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Determination of Rivaroxaban in Beagle Dog Plasma by UHPLC-MS/MS with Deuterium Substituted
Rivaroxaban as Internal Standard and Its Application in Pharmacokinetics Studies

DU lJiaqiu, DONG Fuxia, CAI Qiuhua(Hanhui Pharmaceutical Co., Ltd., Hangzhou 311400, China)

ABSTRACT: OBJECTIVE To establish an UPLC-MS/MS method for the determination of rivaroxaban in Beagle dog plasma.
METHODS The plasma samples were treated with protein precipitated by methyl tert-butyl ether-dichloromethane (2 : 1), the
deuterium substituted rivaroxaban(rivaroxaban-ds) was selected as internal standard. The chromatographic separation was
performed with a Thermo BDS Hypersil Cis column (100 mmx4.6 mm, 2.4 um) and gradient mobile phase (mobile phase A was
methanol solution containing 0.015 mol-L~! ammonium formate and 0.1% formic acid; mobile phase B was water-methanol
(90 : 10) solution containing 0.015 mol-L~! ammonium formate and 0.1% formic acid.). Mass spectrometry conditions were ESI*
with multiple reaction monitoring(MRM) mode. The ion reactions used for quantitative detection were [M+H]" m/z
436@30 eV— m/z 144.900 (rivaroxaban) and [M+H]" m/z 440@24eV—m/z 144.900 (rivaroxaban-ds). RESULTS Good
linearity was obtained for rivaroxaban in the range of 0.5-400 ng-mL~!(+=0.996 1), the lower quantification of current method
was 0.5 ng-mL~! for rivaroxaban. The intra- and inter-batch precision were <13%. The absolute recoveries ranged from 89.4% to
96.5% and the matrix effects were 94.7%-97.2%. The plasma samples were stored frozen (—80 °C) for 33 d with good stability.
After three freeze-thaw cycles of the samples and at room temperature for 12 h after extraction, the change in samples
concentration were not obvious. It was applied in dog pharmacokinetic study after oral administration of rivaroxaban tablets. The
main pharmacokinetic parameters were as follows: Tmax (2.11£1.133)h, Cmax (179.3£50.65)ng-mL"!, £1/2(10.05+4.34)h, AUCo-¢
(1161.6+339.74)h-ng'-mL~!. CONCLUSION The trial results show that the method is simple in operation, high in sensitivity,
good in reproducibility, accurate and reliable, and can be used to determine the concentration of rivaroxaban in Beagle dog
plasma and in vivo pharmacokinetic studies in Beagle dog.

KEYWORDS: UHPLC-MS/MS; rivaroxaban; drug concentration; pharmacokinetics; Beagle dog
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5,10,30,50, 100,300, 1 000,2 500,4 000 ng'mL""
FRIVEEWL, VERRITD BEXT HR S
222 FURVPBEEER KPR e AU BEXT IR
il 10.00 mg, & 100 mL ST, DL Jrids R e
IR R AR, FEAIVE AR (100 pg-mL), K
WAL W, R R 12, 400,
1600 ng-mL~", YENFIMKIDEFHEA T o
223 FRVDHE-ds WARIATR K 2% FREUR| 70
Pr-ds 2.00 mg, 100 mL 55, LAZHE MiEFIE
fif, IMBERZIE, FEAVERMAI(20 ugrmL™),
FLE RS 300 ng-mL!, VEAFIRIDBE-da I 3K
R I FH ) PN ARV TR
2.3 IIRAE S AL EE T i
231 FAMMEALE [ -80 °CARIR VKAS Hh HUH
Beagle RIS AIMMKFER, EIRMARE, HEWR
Bl 3% 200 uL & 96 fLik 1, ¥E#IMA LNE 20 uL
AR 20 uL(300 ng-mL™"), WWHENRA] 5 min,
R 2% A BRG] (SBT3t - S be=2 -
1)800 uL, HZNE ML 1 FHEAREH, WEERS)
20 min J5, 4000 rmin""YEEL 10 min, EEK
B EIEZ9 100 uL 2 55— 96 Lk b, AT,
FEEIMA 200 uL 046 H 3] 3 sl A v (it sh A
A-B LR 55 1 45), iR TEIR 21 S B EIE W 3 uL,
D22 1 2% R R AR VD BE A e BE o 25 2R BR A I A
PIFRAN, AR AL BT VA AR A
2.3.2  IMKBRAERRRE S B H S A0 RS 2R
B“2.2.17 T 45 W BE FIAR VD BEXT JE S5 20 uL,
S3ET 96 fLAk T, ARG R INAAS F 2% 200 uL,
WIERS), A PERIR T G235, /0l Bk

