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Study on Genotoxic Impurities and Elimination of Matrix Effect in Apixaban by HPLC-MS/MS

WANG Jian'2, ZHOU Ping!, LIU Guijun', LIANG Jianmou?, CAO Yuefeng?, ZHANG Fengmei?,
SHAO Peng2’3*(1.Zhejiang University of Technology, Hangzhou 310014, China; 2.Zhejiang Institute for Food and Drug
Control, Hangzhou 310052, China; 3.Zhejiang Research Center for API Security, Hangzhou 310051, China)

ABSTRACT: OBJECTIVE To establish an HPLC-MS/MS method for the determination of amines, open-chain amides and
hydrazine based compound in apixaban. METHODS Separation was performed on a Zobax Eclipse XDB Ci8(3.0 mmx150 mm,
3.5 um). Amines and open-chain amides were separated with the mobile phase of 10 mmol-L~! ammonium acetate solution and
acetonitrile in gradient elution. Hydrazine based compound was separated with the mobile phase of water-methanol(30 : 70) in
isocratic elution. The electrospray ionization source with positive ion mode was used for structure confirmation in the multiple
reaction monitoring(MRM) mode. RESULTS The average recoveries for the determination of amines, open-chain amides and
hydrazine based compounds were 99.6%, 92.2% and 97.5%, RSDs were 3.8%, 1.9% and 7.2%(n=9), respectively. Limits of
quantitation were 0.05, 0.05 and 0.05 ng'mL~'. CONCLUSION The method can effectively eliminate the matrix effect and
can be used for the quantitative determination of amines, open-chain amides and hydrazine based compound in apixaban.
KEYWORDS: apixaban; genotoxic impurities; matrix effect; HPLC-MS/MS
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Fig. 1 Structure of impurity

A-—amines; B—open-chain amides; C—hydrazine based compound.
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2.1 WIS &
2.1.1  BAHEGE S

2.1.1.1  RAbdy JHEEBERGNE RS EEVEE,
3%k . Zobax Eclipse XDB C (3.0 mmx150 mm,
3.5um). Ph 10 mmol L™ ZFREES R SIFH A,
ARG R shAl B, dEATREEEVERL, PRIBLEREE by
0~5 min, 60%A ; 5~9 min, 60%—>10%A ; 9~9.01 min,
10% — 60%A ; 9.01~14min , 60%A . i M
0.3 mL-min~'; AR 40 'C; YEEEE 10 uL; £4ME
3% K 280 nm.,

2.1.1.2 BHEEYE RSERE R, @35+ : Zobax
Eclipse XDB C15(3.0 mmx150 mm, 3.5 um); i shiAH

P E AR 2 2022 4R 5 A5 39 5 10 1

C

JK-FEE(30 = 70); JiE 0.3 mL-min~'; AR 40 C;
PEFEE R 10 uL; SAMEMIE K 280 nm,

2.2 WL

221 MR BUR RIS R, NGB RIT
P B 0.1 mg-mL-" A kit VA ko

222 XTERGATR BURARY . TR T M R
Yiasid e, NGB AEITF BRI AL 1.0 ng'mL~" /Y
X HRSH R o

2.3 g

231 RGNS R E B 1A
(electrospray ionization, ESI), 1IE&- i, £
S R B F Wi I (multiple reaction monitoring ,
MRM), MRM & fFxfiL& 1. ZhI =R
3L-min”', MIFIFEN 10 L'min™, #EOHBER
4kV, KRR 2.0kV, CID 270 kPa, 21
MEESN 300 'C, DL RSN 250 °C, fnFAR N
400 C, THEREHA 10 L'min~',

Tl EFEMEEBETFTHEXEEE
Tab. 1 Quantitative and qualitative ion pairs and
acquisition voltages
&Y R Ql CE Q3
Je Ak 274.1/202.1(CE ) -14 20 ~16
274.1/230.1 ~14 24 22
FFHERENE  392.1/348.1(F 1) -19 25 25
i -7 392.1/320.1 ~11 -30 -23
257.0/122.0(E ) -20 -11 -12
257.0/95.0 -27 -34 -18
232 EEETMHERR X IS —

