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WE BR:&ZLEH80a4E %50 2R -T RA 6 A XMW R. Fik: KA PFP(250 mm x4.6 mm,
5 wm) &3E4E, A 20 mmol - L' B8R = S47 o W BE A A S AR AT E AL, Ak 1.0 mL - min ', AR
30 °C, #m 9% ¥ 265 nm, ZEER . AR R 2 i D ARAE R W EE CERERE N BS 2R CL RS - N - &b
M IR A BT B TR R T e R AR M 10 AN Sdm R R G2 1) 69 4 B R BT, Ske B R 4 B L
K15 M ERTFHBELFME % 5 BEHN =20, A L& RFME3KREL002~0.015
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Determination of related substances in nifedipine by HPLC

LI Cheng —wen, LIU Jing, MA Hao, LIU Xiu — peng, WANG Wen — bo

(Dezhou Deyao Pharmacy Co., Ltd., Dezhou 253019, China)

Abstract Objective: To establish an HPLC method for the determination of related substances in nifedipine.
Methods: HPLC was adopted on a PFP column (250 mm x4.6 mm, 5 pum) with a gradient elution system of

20 mmol - L ™" potassium dihydrogen phosphate solution and methanol, the flow rate was 1.0 mL + min~'

, and
the column temperature was maintained at 30 °C. The detection wavelength was set at 265 nm. Results: The
resolutions were good between the peaks of nifedipine and ten known impurities, including impurity D, 2 — nitro-
benzaldehyde, monoamide, hydroxy dehydro lactone, impurity C, dehydro — N — oxide, impurity A, impurity B,
m — nifedipine, p —nifedi — pine. The resolutions between the known impurity peaks were not less than 1.5, the
resolutions between the main peak of nifedipine and it’ s front and back impurity peaks were not less than 2. 0. The
calibration curves of mass concentration of above known impurities were linear respectively in their concentration

range of 0.0002 —0.015 mg + mL ™' (r>0.999, n=7). The correlation coefficients of above known impurities were
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1.000, 1.000, 1.000, 1.000, 0.999 9, 0.999 9, 0.999 9, 1.000, 0.999 9, 0.999 9, respectively. The aver-
age recovery rates of above known impurities were 93. 1% (RSD =2.3% ), 110.6% (RSD =1.9% ), 109.2%
(RSD =2.0%), 111.0% (RSD =2.1%), 108.1% (RSD = 1.9% ), 112.4% (RSD = 1.8% ), 110. 8%
(RSD=1.9%),91.5% (RSD =3.1% ) , 98.9% (RSD =2.7% ), 110. 1% (RSD =2. 6% ) , respectively. The

detection limit of above known impurities was 0. 000 06 mg - mL ™", the quantification limit of above known impu-

-1

rities was 0. 000 2 mg - mL

. The impurity determination results of the three batches of nifedipine samples

showed that the content of the known impurities and the maximum single unknown impurity were less than 0. 1% ,

the total impurities contents were less than 0. 5%. Conclusion; The method has good sensitivity and specificity,

and it is suitable for the quality control of nifedipine.

Keywords: nifedipine; related substances; process impurity; degradation impurity; quality control; HPLC;

gradient elution; antihypertensive drug
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Fig. 1 Structures of nifedipine and its impurities
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&1 HPLC BEMRMBER
Tab.1 The gradient elution procedure for HPLC

i sl AH EL A3 (ratio of mobile phase) /%

t/min
A B
0 55 45
35 30 70
45 55 45
60 55 45

it C W LA - N - A2 i ZR T A I ZR T
B Xl i 2 1 Y- 2% S 0 | [V i A e S 2% o 06 £ B o
[i] — S S0, Fie SRk DL B AN 0
0. 1% 5 oAt BN % ot 0 T BN AT R %) Bt ¥ 8
B P TR (0. 1% ) 5 22 it i ANt 0. 5%
2.3 A

