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Orbitrap HRMS) , # & A AR, $EHUS E 3RS T, KT ACE EXCEL™ 3 C18-AR &4 (150 mmx4. 6
mm, 3 wm)ZrE FEA A EE-0. 1% K (65:35, v/v) el . TR0/ R P55 fe 3 (EST) IR, %M
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315. 096 8, IH—fL Al g (NCE) 4351 10% ,42% ,10% ,AMRiEE R, XTOFEIT T3 i 2400 0E , 45 IR &
B, k5 R LA, AR X 2 I R DG T 5 4% 2.6 12 JR ViR J3E 5 LU T ARLZE 0. 2~ 100 ng/mL 385 B P S B R
BFREMEC R HHC R B (r) $420.999 8; 7% 5T 2.6, 12 7EAK . (& 3 DA T I R 96. 9% ~ 105. 0%, RSD
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Abstract: A method based on ultra high performance liquid chromatography-electrostatic field
orbitrap high resolution mass spectrometry ( UHPLC-Orbitrap HRMS) was established for the

determination of genotoxic impurities 2, 6, and 12 in nifedipine. After extraction with methanol,
the sample was injected into the UHPLC-Orbitrap HRMS system for analysis. An ACE EXCEL™ 3
C18-AR column (150 mmx4. 6 mm, 3 pm) was used for chromatographic separation. The mobile
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phase was methanol-0. 1% formic acid aqueous solution (65 :35, v/v). The flow rate was 0. 6
mL/min, while the column temperature and autosampler temperature were set as 35 C and 8
°C, respectively. The divert valve switching technique was used to protect the mass spectrome-
ter. The six-way valve was set to divert the eluent of 7. 5-11. 6 min to waste and the rest of the
eluent into the mass spectrometer. The Orbitrap mass spectrometer was coupled with the
UHPLC system by an electrospray ion ( ESI) source. The sheath gas and auxiliary gas flow rates
were 60 and 20 arb (arbitrary units), respectively. The spray voltage was 3.5 kV, while the
capillary temperature and auxiliary gas heater temperature were set as 350 C and 400 C,
respectively. The positive ion parallel reaction monitoring (PRM) scanning mode was adopted,
and the mass spectral resolution was set to 35 000 FWHM. The accurate masses of the [ M+H "
precursor ions of impurities 2, 6, and 12 were m/z 347.1230, 361.1026, and 347.1230,
respectively. The accurate masses of the extracted [ M+H]" fragment ions of impurities 2, 6,
and 12 were m/z 315.096 8, 298. 1069, and 315. 096 8, respectively. The normalized collision
energies (NCEs) were optimized to 10%, 42%, and 10% for impurities 2, 6, and 12, respec-
tively. The external standard method was utilized for quantitative analysis. The established
method was validated in detail by investigating the specificity, linear range, limit of detection
(LOD), limit of quantification (LOQ) , recovery, precision, and stability. This method had good
specificity, and the solvent did not interfere with the determination of impurities. The peak are-
as of impurities 2, 6, and 12 as well as their concentrations showed good linear relationships in
the ranges of 0.2-100 ng/mL, with all correlation coefficients () =0. 999 8. The recoveries of
impurities 2, 6, and 12 at three levels (low, medium, and high) were in the range of 96. 9% —
105. 0% , while the RSDs were between 1.21% and 5. 12%. The LODs were 0. 05 ng/mL and the
LOQs were 0.2 ng/mL for all three impurities. This analytical method was used to determine
impurities 2, 6, and 12 in three batches of nifedipine samples. Impurity 6 was not detected in
the three batches, but impurities 2 and 12 were detected in all the three samples, and the
detection amount was within the limit. The developed method is sensitive, fast, accurate, and
easy to operate. It can provide a reference for the quality control of nifedipine by pharmaceuti-
cal companies and extend strong technical support for the supervision by drug regulatory
authorities.

