== TAP CHI KIEM NGHIEM DUGC VA MY PHAM < S6 1 Tap 23 Nam 2025

DETERMINATION OF COUMATETRALYL AND BROMADIOLONE IN HUMAN
BLOOD BY LIQUID CHROMATOGRAPHY MASS SPECTROMETRY

PHAM THI THU HA', NGUYEN MAI DUNG'!, DANG THI NGOC LAN?, PHAM QUOC CHINH&
National Institute of Forensic Medicine
’Hanoi University of Pharmacy

BCorresponding author: pgchinh72@gmail.com

Received January 1 3" 2025
Accepted February 12", 2025

Abstract: In this study, a specific, sensitive and reliable liquid chromatography tandem mass spectrometry
(LC-MS/MS) has been established for the simultaneous quantification of coumatetralyl and bromadiolone in
whole blood. The method involves a liquid-liquid extraction with ethyl acetate. Multiple-reaction monitoring
(MRM) was used for the monitoring of negative ions for the detection of analysed compounds. Warfarin-d5 was
used as an internal standard (1S). Linearity was observed for each analyte in blood ranging from 0.5 to 100
ng/mL, with correlation coefficients over 0.99 . The limit of detection (LOD) was 0.04 ng/mL for coumatetralyl
and 0.05 ng/mL for bromadiolone. The intra-day and inter-day precision values were < 15 %, and accuracies
ranged from 83.4 % to 109.0 %. This method was applied to analyze twenty whole blood samples of twenty
people who were suspected of having been poisoned by these compounds.

Keywords: Coumatetralyl, bromadiolone, whole blood, Liquid Chromatography-Mass Spectrometry
(LC-MS/MS).
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Tom tit: Trong nghién ciru nay, phiwong phdp sdc ky long khoi phé LC-MS/MS ¢6 dé ddic hiéu, dé nhay va
chinh xdc cao di dwoc phdt trién dé dinh lwong dong thoi coumatetralyl va bromadiolon trong méu mdu. Mau
mdu sau khi chiét long-long véi dung méi ethyl acetat, tién hanh sdc ky theo ché dg ESI ion dam véi ky thudt
MRM nham phat hién cac hop chdt dwoc phén tich. Warfarin-d5 dwoc sie dung lam chat chudn ngi (IS). Khodng
tuyén tinh doi véi timg chat phan tich trong mdu nam trong khodng tir 0,5 dén 100 ng/mL, v6i hé s6 twong quan
16n hon 0,99. Gidi han phdt hién (LOD) ciia coumatetralyl va bromadiolon lan ot la 0,04 ng/mL va 0,05 ng/
mL. D6 1ap lai trong ngay va khdc ngay déu dudi 15 %, véi do diing dao dong tir 83,4 % dén 109,0 %. Phuong
phdp nay di dwoc dp dung dé phan tich hai muweoi mau méu nghi ngo ngé doc thudc diét chudt chong dong mau.

Tir khéa: Coumatetralyl, bromadiolon, mdu, sdc ky long khéi phé (LC-MS/MS).
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1. PAT VAN DE

Hién nay, cac loai thude diét chudt duoc sir dung phé)
bién & ca khu vuc nong thon va thanh thi, véi nhiéu muc
dich nhu bao vé cay trong, tidu diét chudt trong gia dinh va
cac khu cong nghiép. Trong sé d6, nhém thude diét chudt
chéng dong mau dbi khang vitamin K duoc ua chudng
nhét [1]. Coumatetralyl va bromadiolon, 1an lugt 1 cac
chat diét chudt chong dong mau thé hé 1 va thé hé 2, hién
dang duoc sir dung rong rai tai Viét Nam. Cac san pham
thude nay thuong dugce bao ché dudi dang vién nén giong
keo hodc dung dich méu sic tuoi sang, dan dén sy gia ting
cac truong hop ngd doc trong nhimg nim gan déy, bao
gém cangd doc do nham 13n, ¢ v dau doc, hodc tu tir [2].
Theo thong ké ctia Bénh vién Bach Mai, tir thang 6/2020
dén thang 6/2021, ¢6 37 truong hop ngo doc cap thude diét
chuét loai chéng dong mau dugc diéu tri tai Trung tim
chong ddc Bénh vién Bach Mai [3]. Viéc xac dinh chinh
xac cc chat ndy trong mau méau dong vai trd quan trong
trong chan dodn, cp ciru, diéu tri va 1am rd nguyén nhan
ngd doc.