K MS b1, SEIREE T m/z o 392.1, it T4k
MS Z3#r, 12T BT m/z 4 348.1 F1 320.1,
FE Bl e K6 B 1~ (m/2) A 392.1/348. 1(CE S T
Xy, 392.1/3201CE B FXT), BUSELE 2;
ez —9% MS 5381, 13E8IEET mz Ry 2741,

i = MS 4, EIHT B m/z R 230.1 Fil
202.1, B E ARG 25 5 (m/z) K 274.1/202.1(6E
BTN, 274.1/230. 1 CEVER T-XF), Bkl LA
3; ML —H MS i, HERET mz
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Fig. 2 MS scanning of open-chain amides reference solution
A-primary MS scan; B-MS? scanning.
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Fig. 3 MS scanning of amines reference solution
A-primary MS scan; B-MS? scanning.
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Fig. 4 MS scanning of hydrazine based compound reference

solution
A-primary MS scan; B-MS? scanning.
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Tab.2 Optimization setting of MRM collection parameters

CEPEN TRV RV PN 7AY
QI Pre {2 —40 -10 1.0
CE -50 -10 1.0
Q3 Pre % —40 -10 1.0
2.3.5 BRI RE S BRSO I TH BRAFSY AR

BTORVBE , etk . TFBEmEI S i e

IFi] s 255 T 1 S Y B B 2 K i, e I e R 2
o B A B SO BE Y 1.0 mg-mL!
BF, AR B IO e ) o A B 8 1 R A0
[R5 3 81.18%F1 59.51%.
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Fig. 5 Mass spectrometric fragmentation pathway of impurity
A—amines; B-open-chain amides; C-hydrazine based compound.
#3OTEEAA R R I
Tab. 3  Effect of different solvents on matrix effect of
samples PR HE A
e Tk JHiefk JHie Ak
sl U TR U TR X WA T R U T AR WAk
(W IR) O6F FR A i) CWHR) W HR+RESH) FrAZA TR
g 1450 647 1048 221 3591334 3268 240
50%Z 1672623 1051839 3717801 3268240 0 1 2 3 4 5 6/ 7 8 910 11 12 13
t
I 1424 145 1172 883 3063 474 2 878 987 i
T4 FEHREKEHEREER
Tab. 4 Results of recovery of different test concentration FTUR VDB B
FE ik EE/ FFHERE T4 WAL~ 1
mg-mL™"! IR % IR % g2
1.0 59.51 81.18 /\
0.2 88.10 97.20 X
01 92.20 ). 0 051 15225 3354 455 556 65
t/min
0.05 92.50 102.80

24 JriksERE

241 JrikLEE BUORVDPRE SRR |
A0 K E SR 56 4 A 5, BTWIR VD BRI e i
JHeUde . e A Amie K ik el e T T, LA 6.
2.4.2  ZVEOCHR KB FRIOTT HE W e R IR S
10.91 mg ., FfbIxtREA, 10.73 mg . BEIEY) X HE &
10.87 mg 70 E 100 mL SR H, N NG i 1-H
BEZIEE, P25, A IEIAER . A8 1 mL X}
PR, B 100 mL S, NG I F R R
BZIRE, BT, 15 1 mL 2 FRAE R R R k)
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Fig. 6 Separation chromatography of apixaban and impurity

