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Simultaneous determination of 11 impurities in Moxifloxacin Hydrochloride
Tablets by ultra performance liquid chromatography-triple quadrupole mass

spectrometry

GAO Lin, LEI Chengkang, DU Yajun, HUANG Ping, RAO Yakun, DU Hui’
Xi’an Institute for Food and Drug Control, Xi’an 710119, China

Abstract: Objective To develop an ultra performance liquid chromatography-triple quadrupole mass spectrometry (UPLC-MS/MS)
method for the simultaneous determination of 11 impurities, including 7-amino-moxifloxacin quinoline carboxylic acid in Moxifloxacin
Hydrochloride Tablets. Methods Impurities were extracted from the tablet samples using 50% (w/v) methanol. Chromatographic
separation was performed on a CAPCELL PAK C g column (150 mm X 2.0 mm, 2.0 pm) with gradient elution using a mobile phase
composed of 0.1% formic acid in water and acetonitrile, at a flow rate of 0.3 mL *min~! and an injection volume of 1 pL.. Electrospray
ionization (ESI) in positive-ion mode coupled with multiple reaction monitoring (MRM) was employed for the identification and
quantification of the 11 impurities. Results The 11 impurities exhibited good linearity in their respective concentration ranges, with all
correlation coefficients (r) greater than 0.999. The limits of detection ranged from 0.34 to 1.70 pgeL™', and the limits of
quantification were in the range of 1.01 — 5.09 pg+L."'. The average spiked recoveries of the method were between 90.5% and
104.4%. Conclusion The developed UPLC-MS/MS method is accurate and highly sensitive. It can meet the requirements for precise
quantitative analysis of the 11 impurities in Moxifloxacin Hydrochloride Tablets, and is suitable for impurity quality control of this
formulation.

Key words: Moxifloxacin Hydrochloride Tablets; ultra performance liquid chromatography-triple quadrupole mass spectrometry;

impurity determination; quality control
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Tab. 1 The sample information

Az Al [CEGE R/ € ¢
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VO A o 25 A B2 ) LS 1
JTARZRBAC 25 A R H NP 1
I 2 RN e 0y A B A ) XA 1
A FIEM 24 R &R 2

2 FE

2.1 & R FH

2.1.1 g% RH CAPCELL PAK C oA
(150 mm X 2.0 mm, 2.0 pm) ; PAMAFH > %00. 1% H
2 KW CAD -G (B i sh A, 64786 3 Vit L ok
WA 7 R 2 0~7 min, 80% A; 7~10 min, 80% A—
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60% A;10~15min,60% A;15~15.5min,60% A—
80% A;15.5~18 min,80% A ;i # 4 0.3 mL min';
Fx2 WEBBREER

Tab. 2 Information of standard substances

FETR R 40 °CsdERE &N 1 pl,

2 B CAS & A i it D Y
EN CE R 186826-86-8 r [ i 240 R B SE BE 510140-202304 97.5
LIV VP R 4T A 151282-23-4 SERFCERIN) 25 P & A5 BR 2 ] 25-02-1502 99.8
LIV YP R 4 B 2252446-68-5 JERFCERIN) 25 it & A7 BR 2 ) 23-06-2607 98.7
BPGVD R IR C 1029364-75-7  HERFGRYD Wi & A FRA w 24-12-2609 99.7
PGV 2B D 1029364-77-9 SRR 25 Wy 0 % A BR 2 24-09-2612 100. 0
LR E 721970-36-1 SERFCERIN) 25 Yk & A5 BR 2 ) SK-23-12020 98.5
BV R F 721970-37-2 JERFCERIND) 25 it & AT BR 2> ) 20-11-3002 99.0
W IR IR 25 1 139693-52-0 SERECRIN) 25 Wy i A BR A SK-24-03013 99. 3
T-GR L BIVG VD ALV IOR IR 112811-72-0 JERECEIN) 25 Wy i & A BR A 18-11-2857 99.4
TSIV VD B WE IR R £ TR 112811-71-9 SRR 25 Wy 0 % A B2 24-01-1101 99.7
7-5-8-F3 L LG b B v Ak PR TR 154093-72-8 SRR 25 it & A BR 2> ) 21-01-1809 98.0
7-54 L BEVG VD LB R TR 172426-88-9 SRR RN ) 25 Wy i e A BR A ) 24-11-1507 98.8

2.1.2 JEEEAM R HMESE HL B UE Celectrospray
ionization, ESD , 1E & 8 =X 3 # , 2 & ny 1 I
(multiple reaction monitoring, MRM) >k £ #& { ;
F AL SR ) 3R m 2 A R 20>99. 926,
R3 RAMLEHWHRIESTSH

Tab. 3 MS parameters for the 12 compounds
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J92.0 KV 5 JBE 3 553 BE S 500 °C 5 B ¥ R S
1000 L-h~'o 12 ¢ U 4k & 9 19 J1 3% ok 48 2= 4L
W3,