Trén thé gioi, phuong phép sic ky long khdi phé (LC-
MS/MS) duge wu tién sir dung trong phan tich luong vét
nho vao do chinh xac, do nhay va do dac hiéu vuot trdi so
voi cac ki thuat sic ky 1ong truyén thong sir dung dau do
DAD hoic FID [4]. Gan day, LC-MS/MS da dugc 4p dung
dé phan tich cac chat chéng dong méau trong méau dich sinh
hoc va mo dong vét [5], [6]. Tuy nhién, cadc nghién ctru chu
yéu dugc thyuc hién & nude ngoai, va tai Viét Nam, van chua
¢6 bao cao ndo vé viée xac dinh dong thoi coumatetralyl va
bromadiolon trong mau mau dugc cong bo.

Nghién ctru ndy nhim xdy dung va thim dinh mot
phuong phap dinh luong dong thoi coumatetralyl va
bromadiolon trong mau méau bang LC-MS/MS, két hop k¥
thuat xir Iy mau chiét 1ong-1ong (LLE). Phuong phép dugc
ky vong sé tro thanh cong cu phan tich hitu ich trong viée
Xt ly cac truong hop ngo doc thude diét chudt chng dong
mau, hd trg cong tac cap ciru, diéu tri, xac dinh nguyén
nhan ngd doc, cling nhu giam dinh phap y tai Viét Nam.
2. THUC NGHIEM
2.1. Thiét bi, dung cu, héa chit, chit chuin
2.1.1. Thiét bi, dung cu

Hg¢ thdng sic ky long UPLC 1290 infinity IT Agilent,
detector khdi phd MS/MS 6470 LC/TQ, may ly tim, cin
phan tich (c6 do chinh x4c 0,01 mg), may lic rung, hé
thdng thoi khi nito, cac micropipette dung tich 20 — 1000
uL, cac dung cu thuy tinh c6 do chinh xac phu hop va cac
thiét b, dung cu khéc trong phong thi nghiém.

Thiét bi, dung cu da duoc hiéu chuan theo quy dinh
cta ISO/IEC 17025 va GLP.
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2.1.2. Hoa chd't, chit chuén

- Chdt chudn

+ Coumatetralyl 10mg, ham lugng 98 %, Lot: 24690,
AccuStandard Inc., USA.

+ Bromadiolon 10mg, ham lugng 93,6 %, Lot: 24764,
AccuStandard Inc., USA.

+ Warfarin-d5 1mg, ham Iugng 97,0 %, Lot: 4-YMK-
34-3, Toronto Research Chemicals Inc., Canada: chuin
dong vi cua Warfarin, chit diét chudt chong dong mau
thé hé 1, dugc dung lam chudn noi trong phuong phap
phan tich.

- Dung méi, héa chdt: Methanol HPLC, ethyl
acetat HPLC, acetonitril HPLC, diethyl ether, n-hexan,
cyclohexan, chloroform, acid hydrochloric, acid formic,
nudc cat. .. ding cho phan tich.

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

- P6i tuong nghién chu 1a coumatetralyl va
bromadiolon trong mau.

- Mau tring: Mau méau khong nhiém coumatetralyl,
bromadiolon cua Vién Huyét hoc Truyén mau Trung wong
dé khao sat phuong phap.

- Mau nghién ctiru: Mau mau ciia ngudi nghi ngd bi
ngd doc thude diét chudt chong dong mau duge guri dén
giam dinh tai Vién Phap y Quoc gia.

2.2.2. Phwong phdp nghién cuu
2.2.2.1. Khao sat diéu kién sdc ky

Nghién ctru tai lidu tham khao [5], [6], [7], tién hanh
khéo sat cac ti 1¢ pha dong trén thiét bi sic ky long khdi
phd nham Iya chon duoc diéu kién sic ky phit hop nhat dé
dinh lugng coumatetralyl va bromadiolon nhu sau:

- Cot sic ky: Poroshell 120 EC-C18 (2,7 um, 4,6 x

100 mm)

- Pha dong: Acetonitril - dung dich amoni formate 10 mM

- Thé tich tiém mau: 1 pL

- Téc d6 dong: 0,3 mL/phut

- Tircac diéu kién trén, tién hanh khao st ty 1¢ pha dong

de thu dugc pic gon dep, can doi.
2.2.2.2. Khao sat diéu kién khoi pho

Khéir phd hai 1an (MS/MS), nguén ion hoa ESI (-). St
dung ché d6 khao sat ty dong dé ban pha ion phan tir thanh
cég ior} con, lya chon ion con cé cuong do tiq hiéu cao
nhat dé dinh lugng va iqn con c6 cuong do thap hqn de
xac nhan. Nﬁng {uong ban phé (CE) tu dong duc_yc’téi uu
héa theo phan mém MassHunter Optimizer cua thiét bi.
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2.2.2.3. Khdo sat phwong phap xir Iy mau

- Céc dung dich chuan

+ Dung dich chuan gbc coumatetralyl (ndng do 1
mg/mL trong methanol): Can chinh xéac 5,11 mg chuan
coumatetralyl vao binh dinh mic 5 mL, sau do thém
methanol dén vach.

