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[(# E1 B® @ AMKDREIPIE (rivaroxaban) B & ROBAH €% — BB BT % (HPLC-MS/MS) 355 19 75
oo I HIT T RFIAE. Ak MEFERCRA OIS EETE, EEEBREARRIENNEY . RAFEP 1] Kinetex 2. 6u
C18 100A (50X 2.10 mm, 1.8 um) @ik, WM ALIE + K (30 : 70) FHH R pH = 3.0, Ji# 0. 3 mL/min. & 35
C, HBIEE TR (ESD IEE TRy, 282 & M AT sE 470w, H T i 00 8 4 43 50 o A AR 1 B 5 for LE
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0.90% , FEFRELIE 97. 76 % ~100. 41% . FEHCEW R Ky 98. 64 % ~102. 84 %, MM IEFESHAE IR MCE 24 h, — 20 ‘C & W 3
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Determination of rivaroxaban concentration in human plasma by HPLC-MS/MS CHEN Min, GAO Hongjin .
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[Abstract]  Objective To establish a HPLC-MS /MS method to determinate rivaroxaban concentration in human plasma,
and the method was verified by methodology. Methods Plasma samples by acetonitrile precipitation were to be determined by u-
sing ambroxol hydrochloride as Internal Standard (IS). The chromatographic column was Kinetex 2. 6u C18 100A (50 X 2. 10
mm, 1.8 pm), and the mobile phase using water (adjust pH to 3. 0 with formic acid) -acetonitrile (70 : 30) with flow rate of
0.3 mL /min. The mass spectrometer was operated in positive electron spray lonization (ESI) and multiple response monitoring
patterns, m/z 436.0/144. 9 and m/z 379. 0/263. 9 were used for the measurement of rivaroxaban and ambroxol hydrochloride,
respectively. Results Rivaroxaban was linear in the range of 2.5 to 500 ng/mL, and the quantification lower limit of rivaroxa-
ban was 2.5 ng/mL. The intra-day and inter-day precisions (relative standard deviation, RSD) were 0.29% to 0. 38% , the ac-
curacy was between — 0.59% and 0. 90%. The matrix effect was in the range of 97. 76 % to 100. 41% , and the absolute recov-
ery was in the range of 98. 64% to 102. 84%. The plasma samples were stable under conditions including placing at room tem-
perature for 24 h, repeated freezing and thawing at — 20 “C for 3 times, and freezing at — 80 °C for 30 days. Conclusion The
HPLC-MS/MS method established in our study is convenience, accurate and rapid for the determination of rivaroxaban in blood,
which is applicable for the routine monitoring and PK study of rivaroxaban.
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AL, HyFaes by, HTE, GREERFRM4EA R K
PR B AY . TEA TGRSR A 180 e I8k
Pgm . LA b BBl BB M A Th B BB . APk R Bl k2R
TE G BT . ARRE B 8 F K AR 2 JE (VTE) 1 1By
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KRS (HPLC-MS/MS) J5 i I 52 A 4% 70 BE 4 1M 24 ik
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1 FE5KH

1.1 NB5iE&.: £HE Agilent ERBOBEAA G, 12005 £
E Agilent = PUFAT %L, 6410B; @iktE. IEP T Ki-
netex 2. 6u C18 100A (50 X 2.10 mm, 1.8 pm); 3£ [H Ep-
pondorf 7 B > L, Centrifuge 5430; % [E Sartorius [ JI
2 — K. MCM36; 3£ [E Talboys W BE 1R & #.
Standard; 3% [E Millipore 4li /KX, Milli-Q.,

1.2 #HmE5RA.: ALY IE, #t5 DI209AS, 4 >
98%, WFREXCEDHEARERAF; HREWE, L5
DO405AS, M TREXCHEYWHAGRAA; 2 IF, B
4fi, J. T.Baker AF; W, ik, ACS/AwHl; #BaiKA
W A

2 HEREER

2.1 BEEM: O35 FEXP T Kinetex 2. 6u C18 100A
(50X2.10 mm, 1.8 pm); WEIHH: K+ ZHF (70 : 300 H
R pH & 3.0; Wi : 0.3 mL/min; #ii: 35°C; 4
Breflal: 3 min; #EFER: 5 pl,

2.2 REEMHF: D BFE. AWMEETHE (ESD; 2) &
FRMTR: ZERMEMER (MRM); 3) B F itk
EET; BTEEE. 4000 V; FERAEE 350 C; T4
SORAESR . FEJ 40 psis Wi 9 L/min, T & i & 74
S0 R RV BE A L (m/z) 436.0/144.9, #f f# fig 33
eV, WRHE 153 Vi 3B EIRE m/2z 379.0/263.9, fili fi
fig 25 eV, WML 79 V, RIS ILRE R IR KA HR
i (MS2) Kl WLE 1,