B BT (m/z) FET (m/z)
RIS R 402.2 384.2,358.2
BTGV R AR A 390. 2 372.2,346.2"
FIYGVD R4 B 414.2 396.2,370. 2"
BV R AR C 416.2 398.2,372.2"
FPG VD R 2 E D 402. 2 384.2,358.2°
TPV R AT E 388.2 370.2,344. 2"
TIVGU AL F 416. 2 398.2,372.2"
WE R R R 2 A ) 446.0 364.0,322.0°
7-FR L SLVG Vb B v IHOR TR 296. 0 278.07,250.0
755V U B KR 1R L T 324.1 278.1°,250. 1
751 -8- 5 JL B Vb KL v wpk A 282.0 264.07,236.0
TG LSV VD B W IHOR R 293.1 275.1",260. 1
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Ao R DUHT RS %% B HCRS X I A L mL, & T
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220 IR A X B A W . A R B B BUR A
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Fig. 1 MRM chromatograms of the 12 compounds
3.2 MEEER

B — LR ER PR VYYD B R R AR IR 2. 2. 130
IR A 6 4 B R, e iR IR 2 1R
T 55 T A% 1 R R AR I, SR A A ik L0 T AR
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25 A B S TS TR R BTR A5 0T R 1 VRO 2R R
LB NI AT 3 . AR WOR N E RN
ARG N T A5 2% o 45 SR B9 RSD{E /T 3.53% , A
I 5 25 SR B AR XS 1 0 25 34/ T 4. 87 04 IR SE A Ty
20 TP TADRE 9% BN S, R D 45 SR RS e W R
3.3 @GR EAREE bhRAE R

£ R ST N B S PSS i R S DO WIVA 587 4
JE 0 B Y TRl N M G R R AR OC R A - 141>0. 999,
DA M FE (signal/noise, S/N) = 3 4K 35 1 € 5 B A6
H PR (limit of detection, LOD), S/N =10 H & ¥& # &
J7 % % 8 BR (limit of quantification, LOQ) , M 45 11 Fp
2 LODs % 0.34~1.70 pg-L ', LOQs % 1. 01~
5.09 pg-L ' W4,
3.4 ZkaRK

T 3k /0N R R S 5 2 B0 5% 0 s i R L 43 00
B U Bl AH CAD F R 1A FR 43 $0€0. 0996 .0, 11%6) 1

R4 NMHERPOEAFTE.LEEE BXRH RHRMEZR

T AR (39 41 OO MFEFEARFLC0. 9. 1.1 pL) , 72
B GBS AE R HERE AT, LR S B R RN Dk Bh
X 11 2% 0 A e T Dk B B ) B S R 4 R Y R T 3
TGt 2E 8 X (P>0.05) 2 B AR My i 6 4% 1
S S5 A U SN 1A T A2 R R T P A 2 R
IBTESR
3.5 mAEEKE LR

iGN S D SR R N e
100 mL s, 20 S A b AR 3 A4S JB v B K-
AR TR X TR YA, B A JB o YR 3 KPS AT 1 4 6 10
FEIURE S 35 08 2. 2. 1300 R J 2 ol 4 (A B I, O R4
HE 2. LI T 538 RT3 45 (R ERE AN . i SR 45 44 T A
TR X e v R, A K O £ T AR A A o S I e
B ANRE IR AT RSD ., 45 5 Won, 11 A ) 22
Jo S 2 0 RE [ R A 90. 5% ~104. 4% , 4% J & ik
JEKFET RSDY/NF3.5% . W5,

Tab. 4 Regression equations, linear ranges, correlation coefficients, .LODs and LLOQs of the 11 impurities

2R ERewpid LML/ (pg- L) r LOD/(pg:'L Y LOQ/(pg-L ™)
BLPY L4 T A Y, =793. 7T2,+1344. 8 5.06~101. 20 0.999 7 1.30 4.05
BEPH VD AL T B y,=734. 42,43 108.7 4.94~98. 70 0.999 8 1.19 3.95
BEPRU R4 T C v, =785. 82,4 344.0 4.78~95.70 0.999 8 1.60 4.78
BLPVD B A4 F D y,=1304. 72,+592. 4 5.12~102. 30 0.999 6 1.36 4.09
BV R R E y,=1296. 22,—412. 1 4.94~98.90 0.999 9 1.32 3.96
LV R F y5=991. 7xs+1115. 3 5. 04~100. 90 0.999 1 1.01 3.03
M IR IR TR 2 5 ) v, =2 963. 7Ta,— 1 246. 4 5.06~101. 29 0.999 5 0.34 1.01
T-FR B BTG VD B IR R ys=1430. 52,+640. 2 5.09~101. 80 0.999 7 1.70 5.09
T-GR VG B ME R TR 2, R v,=2031. 32,—717. 1 4.86~97. 30 0.999 4 1.30 3.89
T-R-8-R E B PV R EMORR =1 690. 22,,—119.9 5.18~103. 70 0.999 9 1.56 5.18
TS LBV VD BV TR TR yu=2473. 4xr;,—1556.7 4.93~98. 60 0.999 4 1.48 4.93

RS5O1IFS A ANRE E i 2=

Tab. 5 Spiked recoveries of the 11 impurities

B E (10 ug- L)