rh E A FH 252 2020 4F 8 A4S 37 45 15 1




FIETPHE 0.5,1,3,5,10,30,100,250,400 ng-mL""!
FYVMIEARUEREAS, G FR R “2.3.17 0
TER,
233 K BTEEAE SR H S AR ORI
“2.2.27 WF AW EE RV PEBTIE SR 20 L, 43
SET 96 FLART, FAFEINAZ 5K 200 pL,
WHERST, JEHAPIERIR TR 25, Bf BoR
HIPBEHE 35k 1.2, 40, 160 ng-mL~" () R % IfiL.
WA, JeEe b P AR R “2.3.17 TR 20K,
2.4 SHTTIEEIE
241 LEME KA 6 2 Beagle K4S AL
I 200 uL, KEEMA LM 40 uL, 4% “2.3.17 Wi
MAERE AL BT B A By “2.17 TR (a3 S5 64T
AFR, B 1 ZER R, R BERAE D PERAR
VIR R RIS TE 3 min 2247, 25 ALK B 25 A
B To 4 B T4 A A bR B TERR DU 2 5 A
K3 By TR)AS A2 52 e 0 5 o B ) T4 . Sd
XA 6 MARAKRRZS [l E e, &
I r R 2% B A D
242 RMEMZERAMEIEE M 92327 BT
T5C 1) Acb FERL I i S Ao 2R RE i, e Sk AT
ST AR A AN AR T AR A;o DA PRI
JE (c) MBEAL R , IRV BERI bR E AL HE Rl
PARbR, SRR/ /N Tk b A 7 [ml g 10,
2 EFJ7FE R=0.021 91¢+0.001 251, =0.996 1, %%
R, R 2 b AP B FEAE 0.5~400 ng-mL™!
M C R R AT
2.4.3 OREEEAESIREE % “2.3.27 WUN LR
il Ak AT 1 2 A A TR BE 1l R AE AR (LOQ), [RIF
e “2.3.37 WUR AL HIALERL . thl & 3 Ak
FERIMSE BT REA, BB RHECEATHI 6 A
FEAS, SR HIE 34, BRI T—AhnifEh
2 o TSR T P (B RN R DL T 1), A AT e T R (A)
FINPRIGTE RN (4i)o THE Ao I A I HUAE AF=44/45),
B AR BT TARE RN S, SRAS SNk B K v Aff
JE (Ac) o L PRI )R 25 B 23 501 FH AL N (n=6) F1 3 1L
8] (n=18) A ¥ B SZMMELAY RSD {H /R . HE4E LI
F 1, GEHIRUNZIT IR PRI DR 3 R A
FERAT
2.4.4 HTANELE  HE “2.3.17 R AL 6
FIORTRR IR 28 MK, 6828 R, K%
Bos . L AR E R BE R 20 L, B8
“2.3.37 WUT IS i B ORI & R AT BE
WelE a9k 1.2, 40, 160 ng'mL~' ¥EAS, DL FHkE

o E AR 22 2020 4F 8 A4S 37 4545 15 1

RT:2.86 T:2.67

12.66

3.53

e =
a8 =
as g

.804.194.43 4.86 0.48 095132 3.814,104.474.79

0.51.01.52.02.53.03.54.04.55.0 0.51.01.52.02.53.03.54.04.55.0
t/min t/min
2\ (A HEEIE; G WARETE)