2.3 BEBIEH

2.3.1 ARUEMEATECH] . AEEFRBOR AR BEAR ME S 1. 134 mg
F 10 mL A&, MAZHILTR (DMSO) i& & % f#f
EREZE, 59 113.4 pg/mL MWER. HERR 1 oL,
Jin DMSO #i B¢ % 100 mL. 5% 1. 134 pg/mL WK . HER
ORIV B RE T, P A B A A TR 0 A I K R U R
BHFBBECHI AL 2.5, 5. 10, 25, 50, 100, 250, 500 ng/
mL YA BEAR VT

2.3.2 WhrHma IR H . 8RB RERER
1.433 mg & 10 mL ZF &P, A DMSO i & # fift 3 € 75
FEZ P, 5% 143.3 pg/mL ME W, K HFRFB 1mL, i
DMSO & % B 2R BE N 143. 3 ng/mL B AR K .

2.3.3  MHEAESLALEL D7 B . B SRR ST R IR R RO
FEATIRAT . B 100 pL i 3RAE & & 100 pL WARIEIE T 1.5
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0.002 1, r fH24 0.999 9, ¥ Fl 27> JEFn £k W2 2 5 R 7 WA
LIERMBEEARWRE, B EM (SNR) B S LK vk
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IR (b Co MHF D B il e + 3 2R &
a, FIEWHE; b, HBMEBEK,

B2 FEDHMBRIRRGALY MRM &BiEE

F1 AMFRAEDYELHBAIAEE
BEESHEME (n=6, x*ts)

TN AR G RS 0 T AR B, LI B/A X100 %38 3k FRL .
WIS R LK 2,

2.4.5 AREUECR. #% “2.3.37 W AR & R BE
5. 100, 400 ng/mL (% 143. 3 ng/mL MINFR) BB RE
(n=16), W5 pL FEFE, 0 AR DU AP AR (1 €4 1% 05 11 AR C,
PLC/AX100 Y% s, IGZ5 R W% 2,

F2 NI F R YR R AR BB B
ERBEKE (n=6)

P RE/ RSD/ %

7N B —
(ng/mL) (ng/mlL.) % Hiy  Hia

FEfh 1 5 5.0340.11 0. 60 2.27 2.38

T 2 100 99.414+1.68 —0.59 1.69 1.21

FE 3 400 403.58+2. 48 0. 90 0.61 0.29

2,404 BRI AK B AR I FE “2. 3,37 T
FEEAE, AR BERI £ B 5. 100, 400 ng/mL (&
143. 3 ng/mL BIAAR) BYBREAEM S 6 Or)a, I I 0 ¢ F)
VD HERN AR AU T AL A 43S 6 AN R LUK 9 A 1 i 2
100 pL B F 1.5 mL EP 8 . A AR I 18 W B P9 A 1
Fie “2.3.37 W EEAE, BN LW, SRm A, .
B3 AR AR 100 L BRI 100 pL, 38 1 5% 5
30 s, 10 000 rpm Z.0> 10 min, B W RIS, ICRF

S S PRl R
s B/A RSD/ C/A RSD/
%, s % %, x+s %
H b BE
5 ng/mL 100.2943.16  3.15  98.64£3.98  4.04
100 ng/mL 97.76+1.16  1.19 102.84%2.12  2.06
400 ng/mL  100.4140.57  0.56 102.42+1.64  1.60
MR
143.3 ng/mL  99.00+1.69 1.71 103.344+1.54  1.49

2.4.6 FEBERONV . WIAWEE N 1 pg/mL (Y BTN I 3K FE
fh, JHZS MR R 10 AT I e, Hodk “2.3.3” WUF
RO HEREATAT, BRI E 6 W, o HH B R0N 4T A
Ii. WM BRI M55 (KB 113.9 ng/mL, EEME 6
w, W5 fE F ¥ 109.42 ng/mL, RSD 3k 0.92%, RE
Jg3.51%.,

2.4.7 FEfFaEtE. Hl4 5. 100, 400 ng/mL B V0 BE
MAEAE S OF AR 1. FERL 20 BE 3D, il sl
CE 24 h, — 20 CREVRA 3. — 80 C¥ ¥k 30 d WA
M, & “2.3.37 WUR FILBRERNE, Db &t B
ARV Bk . AR PR S RE 24 h, — 20 CREH
Bl 3. — 80 C¥UR30d, Z5HIULE 3,

x3 FEKPHMEAMBRHREEEE (n=6)