+ Dung dich chuan gbc bromadiolon (ndng do 1
mg/mL trong methanol): Can chinh x4c 5,35 mg chuan
bromadiolon vao binh dinh mirc 5 mL va b6 sung methanol
deén vach.

+ Dung dich chun néi gc (ndng d6 97 pg/mL trong
methanol): Hoa tan 1 mg chuan warfarin-d5 trong binh
dinh mirc 10 mL va bo sung methanol dén vach.

+ Dung dich chudn va chudn noi trung gian (néng do
1 pg/mL trong methanol): Pugc pha lodng tir dung dich
chuén gdc biang methanol.

+ Day dung dich chuén hdn hop lam viée (nong dotr0,5
- 100 ng/mL): Pugc pha loang tir dung dich chuan hon hop
trung gian (1 pg/mL) bang methanol hodc nén mau trang.

- Chudn bi méu chiét: Cho vao éng ly tim 10 mL chinh
x4c 1,0 mL mau méu, thém 20 pL dung dich chuin noi
nong do 1,0 pg/mL va 20 pL HCI 1 M, lic déu. Thém 3
mL dung méi chiét, lic xody trong 5 phit. Ly tim vdi toc
dd 5000 vong/phut trong 5 phut, sau d6 thu 16p dung moi
hitu co. Chiét mau 3 lan, gop dich chiét va lam khé bang
khi nito dén cin kho. Cén duge hoa tan bang 400 pL dung

m/z 290,8

| m/z52638

§§3 253838333

mbi pha dong, loc qua mang loc 0,22 pm, tién hanh sac ky.
- Tién hanh khao sat phuong phap chiét Iong-long voi

5 dung moi gdm diethyl ether, ethyl acetat, cyclohexan,

dichloromethan, hon hop cyclohexan: ethyl acetat (7:1)

nham Iya chon dung méi chiét c6 do thu hdi cao nhat doi

véi céac chat phan tich.

2.2.2.4. Tham dinh phwong phdp phan tich

Phuong phép phén tich duoc thim dinh dua trén cac
huéng dan ctia ANSI/ASB Standard 036 va US-FDA, véi
céc tiéu chi danh gia bao gdm: d6 phu hop cua hé thdng,
d6 dac hiéu va tinh chon loc, gidi han phat hién (LOD) va
gi6i han dinh luong (LOQ), dudng chuan va khoang tuyén
tinh, d6 dung, do lap lai, ciing nhu do 6n dinh [8], [9].

3. KET QUA NGHIEN CUU
3.1. Khao sat diéu Kki¢n khoi pho ciia coumatetralyl,
bromadiolon va warfarin-d5

Qua trinh khéo st tin hi¢u ion trong phd khéi mot lan
clia cac chit chuén va chuin néi da xac dinh dugc mot ion
me cé cuong do cao va 6n dinh cho mdi chit. Céac ion me
nay tiép tuc dugc ban pha 14n hai dé tao ra cac ion con, tir
d6 chon ra hai ion con ¢6 cuong do cao va on dinh nhat dé
dinh lugng va dinh tinh. Tu két qua khao sat, cac ion me
va ion con ¢6 gia tri m/z dugc chon dé theo doi trong k¥
thudt MRM nhdm phat hi¢n coumatetralyl, bromadiolon
trong mau. Két qua thé hién ¢ Hinh 1.

m/z 140,8 m/z 246,7

b

i m/z249,7
m/z 218,7

m/z 160,7

Hinh 1. Phé khoi scan ldig 1va pﬁé ion con cua coumatetralyl, bromadiolon va warfarin-d5
a, ¢, e. Pho khoi scan lan I cua coumatetralyl, bromadiolon va warfarin-d5
b, d, g. Pho ion con cua coumatetralyl, bromadiolon va warfarin-d5
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Sau khi Iya chon dugc ion me va ion con, tién hanh t6i uu hda cac dicu kién khoi pho dé tin hiéu thu dugc cao va 6n

dinh. Két qua t6i uu khéi phd duoc thé hién trong Bang 1.

Bing 1. Diéu kién khoi phé phan tich coumatetralyl, bromadiolon va warfarin-d5

Chat phan tich

i Coumatetralyl Bromadiolon Warfarin-d5
Thong so
Ché do ion hoa ESI(-) ESI(-) ESI(-)
Dién thé ion hoa (V) 4000 4000 4000
Khi phun swong (psi) 40 40 40
Nhiét d6 hoa hoi (°C) 300 300 300
Ton ban dau 290,8 526,8 311,8
Nang luong phan manh (V) 26 30 46 42 24 30
Ion tao thanh 246,7 140,8 2187 249,7 160,7 2549
Ghi chu Pinh tinh | Dinh lugng | DPinh tinh | Pinh lugng | Dinhtinh | Dinh lugng

Két qua cho théy, cac ion me c6 sb khéi [M-H] phu
hop v6i cong thirc phan tir ciia cac chat phan tich. Moi
chit déu tao ra hai ion con, pht hop v6i quy dinh.