2.3.1 il PRI R H T2 50 mg,
25 mLEfH, IR -SRI L S - W (50:50) ]38
75 (500 W,40 kHz) 2 30 min , AN BHREE i 5
il R BRI, HIRGERMREEZIE, $£51,10
000 r + min "' B0 10 min, §L_E 35, B
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T RBERE R BT N ER AR AT CL R A - N - &
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JRFATRIAR 2 3 - A% Jo 149 %0 BE i, R P, 4% . 20
mL S 23 IR A R R 1 mL 2 1
mg AT HE Al A 759

e IR X R A TR i, TR 5 T 0
R SCERE 1 mL o35 249 55 2% i D R AH R T 2%
J ARG R I R 2R B AR R C LR - N - AL
W2 o RH AT X i A 3t - 2% JO A [ i 3t - 2%
JRA% 4 g MIZRBE A SR B 45 10 wg AYTR A X R i

2.3.3 FGEMIMERG R LA X,

WG i, R B A R B B 1 mL A5 24 T
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1. Z&ffi D(impurity D) 2. ABA4ARFEAR B 4% /i (2 — nitrobenzaldehyde impurity) 3. BAEE 224 i ( monoamide impurity) 4. PYiEZ4% 5 ( hydroxy de-

hydro lactone impurity) 5. Z¢ffi C(impurity C) 6. £5 - N - B2 (dehydro — N — oxide impurity) 7. 2%/ A (impurity A)
purity B) 9. iZE B (nifedipine) 10. [AJASASHI 2% (m — nifedipine impurity )

2 RAZERAEEER
Fig. 2 Chromatogram of system suitability
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8. Z%Jfi B(im-

11. SRS 2= 5 (p — nifedipine impurity )
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R2 REEAEABER
Tab.2 Results of system suitability test

[asr R/ SRR

(compound) min (resolution)
4% D(impurity D) 6.983 4.2
AR RS2 (2 - nitrobenzaldehyde impurity)  10.273  4.65
FAPERZZR 5T ( monoamide impurity ) 14. 403 4.31
PRS2 (hydroxy dehydro lactone impurity) 16310 2.64
4% C(impurity C) 17390 811
S~ N - 2 (dehydro — N — oxide impurity)  20.717 716
4% A( impurity A) B.640  4.85
5% B(impurity B) 25,670 9.3
THAR IS ( nifedipine ) 29.770 7.60
[EIREEH T 245 (m — nifedipine impurity) B177 6.85
SERAEH P22 (p — nifedipine impurity) 36,197\

LRI TR M- 55 2R it D | QI8 R
ZRI ARG I N RS IR LR R CLE R - N -
PIZRITT AR A AR B R 2 1 2% Jo I ) ik
M V-2 A% 2% Jor 14 €00 115 U 24 RE L 2 0 1, i A T

W 55 RH AR R BT U 43 B BE 1 =2. 0, FR & T HIZR BT AH
SRUEEIR]Gp B LI = 1.5, A = A 103 77k R itk
IR A 2R
2.5 AR AR

3 G PR 2% o D AT iR A R T R 2% oL
WEMG AR o N Rk o 2k i €L B - N - | Aok
JRC AR A RS B BRI R R P 2% TR ]
iR 2R 3t - 2% SO A8 08 B O, R 2. 3027 T 9 B
F5 IR JFOGH B i A %S 1 mL B[R] — 20 mL iR
e TR 5 9 00 A B R 20 5, B8 ) 10 e B
0.1.0.2,0.5.1.0.2.0.5.0.7.5 mL. [RGB EA
[alf) 10 mL AR, 20 i FR & 30500 B 2 20 B2
FEST o A ST R P B % 2k Mk N E R
(LOQ) 2| 45 bR ¥ FE 1 0.75% (0.01% ,0.02% .
0.05% .0.1% .0.2% .0.5% F10.75% ) W) £& P ik
B A, B IR AR IR A A 10 ul,
TEAJBAR @35, 30 % 5 18], LA BB R X
(mg - mL™") FIUATETAR Y 3150 [l 5 5 A R MV
AR RBAEIE N 1 IR R W3 3,
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Tab.3 Regression equations, linear ranges and relative correction factors

&

( compound)

B )75

(regression equation )

