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HEIHPLCRER FHMERTRERAGHE XA K MHPLCH %, &%
A Atlantis T3 Cyy (250 mm X 4.6 mm, 5 pm) ; R : AZRLBM-—=ThE-WA*)H-K
(3:5:3:989) ARHIMA, ZRLB-=CTH-wWA%w—K (3:5:20:972) HAshIaBHEk
Bl #ik: 1.2 mL - min '3 A& 25 °C; &M%k K: 262 nm, By BRI, HAE2~50
pg-mL REFZEA, r=1.0000, MR, BT T EAA~FHRER T 55 H0.67. 0.76. 1.40.
1.45, 0.82, 1.26, & ¥ . KINREEG-F =D EA97.5% ~ 103.0%, B EAFIFEMRZ (RSD)
F3.3%., Aoy ik Rk A5, TRHTRTHRRGRZIES.

RTHAR; ARYM; RERT; Sroatétsk; fEs
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Determination of Related Substances in Nicorandil Tablets by HPLC Calibration
Factor Method

Zhu Lina"?, Wu Zhaowei’, Wu Bin’, Wang Lin’, Du Kai’, Sun Yi’, Zhang Zhe®, Hu Qinz, Gao Xiaoyanl*
(1. School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China; 2. Beijing
Institute for Drug Control, NMPA Key Laboratory for Research and Evaluation of Generic Drugs, Beijing Key
Laboratory of Analysis and Evaluation on Chinese Medicine, Beijing 102206, China)

Abstract Objective: To establish HPLC calibration factor method for the determination of related substances in
Nicorandil tablets. Methods: HPLC method was used with chromatographic column of Atlantis T3 C,; (250 mm
x 4.6 mm, 5 pm). Trifluoroacetic acid-triethylamine-tetrahydrofuran-water (3 : 5 : 3 : 989) was used as mobile
phase A, and trifluoroacetic acid-triethylamine-tetrahydrofuran-water (3 : 5 : 20 : 972) was used as mobile
phase B for gradient elution. The flow rate was 1.2 mL-min" with column temperature at 25 °C. The detection
wavelength was 262 nm. Results: Nicorandil and its impurities were well separated by the method. Good linearity
was obtained with correlation coefficients of 1.0000 for all the impurities in the range of 2-50 ug-mL". The
calibration factors of nicorandil related substances A, B, C, D, E and F were 0.67, 0.76, 1.40, 1.45, 0.82 and 1.26,
respectively. The average recoveries among the low, middle and high concentrations were from 97.5% to 103.0%
and the relative standard deviations (RSD) were lower than 3.3%. Conclusion: The method is simple, rapid and
accurate, and can be used for the quality control of nicorandil tablets.
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JERTH/R (Nicorandil ) , fb224% MN- (2-5%
AL ) -t ERRNG , RIsMREEEI e, &—
il ATPASUR R FREE T HGR], IR b 2 T
Wi DO IIRT T BN JE AT R BT AR
AR EARWS-10001- (HD-0151) -2002,
RWCEA K FRGAT I, HLIHE BN J7 v 54
Effik, Lmrics, wuiEm RIS e nl R i
A KBGO T IRATRA o el 25 il Jé ml
MR R BT b, SR HTHPLCEEE A X T,
SR I 7 200 2 2 11 ) JE W MR i, B )e
AR SARSCAR G S B R T 1.5, i ER
Uf o B SR FZIT 208 [ A Y 8 R] R R A i A TR
D FS A B, A R JE AT b /R 5 2% e 1) 43 2
AR AR 2 o 2 6] ) 70 B BE 24 /N T 1.5, GIE] 9
[l 245 WL 7 e A 8003 8 N JE T bR R B9 A 56
P AR e PR R B, AR SCHENT
T RS X [ PARE i TR 2% S T A Rk 0 B O
B BTG A T
1
11

LC-20A = RO (AL (AT 5 1200
OB A (Agilent/AF] ) 5 26907 = 2R
O (Waters/A ] ) 5 Milli—Q ZliZK#L ( Merck
Millipore/A\ﬁj ) 5 BT R (Mettler Toledoy &,
XA205) ; Seven Compact £ pH 11
1.2