Do @6, phé khéi cua cac chét phén tich da duogc thiét
lap theo ché d6 ion am véi ngudn ESI, dam bao phu hop
dé xac dinh coumatetralyl va bromadiolon bang phuong
phap MS/MS.

3.2. Khao sat chwong trinh pha dng

Sau khi lya chon dugc cac ion phan tir, ion con va diéu

kién khdi phé tdi wu, dung dich chuén chua coumatetralyl
va bromadiolon & nong d6 50 ng/mL, cing chuan ndi
warfarin-d5 & ndng d6 20 ng/mL, di dugc phan tich.

Pha dong gdm hai thanh phan chinh 1a acetonitril va
dung dich amoni format 10 mM dugc khao sat nham tdi
uu hoa diéu kién phén tich. Vi tbe 6 dong 0,3 mL/phut
va thé tich tiém 1 pL, ty 1¢ acetonitril - dung dich amoni
format 10 mM t6i uu duoc x4c dinh 1a 95:5.

Sac ky d0 cua coumatetralyl va bromadiolon trong
diéu kién t6i vu duoc trinh bay ¢ Hinh 2.

x10 3 Cpd 1: Bromadiolon 2.824: -ESI MRM Frag=158.0V CID@42.0 (526.8 -> 249.7) chuan 95 acn.d

52 2.824 2
Cpd 1: Bromfdiolon 2.824
44
3,
2_
‘I -
n-
x10 3 |Cpd 2: Coumatetralyl 2.913: -ESI MRM Frag=134.0V CID&30.0 (290.8 -> 140.8) chuan 95 acn.d

2 2913 2
54 Cpd 2: Coumgtetralyl 2.913
4,
3_
2_
‘I -
0

x10 3 Cpd 3: Warfarin d5; 3.378: -ESI MRM Frag=130.0v CID@30.0 (311.8 -> 254.9) chuan 95 acn.d
742 3.378 2
54 Cpd 3: Warfdrin d5; 3.378
5
4_
3_
2_
‘I -
0-F
' 1 l . ' | 1 . ' ' | . ' ! |
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75

Counts vs. Acquisition Time (min)

Hinh 2. Sic ky d6 MRM ciia coumatetralyl, bromadiolon va warfarin-d5
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Két qua cho thidy cac pic cia coumatetralyl,
bromadiolon va warfarin-d5 xuat hién vé6i thoi gian luu
phu hop, pic can ddi, nhon, sic nét. Mdi chit déu st dung
hai ion con dé dinh luong va xac nhan, dam bao do chinh
xac va tinh tin cay ctia phuong phap. Do vay, chuong trinh
pha dong Acetonitril - dung dich amoni formate 10 mM ti
16 95: 5 da duoc chon 1am diéu kién pha dong dé phan tich
coumatetralyl va bromadiolon.

3.3. Khao sat dung mdi chiét

Nghién ctru d tién hanh khao sat hiéu qua chiét ciia
cac dung méi khac nhau, bao gdm diethyl ether, ethyl
acetat, hon hop cyclohexan:ethyl acetat (7:1), cyclohexan
va dichloromethan. Mau méu trang dugc bo sung hdn hop
chuan vé6i nong d6 50 ng/mL va chuan ndi warfarin-d5
nong d6 20 ng/mL. Qua trinh xir Iy miu tién hanh theo
quy trinh da trinh bay tai myc 2.2.2.3. Két qua chi tiét
dugc trinh bay trong Bang 3.

Bing 3. Két qua khdo st dung méi chiét

Chit phan tich Bromadiolon Coumatetralyl Warfarin-dS
m Dj thu héi (%) | RSD (%) | Pé thu hoi (%) | RSD (%) | Pé thu hoi (%) | RSD (%)
Diethyl ether 70,52 2,97 78,15 3,74 77,35 2,67
Ethyl acetat 84,00 4,21 82,94 3,37 90,09 3,46
Cyclohexan: EtOAc (7:1) 81,25 4,09 76,07 2,30 81,59 3,69
Cyclohexan 5,46 3,15 6,34 4,07 3,23 2,92
Dichloromethan 61,21 4,22 68,29 2,79 78,38 2,11

Két qua & Bang 3 cho thdy, ethyl acetat cho thiy kha
nang chiét tach chét phan tich vuot trdi so voi cac dung
moi khac (d6 thu hdi ctia 2 chét phan tich va chuan noi
déu > 80 %). Ngoai ra, ethyl acetat c6 toc do bay hoi trung
binh va it tao nhii trong qué trinh chiét, gitip giam thoi gian
xtr ly mau. Vi vay, ethyl acetate dwoc chon 1am dung moi
chiét i uu cho phuong phép nay.

