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(WZE] a4« @ —Fafi, g, ZENEAHEGRE - BIRETE (LC-MS/MS ) 2, % O R A 4 R
BE MK T IEEMA SR, ok 1E Agilent G6410A IEE FAEMA T, DUBEEHSE R AR, (i H: % Agilent
Poroshell 120 Phenyl Hexyl column (2.1 mm X 50 mm, 2.7 um) , Jishtd A (0.2% HER+1% ZHEKER ) © B (0.2%
HRR IR ) =60 : 40 (AR 5 WM 0.3 mL/min; PERERN 10 pL; B 25 °C; ARSI BN
4 min, HTFESSHIIRENE R AR (m/z) 309 — 163, Jeff Y- m/z361.2 —315.1, £ % lifsfe
EARAZR PTGl 5~500 ng/mL, AAEEMRIGLHETEEN 50~5 000 ng/mL, FAHEZREr 1>0.990; HeflkiE = FRAH
SRR ZE (RSD) <15%; H. HE RSD #<15%; K FULHE I X7 5 A e MORILEL AR TR bR 4 B B 1503 5331
g 78.34%~91.59% Fl 87.33%~89.99%, FLJRALI K 87.50%~104.87%, &/ EWRE S ARINIESR, &b Az
JUTHEST Y LC-MS/MS 32 AT LU 000 2 Y 8 B M AR ki) & i, IR AL 255122
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Determination of warfarin in plasma of patients undergoing cardiac valve replacement by liquid chromatography-
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[Abstract] Objective To establish a convenient, reliable and sensitive liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method for determination of warfarin in plasma of patients undergoing cardiac valve replacement
surgery. Methods An Agilent G6410A triple quadrupole mass spectrometer with positive ion mode was applied to carry
out all experiments. Nitrendipine was used as internal standard. The chromatographic separation was achieved on an Agilent
Poroshell 120 Phenyl Hexyl column (2.1 mm X 50 mm, 2.7 um) with isocratic elution. The mobile phase contains 0.2% formic
acid and 1% acetonitrile in water (A) and 0.2% formic acid in acetonitrile (B), with volume ratio being 60 : 40; flow rate was
0.3 mL/min; injection volume was 10 pL; column temperature was 25 ‘C; and analytical time for each sample was 4 min.
The precursor ion and the product ion used for quantitative analysis were: warfarin mass-to-charge ratio (m/z) 309 — 163,
nitrendipine m/z 361.2 — 315.1. Results The linear concentration ranges of free warfarin and total warfarin were 5-500
ng/mL and 50-5 000 ng/mL, respectively, with the correlation coefficient (7) both over 0.990. The relative standard deviation
(RSD) values of the lowest limit of quantification were less than 15%. The RSD values of the inter- and intra-day precision
were less than 15%. The recoveries of free warfarin and total warfarin by protein precipitation were 78.34%-91.59% and
87.33%-89.99%, respectively, and the matrix effect was 87.50%-104.87%. All the items required in pharmacopeia for
methodology validation were acceptable. Conclusion This established LC-MS/MS method can be used to determine the

concentrations of free and total warfarin, providing a reference for individualized clinical treatment.
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HRAEEARBRIT &2 . MEZERBR. ¥
MR L HAREOR 5 BRSNS %
ISR . USRI 6 TR A S M B
PAXS T HIRAEEAR R B PUBE M AR 2

HEMOY T TR RO IRYIEEZY, 5K EA
(EFREAEA ) G5A A 98%~99% ", 1A
A EREMBE RSB SR E S-S
AR B2 AT ] SR AR S R
MG a, e B AR BERGIN . DUBRAE I 05
58 1 P TS ] L 2 Pl PN 0O M v I AR 2
g FE bR, (R P AT Hev g 22 1 [ B of
A A A REE TR R AU 25 5 7 AR iR 22, ]
DATE—E R b Emf S et 12, (R A5 Rl
R E BB i — s 2 L R, A R
HAFEFR T O IRAES AR A PTEE W i e
HEPARAR e — e E H R B FabR, T LMEN
H IR EARGUEEIGYT I M I8 bR . HPLC MARRE
PR R R R, A SR R U
K WAL 3% - B F 1% (liquid chromatography-
tandem mass spectrometry, LC-MS/MS ) ¥ &5 1&
AR A, RS R R RS A TR Y A
R S, — MO nT R R LC-MS/MS
Dk, PRSI iM% rh i s A e bR B AR R AR Y 2
i, AR 25 2%

