hé thong, do
dac hi¢u, gidi han phat hién (LOD), giéi han dinh lugng
(LOQ), khoang tuyén tinh, d6 dung va do lap lai [2].
3. KET QUA VA BAN LUAN
3.1. Két qua khao sat diéu kién khoi phé MS/MS

Khao sat tim manh phan to me, manh con, ché o
jon hoa mau dua vao chuin don chat strychnin, brucin

va warfarin-dg cung ndéng d6 10,000 ng/mL. Két qu,é
khao sat dugc trinh bay dudi Hinh 1. Tién hanh toi
vu hoa dé tim diéu kién MS/MS bing phin mém
Optimazation, két qua diéu kién khéi phd duoc trinh
bay dudi Bang 1.

Diéu kién khéi phé: Nhiét d6 interface, DL-desolvation
line, desolvate héa lan luot 1a 300°C, 250°C, 526°C. Tée
d6 khi phun suong, khi lam néng, khi lam kho lan luot 1a
3 mL/phut, 10 mL/phut, 10 mL/phut.

Bing 1. Két qua khao sdt diéu kién phan tich trén khéi pho

STT | Chét phan tich | Ché do phan tich Mf‘l‘r‘:/‘z;“@ M?::;z;on (%1) C"l?(‘éilf:’;‘ (E{‘,;*rgy (%3)
184* 50 -11 -41
1 Strychnin Positive 335,0 264 50 -27 -34
156 50 -15 -51
324* 50 -26 -33
2 Brucin Positive 395,0 244 50 -28 -25
282 50 -18 -32
117 50 14 35
3 Warfarin-d5 Negative 312,0 161* 50 10 20
255 50 19 22
(* manh ding dé dinh heong)
e T Pt Ton 6] Frecrss 5 0003 CE- 550 Pt Tirs: (1301 Sean 19 v T it S ] Fiecuon, S5 0000CE 350 el Tive [0300] S 1]
‘fen 10000000} 0 L R o Hentel 0200 O ey
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Hinh 1. Manh con lya chon phan tich cua Strychnin (4) va Brucin (B).

Nhdn xét: Tir két qua bang 1 va cac diéu kién khdi phd
da khao sat duoc, nhan thay diéu kién khdi phé hoan toan
phi hop v&i cong thirc phan tir cht phan tich tai ché do
[M+H]". Mdi chat phan tich nghién ctru lya chon 3 méanh
m/z ion con, trong d6 1 manh tin hi¢u cao dé dinh luong
va 2 manh tin hiéu thdp dé dinh tinh.

3.2. Két qua khao sat diéu kién sic ky long

Dung dich chuin hdn hop strychnin, brucin va
warfarin-ds & cung ndng d6 100 ng/mL dugc st dung dé
khao sat chuong trinh pha dong trong nghién cuu.

Pha dong: A: acid formic 0,1% trong nudc deion, B:
acetonitril. Chay chuong trinh gradient. Két qua khao sat
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pha dong duoc trinh bay dudi Bang 2. Séc ky d6 ctia mau
chun hdn hop cac chit phan tich va ndi chuan duoc trinh
bay trong Hinh 2.

Bdng 2. Chuong trinh gradient pha dong

(100,000) Max intensty : 167,877
1:STRYCHIIN 335.0000>164.0000) CE: 410 Tme 0668 Scank 202 Tnen

2:BRUCH 395.0000>324.0000(+) G -33.0
3:WARFARIN-DS 312.0000~161 00B0(-) CE: 20.0

Nhdn xét: Chuong trinh gradient khao sat pha dong
trong Bang 2 cho két qué pic chat nghién ctru va ndi chuan
can dbi, thoi gian luu 6n dinh. Ddi v6i cac chat phan tich
¢6 thoi gian luu gin nhau, khi phan tich trén detector khdi
phé 6 thé Iya chon manh m/z theo chit nghién ctru nén
khong bi anh huéng nhiéu.