3.4. Panh gia phwong phap
3.4.1. Dy phu hop cia hé théng LC-MS/MS

Dé danh gia d6 pht hop cua hé thdng, hdn hop dung
dich chuan nong d6 40 ng/mL va chuan ndi ndng do 20
ng/mL duoc tiém 13p lai 6 lan. Thoi gian luu va dién tich
pic cua cac chat dugc ghi nhan, véi két qua chi tiét dugc
trinh bay trong Bang 4.

Bing 4. D6 phit hop cuia hé thong LC-MS/MS

Coumatetralyl Bromadiolon Warfarin-d5
STT Thoi gian luu | Dién tich pic | Thoi gian luu | Dién tich pic | Thoi gian luu | Dién tich pic
(phiit) (Abu.s) (phit) (Abu.s) (phiit) (Abu.s)

1 2,899 36229,09 2.810 52233,84 3,427 55386,14
2 2,899 37074,03 2.817 51765,26 3,420 55439,01
3 2,899 36381,74 2.817 50315,89 3.420 55776,61
4 2,899 38025,21 2,817 50924,83 3,420 55640,91
5 2,899 37487,81 2817 52152,39 3,420 56938,41
6 2,892 37213,42 2:817 52319,30 3,420 56752,41

TB 2,898 37068,55 2,816 51618,59 3,421 55988,92

RSD (%) 0,10 1,83 0,10 1,59 0,08 1,22
Két qué cho théy:

Céc gia tri RSD cuia thoi gian luu ciia coumatetralyl, bromadiolon, warfarin ¢&u nho hon 1 %, RSD ciia dién tich pic
ctia 3 chét trén déu nho hon 5 %, cho thdy cac diéu kién sic ky lwa chon va hé thdng LC-MS/MS phu hop va dam bao

tinh 6n dinh dé phan tich coumatetralyl, bromadiolon.
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3.4.2. D¢ dic hiéu, chon loc

Pé danh gia do dac hiu va tinh chon loc, da chuin bi 6 mau mau tréng, 6 mau chun va 6 mau mau tréng duoc bd
sung chuan cuing chuan ndi & ndong dd 50 ng/mL. Cac mau dugc xir 1y va phan tich theo quy trinh da thiét 1ap. Két qua
sac ky do clia mau trang, mau chuan va mau mau tring thém chuan duoc trinh bay trong Hinh 3.

x10 1 Cpd 1: Coumatetralyl 3.185: -ESI MRM Frag=134.0V CID@30.0 (290.8000 -> 140.8000) trang.d
2 3519

x10 1 Cpd 2: Warfarin d5; 3.699: -ESI MRM Frag=130.0V CID@30.0 (311.8000 -> 254.9000) trang.d

472 3.078

4.6

454

44

434

a)

b)

x10 1 |Cpd 3: Bromadiolon 5.091: -ESI MRM Frag=158.0V CID@42.0 (526.8000 -> 249.7000) trang.d

454>
4.475
4.454
4.425
4.4
4.375
4.354
4.325

7218 2

5.091
Cpd 3: Bromadiolon 5091 6.102 9486

<)

05 1 15 2 25 3 35

‘5 4!5 é 5‘5 é 6 I5 ; 7,‘5
Counts vs. Acquisition Time (min)

Hinh 3. Sic ky do ciia mau tring (a), mdau chudn (b) va mau trang thém chudn (c)

Trén sic ky d6 ciia mau mau tring thém chuan, cac
pic dic trung xuat hién tai thoi gian luu khoang 2,87
phut, 2,95 phtt va 3,42 phuit, twong Umg véi thoi gian
lwu ciia cac chit coumatetralyl, bromadiolon va chuan
ndi warfarin-d5. Nguoc lai, sdc ky dd coa mau tréng
khong xuét hién bat ky pic nio trong cac khoang thoi
gian luu nay.

Két qua nay chimg minh ring phuong phap phan tich
¢6 tinh chon loc cao ddi véi coumatetralyl, bromadiolon
va warfarin-dS.

3.4.3. Giéi han phdt hién (LOD)

Gidi han phat hién (LOD) duoc xac dinh dya trén ty )
tin hiéu trén nhidu (S/N). LOD dugc xac dinh tai nong do
¢6 S/N xép xi 3.

Dya trén két qua thuc nghiém, gia tri LOD cia
coumatetralyl va bromadiolon trong mau dugc trinh bay
trong Bang 5.