Key words: ultra high performance liquid chromatography ( UHPLC ) ; high resolution mass
spectrometry (HRMS) ; genotoxicity; nifedipine; impurities
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NO,
Impurity 2 (C;7H;gN,0¢)
CAS: 21881-77-6

Nifedipine (C7H;gN,0¢)
CAS: 21829-25-4

NOz
Impurity 12 (C;7H;gN,Og)
CAS: 21829-09-4

Impurity 6 (C;7H;4N,0O5)
CAS: 88434-69-9
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Fig. 1 Chemical structures of nifedipine and the
impurities 2, 6 and 12
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Table 1 MS parameters of the impurities 2, 6 and 12

Scan Precursor Product

Impurity time/min  ion (m/z) NCE/% ion (m/z)
Impurity 2 13.0-18.0 347.1230 10 315.0968
Impurity 6 0-18.0 361.1026 42 298.1069
Impurity 12 13.0-18.0 347.1230 10 315.0968

NCE: normalized collision energy.
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Fig. 2 MS? spectra and predicted structures of fragment
ions of the impurities 2, 6 and 12
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Fig. 3 Extraction ion chromatograms of (a) blank
solvent and (b) reference solutions
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Table 2 Linear equations and correlation coefficients
(r) of the impurities 2, 6, and 12

Analyte Linear equation r
Impurity 6 y=6.71x10°2-3.68x10* 0.9999
Impurity 2 y¥=3.38x10°x-1.81x10* 0.9998
Impurity 12 y=2.84x10°x-2.29x10* 0.9999

Y. peak area; x: mass concentration, ng/mL.
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U 2R W~ F- 29 25 mg (L5 1911231) , K5 %5 K
B9 i (MR R4S 3 403 ) |, SE 43 ik 4 in G
EAZRITT 2.6, 12 T A 0 8T W, I 2231 i R
122 iR ab 3 45 2 m b [l gs F AR v
W, SRR A 45 R AN R34 R2 .6 1219



SR, 45 < A R (- 5 P S LB B o 23 i ik

434 W 52 T PR R 2 2 R $ 271
12 BRI, 5 Vit P B4
h Imputiry 6 1.52e4 =4 O “
100-; 2.3 SCEREESAET
3 T E AER I8, 6 3 LA 2 0 S5O b 3
60

404
20 4

4

] L I I
100 Imputiry 2 4.15¢3

80 Imputiry 12

Relative abundance / %
<

60
404

20

t/ min

B4 TERTZHE2.6 12 0ENETFEILE
Fig. 4 Extraction ion chromatograms of the
impurities 2, 6 and 12 under LOQ

3 WERMFEARER2.6.12 WINFREIKE (n=3)
Table 3 Spiked recoveries of the impurities 2, 6 and
12 in nifedipine (n=3)

Background/ Spiked level/ Measured/ Recovery/ RSD/

Analyte | mL)  (ng/mL) (ng/mL) % %
Impurity 2 0.321 0.204 0.547 104.2 5.12
0.409 0.747 102.3 1.85
0.613 0.922 98.7 3.44
Impurity 6 nd 0.199 0200 1050 433
0.398 0.387 97.2 3.76
0.596 0.605 101.5 2.91
Impurity 12 0.402 0.204 0.587 96.9 4.97
0.408 0.843 104.1 1.21
0.612 1.031 101.7 2.58

nd: not detected.

BRI A 96. 9% ~ 105. 0%, RSD 4 1. 21% ~5. 12%,
PrE 2 MU E | e IAZR T 2.6 AT 12 [IISCR FIDKS 2 )
RAF,
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0. 404 ng/mg, LIk T FRJE R E (18. 75 ng/mg) .
I, e 2R 2.6 12 ORI AT S HLE .
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Table 4 Test results of nifedipine samples

Batch number Impurity Content/ (ng/mg)
1911211 2 0.315
6 nd
12 0.285
1911231 2 0.321
nd
12 0.402
1910281 2 0.382
nd
12 0.404
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Fig. 5 Extraction ion chromatograms of the sample
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