SO SO TIERIE Y kAl
KN EFIEEA K, e AT R X B O
iR E ST, LS 101079-201001) , %%
ST AXT RS (b B R 2 A E WS B,
100434-201603 ) , Z%JEBXf 44 ( Chugai Pharm
Manufacturing Co. Ltd, #t%5: S2014K1) , Z4Ji
CXFHE A, ( Chugai Pharm Manufacturing Co. Ltd,
L5 : S2013G1) , Z4FDX AL ( Chugai Pharm
Manufacturing Co. Ltd, #t%5: S201101) , Z%JGE
XFHE S ( Chugai Pharm Manufacturing Co. Ltd, it
71 S2014K1) , ZEEXFHEED (TLCAH], b5
1934-052A1) , JERTHI/R AAERD (25847 il 3t
88HLUK, MUARYI NS mg ) HIRUET R ZIFAN TR 4G

zhgysh

Kk (Al et it : 201610087 )
2
2.1
2.1.1 XFHE AT

B nl R 4R 5520 mg, AHEFRE, E10 mL
BT, BRI =2 pHES. O =8O
MR- — L Rie-DUEWkm-/K (30513 :989) [i4ffIT:
MRERZIE, #25), %R mL, #100 mLiE
b, AR EZE, $5, 1E R IR
IR
2.1.2 AR

A G dil by iE 2 (204024 F )2 o] /K 20
mg) , KBRS, 10 mLERH, FAMBRIRRE
BRIT R 208, #5), IR, HRELIEWAE AL
A
2.2

K H Atlantis T3 C 3%k (250 mm x 4.6
mm, 5 pum) , L= - M- DY S R -
K (3:5:3:989) NushtHA, DL =M LMmR-—
LR -PU AWK -7K (325220 :972) HMiish4f
B, #RVIEATHEEEVEML, Wif1.2 mL - min™,
FEMR25 °C, Kl K262 nm., A& UL A
W, FTRRSRRAS10 WL, A3l A RAR gL,
s AR (JE AT HIR 5 4% Bl 432 4o 3k 1] D]
1) o sl ek Erh g 2 mae g, LI
RS T 8 T /R W TR R X R, 2 B g T FH R
DA R A 1F R JR 4 Mk 4

1
A /min TEIHH A /1% TEItH B /%
0.0 100 0
22 100 0
54 0 100
65 0 100
66 100 0
75 100 0

IS P &) b
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B; 3.2 C; 4.4

1

2.3
2.3.1 LEtHE

B Al bRk B diky iE ety (£ Z9M24 18
ATHB/R20 mg) , B 10 mLEJHRT, 23017 AR %
W (hN1 mol- LT'3RERAEM2 mL, ZiEME2 h,
1 mol- L&A LB ROE T pHE R, N
B R R ZIEE, #2250, W), BIA (no.l
LS B ANAT 2 mL, FEIRCE 15 min, JH
0.1 mol- L™ERFRIFWIA T pHE I, A BB
BERZIE, #25), 1E) , SRR (m30%:id %
RS2 mL, ZEECE2 h, IR B %)
B, A, U , mREER (60 CHn#A3 h, i
WA R ZIBE, #2250, UEah) |, mRes (&
AR MR RE92. 5% W TR 2 Pl 25 e vy, &S d,
BRmBERZE, 75, i) , StMBR (&
4500 IxFREHEGREE TGRS d, A R B 2 %)

mol-

JBt

50
D; 5. 24 E; 6. JEAlHIJR; 7. 4= F,

B, 5], uEd) o SERBSRIEN S AR 4
I FSRYAW, i “2.27 TR @G AR, 4
FlWoR, JErTHUR AR, B, Aik. SR, &
M. JERRBIR)E, YA R, (ARER I
REFNEIE RAF B, AR, 25 FIE R
T, HHARGEA RIFEIRTE.
2.3.2 MZIEHTFME KL

e o] MR A% S A~Z% XS BR A, s B
AFIEEHIEL2 ~ 50 we- mL™" CHY bR S R
WREMN0.1% ~ 2.5% ) TAMREIFRIEIN LA TR . 45
B0 p L, HEAWAAIE, 262 nmlEK T, 4
X2 AT MR R S5 A ~ A% S LA e Xof 06 T RREA 7
RPN, LLUJE AT bR e PERER 5 A 2 R e v At
I AT AR B A IE -, O [R5 A9 348
Atlantis T3 (250 mm x 4.6 mm, 5 J m) E3EF: A
YME, PR,

