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Identification of related substances in apixaban tablets by UHPLC-Q-

Orbitrap/MS
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Abstract A UHPLC-Q-Orbitrap/MS method was developed to identify the related substances in apixaban
tablets. Complete separation was accomplished with a Waters Xbridge C;5 (250 mmx4.6 mm, 5 pm) column by
linear gradient elution using a mobile phase consisting of 30 mmol/L ammonium acetate buffer solution (pH 4.50)
and acetonitrile. The related substances were successfully characterized through the accurate mass and elemental
composition of the parent ions and their product ions determined by electrospray positive ionization high-
resolution Q-Orbitrap/MS methods. Under the established analytical condition, apixaban and its related
substances were well separated, and 30 related substances were detected and identified by hyphenated techniques
in apixaban tablets and their stressed samples. Among them, 11 were known impurities and the rest 19 were
unknown related substances identified for the first time in this study. The results obtained are valuable for
apixaban manufacturing process optimization and quality control.
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Figure 1 Chemical structure of apixaban
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Figure 2 HPLC-UV chromatograms of representative samples
of apixaban tablets

a: Producer g; b: Producer h; c: Producer j; d: Producer k;
e: Producer q; f: Producer Pfizer
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Figure 3 HPLC-UV chromatograms of apixaban stress
solutions

a: Normal; b: 0.1% Reference; c: Alkaline; d: Oxidation; e: Acid;
f: Wet heat; g: Dry heat; h: Dry light; i: Wet light; j: Blank
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Table 1 Related substances identified in apixaban tablets and its stressed samples by UHPLC-Q-Orbitrap/MS
. Parent . " . .
No. tr/min ion(m/z) lon formula Dif.(x10®) Product ions(m/z) Origins
1 4957 35415570 CygHyoN503" -1.03 337.13354,309.13425,281.12778,253.13300,217.096 98,203.11769,  Dr
191.11775,130.06525,93.04529,79.018 44
2 5695 47820804 CysHygNsO5 -0.96 461.18130,417.19214,288.097 75,271.07101,244.10800,215.08163,  Dr
199.08658,184.063 10
3 5872 287.11365 Cy4H;5N4O3" -0.76 270.08600,242.09224,227.06659,215.081 38,199.086 70,184.06326, Dr
172.06281,125.05952,95.04979
4 7283 479.19235 CysHyN,Og" -0.33 461.18173,435.20178,417.15460,405.15543,373.16574,361.16571,  Dr
238.09680,199.08669,184.06293
5/A 7.993 479.19217 CysH,7N,Of" -0.71 461.18179,435.20258,417.15460,405.15564,379.14029,373.16577, Pr/Dr
361.16562,330.14725,238.097 18,199.086 75,184.063 03
6/B 8.658 461.18112 Cy5H,5N,O5" -1.79 443.16852,417.19180,374.17343,282.12360,241.060 36,199.086 53, Pr/Dr
184.06300,144.068 16
7IC 9.222 446.18121 CyyHuNsO4" -2.39 429.15308,401.16098,282.12350,227.04492,185.07085,171.05521, Pr/Dr
121.03982
8 10.022 560.25038 CjzyH34N50¢" 0.03 505.21857,487.20856,470.18341,416.17093,387.18143,348.12958, Pr
254.12752,199.08675,82.06573
9 11.188 458.18210 Cy5H2N50," -0.40 430.18930,268.07141,242.09233,227.068 95,199.073 93,109.040 06 Pr
10 11.327 476.19275 CysHysN505" -0.20 459.16357,430.18747,413.16397,371.15039,298.11911,252.11378,  Pr
241.06096,224.11874,199.08667,185.07103,173.10721,135.05548,
125.05988,95.04975
11/D 11.527 477.22354 Cy5HagNgO4" -1.97 460.19757,432.20313,416.17123,404.17154,299.15009,282.12308, Pr
238.097 38,219.136 11,199.086 49,185.071 11,130.06505,100.076 08
12 11.902 492.18680 CysHeN506" -1.95 475.16025,447.19019,418.15030,404.13452,377.147 92,241.06052,  Dr
199.08667,185.07072
13 12400 515.20319 Cy7Hy7NgOs" -1.08 488.19284,404.17267,309.13464,241.06091,199.086 58,185.07127,  Pr
125.06004,84.04510
14 13.348 492.18741 CysHeN504" -0.71 475.16023,447.19057,418.15032,404.13442,377.14790,241.06049, Dr
199.08659,185.07112
15 13.825 492.18732 Cy5Hy6N506" -0.90 475.16064,447.19012,418.15032,404.13452,377.147 88,241.06052,  Dr
199.08647,185.07079
16 13.897 430.18738 Cy4Hy4N505" 0.03 413.15930,385.164 95,357.17020,282.12396,254.12938,211.05048,  Pr
169.07608,155.060 36,105.045 14,95.04968
17/E 14.178 478.20786 CysHgN5O5" -1.34 460.19757,432.20282,416.17139,404.17142,399.144 38,377.14865, Pr/Dr
333.13385,300.13397,238.097 15,199.086 58,185.07085,101.060 10
APl 14723 460.19699 C,5H,5N50," -2.04 443.16870,415.17426,374.17432,282.12344,241.06059,199.08643, -
185.07082,135.05528,95.04959
18/F 15.263 458.18124 CysH4N50," -2.26 441.15524,415.17575,385.16565,372.15762,341.13919,318.08701,  Pr
277.10870,249.11378,221.08209
19 16.295 507.19867 CysH,7NgOg" 0.02 477.20041,404.17062,390.15579,373.128 17,241.06075,199.086 59,  Dr
185.07086,95.04922
20 16.297 460.19754 C,5H,6N50," -0.85 443.16888,415.17413,374.17529,282.12350,241.06078,199.086 55,  Pr
185.07097,135.05547,95.04964
21/G 17.203 474.21265 CygHgN50," -1.97 457.18423,429.19089,296.13904,241.06065,199.08646,185.07086, Pr
156.06802,125.05978,95.049 58
22 18.140 474.21304 CygHgN50," -1.13 457.18332,429.19083,296.13912,241.06070,199.086 50,185.07088,  Pr
156.068 13,125.05976,95.04971
23/H 18.470 474.21252 CyeHgNsO,4" -2.23 457.18393,429.19186,296.13913,241.06062,199.08644,185.07079,  Pr