1 #MEFnTE %

1.1 LB Agilent 6410A I = T PUHL AT 53 B i 1%
1%, f14% Agilent 1200 G1311A PUITH . G1322A K
AL, G1329A HahdE kRS . G1316A FEIRAH,
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{8 ] MassHunter #1745 il 22 48 S B Ab ¥ (52
Agilent 3 ] ) . Vortex Mixer Ji€ i & & #5 ( 52 [
Labnet 2y 7] ) , Centrifuge 5810R 5 2014 % i i B
L (72 Eppendorf A H] ) , CPA225D ML/ #r
K- (1#[E Sartorius A F] ) , SK7200H #H5{YL ( I
RS AU A FR/AF] ), Ultrafree-MC #81E 5
O (U588 5000) .

12 HahXA B (RELCEYRAA
BT, $25: MB1974-S) |, JERE#F (b EE
T2y SR E IS E, Al 98% ) , HIEE. K5, H
figd4 o HPLC % ( EEERPARAFH) .

1.3 &AMEELMN (A3 Agilent Poroshell 120
Phenyl Hexyl column (2.1 mmX50 mm, 2.7 pm;
K Agilent 227] ) 5 WA A (0.2% HIR+1% &
HEZKIW) « B(0.2% HIRLHERH ) =60 @ 40( {4
FAL) |, WM 0.3 mL/min, #ERERH 10 pL, FEiRE
k25 °Cy BRSBTS 4 min,

1.4 Jreml A RIS B0, BT,
2 Jz v Wi ) ( multiple reaction monitoring, MRM )
B, ARNFE R TR S el Z SO
K, FEJ1J& 0.1 MPa; AL ETIM 40 psi (1 psi=
6 894.8 Pa) , T4 i 350 C, TR HE
9 10.0 L/min; B 405 HLE Ry 4 000 V; T &
S HT BRI Sy . AR L ( mass-to-charge
ratio, m/z) 309 — 163, #lif#E 1 T ERER N 106 V,
MEAHERENE N 14 eV; JEREHT m/z 361.2 — 315.1, filf
FEIA M EEER N S0V, REEREFE N 66V,

1.5 EikeyH &

1.5.1 B RER KEREEKZ) 2.04 mg, H
H A, F2 2 2.0 mL AU, B2, Hl18m
R EE O 1.02 mg/mL AR HERG A IR, or%e, BT
—20 C VKFERIRIASE . BUbRHERE &GS &, UL 5%
SR 1 2 10 oA RE, 459 3 51 & R B 50,
100, 200, 500, 1000, 2 000, 5 000, 10 000,
20 000, 50 000 ng/mL Y ZR 5 IR -

152 WARE R A% PR HUC B VA5 o L 2
2.08 mg, JHW R, 2 2.0 mL B9 S,
EZS, AT N 1.04 mg/mL A NARER TR,
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PR R B R B v B 1 pg/mL B NBRI R
1,53 #ykm  HU400 pL MEAES, [ 15475 1
K2F (B FPE R ) ] F Ultrafree-MC #EUE L
BrhLL 6 500X g 37 °C B> 30 min B[S,

1.6 H&FEfTL WEBZEZERKE (F
TR ) KB BEAT O IR R 5 AR
TETEMRBTEERY 20 BB I IR FEAR, AR SCER 201
HEREBE RS (B EERRKFE) KR E =R
Ze WA, A3 PIEL 100 pL MRS TR
BABEARYRE ) B8 100 pL Mg (TR
BRI ), R 10 uL INFRIEE (1 pg/
mL ) F1300 pL 2, #fEEs 0 a BRI 200 pL
EFERAT 40 C T LATshAH 50 L B, B
O, BEVEWGFEHT