2
% AR JE ] M IR A T L T AR T IE A SEHIME
&I A y=11314x-2858.7 ¥=16619x+1499.9 0681
r=1.0000 r=1.0000 ’
y=11006x-116.92 y=16265x+1629.2
0.677 0.67 + 0.007
#=1.0000 r=1.0000
y=10911x+2842.4 y=16354x+785.40
0.667
r=1.0000 r=1.0000
%= B y=11314x-2858.7 y=14860x+1327.5 0761
r=1.0000 r=1.0000 ’
y=11006x-116.92 y=14580x+1136.3
0.755 0.76 + 0.004
r=1.0000 r=1.0000
y=10911x+2842.4 y=14480x+522.33 0754
r=1.0000 r=1.0000 ’
zhgysh
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2
%R AT JE ] Hb IR T A Fies ey i FE IE A+ FEE
= C y=11314x-2858.7 y=8087.1x+440.76 1399
r=1.0000 r=1.0000 ’
y=11006x-116.92 y=7837.0x+345.26
1.404 1.40 +0.011
r=1.0000 r=1.0000
y=10911x+2842.4 y=7884.7x+6.9300 384
r=1.0000 r=1.0000 ’
Z&FE D y=11314x-2858.7 y=7657.2x-1177.8 47
r=1.0000 r=1.0000 ’
y=11006x-116.92 y=7680.7x-1463.1
1.433 1.45 +0.022
r=1.0000 r=1.0000
y=10911x+2842.4 y=7517.8x-1352.4 Lasi
r=1.0000 r=1.0000 ’
2= E y=11314x-2858.7 y=13767x-1977.4 0.82
r=1.0000 r=1.0000 ’
y=11006x-116.92 y=13411x-1644.8
0.821 0.82 +0.001
r=1.0000 r=1.0000
y=10911x+2842.4 y=13293x-1889.5 0801
r=1.0000 r=1.0000 ’
Zefi F y=11314x-2858.7 =8938.7x-593.10 -
r=1.0000 r=1.0000 ’
y=11006x-116.92 y=8825.8x-1298.8
1.247 1.26 +0.017
r=1.0000 r=1.0000
y=10911x+2842.4 y=8511.7x-1713.1
1.282

r=1.0000

r=1.0000

2.3.3 F#E IR

KW “2.1.17 TR XFIESIARI0 wL, 4%
“2.2" iR GRS YEREOIR, 0 (I
L, T RSDIEN0.7% (n=6) , FWHERR %
JERAT
2.3.4 FEtiAs

B “2.1.27 TR HESER, i AR A
JFHI0. 2. 4. 8h, i “2.27 WiN %S IEEE,
D 2 Bl AR, HS AR BT AR, JEHUE 24D
U TR R S Ok B, DA G SR RAES hi
AFE, el AT
2.3.5 RS ER

FE 2% FREUE 1T MR 5 B8 S0 A o, R AR BRI
R IE B FRREZR0.6F12 g - mL™, A R A
ERIREW, % “2.27 TR OS54z,

zhgysh

R EIERE], RS OIRIEFEMRLL (SIN) , SIN>
3T 2 Al H /RS BR 6 ng; SIN> 101152
AT /R 2 fBR 20 ng.
2.3.6 [HISCRIAES

Fo B R HUS T A~ o, I R A A A 0.2
mg: mL ™ Y 2% I BSR40 . BRUE T B /R A4l
R IE R (29 T e T HI/R20 mg ) 9y, K5
FRAE, HE10 mLafit, 438 A 2% i mhjicd
W2, 1. 0.5 mL, &30, IR FE 2 Z)
BE, #B5), PO ORI E S . 4% “2.27 T
T EOGESRERE, M A e AR, TRl
R FIRSDEE F . 2% 5 A~F - 349 [ 28 485 545 53l Ky
102.9% (RSD=0.83% ) . 103.0% (RSD=3.2%) .
97.5% (RSD=1.1% ) . 102.9% (RSD=1.9% ) .
101.6% (RSD=1.2%) . 98.3% (RSD=0.72% ) -