Bdng 5. Gioi han phat hién va gioi han dinh lwong cua
coumatetralyl va bromadiolon

Chit phan | Coumatetralyl Bromadiolon
tich (ng/mL) (ng/mL)
LOD 0,04 0,05

Cp
x10 1 |Noise (Peak-to-Peak) = 1.8800; SNR (2.838 min) =

d 1: Bromadiolon 2.838; -ESI MRM Frag=158.0v CID@42.0 (526.8000 -> 249.7000) mau 0.1ng.d

6.060 6.493

%101 Noisé (Peak-to-Peak) = 1.9600; SNR (2.913 mi

2.913

4.6 0415 0.813 1.231 2.075

Gpd 2: Coumatetralyl 2.913: “ESI MRM Frag=134.0v CID@30.0 (290.8000 -> 140.8000) mau 0.1ng.d
n) =

4.335 5877 6268 6.937 7.342

3’5 k3 4’5 5
Counts vs. Acquisition Time (min)

Hinh 4. Sdc ky do ciia mau tring thém chudn 0,1 ng
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Gi6i han phat hién ctia coumatetralyl va bromadiolon lan
luot 1a 0,04 ng/mL va 0,05 ng/mL cho thay phuong phap
phan tich c6 d6 nhay cao, dap timg t6t yéu cau phan tich vét.
3.4.4. Puong chudn va khodng tuyén tinh

Puong chuan dugc xay dung trén nén mau mau trang

dé loai trir cac anh hudng cia nén mau. Cac chat chuan
duoc bd sung vao mau voi néng dd tir 0,5 dén 100 ng/mL,
trong khi néng dd cta chuan ndi duoc duy tri ¢d dinh &
murc 20 ng/mL. Sau d6, quy trinh chiét tich va phén tich
duoc thyc hién theo phuong phap da thiét 1ap. Két qua
dugc trinh bay ¢ Bang 6 va Hinh 4.

Bing 6. Khodng tuyén tinh, dwong chuan ciia coumatetralyl, bromadiolon trong mdu

Chét phén tich Khoang tuyén tinh (ng/mL) Puwong chuin Hésbr
Coumatetralyl 0,5-100 y =0,0148x + 0,0006 0,9996
Bromadiolon 0,5-100 y=0,0172x + 0,0033 0,9994

2,0000

y=0,0172x+0,0033
1,5000 R?=0,9988
1,0000

0,5000

0,0000

TILE pIEN TICH PiC STD/IS

& Duong chuén cla coumatetralyl

y =0,0148x+0,0006
R?=0,9993

60 80 100 120

NONG DO (NG/ML)

m Duéng chuén cla bromadiolon

Hinh 5. Puong chudn phan tich coumatetralyl (a) va bromadiolon (b) trong mdu

Két qua thu duoc cho thdy mdi quan hé tuyén tinh rd rét
gilra ty 1€ di¢n tich pic cua chat chuan so véi chuan ni va
ndng d6 ciia coumatetralyl va bromadiolon trong khoang tir
0,5 dén 100 ng/mL, véi hé s tuong quan (r) 16n hon 0,99.
3.4.5. Do dung va do lap lai ciia phwong phdp

Phuong phap dugc danh gia vé do dung va do lap lai
thong qua phan tich cac miu mau tring duoc bd sung
chudn & bén mirc néng do: LLOQ (0,5 ng/mL), LQC

(1 ng/mL), MQC (20 ng/mL), va HQC (80 ng/mL), mdi
mirc duge thyuc hién véi 5 1an lap lai (n =5). Néng do cua
coumatetralyl va bromadiolon trong mau dugc xac dinh
bang phuong phép dudng chuan. Po dung duoc tinh bing
phan trim giita néng d6 do duogc tir duong chuén so véi
nong do 1y thuyét. Do lap lai dwoc danh gia dua trén do
léch chuan tuong d6i (RSD) cuia cac két qua phan tich. Két
qua trinh bay ¢ Bang 7.