1.7 FixFHER

1.7.1 HB¥E 61k ARREEE NS H LK Abs
HETNKBREE S, $5 08 1.6 FF 5L AL H 5 g kb P
HERE AT, B EEPRUEA AL T 5 & AR piorn
PAIBR A S A ) I P P 23 T i s 5 e A T
WEAAAE TR

1.7.2  #R 0 8 & fr i (K € & R (lowest limit of
quantification, LLOQ ) Bl W J 45 4 o X [ /it
Wi 1.5 mL B0, rBIHAES FUB IS |
NZ MRS 1 2 10 HeBIFE RS, IREEIR A, 345
HEHZR MRS, 2 1.3 AP UERE B, LATE:
ARFRUERT BRSO BE X, DLARYE R v IR 5 55 7
PRI TE A LLE R Y, SR 1 Ikt N ikt
LR WH AR, B LLOQ Wk BE 7 i ke i (i
BRI 5 ng/mL FLEAEEAR 50 ng/mL ) #EF7E i

TFRREEL, ELEME 3d, FERIME 6 It.

173 BEE Lo Wrkfl&k, f. &34
AT e B %) ISR A o (i B 4R K. 5. 50, 200
ng/mL; MAEZEAK. 100, 500, 2 000 ng/mL ) ,
AN BERE SPAT A 5 Oy, ESEE 3 do AR Y
K o 1 e B AR PRORD A A PR A SIS
Wl K HN . H EJAH XS AR R 22 ( relative standard
deviation, RSD ) S#iEff)E

1.7.4  RECE YR AL RN H 1.6 WA
oL e w3 AN TRV BE 0 I SRR i (i g A ik
M. 5,50, 200 ng/mL; &L AE 3% AR 100, 500,

2 000 ng/mL ) , RS EEAE ST HIE 3 0y, W
JIT A U T AR 24 1) o i BB 8 AR A IO R 2 1Y)
TAEWRR A PEAE B A5 W UM LE, TS B BRI
BB ST B BRI MR B ) TAERIR &
A JUT A5 068 T R AH I W B2 9 T AR W B 4 AR T
S TR AR EE B L U o

1.7.5 s K. L &3 SRR Y 2R
o (TFESAEEERR . 5. 50, 200 ng/mL; SAEEEAK.

100, 500, 2 000 ng/mL ) , F% 1.6 T J7E: ikt #E,

T G R AT, 25 S AR A 5 0 AR

B, by 3 A TR) VR BE Y I AR S (i 4R
Zbk: 5. 50, 200 ng/mL; SAEEEM: 100, 500,

2 000 ng/mL ) Hit B 7E—20 'C ¥k 4 h 4 9 % b
3K, 4 1.6 TJ5 3 A B % SRRl RS e T

2 # R

2.1 FaxER/E WKL, REARRINRERE T
W RLAF, M3 N IR AIZE B A H I E

100 +MRM (309—163) 100 + MRM (309—163) 100 + MRM (309—163)
] 1 ] e | N
% 75 Hv”-nr'MWWV1MVWV'Wﬁ % 75 | SRc Ei% 75 R
%504 M 50 | - 50
PR ] B s ." \ EPLE
04 04l il T 0-
+MRM (361.2—315.1) + MRM (361.2—315.1) +MRM (361.2—315.1)
100+ 1 " 1 "
= a0 T ) Je BEdF- |
= 751 | = 751 JEREHLT = 754 Ll
| T Y | & (1#7) = s »m Ml
1 \I | T ]
ok A T I AN
- E O — B i
1.0 1.5 20 25 3.0 3.5 40 1.0 1.5 20 25 30 3.5 4.0 1.0 15 20 25 30 3.5 40
5} 1] (min) R} ] (min) i A (min)

B 1 LC-MS/MS ZE I 37 fr4E: i p i
A ZS I s B U IAETEMR (S ng/mL ) F1JEBEHSF-( PIFR ) A28 ML 5 C: 3R EEAR . LC-MS/MS « A 135 — ER BT i s MRM «