Erianvaceunicauaiiais IR
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SR MR, A2 ISR 7E95.0%~105.0% ,
FEHA IR B R AT
2.3.7 i FHYEAER

K I3 A5 1 G 1% AT K3 65 AN 6] it iy
AL (S5HE. Agilent, Waters ) SR S A BT

2.4

B [ A Al 23188 HtE 1 JE T L /R ok
OyOEE “2.1.27 WK J7 ko w Bl R R, R
“2.27 TN @R ARIEAERE, E R B AL, LA
Xof B A R JE AT /R g T AR R B, 2R e g A

FrTIRE, ey EIm/ Mg E14.3, et FRLAAHNACIE N TR niddt i, 450 k3,
W B de /N3 B 2.9, FFEE0K. P AR LR S DL IR 2
3 %
P ZTATE O RIB A AFICEE JRBID S ATE SR MR F O REASE
1 0.04 0.1 2.3 0.2 ND 0.2 3.0
2 0.1 0.1 22 0.3 ND 0.3 3.4
3 0.04 0.1 1.8 0.2 ND 0.3 29
4 0.0 0.0 0.6 0.5 ND 0.4 1.9
5 0.0 0.3 23 0.8 ND 0.4 52
6 0.1 0.2 32 0.2 ND 0.2 4.3
7 0.04 0.1 2.4 0.2 ND 0.2 34
8 0.04 0.04 2.1 0.3 ND 0.3 33
9 0.04 0.04 1.6 0.4 ND 0.3 2.8
10 0.04 0.1 2.0 0.2 ND 0.3 3.1
11 0.04 0.1 2.0 0.3 ND 0.3 32
12 0.0 0.0 0.6 0.5 ND 0.6 1.9
13 0.0 0.0 1.3 0.3 ND 0.3 2.0
14 0.0 0.0 1.7 0.4 ND 0.3 2.7
15 0.04 0.1 1.7 0.3 ND 0.3 2.7
16 0.0 0.2 2.3 0.2 ND 0.2 33
17 0.04 0.1 1.5 0.3 ND 0.3 2.5
18 0.0 0.3 0.9 0.4 ND 0.2 2.1
19 0.0 0.3 1.4 0.2 ND 0.2 2.4
20 0.04 0.1 1.6 0.3 ND 0.3 2.6
21 0.1 0.1 2.9 0.3 ND 0.3 43
22 0.0 0.0 0.9 0.4 ND 0.4 1.8
23 0.0 0.04 1.3 0.4 ND 0.4 2.2
24 0.1 0.3 2.3 0.2 ND 0.2 34
25 0.0 0.04 1.3 0.3 ND 0.3 2.1
zhgysh
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34