Thoi gian £ aa s . A B i S
(phiit) Toc do dong (mL/phut) %) | (%) o
0,01 - 1,00 0,2 40 | 60 " L
1,01 -2,50 0,25 30 | 70 , . . s ,
Hinh 2. Sac ky do chuan hon hop 2 chat phdn tich va ngi
2,51 -4,00 0,2 40 60 chudn warfarin-d

3.3. Khio st dung méi chiét

Ky thuat chiét long-long (LLE) duoc sir dung dé khao
sat diéu kién chiét mau. Cac dung méi khao sat bao gdm:
ethylacetat, diethylete, chloroform tai 03 mirc ndng do 10
ng/mL, 150 ng/mL va 200 ng/mL. Tién hanh xtr Iy mau
theo quy trinh tai muc 2.2.2. Két qua khao st dung moi
chiét duoc trinh bay trong Bang 3.

Bang 3. Khdo sdt dung méi chiét mau

Cni¢ | Nongdd Do thu hdi (%)
STT A o thi nghiém
phin tich | =\ ity | Ethyl acetat | RSD (%) | Chloroform | RSD (%) | Diethyl ete | RSD (%)
10 66,69 6,033 88,86 3,165 80,47 4,502
1 | Strychnin 150 70,73 3,418 92,21 1,138 84,12 2,898
200 75,84 3,297 95,28 1,880 87,49 2,107
10 70,43 4,470 86,46 4,077 81,78 5,115
2 | Brucin 150 73,45 3,147 95,39 2,426 87,37 2,982
200 81,09 2,061 97,02 2,012 92,94 1,815

Nhan xét: Tir két qua Bang 3 cho thdy, dung méi Chloroform cho lwong chit thu hdi sau chiét 16n nhét. Do vay,
nhom nghién ctru lya chon Chloroform lam dung moéi chiét mau.

3.4. Tham dinh phwong phap

3.4.1. Dj thich hop hé théng LC-MS/MS

Tién hanh phan tich dung dich chun hdn hop 02 chét phan tich & 03 mirc nong do 2,5 ng/mL; 100 ng/mL va 250
ng/mL cho m&i chit va nong d6 nodi chudn & mdi mirc déu 1a 50 ng/mL. Phan tich lip lai 6 1an dbi véi mdi mirc nong
d6. Gia tri cua d6 1éch chuan tuong dbi (RSD) dugc thong ké thong qua ty 1¢ thoi gian luu twong ddi va ty 1¢ dién tich
pic ctia 02 chat phan tich véi ndi chuan warfarin-d.. Két qua thi nghiém khao sat Do thich hop hé théng dugc trinh bay

trong Bang 4.
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Bing 4. Két qua dé thich hop hé thong

i Do thich hop hé théng LC-MS/MS
STT ph(;lllli:ch Ty 1€ thoi gian luu (% RSD) Ty 1€ dién tich pic (% RSD)
2,5 (ng/mL) | 100,0 (ng/mL) | 250,0 (ng/mL) | 2,5 (ng/mL) | 100,0 (ng/mL) | 250,0 (ng/mL)
1 Strychnin 0,227 0,201 0,243 4,089 1,433 1,453
2 Brucin 0,308 0,173 0,247 4,624 1,855 2,814

Nhén xét: Két qua cho thiy do léch chudn twong
d6i (RSD) ctia ty 1¢ thoi gian luu trén ndi chuan va ty
1¢ dién tich pic chat phan tich trén ndi chuan cé gia tri
dudi 5,0%. Vi vay, phuong phap dat yéu cau vé do thich
hop hé thong.

MItrty?s

3.4.2. D¢ dac hiéu

Tién hanh nghién ctru trén 6 miu mau blank va 6 mau
méu blank thém chuin 02 chat phén tich va chuan noi
warfarin-d5 & néng do 1,0 ng/mL. Danh gia sy xuét hién
tin hidu cac pic trén sic ky dd cia 6 mau blank va 6 mau
thém chuan. Két qua dugc trinh bay trong Hinh 3.