A—determination of open-chain amides and amides; B—determination of
hydrazine based compound.
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0.05 ng-mL~" FyXF BEGH IR, HERESM AT 430l
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()5 &R 4 0.05 ng'mL~'(S/N=10.18)
2.4.4  [ENE B EIES : 108190701)200 mg,
B 100 mL B, OB EZE, #5, 1E
R AR AT, BORE AL A 1 mL 435 E 20 mL
s, 3oy, FIMAMBEREE 50%, 100%,
150% F14) T 5 B iz R0 i A 300 ek B LA B I 3 4 ot
MO R Z05, 5, WA 3 NIRRT
VW, VERESMIT, Z5ARULER S~6. FRAEmEN AL
YR F-14 [R5 51 R 92.2%, 99.6%, RSD 434l
H1.9%, 3.8%, WEEPIHTF-IIECR K 97.5%,
RSD 4 7.2%,

x5 THB BB ERERNEER
Tab. 5 Recovery rate results of open-chain amides and
amines

oy W SoivkEE/  BEWREE/ Wk FREIEL RSD/
K- ng-mL~! ng-mL™! % % %
ik Tk 0.465 0.506 9200 922 19
ik e 0.455 0.506 89.95
0.468 0.506 92.58
thykps  0.959 1.011 94.83
0.914 1.011 90.41
0.913 1.011 90.27
EvERE 1402 1517 92.45
1.415 1517 93.34
1.423 1517 93.85
Wefbdy ACykeE 0514 0.516 99.67 996 3.8
0.518 0.516 1.00
0.563 0.516 1.09
thykps 1.009 1.031 97.84
1.003 1.031 97.31
1.016 1.031 98.50
EwRE 1517 1.547 98.11
1.515 1.547 97.96
1.504 1.547 97.26
245 FEPE BT BE IR RN B 2% O R

W, BIE 0, 1, 2, 16, 17 h #FFESMHT, 45
AL AT BE R 5 A~ [R] 55 0 T AL RSD 4351 4
1.73%#1 1.13%, ULBHE W 17 h NERE o
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Tab. 6 Recovery rate results of hydrazine based compound

ey WEE vk, EBeWE/  EheR/ PR RsDY
K- ng-mL"'! ng-mL™! %  WORE% %
0.482 0.522 92.44
isdss 0.531 0.522 101.89
0.577 0.522 110.61
0.989 1.043 94.82
WY e 1.059 1.043 101.51 975 72
0.962 1.043 9227
1.504 1.565 96.11
o0 e B 1.475 1.565 94.27
1378 1.565 88.10

U T B AW, A3 #E 0, 1, 2, 4h
PEREAI AT o 25 SR R 35 0y I st () 448 o g T LR
Ul BHAE i 75 220 T
2.4.6 FESIE  HUORVDEE 9 SRR ALY
10 mg, FESFRE, 4338 100 mL i, Inaig
WRITFRRE 2R, 257, TERBETRR, JERE
3T 9 HEBTUR VD HEAE & p 3 PR P 42 5 B
ELERL R TR, 45803 7, ACFRMREIE
DL 7~8(RIAB IR VD PE T, ARFASTIE)

®T FMRVEFEAFFUELARATENZER

Tab. 7 Determination results of genotoxic impurity residues

in apixaban pgg!
Eiinsa FF % ok i JiAe ¥ WEEEY)

108190701 ARAG ARAG ARAG
108200701 1.5 AA AAG
108200801 A ARG ARG
DK47-200906 A ARG A
APXLL-201512103 A AA ARG
20200214 A ARG ARG
11320018 A A ARG
90312007001 A ARAG ARAG
200906 At i 1.4 7.7

3 g

XoF 0,3 SR RN BT s A R AT AR B 5%, i B
AHIREE T D10 mmol- L' ZFREZIA TR - 25 (60 : 40)
F20.1% FH BRIE R - N (60 = 40)2 Fhaclt, 4 R%
FH R BN AH 5% A QOB 2% o Ay o 00 28 B0 R o s, PRItk
Wi AHE T 10 mmol- L' 2R % V4 W - £ 5 (60 -
40); (B FFHEBENE gt g, DRIHR IR B R,
BTURVNEE . Befb®y . FFEEMER G 2 R 38355 T 58
207, O BRI R R
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Fig. 7 MRM chromatograms of open chain amides and
amides

A-blank solution; B-reference solution; C-sample solution; 1-open
chain amides; 2—amides.
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Fig. 8 MRM chromatograms of hydrazine based compound

A-blank solution; B-reference solution; C—sample solution; 1-hydrazine
based compound.
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