2 R N

22 AEWLEALLOQ IiF B TR Lt
A 5~500 ng/mL, G A8 AR Y L E Ry 50~

5000 ng/mL, AH2¢FEr 4351 0.991 F1 0.995,
¥1>0.990, Wi bRAEIZ 50 Y=6.932 6X—
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0.145 7 1 Y=0.011 5X+0.713 9, 7F LMk B 5
IWZPE R R AF. HEIRIHE % B RSD 439018 14.57%
N 7.72%, B1<15%, WFESHEIEMA ALY i
B0 43 91 —1.2% F1—4.62%, 1E—20%~20% U
I NAF A DGR

23 MBE SSRILE L, FEEEEARLESAELA
7 H a5 H M RSD $<15%, 54 4 PFe 5 ks
MR

T BBELEEIREBEEMNBEEEERER

(%), n=5

T i (ngemL™") HI[ERSD HPRSD
TR N 10 3.09 10.01
50 13.32 6.23
200 2.57 4.47
PERIEIE RN 100 2.41 5.28
500 1.72 1.54
2 000 3.10 1.83

RSD : FHXS bR vE s 25

24 REBEKELERFzZE ERE 2, EAUT

VETE RS S AR MR R AT AR B R RIS 43531 Ay
78.34%~91.59% FI1 87.33%~89.99%, L [T 34 W Ky
87.50%~104.87%, &4 WIkE S BURINE SR

F2 HEBLEWRANREERE NI RIZEE S =R
(%), n=3,x=%s

b PUERE emmger oo

(ngemL )

RS ERIN 10 78344238 101.57+5.43

50 86.18+4.71 101.27+3.72

200 91.59+235 99.56+6.64

SIS N 100 87.33+6.32  92.92+597

500 89.99+8.74 104.8741.06

2 000 88.38+7.93  87.50+4.24

JEEEHT-(HR) 1 000 82.40+322  99.49+6.06

25 ARMEFE AR, PRIE 3 AN AR B
28 3 YRR Rl 3 5 0 22 ) RSD ¥ <15%, T =il
TR 12 h JFIE R RSD ¥ <15%, 4530 3,
AR E PEAT G AR WA it ARSI 22K

R3I HBEEEREBREEMRNBEEEER
n=3
e < 3 YRR FHE 12h
ki PRI (ng+mL. ) A (ngemL ™) RSD (%) P (ngemL ™) RSD (%)
RPN 10 10.48 4.46 9.3] 4.78
50 53.76 8.17 48.79 5.96
200 233.02 5.19 209.06 2.49
RRESPRIN 100 98.45 4.81 116.40 7.61
500 576.18 3.26 526.30 8.65
2000 2179.67 9.72 231031 2.19
RSD : AHX b i 2
2.6 ASmMlE 20 FEE MAAILE R, WEE 60 : 40, 50 50, 40 : 60) TR, L5R L

EMRHE A 29.77~80.81 ng/mL, EABEEMHE N
191.56~618.67 ng/mL,

3 3t i

3.1 iR AR AL AR SIS P FL RS 5
TR, IEEF. MRM BRI, ks 715 2
AR B, AR T B p R, @t
A FE B 2R B B4 S5 A e 23R 3 BB RS 9 A2 DU Ui
BRSO BE 1 B3 25 F, MRM AR
T A m/z 309 — 163, JEREHLSE (NFR) m/z
361.2 — 315.1.

32 &AM egti At TR AR T A HLAR A
K AH B9 4l A A EE ) (dngo 20, 70 = 30,

INTE KA R 0.2% H R+ 1% 2 I K s . A HLAH
1 0.2% H R LNEV W, HAKH S5 HLAH B LA
60 : 40, PR R R B Rk R R RL
33 AMSATA KA 22l T 2R ST AL
i, WIMA TR OB AR, FEIAHAEEL . %
FAARFEREEDEES (e, 8. NI ) 45,
CEOHEROR . AR . ORI T EATIEL.
3.4 WiRegdE R THRIIGR. REEE
WACHE . TR RURBESF, 55 m B E LUR i
SEVE R AR s JERE T 5 AR AR T WS ] AH B I HL
M AR GF, I ELAE MR rp R g 2, FF A 1R bR
(1) 5% A5

g5 LR, ARSI TR E . nIEE . R
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