Bing 7. Két qua khao sdt dé ding va dg lap lai ciia phwong phdp

MAiu mau
Néng do Trong ngay Khdc ngay
Chét phén tich (ng/mL) Nong dé tinh | B¢ diing | RSD |Nong dé tinh| D¢ diing RSD (%)
duoc (%) (%) duoc (%)
0,5 0,42 83,61 5,51 0,43 85,31 6,40
1,0 1,09 108,97 6,58 1,01 100,62 9,15
Coumatetralyl 20,0 19,29 96,43 6,44 18,98 94,88 6,71
80,0 78,70 98,37 5,73 71,17 88,97 6,28
0,5 0,42 84,97 7,41 0,42 83,37 6,40
Bromadiolon 1,0 0,89 89,07 6,81 0,87 87,38 4,71
20,0 18,13 90,64 5,33 18,80 94,01 5,86
80,0 73,53 91,91 7,16 71,02 88,78 5,93
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Két qua cho thay cho thiy d6 dung ciia phuong phap nim
trong khoang tir 87,38 % dén 108,97 % & cic muc nong
d6 1,0; 20,0 va 80,0 ng/mL, va tir 83,37 % dén 85,31 % &
muc LLOQ (0,5 ng/mL). B9 13p lai cua phuong phap dat
yéu cau voi RSD dao dong tir 4,71 % dén 9,15 %. Do do,
phuong phap duoc xay dung da dap ng céc tiéu chuin
vé do ding va do 1ap lai trong phan tich coumatetralyl va
bromadiolon trong mau méu.
3.4.6. D on dinh

Pé danh gia anh huong cua qua trinh thuc nghiém dén
chat phan tich, nghién ctru da tién hanh khao sat do 6n
dinh ctia chat phan tich trong nén mau mau dudi cac diéu
kién bao quan nhét dinh. Trong gidm dinh phap y, khoing

thoi gian 7 ngay, 21 ngay va 3 chu ky radong dugc xem
xét vi day 14 thoi gian cho thudng gap tir khi nhan mau dén
khi thyc hién giam dinh hoac giam dinh lai.

Do 6n dinh clia coumatetralyl va bromadiolon trong
nén mau mau dugc danh gia trén 5 16 mau mau tring duogc
b6 sung chuin & hai mirc ndng d6 LQC (1 ng/mL) va HQC
(80 ng/mL). M6t 16 duoc phan tich ngay sau khi chuin bi,
trong khi cac 16 con lai dugc phan tich sau khi trai qua cac
diéu kién bao quan khac nhau: 4 gid bao quan sau xu Iy
trong autosampler ¢ nhiét do phong, 7 ngay bao quan trong
tu lanh &m sau ¢ nhiét do -20 °C, 21 ngay bao quan trong
tu lanh am sau ¢ nhiét d6 -20 °C va sau 3 chu ky ra-dong.
Két qua khao sat 6 6n dinh dugc trinh bay trong Bang 8.

Bing 8. D on dinh ciia coumatetralyl, bromadiolon trong mdu

Coumatetralyl Bromadiolon
D9 on dinh Mau Né:ng d¢ ban | Nong dp sau bio | % Sai Né:ng d ban | Nong dj sau bio | % Sai
dau (ng/ml) | qudn (ng/ml; n=6) | khdac | dau (ng/ml) | qudn (ng/ml; n=6) | khac
Sau xit Iy 4 gior trong LQC| 0,95 0,91 5,12 1,05 1,00 4,16
autosampler 6 nhiét do phong| HQC | 81,85 76,80 459 | 76,80 73.15 3,53
N LQC| 0,95 0,88 -6,77 1,05 0,97 -6,72
SauTngly 0 -20°C HQC | 81,85 74,57 883 | 76,80 72,68 25,51
N LQC| 0,95 0,86 25,68 1,05 0,94 9,15
Sau 21 ngay 6 -20°C HQC | 81,85 73,24 210,58| 76,80 70,71 7,83
o LQC| 0,95 0,87 8,16 1,05 0,96 7,80
Sau3 chu ki ra - dong HQC | 81,85 73,59 210,09 76,80 72,28 -6,04

Két qua cho thidy su khac biét vé nong do cia
coumatetralyl va bromadiolon giita cdc mau phan tich
ngay sau chuan bi va cac mau duoc bao quan & cac diéu
kién néu trén nam trong giéi han cho phép (< 15 %). Do
do, coumatetralyl va bromadiolon trong mau dugc xac
dinh 14 6n dinh sau xtr 1y 4 gio trong autosampler & nhiét
do phong, cling nhu trong 7 ngay, 21 ngay va qua 3 chu ky
ra-dong khi bao quan ¢ nhiét do -20 °C.

3.5. Phan tich miu m4u ciia nhirng ngwoi nghi ngo
bi ngd doc thudc diét chudt chdng dong mau

Quy trinh phan tich da dugc ap dung dé kiém tra 20
mau mau ciia nan nhan nghi ngd bi ngd doc thude diét
chudt thuéc nhém chéng dong mau dugc giri dén giam
dinh tai Vién Phap y Qudc gia. Mdi mau mau dugc phéan
tich 1ap lai 3 1an, va két qua trung binh duoc trinh bay
trong Bang 9.