0.4

ND

0.4

1.9

0.1

0.0

26

2.9

0.3

ND

0.4

1.8

0.1

0.04

27

24

0.3

ND

0.3

14

0.1

0.0

28

1.8

0.3

ND

0.4

0.9

0.0

0.0

29

14

0.3

ND

0.3

0.7

0.0

0.0

30

1.4

0.3

ND

0.4

0.6

0.04

0.0

31

14

ND

0.3

0.7

0.0

0.0

32

14

0.4

ND

0.5

0.5

0.0

0.0

33

1.2

0.3

ND

0.4

0.4

0.0

0.0

34

14

0.4

ND

0.5

0.5

0.0

0.0

1.6

0.3

ND

0.4

0.7

0.04

0.0

36

2.9

0.4

ND

0.5

1.6

0.0

0.04

37

2.2

0.3

ND

0.3

1.3

0.1

0.03

1.0

0.3

ND

0.4

0.3

0.0

0.0

39

17.9

0.4

ND

0.3

13.6

0.2

0.3

40

219

0.4

ND

0.3

17.2

0.2

0.4

41

123

0.5

ND

0.6

74

0.1

0.1

42

9.9

0.6

ND

0.7

8.4

0.1

0.1

43

10.3

0.6

ND

0.8

7.3

0.1

0.1

44

40.4

0.3

ND

0.1

31.6

0.5

L5

45

11.6

0.6

ND

0.6

12.2

0.1

0.2

46

15.0

0.8

ND

0.8

11.0

0.2

0.1

47

15.8

0.6

ND

0.8

8.7

0.1

0.1

48

10.4

0.6

ND

0.7

7.5

0.1

0.1

49

15.1

0.9

ND

0.9

11.1

0.2

0.1

50

12.1

0.6

ND

0.8

8.9

0.1

0.1

51

14.1

0.7

ND

0.8

10.8

0.1

0.1

52

11.9

0.6

ND

0.8

8.0

0.1

0.1

53

10.0

0.6

ND

0.7

7.1

0.1

0.1

54

14.0

0.8

ND

1.0

9.8

0.2

0.1

55

12.3

0.6

ND

0.9

9.1

0.1

0.1

56

s riaraciUicaL A s REgi S

zhgysh
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P FBTA SR REBOE ARFCHER D EE ANE SR MEFSE REASE
57 0.2 0.2 15.4 0.6 ND 0.8 19.6
58 0.1 0.2 10.0 0.9 ND 0.8 14.1
59 0.1 0.1 7.6 0.8 ND 0.6 10.7
60 0.1 0.2 10.2 0.9 ND 0.8 14.2
61 0.2 0.1 14.8 0.8 ND 0.7 18.7
62 0.6 0.3 223 0.3 ND 0.4 28.4
63 0.1 0.1 7.5 0.8 ND 0.6 10.5
64 0.7 0.4 26.6 0.2 ND 0.3 333
65 0.1 0.2 10.8 1.0 ND 0.9 14.6
66 0.1 0.2 10.3 1.0 ND 0.8 14.0
67 0.1 0.1 8.8 0.8 ND 0.5 11.2
68 0.2 0.1 14.1 0.8 ND 0.7 18.0
69 0.1 0.2 11.0 1.0 ND 0.8 15.3
70 0.1 0.1 9.4 0.9 ND 0.5 11.9
71 0.4 0.2 21.1 0.4 ND 0.5 25.4
72 0.2 0.2 10.0 0.5 ND 0.4 13.9
73 0.1 0.1 8.6 0.9 ND 0.5 11.0
74 0.1 0.1 8.6 0.9 ND 0.6 11.7
75 0.2 0.1 11.3 0.9 ND 0.5 14.1
76 0.4 0.2 20.8 0.4 ND 0.6 25.7
77 0.1 0.1 8.0 0.8 ND 0.6 11.2
78 1.2 0.5 325 0.1 ND 0.5 47.1
79 0.1 0.1 8.5 0.7 ND 0.5 10.7
80 0.2 0.1 10.1 0.8 ND 0.4 12.7
81 0.1 0.1 8.0 0.8 ND 0.5 10.3
32 0.2 0.2 13.5 0.8 ND 0.5 16.7
83 0.2 0.1 11.5 0.8 ND 0.5 14.2
84 0.1 0.1 9.0 0.8 ND 0.7 11.0
85 0.1 0.1 9.3 0.5 ND 0.6 12.4
86 0.1 0.1 5.6 0.8 ND 0.4 7.3
87 0.2 0.1 11.9 0.8 ND 0.6 14.9
88 0.1 0.1 9.0 1.0 ND 0.7 12.0
zhgysh
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A/mAU
n
<)

10
0

204 12 |3 4 L

3
3.1

Je T Hu RN S BE25 ), E eI A ES
FXHRF, HAEpH A 7L A28 sk R LR &
YIRS HAEAR T HAECTERE T RS, S5
BEASA HULARAY LB, BT S 25 i e T b /R 7 2
RGP, (ETCTEEGE e T MR A2 5 ) 43
B IAES T RHAF AT DL A IR C i 1
RGP, 8 R pH AR S A H
Bl R, AW EE =R OB - = - DU vk
Mg—7K (3:5:3:989) MIULSNAH M4 T L& ik
A ERERE, e /R A2 BT IS 3 K G
e B EZaERG T, Jen /R IR R i
5, BT AR EBURR B VR ) A 2O e mT b R B AR
PE/ANIIZR BT BENL . R R BEER A Bl X A ok
(R BZ I IS o A Ve s TRDBIR 1, 28 &3t
WEA RS R . ARSI, TR H/R &K
TR AR 2 B TE (262 +2) nmiE KA e K%
W, JFLATEE 262 nm k5 RGN I K
3.2