Max Intensity : 830

Time 0.030 Scan® 10 Mten

(cl00)

1 STRYCRHIT 33 nnnn mumnn( = 41 0
BRUCN

n—3 WARFARMLDS 312 0000~ 151 nnnn( CE 200

(x100)
1: STRYCHNIN 335 UDUU 1
2:BRUCIN 3 00=

3WARFAHIN—D 312 UUUU>§_51 UUDU( ch 20.0
7.5 £

o
o
]

A

UUDU(+}CE —410 Time 0.914 Scan# 277 Inten 141
-+

&

5.0

2.5+

ne S

00 s 10 15 20 25 30 35 min

Hinh 3. Scc ky @6 mau méu blank (A). Scc ky @6 mau méau blank thém chudn ¢ nong dé 1 ng/mL (B)

Nhin xét: Két qua khao sat do dic hiéu cho thiy. Trén
sdc ky d0 cia mau mau blank khong thiy xuét hién pic
50 v6i sac ky d6 mau mau blank thém chuén tai thoi gian
Iuru chét phan tich va chat ndi chuan. Vi vay, phuong phéap
phén tich ddc hiéu voi cac chat nghién ctru.

3.4.3. Gidi han phdt hién (LOD) va giéi han dinh
lwgng (LOQ)

Tién hanh pha loang dung dich chuén hén hop c6 nong
d6 1,0 ng/mL sau d6 dem phan tich theo diéu kién da chon
dé x4c dinh gidi han phat hién (LOD) va gi6i han dinh
luong (LOQ) cta chat phan tich. Két qua LOD va LOQ
dugc trinh bay trong Bang 5.

3.4.4. Puwong chudn va khodng tuyén tinh

Khoang tuyén tinh dugc khéo st trén cdc mau méau
blank thém chuan hdn hop 02 chat phan tich & 08 ndng
d6 gom 1; 5; 10; 25; 50; 100; 200; 250 ng/mL. Nong do
ctia ndi chudn trong cac mau thém chuan déu 1a 50 ng/mL.
Tai mdi ndng do, thi nghiém lap lai 06 1an va liy gia tri
trung binh. Duong chuan dugc xay dung théng qua moi
quan hé tuyén tinh giira ty 1& giita ndng do va ty 1é dién
tich pic gitra chit phan tich so v&i ndi chuan. Trong do:Yy
1a ty 1 dién tich giita chat phan tich/IS. X 14 ty 18 nong do
giita chat phan tich/IS. Két qua khao sat khoang tuyén tinh
dugc trinh bay trong Bang 5 va Hinh 4 dai dién cho Do thi
biéu dién khoang tuyén tinh ciia Strychnin.
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Bing 5. Két qua khdo sdt khoang tuyén tinh, giéi han phat hién (LOD) va gi6i han dinh heong (LOQ).

£ A s 5 Ae LA A o LOD LOQ

STT | Chat phan tich | Phwong trinh hoi quy va hé so twong quan tuyén tinh (R) (ng/mL) (ng/ml,)
1 Strychnin Y =0,7975X + 0,0012, R = 0,9998 0,25 0,83
2 Brucin Y =0,5432X - 0,0015, R = 0,9997 0,15 0,50

Nhdn xét: Puong chuin xay dung duoc gifta ty 1& dién tich pic ctia cht phan tich so v6i noi chuan va ty 1& nong do
gitta phan tich so v&i ndi chudn, c6 hé s6 twong quan tuyén tinh R> 0,995.

4.5

40 Strychnin
35

3.0
25
2.0
15
1.0
0.5
0.0

y=0.7975x+0.0012
R=0.9998

0 1 2 3 4 5 6

Hinh 4. D6 thi biéu dién khodng tuyén tinh ciia Strychnin.
3.4.5. Dj ding, dj lap lai ciia quy trinh phén tich méu
bo dﬁng va do lap lai cua phuong phap duoc danh gia trén cac mau mél} blank thém cl}uén hén hop 02 chait phéan
tif:h 0 03 nong do khéNC nl}au la7,5 r{g/mL; 12~5,0 ng/mL va 225,0 ng/mL, népg d,(f) ndi chuan Warfarin-d5 tai moi ml'l"c
déu la 50,0 ng/mL. Mo6i nong d chuan bi 6 mau. Moi mic nong do thém chuan tién hanh thi nghiém 06 lan lap lai. Két
qua dugc trinh bay trong Bang 6.
Bing 6. Két qua khao sat dé thu hoi va dg lap lai cia quy trinh