Bdng 9. Két qua phan tich mau thuc

Miu s6 | Tudi | Coumatetralyl (ng/mL) | Bromadiolon (ng/mL) | Méu s6 | Tudi | Coumatetralyl (ng/mL) | Bromadiolon (ng/mL)
MI | 68 0 7092035 MIT | 20 O 4957+ 196
M2 | 74 B B M2 | 77 B 2170£096
M3 | 67 &) 2857170 MI3 | 84 B 5138222
M4 | 75 A 19.88% 123 M4 | 64 B) 999 0,22
M5 24 (-) 3,70£0,17 M15 63 (=) 114,46 + 10,74
M6 | 63 &) B M6 | 47 17771+ 1152 338008
M7 | 60 0 WA= 115 M7 | 69 0 Bl
M8 23 (-) 70,72 +£3,73 M18 41 () 40.55 +£ 1,48
MY | 64 B O M9 | 53 87,71 £3.79 218,67+ 22,09

MI0 | 66 0 171£0.06 M0 | 43 23392008 B
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Tir két qua phan tich cho thdy, trong 20 mau, c6 13 mau
chi dwong tinh v&i bromadiolon, 1 mau chi duong tinh
v6i coumatetralyl, 2 mau dwong tinh v6i coumatetralyl
va bromadiolon, 4 miu 4m tinh. Nong d¢ coumatetralyl
duoc phat hién nam trong khoang tir 23,39 dén 177,71 ng/
mL, trong khi ndng do bromadiolon dao dong tir 1,71 dén
218,67 ng/mL. Bdi véi cac mau co nong dd vuot ngoai
khoang tuyén tinh, pha lodng 5 1an v6i mau tring da duoc
thyuc hién dé dam bao két qua chinh xac.

4. BAN LUAN

Phuong phap LC-MS/MS ¢6 tinh dac hiéu va chon loc
cao, su c6 mit cla cic chat phén tich duogc khéng dinh
thong qua phd khdi ctia céc ion dugc bin pha. Nghién ciru
¢6 st dung warfarin-dS5, chuin noi déng vi cua warfarin la
chét cung nhom thude diét chuot chéng dong mau thé hé
1, 1am chuén ndi ctia phuong phap. Warfarin-d5 khong ¢
trong ty nhién, co tinh chit 1y hoa gan gidng voi cac chit
phén tich, c6 cting co ché ion hoa tai ngudn ESI va hiéu
suat thu hdi khong qué chénh léch véi cac chat phan tich
khi &p dung quy trinh phan tich mau.

Phan tich coumatetralyl va bromadiolon trong mau
thuong gap phal kho khin do thanh phan phic tap cua
mau, lu’orng chat phan tich trong mau nguoi ngd doc co
thé rat thap, lwong mau it do vay dé xac dinh duogc cac
chit nay trong mau can c6 phuong phap phan tich c6 do
nhay cao.

Phuong phap thdm dinh c6 gia tri LOD thép (0,04 ng/
mL v6i coumatetralyl va 0,05 ng/mL véi bromadiolon),
khoang ham lugng tuyén tinh 16n (0,5 ng - 100 ng/mL

mau) voi do dang, do 1ap lai trong khoang cho phép, kha
nang thu hdi hoat chat cao. Gidi han phat hién (LOD) cia
phuong phép vuot trdi hon mot s6 nghién ctru trén thé
gidi trude day str dung phuong phap HPLC-FID [4] hodc
LC-MS/MS véi phuong phéap tia protein bang Acetonitril
(LOD = 5 ng/mL) [5] hay chiét pha rdn (LOD = 2-5 ng/
mL) [6].

Céc két qua phan tich miu thuc té ciing cho thdy cac
mau duong tinh voi bromadiolon nhiéu hon rit nhidu so
véi coumatetralyl. Diéu nay phu hgp voi thuc té thude diét
chudt chdng dong mau thé hé 2 dang thay thé dan thudc
thé hé 1 do do doc cao hon nhiéu va hiéu qua diét chuot
nhanh, tot hon ciing nhu it bi khang thudc hon thudc thé
h¢ 1.

5. KET LUAN

Nghién cuu da xay dung thanh cong phuong phap
phat hién va dinh lugng ddng thoi coumatetralyl va
bromadiolon trong méu dya trén ky thuat chiét long -
long (LLE) két hop véi sic ky long khdi phd (LC-MS/
MS). Két qua tham dinh chimg minh ring phuong phéap
nay c6 do nhay cao, do tin cay t6t va kha nang phat hién
chit phan tich &én mtrc ndng d6 ng/mL. Phuong phép da
duoc ap dung dé phan tich 20 mau mau nghi ngd bi ngd
doc thude diét chudt chdng dong mau. Két qua cho thy
quy trinh phan tich phu hop dé xéc dinh coumatetralyl va
bromadiolon trong mau, déng thoi ¢6 tiém ndng ung dung
trong viéc xac dinh nguyén nhan ngd doc, hd trg cip ctru
va diéu tri 1am sang, ciing nhu phuc vu cong tac giam dinh
phap y.
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