SEE I G RGN, WA TSN
FHA (pHZR2.5 ) R AR AR, =
I BRI pH 5.0 8.0MI T s AN &
vE. R0, EFBIHHA (pHZR2.5) o, HHK5
VST ) 2 D& B (b o 24 5C, fEpH 8.0/
SHAHA R, AR S B R 0 2% 5 C 2 R 54 Ak o 2
JEB, R AT pH N 5. O T Sl A 4 R P v 59
HEONRRAE T AR 2 s R T R R N —

zhgysh

3 4R D; 5. JETTHBIR

‘ ; : ; |
50 75 t/min

6. 245 F

WOMR-— - m-K (3:5:3:989)
= R 5357 I pH R 5.0,
3.3

DAL 9 S AH oK A EL B =, H23E99%, T L)
s RE P E A R R AT 1009% 7K AH (1) 2335
Feo Ak R, SEE BRSNS R
ST 100% K F A (G4, 455 .78 Waters Atlantis
T3 (250 mm x 4.6 mm, 5 W m) X455 B4k
R hy, [ R AT 5 A B EURV I i £ 35 4
X-select HSS T3 (250 mm x 4.6 mm, 5 wm) M
Thermo2\ F) E’\JSyncronis AQ (250 mm x 4.6 mm, 5
pm) G S5 HAT B ROR, Akt
WITCHB A 22 A 50U B, OB Waters Atlantis
T3 (250 mm x 4.6 mm, 5 wm) VENATT B ERE
FIREN
3.4

XoF At 56 1) [ 8 QL YRR i, 4 B ST I A R
VI A TR S, SR BN, FREL AR A ETE
1.0%~47.1%; ANF T 220 & EAN, SRR
R AR S 2 RS R AET 3% ~4T7.1%, KT
TR R RE S 2% AR E1.0%~5.2% , R FHTR L
AR B B i 2% I 5 A o TR P T 3k e B
o S I EMAREIX20150161 1) (5% 414
XERE S o AT E, R e, ER T RS
51.4%~101.8%.

J TR A A S SRR, A R A
J2 B JEORE 24 A B 2 ) 500 AR e sk AR AR Y
28 2% [ PN A B ST o 390 19 S} 24 iR AT

IS P &) b
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Bk, AR SN, ENAL AR 2 4% B
AR CPAANZRE S =B/ T0.1%, 225w/
T0.1%) , HIEHHERZ5 AR 1428, 7 B8R
TR ), e RECEHE ST B A W T A EA TR 5
SRR, ZRfRA. Z2fEB. ZYUEEXIRK L, ZeR
CF¥EREN016%, 22D HR0.12%, 2%
JF 45 o 0.44% , A S 2 B2 il
0.15%, “F¥JZ=50 R 40.93%, JEF ] 5% FH -+
PRRL T2, 2R T B AT R R A Y
ES o o 4 = =T Ui £ P e o v B M B R AN

300 A = T2 5 W JE T b R A i 1) 2 R
Kz —, 2xENAE kA, REAMREEE R
e O =X (AR Tl YA S S = ST B
TR DRL H K 4 il S e 2% S ™ AR 1) GBI 3=
fEREMER I PRI, TEERAIET, W
B, R10REFE PN AT R0 2 A W i
MG, W AT 2 B A R R R R, o
T SRS I e 29 OB 3045, 2 R TR
iR, AR REXT e T bR e e P A
FE . DL RS R e R i ANGE
AR, EWENAAR R EERER T2
2 SN 0 - U 1 ) | PR 0 -8 R 3 A 05 O

V@O i ARV ACEUTCAL AT

i, AR B
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