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Abstract: An ion chromatography—mass spectrometry (IC-MS) method for the determination of N-
methylpiperazine residue in sildenafil citrate (SC) active pharmaceutical ingredient (API) was devel-
oped. The N-methylpiperazine in samples was extracted by sonication with the eluent, then purified
with a Cleanert IC-RP cartridge, and determined by IC-MS. The confirmation was achieved with
heated electrospray ionization (HESI) in positive ion mode and selective ion monitoring (SIM) mode,
and quantified by the calibration curve method. Good linear relationship between peak area and con-
centration of N-methylpiperazine within the range of 1. 0-100 wg/L. was found with a correlation coeffi-
cient () of 0.999 4. The limit of detection of the method (MLOD) and limit of quantitation of the
method (MLOQ) for N-methylpiperazine were 0. 30 pg/g and 1. 0 wg/g, respectively. The average re-
coveries at spiked levels of 0. 020, 0.10, 0.20, 0.50 pg ranged from 88. 6% to 103%, with rela-
tive standard deviations (RSDs, n=3) of 0. 62%-4. 9%. The established method demonstrated to be
good sensitivity and high accuracy, which could be used for the determination and confirmation of N-
methylpiperazine in SC APL.
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1.1 Us5iKF

Dionex 1CS-5000" & {4, — Q Exactive Focus Orbitrap 547 ¥ 5 i Bk FHAY (35 €] Thermo Fisher 22 H] ) .
B Ay F RS RS . REERTEL R AE S EGC 500 KOH, AS-AP HZhBERERS . @ilhh: . i
w SRS K 2 A AXP IR . 74> — P (Bt Mettler Toledo 24 /) 5 5510E-DTH %48 7 i
TH YA (ZEE Branson #HEABR 2] ) 5 Millipore Advantage A 10 #84E7KHL(E[E Millipore 28 7]) o

FHRLRE IR | N- B REWRIE XI5 (99%, ACROS ORGANICS) 5 SEI FH /K ¥4 A fisk (<18. 2MQ - em,
Hi Advantage A10 B2IKALA ) s HEE(fapkal, R /RBHE ChED AR AR]) ;. HER(98%, Jbi
HRBFHARAT]); Cleanert IC-RP FAHZEHU/NE (1ee, JEHSINRBHATBR 2 w)) o A PH H AR
JEIERIZ . 544002, 1001, 1003, 1004, 1005, H3Ezh) 124,
1.2 HmETahIE

FREUEE S 10~10. 5 mgCRETAIZ 0. 001 mg), BT 10 mLBFEHH, MAERFRAHIG, #7520 min
g, DRI ER B2 . Cleanert IC-RP [ AHAEHUMMI 528 5 mL HIEE . 10 mLKiE{L, #8310
min 5, BURESER EAE, FEENT3 mLIEWE, BUGTH 1 mLEH, H0E.
1.3 WHREEEESHEFEEE

WETHFREL 17. 8 mg N-FIILURBERTHE S, BT 10 mLAROA R, HKEAEZIRE, B35 akeE
“h1 762 mg/L (1) N-HIBEWRWGE RS Ll i . HEBRRS I 1 135 L % il 20 32 100 mLAR 2 0, ]
KERDANE, 3R E R 20. 0 me/L (1) N-H ENRGE b )ik &0
1.4 Bi%EH

% H Dionex lonPac CS17(2 mm x 250 mm) 43 4E L AR Y Dionex lonPac CG17(2 mm X 50 mm)
FE, WRBEWE R 20 mmol/L HIJLEETS , i 0. 25 mL/min, 30 °C, HEREARLS nL. H-SAG I i is 2
4135 °C, Pl E R HAMIKAER, A 15 mA, AMIIZK H AXP S B 285 % , R 0.5 mL/
min, AN AXPAFIIZELL 0. 10 mL/min B3R T HIRE, @it — TR =58 5 & B SR Es 5 i sh
FHIR A RN TS LA i 3 e
1.5 [iL&HF

KGR B 5, W40 arb, HBN10 arb, WESEHLE 3.5 kV, BAELHIE L 320 °C,
il ACINHGEEE 300 °C, S-lens RF level 50, Jitih R i IE & 1A, B 4% 5 1 SIM S, 23 RNy
35000, F@EEGE A3, 0 m/z, N-HUERWRGEINEE & 7R 007075 [M+H 4 101. 107 32, i ) SR A
AbFE S ] Thermo Scientific Xcalibur 2044
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2.1 BIEFEHHIEE