Z&Jfi D (impurity D)

ARANFEAR FH 24 5 (2 — nitrobenzaldehyde impurity)
BRI Z% 5 (| monoamide impurity )
N EZ< 5T (hydroxy dehydro lactone impurity )

Z&J5i C(impurity C)

EE - N - F 424 ( dehydro — N — oxide impurity )

Z&Jf A (impurityA)

Z&JFi B(impurityB)

Y =503.1X +0.014 9
Y=157.8X+0.005 5
Y =133.7X +0.009 4
Y =246.4X +0.019 7
Y=724.8X +0.014 4
Y =448.1X +0.011 5
Y =218.2X +0.005 1
Y =186.2X +0.010 4
Y =139.5X +0.004 0

T ZEH Y- (nifedipine )
[B] AR - 2% [ (m — nifedipine impurity )
Ft RS- 225 (p — nifedipine impurity )

Y'=234.2X +0.006 3
Y =245.3X +0.006 6

LM AXEEIE A ¥
(linear range)/(mg + mL ") (relative correction factor)
0.000 2 ~0.015 1. 000 0.28
0.000 2 ~0.015 1. 000 0. 88
0.000 2 ~0.015 1. 000 1.04
0.000 2 ~0.015 1. 000 0.57
0.000 2 ~0.015 0.999 9 0.19
0.000 2 ~0.015 0.999 9 0.31
0.000 2 ~0.015 0.999 9 0. 64
0.000 2 ~0.015 1. 000 0.75
0.000 2 ~0.015 0.999 9 1. 00
0.000 2 ~0.015 0.999 9 0. 60
0.000 2 ~0.015 0.999 9 0.57

SESRRIT, J T D AR HLIE AR IR BRI 2
Ji ARSI AR C LA - N - Y A R 2R
A B J50 B X A Hb S 4t S5 R ] il S S 2 o 4% A4
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WETH AR EA RIF 4R o
2.6 [l

2. 3. 27 I T 45 2% 0T B i 45 90, He v 2 B

A ZRJT B X R AR A R4S 5 mL, AR TO AR A
filf &5 2 mL B[R] — 50 mL 0 FTR G R #
R 2L F8 20, AT DS 0 IR A i i . 0 4 2%
JRFRBE ) 80% (R ) \100% (P i) F1 120%
(R IE ) Ko 0 B ft B0 22 I 38, A
WL 45 3 BRI, I 7 4% 2 M 2% 9 [T e R
HIRA R I 4,

SERZRW, R o D | &I HE O P I 2% I | BTt ik
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x4 EERAWER(n=9)
Tab.4 The results of recovery experiments
fastn PR recovery) % FIEMCE  RSD/
( compound ) TR SR R (averagerecovery )/ % %
(low concentration) (medium concentration) (high concentration)

Z&J5i D(impurity D) 9.3 93.9 91.0 93.1 2.3
SRR FAE 245 (2 — nitrobenzaldehyde impurity ) 110.3 111.9 109.7 110.6 1.9
PAPRERZR [T ( monoamide impurity ) 107.4 110.4 109.9 109.2 2.0
PBEZ )5 (hydroxy dehydro lactone impurity ) 109.2 112.8 111.0 111.0 2.1
&5 C( impurity C) 106.7 109.3 108.2 108. 1 1.9
£EA - N - W75 (dehydro — N — oxide impurity) 111. 1 113.9 112.3 112.4 1.8
2 A( impurity A) 109.8 112.4 110.2 110.8 1.9
Z&J3i B(impurity B) 89.8 9.3 94.4 91.5 3.1
(B H 225 (m. - nifedipine impurity ) 97.5 100.9 9.2 98.9 2.7
XA Z4 5 (p — nifedipine impurity ) 108.2 111.2 112.5 110.6 2.6

ZT NBRART A CLORE - N -S4 2 i A
JiT A 25T B X 2R b P 24k o A [ 2 T 2% o
Ze R ISR AE 91. 5% ~ 112. 4% ,RSD ¥ <3. 1% , 4%
B KW R Ay BT T 1 B AIE 12 57 bR T b [m] i
80% ~120% £ RSD < 10% A A 1 FR & B3R | 4% 2% i
ISR ZE R R AT,
2.7 R RR 5 PR

