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Determination of residual organic solvents in Apixaban bulks drug by headspace
gas chromatography
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Abstract: Objective To establish a method for determination of the twelve residual organic solvents, including methanol, ethanol,
acetone, isopropanol, tert-Butyl methyl ether, dichloromethane, aceticether, tetrahydrofuran, triethylamine,trimethylorthofor-Mate,
morpholine, N,N-Dimethylformamide in Apixaban bulks drug. Methods Gas head-space chromatography was applied to this study.
The column was DB-624 silica capillary column (30.0 m x 0.53 mm x 3.00 um) and the carrier gas was high purity nitrogen; The
vial temperature was 100 °C, and the vial time was 20 min. The Column temperature was kept at 40 °C for 6 min, then the
temperature was raised to 220 °C at the rate of 20 °C/min and subsequently sustained for 10 min. FID detector temperature and
injection temperature were both 250 °C. The N, flow rate was 2.8 mL/min. Split ratio was 5:1. Results Twelve kinds of solvents
were completely separated and determined with a good linearity ( = 0.9994—0.9999).The RSD values of precision experiments and
the average recovery was in line with the requirements. Conclusion Theanalytical method is simple, accurate and sensitive, which
could be used for determination of residual organic solvents in Apixaban bulks drug.
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AIR-Model-5L (i & F 2SR 4 bl ORI (0 s R
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Fig.1 GC chromatograms of blank solution (A), reference substance solvents (B), and Apixaban bulks drug (C)
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Table 1 Results of LOQ test

s S PR/ ERMRKE  wRRECR
sl O
(ug'mL™") FE1% /%

TR 5.768 1.16 98.34
DY &g 1.103 0.81 95.45
L 4.484 1.18 100.40
S 4.724 1.13 96.56
Nk 20.01 2.11 90.70
=% 0.698 1.08 103.51
DMF 23.54 4.85 93.08
I 4.804 3.18 98.75
P 2.680 0.66 90.24
BETR .1 1.714 0.85 100.84
BT F Tk 0.80 0.47 95.98
Ji F R — 4.296 0.60 103.57

A

4.002.0.1396.4.708.0.9608. 0.5360- 0.3428.0.1600-
0.8592 pg/mL.
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IO A 25T 5 mL & 25 mL &, I
MR e, 155 B 1.25, 2.00, 2.50. 3.00.
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X R OGN VAR 2 mL & 10 mL T25
o, R, CPATECE 2 4.

FES: FREUFE S 100 mg £ 10 mL T 255
N 2 mL L naR B, SPATECH 6 4
SR, RS EAS I SR, SN RE RS
(%) RSD 4y 2.64%.
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Table 2 Results of linearity test

A VLA H EIERg S r LI (ugmL ™)
TR A=—1.7792+3.054C 0.999 8 5.768~79.88
DY & A=—10.578+13.835C 0.999 7 1.103~94.54
L A=—20.992+3.7299C 0.999 7 4.484~629.5
S A=—23.716+3.998C 0.999 7 4.724~623.7
Nk A=—5.2346+1.0059C 0.999 6 20.01~134.9
=% A=—10.164+25.226C 0.999 6 0.698~41.64
DMF A=1.6016+0.369C 0.999 5 23.54~122.1
R A=—8.6058+3.4542C 0.999 9 4.804~373.4
P A=—64.875+12.308C 0.999 7 2.680~620.5
BETR .1 A=—36.463+7.944C 0.999 8 1.714~621.5
BT F K A=—236.81+33.136C 0.999 4 0.80~632.2
JR R — F i A=—2.4425+2.3042C 0.999 7 4.296~129.7




* 66 %¥riz4at % Drug Evaluation Research 3£ 4038 F 18 20171 8

FE I S FREFE A 100 mg 42 10 mL
T, I BGAW 2 mL, InEe s E, SPATRL
il 6 £, FEFENE, THESHEH RSD H, 45 W% 3.
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Be sl A vkIm 2.7, B — NRTE RSN — 518
SERG AR IR E 45 R L], I i o )
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Table 3 Results of precision test
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Table 4 Results of recovery test

) RSD/%
sl - - N
1451 1282 a1

R 1.09 1.68 1.87
DU SRR 0.67 1.25 1.51
LI 1.66 2.72 2.62
N 2.72 2.71 3.39
L7 1.02 1.33 4.12
= 0.39 1.43 1.89
DMF 3.93 3.76 4.70
FH 2.89 2.26 2.48
PN T 0.67 1.24 1.60
IR £ 1 0.38 1.43 1.59
AT 5L H g 0.89 0.76 1.81
J R — F g 1.96 2.35 2.30
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VLI M R AT
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FH T DL - e [ kg 5 B, i Ttk
AT 50 mg/mL WARERRE, L, RHEGFENT
IR RS E 1k

sl IR Y% RSD/%
P 103.04 1.85
DU 2R R 101.13 1.26
LI 104.64 2.14
N 107.84 2.50
L7 104.10 2.22
=i 104.54 1.21
DMF 94.06 3.28
FH 101.69 2.69
PN T 101.60 1.39
IR £ 1l 103.13 1.55
AT 5 H g 101.67 0.68
J FR R — FR 105.10 2.65
£S5 BREMRELS

Table 5 Results of stability test
aRill RSD/%
R 2.23
DU 2R R 1.83
LI 1.73
N 1.91
Nk 3.92
=i 3.27
DMF 3.48
FH I 3.77
PN T 1.84
IR £ 1l 1.87
AT 5 H g 2.28
J R — F g 1.98