2 WM (ng/mL, x£s) e/ %
RS 1
FIRME 24 h 4.8740.07 — 2.60
— 20 C ¥R 3 K 5.17+0.25 3. 40
— 80 C¥ 7 30d 5.227+0.06 4. 40
B 2
EIRME 24 h 103. 074+0. 09 3.07
— 20 CHRl 3 & 100. 14+0. 33 0. 14
— 80 ‘C¥ ¥k 30 d 99. 87+0. 38 —0.13
FER 3
FIRTE 24 h 398.10+0. 15 —0.48
— 20 C Rl 3 ¥ 400. 72+2. 46 0.18
— 80 C¥ % 30 d 402.62+2. 46 0. 66

3 iFig
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M PRI PER R . B, ASCTELEE L S5 kiR
RO B LBk B, N HPLC- MS/MS ¥ 46 i #) 1% v
Y 254 B, NS Sk R T 92 B4 52 FE A

APRETOLSG LB, SHHOCCHRIREN T, ®H
AR 20 . F B A R K SR TR B A, S5 R R IR
Mg = 7K 30 70) MW BRI pH & 3.0, fAikigigp
RO, R A . PR K HR BT B b, EAR R BOE T AR
L 5 S BT A X 0 B 0 R Y 0 00 0 i 3 A ¥ Y O 1
PR B HL R A% T 0 R R . ks, B TERR AR R 5 Atk
Y HEEA LW SRR E , A 1 P 3h MR 2R R AE N R
W, TEG R DL K OR 8RR IE] 5 T H8 A T SC R G 09 4% R
TR,

AR I8 BT #E 57 A9 HPLC-MS/MS 3 i % A 4% 70 BE 1L 24 ¥k
B, IR, PR, WG, & R TG R RO WA 24 8h 2
WoE.
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BEs T 1L-10 Xk 5 5E K B0 LI PR 40 1 1 & L . 7k
(sham 4) . BEFUXFARZH (CLP 40) F1IL-10 T4 4% 16 H,

T O B

X R4

48 H SD K BB ML 4> R R F R4

KB BESHFRE (CLP) B, TL-10 T HH T 8 58

J5 0.5 h B EEKIFEAEH A IL-10 1 pg. AJ5 12, 24 h J ELISA BRI M 3% A TNF-o, IL-1 K cTnl f& &, RJ5 24 h B
KEOHAL, H Tunel IAMLOHATEMAT, R MEERRIME  TNF-a, IL-1 K& cTnl FXEHBH L, HF 12 hik
Bl TL-10 THAAE 12, 24 h g o TNF-a, IL-1 % ¢Tnl #i5% CLP A8 B IEAE (P<<0.01), IL-10 THAAR)T 24 h

O LB T B T sham 4, BT CLP 4 (P<<0.05),
WA &, oTnl B/ BT, 8 B0 ILER I 9 08 T 388 i

A RN 111N G VD N TR/ R [ 2 22

[x%iM]Y 1L-10; BREGEONPBIH; TNF-a; IL-1; ¢Tnl;
[XE%HS]

[FESZES])Y R542.2  [XE#RIRAE] B

R FFEAE 2 H A TA . B3 5 R 51 R IS BN 4 B RAE R
MZEAIE, H5EZME RS (multiple organ dysfunc-
tion syndrome, MODS) KHLIAM NIRRT ZEE ., HMRE, &
BREEAE Bk M FAE R FH A 3 150 4, HiP T4 530 T,
PETE FAT G A A B, ICU M 09 Ik 75 5 Ok R
37.3% . MEFAEARE ICU BF R T- W HEZ—, 1M H
T S W] A7 196 T B SR Y T A R . O LR A R Ak K
R OINREAR SRR AE - B RIEZ —, BA & ERE,

i MREHEIES KB TNF-o. IL-1 W3k, SEEHLOM
IL-10 Wl & F W AR B AF KB TNF-o, IL-1 3K,
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T TR B, P AR R ™ E N e . MR E O
WUR G HLHIE A% . Al 0 A Ry 205 BN A2 e 3 08 0 WU 003
B—ANEERE, AN, TNF-o, IL-1 % LR L8N T
ZHT OGN, 110 2—FEERMNRA 7, HEE
Trfie by BRI K 28 0k RAE N, BDIE S Bl TNF-o & IL-1 %%
M R B4 43 0 BN T S 98 9 2 g A 4 i 7R AT 5 (H TL-10 X
JHe B A AL AL A5 B4 S ) RV A L AR BIE 9 A S K R B E A
A, 2 )8 ko 4 1L-10, SR A ELISA % ke il Rk B i 2%
TNF-a, IL-1 % cTnl &4, Tunel ¥ 3.0 HL40AE 4 T 17
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