LA A A 4 W3S 1, I ATR A5 v 30 I o ol 2
F 2= R 0. 000 06 mg - mL ™" F ¥ VB A hy G B
DU I R, 4% v B50ORE 83 06 AT A I i . &5
LW, K445 0.000 06 mg - mL~" F{F ML (S/N)
>3, 4245 0.000 06 mg - mL~" AR vk 24 45
AR PREESK

A A T 4 R3S 1, I ATR A5 ¥ 9 T o) o 2
F 2R BT 0.000 2 mg + mL ™" A TR Ay fat BRI
A8 VSV, 43 15 BOROME B s e A A ik g . 25 2R

FW], & 2% 0.000 2 mg - mL™" [ {5 I L (S/N)
¥I>10, % 2 dF BE 6 Wk & 2% T g W O Y
RSD<10% , %% 0. 000 2 mg - mL ™" fR K Ik i 44
e mBRER
2.8 faEtkidL

AR TV, 452, 17 TR (833 S (A, 43
BIFE IR TR 0,612 .18 .24 36 h, 43l HU45 iU
R I I SV RO B 2 I o i, IR A SR L3R
So HiHEA W AT T R IR IR A 4 AR AT
A3HT , 45 I 18] 2 AR R O 32 0 1 AL RSD < 2% , FF 5
TSR 45 B T 5 R fe 4% JoT A () A R b SF- A o
H<0.05% ; Hifth #4245 B AE 0.05% < X <
0.10% , £ 0 [8] 55 5 0 h ZHAFA A 15T 0. 05% %
Ry M T A EAE0. 10%~0. 50% , &1 A] 55 0 h
ZHAFEAEE 0. 10% Bk, 45 8%, Bk 5%
36 h WA EPE R AT

x5 REMKBER
Tab.5 Results of stability investigation

LI )5 & & (impurity content ) /% JefFkk
vh (principal BRI AR T H kA oINS ST (number of

peak area) (monoamide)  (m — nifedipine) (other impurity) (maximum unknown impurity) (total impurity) impurity )
0 285. 490 0.02 0.04 - 0.06 0.18 6
6 283. 660 0.02 0.04 - 0.06 0.16 6
12 284. 105 0.02 0.04 - 0.06 0.18 6
18 284.022 0.02 0.04 - 0.06 0.16 6
24 283.553 0.02 0.04 - 0.06 0.16 6
36 283.770 0.02 0.02 - 0.07 0.14 6
SF-A4){E (mean ) 284. 101 0.02 0.04 - 0.06 0.16 -
RSD/ % 0.25 0.00 0.22 - 0.07 0.09 -

HWEHR L
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2.9 HEMEAK

e 2. 27 IR 7, AT 6 R S
FAl 2. 17 TR B3 A BEAT 20 AT A 2 T
Er i RSD, LA b7 5 Mk 6 4 BB A S R4 BT T
PRI AR E" BEAT 20T, 6 1 (st i 35 v B
T e 2 JBR VI 5 - 2% J3e L % i 2 b S 2 I LA J% 2
ARAN R TR & <0.05% 51 A AR 50 4% & i 7E
0.05%~ 0.10% , RSD & 7.7% , 754 RSD A 15 i
10% BIEESR 5 1 AR A1 2% 5t & 75 0. 10% ~ 0. 50%
RSD 2 4. 1% ,£54y RSD A5 5. 0% My ER . & 2%
JRER) T AT B AR 435 SR 2 745 45 T A PR IR 5K o
2.10 AL

AR )5 AR [5] s 1] RIS (7] 25 250084 € A3,
T S MR T 7 AT IR B O % B W T4y
BT RS2 bR AT 0T . BN R I
WY, (280 5% 1) 6 (3 A3tk i 8 0 B T Y 2 5 | I
SEHB- 24 R X R - % 5 A % 2 AN R4k TR A
B <0.05%;1 SRR S & 7E 0.05% ~
0.10% ,RSD 3} 7.7% , 554 RSD K155 10% [ %
il DR FE S EAL 0.10% ~ 0.50% , RSD i