N-H LR B BRI, FERRME KIS M IEE T lonPac CS17 A H A RIRIIRERA PS5
B A, RN RGBS P A A, SRR, RN FIRI ST T+
SIRTEKPES S G . e . SRR S . LLEEN 0. 25 mL/min, HRALS T8 HILL 10, 18,
20 mmol/L H EEREIR KIS E R BAHI /r B . 25 7R, LL10. 18 mmol/L B ZERE IR K I A i 3)
AHISE, N-FEWRIE A ISR TE . B 5 0 58 LL 20 mmol/L W EREFR K IR R B A, (EI% 51T, N-HI 3
WRIE (& 8 B8] 4 3. 83 min, WEIEAHF. ]2 45 100 we/L N-H FEWRIZE G HE S 200 AR €0 [ B it 1]
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Fig. 2 Chromatogram(A) and mass spectrum(B) of N-methylpiperazine

2.2 HEAFNEESREMRL

TR T B AR, T AR E T T A I S A R A I B R N DR 4 B R
7 R B N- HHBCWRIELE TR R 15 2% 788 Ry TF MLy 1) N-HRRWRIR 251, 430 LA 0. 05% HI R 1) WIS S
H RS B ), 287 AXPAHBY R4 0. 01, 0.05, 0. 10, 0. 15 mL/min B 100 wg/L N-H FEWREE
S B SRIRREAS SREE, S AN T, MWEIBATTLIEH, N-HIIEREEZES 0. 05 %H R Y B s
R AL T, (55 0 EERA IS Rni szl , FRHHE 0. 05 %H 2 1Y) HH BT N-FHRWRE 25 71T
PHIVER, RO, SRR . B 3B RTLUE S, N-FEURIE/E RSB BAL T, (S5 0mE
Fifi s 1 T 1 A, FEHH W RERE IR v N-HY R RME I 3 bR . N-H EWRMEZE TR B 0. 15 mL/min B 1)
{Z59RBEEL 0. 10 mL/min IS RSA RN, {HEZEPE(RSD: 3.9 %) AM0. 10 mL/min(RSD: 0.5%), Zi&%
JEAG TR AR M, SCIRE B LU B A T 47 0. 10 mL/min 1) B Al Bhid 551
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Fig. 3 Comparison of intensities of N-methylpiperazine after adding different makeup solvents
A: methanol in 0. 05% formic acid; B: methanol
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53 KGR BIAHEC 6 2. 00 . 50. 0 pg/L N-HEWRIBIAW , H58H 2 Cleanert IC-RP [ AHZCHU/IME
RS E IR, 25 5 R KBS 2. 00, 50. 0 we/L N-FHEEWRIEIRW, 1t IC-RPBEAEABUMERS, H
SR 43 30 4 17. 9%, 1. 14%,  FEill) IC-RP [ AH R B/ N- B FEWRIE A B VR FH o AR PRI
N-HH BEWR R 54 A8 iy 1F B a7 (1) N- SRR 25, TS AHEC 39 2. 00, 50. 0 pg/L N-H BEWRIR I,
id 1C-RP [ A A BUME G, H IR 530 102% . 96. 2%, R b AE N-H LRI BE S v 0 i £
W, IR AR AR IR BUS , A% Cleanert IC-RP [EAHZE BN 2255 b (O VG HOARAE S, FEBERE
I3
2.4 FHEZFWIE
2.4.1 SMHTEE. RHRREE TR /5l FE IBGE &0k HE S b ) it 5 w6 28 5006 B ShIA I
1.0, 2.0, 5.0, 10, 20, 50, 100 png/L. FEVRALSEAE T HEFE BT, LLGTHIAR AAA PR, XoFHE ST
W B AR AR bR B 2 . 5 RN, N-FH JRWRWE T HE SHIAVEAE 1. 0~100 we/LSEIY, Mi B0d
A SRR SR I AIE R . Y= 1.335%10°X+6. 939x10°, FHEZREL(7)40.999 4,

FRASMEE SIN=3 4, N-HIZEWREEAGKS R 47 0. 30 we/L; F#(5MEEL SIN=101154, N-HIRLIRER) &
B R0 pe/Lo X3R5 i248 R ALE & TR 0. 30, 1.0 pe/e.
2.4.2 EHESHEZE X20.0 ne/L N-H LR S RGESESEFE 6 Uk, WETRIAA) RSD A 1. 6%,
BS54 4002 BN, $2 “1.27 J7iksr ol & S N-H BLRE 2 4 2.0, 10, 20, 50 pe/LAYFE
SR, A TS N-HREURE 0. 020, 0.10, 0.20, 0.50 wg, KPS AFAT. HART kT
SE, PRfERh ik E B A5 RERN, N-HIRWRE ZEAIIR VO HUAR AR JFORL 2 4 AN HikR/K-F 0P34 [l
R 88. 6%~103%, RSDM0. 62%~4. 9%(WLE 1),

£1 N-HUIERIE ) [l R 4 S

Table 1  Recovery data of N-methylpiperazine

Added/pg Found/pg Recovery/(n=3, %) RSD/(n=3, %)
0.020 0.0187, 0.0173, 0.017 1 88.6 4.9
0.10 0.101, 0.102, 0.103 102 1.2
0.20 0.205, 0.208, 0.207 103 0.62
0. 50 0.505, 0.513, 0.510 102 0.77
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