STT Chit P thu hoi (% RSD (%)
phén tich | 7,5 (ng/mL) | 125,0 (ng/mL) | 225,0 (ng/mL) | 7,5 (ng/mL) | 125,0 (ng/mL) | 225,0 (ng/mL)
1 | Strychnin | 88,56 92,74 95,46 4,249 3,541 1,690
2 Brucin 87,67 90,54 94,20 5,010 2,392 1,893

Nhdén xét: Két qua cho thay do dang ndm trong khoang 87,67 dén 95,46% véi do 1éch chudn trong ddi tir 1,690 dén
5,010%. Do vay, phuong phap xay dung dat yéu cau ve do ding va do lap lai.
3.5. Két qua phén tich miu thye té
Ap dung phuong pl}ép da nghién ctru vao ph€1~n ticP dinh tinh va dinh lugng 05‘ mau méu cta 05 truong hop ngd doc
va tir vong lién quan d§n strychnin va b{ucin. Moi mau dugc phan tich 1dp lai 3 1an. Két qua trung binh dugc trinh bay
trong Bang 7. Sac ky do dai dién cho mau duong tinh dugc trinh bay trong Hinh 5, 6.
Bing 7. Két qud phan tich mau mdu thiee 1é givi gidm dinh.

Nong dé (ng/mL)
STT Ho tén Nam sinh
Strychnin Brucin
1 Nguyén Vin A 1964 108,68
2 Tin A C 1972 58,31 23,18
3 VIrAS 1949 129,29
4 Nguyén Hoang A 1973 194,85
5 Lé Thi M 1962 41,87 33,50
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Tir két qua phan tich cho thy, trong 05 mau méu thyc té cua nhimg trudng hop ngd doc, tir vong dem phan tich
phat hién 03 mau duong tinh véi strychnin, 02 miu dwong tinh dong thoi véi strychnin va brucin. Nong d6 dinh luong
strychnin va brucin 1an lugt trong khoang 41,87 — 194,85 ng/mL va 23,18 — 33,50 ng/mL. Thoi gian phén tich mau tir
chudn bi miu, phan tich va dua ra két qua trong khoang 60 phut. Day 14 thoi gian hop 1y dé phan tich mau.

Max intensity : 77,922 (x100,000)
Tme 0137 Sca® 40 Tien ¥ 1:STRY RN 335 T000-TE3 D000%) CE: 410
2:BRUCIN 395.0000-324.0000(+) GB! -33.0

125 |2 WARFARIN-DS 312.0000>161.000(-) CE: 20.0
£

Wax ntensity : 121,652
inten g

(10,000)
1:STRYCHNIN 335 0000>154.0000(+) CE. 41.0 Tme 0423 Gcan® 127 0
3:WARFARIN-D5312.0000>181.0000(-) CE: 20.0

o
7
V2 857

Strychnin/d 985
“Warfarin-d5/2 851

T

00 [¥ 10 15 7o 75 30 35 min

Hinh 5. Sdc ky d6 mau méu thuc té dwong tinh voi
Strychnin.

4.KET LUAN

Nghién ctru da xay dung phuong phap phan tich
ddng thoi 02 alkaloid doc trong mau mau la strychnin
va brucin. Nghién ctru st dung thiét bi phan tich 1a LC-
MS/MS két hop v6i k§ thuat chiét 1ong-long (LLE) dé
xtr Iy mau. Phuong phap phan tich xay dung da khao sat
day du cac chi tiéu, nhu do 6n thich hop hé thong, do
dic hiéu, khoang tuyén tinh, giéi han phat hién (LOD),

0.0 05 10 15 20 25 20 as min

Hinh 6. Sdc ky do mau mdu thuc té dwong tinh dong thoi
voi Strychnin va Brucin.

gi61 han dinh lugng (LOQ), do thu hdi va do 1ap lai, co
su dung chit noi chuan warfarin-d.

Ung dung phuong phap dd xdy dung dé xac dinh
nguyén nhan gay ngd doc va tir vong cta 05 truong hop
nghi ngo lién quan dén strychnin va brucin. Két qua cho
thdy phuong phap phi hop cho nghién ctru xéc dinh
strychnin va brucin trong mau. Quy trinh nay c6 thé ng
dung dé xac dinh nguyén nhan ngd doc va hiéu qua diéu
tri trong lam sang cling nhu giam dinh phap y.
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