4. 1% ,f54 RSD A1Gid 5. 0% sk, (5551 2)6
3 PRt TR VAR BT Y A% B T A A b 1 2% JBT X i
ARHTZ 0T LA K 2 AR AN i 44 <0.05% 51 4
KL T A AE 0.05% ~0. 10% ,RSD 4 7. 1% , 7%
4 RSD AAHad 10% Y%K 5 1 A AR H 2% i & &= 7E
0.10% ~ 0.50% , RSD 4 3.9% , 5 & RSD A~ 15 it
5.0% MR . A 4= 0TI I A B0 UE 45 SR A Aok %
FERIEER
2,11 TS

B S I T, A RO 2. 17 TR A Ak
PF CELAR TR A IR | 6 A L DN 8 < R 2 A L
Bl , 25 50 AT I 50 D o 245 SR s e, B 4 2R
U2 6, FII45 2510 T A3 o Vs Y e B R 5 4y
Wr 7 0 TIE 14 4 52 b ofe ) BEAT 20, PR I A% R
AL R MO 2% BT i < 0. 05% 5 e KOR HI2% T &
HTE0.05%~0. 10% , o728 4 i 45 140 5 it (8 3% 2%
ZEHEKAEN 0.01% , FF 5 ATF5d 0. 05% (2K
MR RAE 0. 10% ~ 0. 50% , A% {8,338 2% {45 Ji
Ok K 2 E & RE N 0.04% , fF 5 A1 T
0. 10% 23K o R A5 LR, A5 5T TR

®6 MAMERER

Tab. 6 Results of robustness investigation

£ (content) /%
T HAbErE  IICREIA BRI
(chromatographic R AP - o
condition) (monoamide) (m — nifedipine ) A other (maimum (total
impurity ) unknown impurity)  impurity)
R (flow rate)/ 0.95 0.02 0.03 - 0.05 0.19
(mL + min~") 1.0 0.02 0.04 - 0.06 0.21
1.05 0.02 0.03 - 0.05 0.17
FEiL( column 25 0.02 0.04 - 0.07 0.18
temperature )/ C 30 0.02 0.04 - 0.06 0.21
35 0.02 0.03 - 0.07 0.17
FREEE shimadzu 0.02 0.04 - 0.05 0.16
( chromatographic AR (Yuesu Science) 0.02 0.04 - 0.06 0.21
column)) Waters 0.02 0.04 - 0.05 0.17
st 263 0.02 0.05 - 0.06 0.18
- (detection 265 0.02 0.04 - 0.07 0.21
wavelength ) /nm 267 0.02 0.05 - 0.06 0.22
TRENAH LA A +2%: B -2% (57:43, 32:68, 57:43, 57:43) 0.02 0.04 - 0.05 0.17
(ratio of A:B(55:45, 30:70, 55:45, 55:45) 0.02 0.04 - 0.05 0.21
mobile phase )/ % A =2%: B +2% (53:47, 28:72, 53:47, 53:47) 0.02 0.04 - 0.05 0.17
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2.12.2 WORVEIRE: R BIR U il R R
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BRSO RBE R 2 155, RS
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252920 mg, HiEWIR % E,4 500 Lx L E 1 h jFIR
S A 10 mL SR, FTR G IR O B 2
ZIE 45T, R

2% 2 e DR R 3 ot A WL < PR TS % st ~F- e
252920 mg, &% B % £, 105 CREARHCE 24 h
JE B TR AR, Fe g 2 10 mL B P, RS
BRI R 20 R85, RIS
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SEUMCE 24 b BT mol - L™V SALEN T mL A,

N
FNRA RS R R R 205, #5657, BDAS (R
A ) o

B DA X At 3 AR« PR B A b F- R} 2
2520 mg, & 10 mL BEIEH, 0 1 mol - L™ S 4 fL4N
VW1 mL 2, CE 24 h, i 1 mol - L™ ;% 1 mL
HOR, AR GV R T M B 2 20 B 4250, RIS ([A]
A S HE D) o