156.06807,125.05978,95.049 58
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(Continued)
. Parent . & . -

No. tg/min ion(m/z) lon formula Dif.(x10®) Product ions(m/z) Origins
24 18.692 474.21338 CygHgN50,4" -0.43 457.18344,429.18976,296.13916,241.06065,199.08646,185.07080, Pr

156.068 16,125.05990,95.049 55

25/l 18.790 464.14771 Cy4H23CINO3" -1.48 447.12000,419.124 36,282.123 38,245.011 15,203.036 96,189.02141,  Pr
168.06822,139.00574

26 19.500 512.16968 Cy5H,7CIN5O5" 0.30 494.15887,466.164 22,450.13263,414.15585,391.13983,334.09528, Dr
272.058 35,225.066 09,199.08661,185.07097,101.060 19

27/K 21.378 475.19714  CygH,7N,O5" -0.95 461.18185,443.16876,415.17664,282.12375,241.06076,199.08664, Pr
185.07101,172.07568,135.05542,125.059 88,95.049 66

28 21.835 546.13098 C,5H26CloN5O5 0.79 528.12018,500.12521,484.09381,446.07825,389.08011,268.00394, Dr

’ 225.06563,199.086 75,185.07100,101.060 20

29/L 24.480 489.21268 Cy7HygN4O5" -1.16 461.18170,443.16855,417.19278,374.17368,282.12366,241.06078,  Pr
227.11781,199.086 56,185.07088,156.068 08,135.055 39,125.059 88,
95.04965

30 25.358 387.15508 C,oH3N,06" 0.02 279.64178,212.84285,147.06519,129.054 89,119.04932,105.070 24 Pr

Pr: Process related substance; Dr: Degradation related substance
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Figure 4 Chemical structures of apixaban and its related substances 1-30
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Figure 5 MS/MS fragmentation pathways of [M+H]" ions of apixaban
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Figure 6 MS/MS fragmentation pathways of [M+H]" ion of related substances 12, 9 and 13
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