212 HEGNE

S RS SRR E 1603104 160706+ 160707 LRI IR
VWHEE R 254 100 mg, & 10 mL =5, A 2
mL %7, IERE s, gEREE, RASMREHE,
GERNA 60 FTURVDHEJFURLZ A HL 775K B R
£ 2015 4ERR ChE 258 B R [ R A 25 S it
FRPP A RS (ICH) SFAHCHR 3 BRI SOk, 5
JaBOERE TR E: e, PUARRE ., OB,
. DMF. FEE. N, BETR LB BUT 3 i
Wk, = 2% R FTR = H S 0 FREE 4304 0.06%-
0.072%- 0.5%- 0.5%- 0.088%- 0.3%- 0.5%- 0.5%-
0.5%- 0.1%-+ 0.032%-. 0.1%. 5L, 3 HEAE
oh S A A AN R I e PR, A S R AR
Ho
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Table 6 Determination of residual organic solvents in

Apixaban bulks drug
Viqiibeagil R R %

160310 160706 160707
i AR AR A H
WS Akt Akt R oA
Vs ER 04t ER 04t R oA
SR 0.148 0.146 0.150
=k AR AR Akt
meh ik AR AR A HY
DMF AR ER gty Akt
I Akt Akt R oA
P Akt Akt R oA
W R £ 1 ER 04t ER 04t R oA
BT HE AR AR A Y
J5 R = i ARALH ARALH Ak
3 itie

3.1 RTIEEE

52T NN-—HIEHNE (DMF), —HE
M. (DMSO)+ N,N-—"F & 21 « N-FF BE LIS Je ] o
K5 B, RSN, IR AR B B
BN R: T0°CARBIFASAE N, FESREAE N-F AR
NEE S ) 0 58 A il o 2% 18 SR S vV ) A &%
BR PR A s, B N-FE LI e iV A 5] o
3.2 REREE

T 250°C. 280°C AN AL, I
280°C bL 250°CHELR M K H 4T 40°C . 45CHA
EHAWLE, RIL 40°C L 45°C 4y BS R AT o
3.3 oiEbENIEE

LT WL 11, 51, 10:1 =N, &
MAHEE R 5:1 I, R R, BRI i ] 42
%, D E iR 5:1.
34 FIRRERIERE

Z2T 3. 2.8 mL/min W/ MERIR =5, K
LAy 2.8 mL/min Hf, S-¥570) 5 85 5 B Ut o
35 MELERSH

R s R, 3 fEFES R &b, DU
Wi, LBE. Mk, —Zf%. DMF. HEE. R B
M CWe BUT HEFEE TR =R ARR H, R
TR B B A R o R B Bt o 1% 12 PR IS 2 15 ik
BTWR VDB GO 20 T 240, ARG 5 A it —

AN THI PRSI 7 25068 BT WR v B Jir sk 2437 LA il o
4 Zig

2015 4ERR (P E 2y ) PO ) 0861 BiE,
AN HEE. PUSRIE . DMF b5 SRR
7, BREE 54 0.06% 0.3%. 0.072%-. 0.088%,
1% 4 PR B BN NARAT — € I EE I, B RS Ad H
BERR LW, AUT HEHEE. ABE. SRl AEA S
RIREAEEA, e FEE LGS IR R RN,
IERRBESS R 0.5%. 2588 FARBESME, = 4%, i
HR = WA B B R, O HLIX 3 ke B s 7 A
(RAH G SCHRARGE />, ASEE AR A ICH X BT v 2E
JURL 255k B AR e S I H 753K, hoE = IR
FE3 4 0.1% 0.032%- 0.1%. ASSZH R T5 455
AR TN BT WR VD HEJEORHZAH DGR 12 Tl B 5 711
BTN, 7k A iE A B R, R
B, EHEERIREEVO B N R R R, Ak
RAFEE, W HVERL, wEABTIRYD PR 2
TR B R ) R I T

S 3Lk

[1] Tomari S, Homma K, Noguchi T, et al. Development of
Interstitial Lung Disease after Initiation of Apixaban
Anticoagulation Therapy [J]. J Stroke Cerebrovasc Dis,
2016,25:1767-1769.

2] ¥ Ur, BEBESC. JFAP BORT R DR pTE L 25-Xa P
TR [1]. 2225 IERIESE, 2010, 18(3): 294-298.

[3] Connolly S J, Eikelboom J, Joyner C, et al. Apixaban in
patients with atrial fibrillation[J]. New Engl J Med, 2011,
364(9): 806-817.

[4] Granger C B, Alexander J H, McMurray J J V, et al.
Apixaban versus warfarin in patients with atrial
fibrillation [J]. New Engl J Med, 2011, 365(11): 981-992.

[5] Lassen M R, Gallus A, Raskob G E, et al. Apixaban
versus enoxaparin for thromboprophylaxis after hip
replacement [J]. New Engl J Med, 2010, 363(26):
2487-2498.

[6] Agnelli G Buller H R, Cohen A, et al. Oral apixaban for
the treatment of acute venous thromboembolism [J]. New
Engl ] Med, 2013, 369(9): 799-808.

[7] Agnelli G Buller H R, Cohen A, et al. Oral apixaban for
the treatment of venous thromboembolism in cancer
patients: results from the AMPLIFY trial [J]. J Thromb
Haemost, 2015, 13(12): 2187-2191.

1 PEZ e [S]. DY 2015.

o]

[