SRR 1 0 A 3 o A AR < P B S oF- i ke
2429 20 mg, ¥ 10 mL i H, N 3% AR K% )
I mL, S ECE 1 h, RGN TR 2 205,
FEAT, B ()il 452 D) o

WA BB DR A i T R < SR A I 38t V5 VR
TEFAE/ N 4 500 Lx iE S min JFHCE , BTG

[T R ' R B IR A o V5 R < BBUAR Al IR 3 it
T R /ML 60 CHLRTCE 2 h U, BfS

K2 HA A AR AW 10 WL, 43 33E
ABARETEAL il Ak Kl . iRmg LR 7, 15w
45 FLA WA S TR T 7 R B T 4 2 AR v R4
30T, R R (WK 60 °C [E{R105 °C) (R LB
AL SR A S5 F T A e R R S A i g
ITESREY >2.20( 3 =1.5) G IR Y 2 SRR S 2 o
RARIT B A IR ) R AR 2 T o 2 T A
VERCEE 724 990 LA b, 32 14 R ik wis J i 01 i 24
TE 93%~102% PRI IEA ST , 2% 5T 5 32 W0 19 43 85
FEVIRFAS0R , Rz s I E A BRI L E .
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Tab.7 Mass balance data

TS SCE Rl i B ER 1P e o U 7 X [Epigia
(condition of experiment) (sample content)/(ng - mL~") (principal peak area)  (impurities peak area) (percentage)/%

KWK (undamaged ) 2.087 288. 582 0. 651 -
[E {45 R A R (solid photodamage ) 2.063 273. 136 17.993 101.0
&A= JE IR (solid high — temperature damaged ) 2.050 272.769 0. 861 96.3
R IR (acidification damaged ) 2.042 286. 909 0.584 101. 6
TR (alkalization damaged ) 2.032 260. 385 0. 504 92.6
AL IR (oxidation damaged ) 2.093 282. 581 1.673 98.0
RAR G IR IR (ligiud photodamage ) 2.087 273. 658 18. 862 101. 1
AR E IR (ligiud high — temperature damaged ) 2.087 276. 389 0. 790 95.8

2.13  FEaR A

PRI 3 AR 2R 3t J5URE 2538 1 9% 2. 3. 17
T T3 0k A PR, P R 2. 17 e AR (i
ZRAETEA TN R 73 04 Bt V8 T AR (5 3 A
ICREIEE KR I 8,
AR B

KR4 RN, 3 AN IR 25 A e i
O R 23R S (SR S BT 92 2% 5T ) 23 - 2% Jo, HLAth
EL IR Jo 149 o At G A e R T B R 5 Y <
0. 1% , 7% B 1 <0.5% , AT 5 B s ERLE
SRS R, 7 A R
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Tab.8 Results of sample test

Wyl FEFRBR Y W& (content of related substance)/ %
(compound) (limit) 5 (lot No. )052210001  #it5-(lot No. )052210002  Fit*5-(lot No. )052210003
Z&J5 D(impurity D) <0.1% - - -
SRR HFEAS 24 % (2 — nitrobenzaldehyde impurity) <0.1% 0.02 0.02 0.02
PATL % Z 5T monoamide impurity ) <0.1% - - -
PREZ% 5T (hydroxy dehydro lactone impurity ) <0.1% - - -
Zffi C(nifedipine impurity C) <0.1% - - -
FE - N - FAWZ4 )5 (dehydro — N - oxide impurity) <0.1% - - -
)5 A(impurity A) <0.1% - - -
Z&J5i B(impurity B) <0.1% - - -
(B2 F-2%)5 (m - nifedipine impurity ) <0.1% 0.03 0.03 0.03
SIS Z4 5T (p — nifedipine impurity ) <0.1% - - -
HoAth I KRN 5% (other maximum unknown impurity ) <0.1% 0.09 0.07 0.06
JZ& 5 (total impurities ) <0.5% 0.26 0.26 0.23

3 it
3.1 @il sRrEife
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BRI T
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