235

.71

.91

150 .17

wwwww 270 33
2235022 LJ&-’LS_/M3-864.27"-544‘33

0.580931.22 |} 732.05 3874.194544.84
05 15 25 35 45 05 15 25 35 45
t/min t/min
28 FM3K (e RERGEIE; 4 AREIE)
2.60 RT:2.78
282 3.50
047 0.841.161.59 2.11 13.824.254.524.76 PR S88 %
046 078117161 5 & & 3283705 S 9 %
05 15 25 35 45 05 15 25 35 45
t/min t/min
25 [ MR AN AR (Ze: R RRGEE; 4 AREIE)
RT:2.77 RT2.78
235
0.59 0.961.351.63 2.08 338 3 sa4150.40071 g297%% g .29 3.65 4.20 445 4.78
05 15 25 35 45 05 15 25 35 45
t/min t/min
LOQ(% : #ii@il; 4 PIARIEIE)
RT:2.78 RT:2.79

169 21
041976113431 711.9% 35 3.423784.0143%4.68 075108145 196" 235 342377 %43467

05T LS =125 3.5 1245 05 15 25 35 45
t/min t/min

MFEAES(ZE: BEAIEIE; A PAREIE)
B 1 UPLC-MS/MS # 7 & i¥ [&
Fig.1 Typical chromatograms of UPLC-MS/MS
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Tab.1 Results of intra and inter batch accuracy and
precision determination for rivaroxaban in Beagle dogs’ plasma

ik

e /ng-mL~! HEWI /%

HE (n=6) L] (n=18)
0.5 110.5 5.4 12.8
1.2 111.2 5.2 11.7
40 93.2 6.8 9.2
160 94.9 7.1 8.4
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Tab. 2 Stability result of rivaroxaban in Beagle dog plasma

1.2 ng'mL"™! 40 ng'mL"! 160 ng'mL™!

HEEIH WERE MW W MER Wi HEE
ng'mL™ BE/% ngmL™" J&/% ng-mL' BE/%

A%E-80°C, EIH 1316  109.7 4186 1047 1560 97.5

33d SD 0.11 78 28 5.6 9.1 74
RSD/% 8.0 7.1 6.7 5.4 58 76

E12h P 1305 1087 4145 1036 1645 102.8
SD 0.087 47 147 3.1 73 53

RSD/% 6.7 43 35 3.0 44 52

HREMERR 1 TEIE 1152 96.0 4245 106.1 156.6 97.9
SD 0.061 51 051 47 32 48

RSD/% 5.3 53 12 44 20 49

FREMERR 2 PO 1326 1105 3935 984 1623 1015
SD 0.1252 68 1.6 3.7 48 6.1

RSD/% 9.4 62 4.1 38 30 6.0

FEME 3 THIME 1108 924 4043 101.1 163.5 1022
SD 007376 62 2.1 5.1 36 32

RSD/% 6.7 6.7 52 5.0 22 31
HEUGEES, TIOMH 1308 109.0 41.14 1029 1581  98.8
2-8°C,24h SD 0.084 62 32 4.7 33 43
RSD/% 6.4 57 18 4.6 2.1 4.4
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Fig.2 Mean drug concentration-time curve of rivaroxaban
(n=12)
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Tab. 3 Main pharmacokinetic parameters of rivaroxaban in
Beagle dogs(x * 5, n=12)

28 4R
Tnax/h 2.11+1.13
tip/h 10.05+4.34
Conax/ng-mL™! 179.3+50.65

AUCy/h-ng-mL~! 1161.6+339.74

AUCy../h'ng-mL™! 1209.92+336.67

AUC FMELE /% 4.26+4.15
MRT 7.9742.06
3 g

AW FE S FERAE T LLAMR D BE-da 7E N R
VI 3E Beagle K il 2% H A £ V0 BE Y UPLC-MS/MS
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