PSR (20 pge L) e IO R B (50 pg-L7Y)

i R ER/ % RSD/% FHENER/Y% RSD/Y% FHEMER/Y RSD/%
BEPH USRI T A 93.1 2.5 94.1 2.9 99.0 1.7
BV R AT B 91.2 2.0 95.3 2.7 97.1 1.9
BEPGY R4 C 91.8 2.2 105. 2 3.4 97.8 2.0
BEPGYS R4 D 92.5 3.3 95.8 1.6 98.1 1.9
VG R E 95. 2 2.5 93.3 1.9 96. 5 1.6
TG VS B4R F 91.8 3.5 94.8 2.3 97.5 2.1
M R R TR 2 5 W) 90. 5 2.7 104. 4 2.1 95.8 2.3
7-5R 3 BEVE VD VORI 92.4 2.1 100. 2 2.0 96.1 0.8
T-FRB PG VD L v ROR R £ TR 93.9 2.9 106. 1 1.5 101.5 1.1
7-5-8- 5 KL B PG Y B v R R TR 93.0 3.2 95.2 1.4 104. 1 1.9
7B LBV VD B OHOR TR 94.1 3.5 95.0 2.8 97. 2 2.3

3.6 H&ag
K ARWEIE 857 89 UPLC-MS/MS 4 X% 104t

T A R R S VE V0 B T RE AL EAT R, AR B,
T8 23t YRR Bl TR S PG b R R T C LR R F L v
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F4 50 F 76 438 L0 LR AR S b YA 46 . M T 45 [
2 bl 5t Y % 45 HPLC 7 ¥ (LOD 0. 05~
0. 50 pgeml~ DI AR Ty vk (1 K B T AG R
F6 HENEZER

Tab. 6 Determination results of the samples

BORE W R T o BRI YRR Hh R I F Y
6 b YCRE i BSOS HEAT G2 oK, A5 R R 2 ZH A
WL 22 R RH AT 2F 8 L (F<<Fy 555, <y 05.5) o
W76,

K

)
do

o Hh At

EAE/ o )7 N E A/ %

BEPE VD R A
B2 R B
BPY R IR T C
BEPGYS AL D
BEPGV B4R E
BV R AR F
WS DK 52 T B )
T-FRFE VG VD ALV HROR R
7GRV D B ME R TR 2, Tk
7-5-8- 13 HL ZE VG Vb B v R R TR
11 T-F R BVG VD B M R R TR

© 0 NN ;> Ul W N

—_
o
o

0 J— J—

0 — _
2 0.002~0.003 —
0 — —
0 — _
10 0.005~0. 033 0.020~0.032
0.001 —

0.002~0. 003 —

S N O O =

T RR AR
4 it
4.1 EBVERRBTHRAHAGMEA

TG U B 2% T A~T s ok 523 i 2K 2% o 2 oy
WR AR R AT A2 W, A 5 35 A M R R B TN i R
TR A, A% 00 235 g vl B AR AR 5 7 28 24 T A 2 B2 25 R A
F RV VD B R B 2% 0T & A I O i neE Sk, A% 44
AL A A BRI & AR . DL 2 R 7,

(8]

B2 EEDSERRHEHR
Fig. 2 Structures of moxifloxacin impurities
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2o PR TR S0 M e TR, W KR R S A W 1 A A
W N B F 0 BN B F A B F [IM+Nal', YA m/x
446.0 [M-+Nal] fENEE & 70 5500 W3 5 T
MR FAEF(MAH] . HHERR SCI AR R 75 Y T4k
4 LC-MS8060 Y i A ( H A S A8 "D AT 8 &
BSUE , &5 SR AT nT R K B /2 Ry 446. 0f [ M+ Nal”

FRAF UG o 56 BRAT SCHR AT 0, M8 IHOR TR 2 & 1 & it
T2 rh R PR K WA 39 R 3R pHL, I 2R & 1R rh LA 3
J5i 5y 5% B8 i Na©, il 58 G050 18 s i fa e 1
[M+Nal" &7 FEk ZaFamhashz
A EAEREA AR T T SRR, S E TR
T AL B, i — PTG s R e Tk

Xof WS TR R 2 5 W 0 - 5 T R A i — 20 4 i
T, m/z 364. 0.n/z 322. 0 R HARMEWE B85+, F 3
o T4 A B IS A SRR A 25 1 F LB AR 3
(—CH,CO 14 F LB (—CH,CO) = . AR
WFIT I X3 5E m /> 446. 0/364. 0,m /= 446.0/322. O4F
h R R B A MRM E e 5 B MR T S 80, DR
B2 A% TR Y R B SRS, LRI 3
4.2 EibARnyiE

AHEIE XS T 3RS RS A A
T AE X 12 F R 0 Ak G W A B AR DA % R A
Oy B A A . R A & Shim-pack Sceptor 7% 3 ¥
(100 mm X 2.1 mm, 1.9 pm) A}, 3% €33 K X v mkoR
PR 2 J o A — By SR M (F I B AU PR AR 5
T 2 45 7E 40 CR, T A 8 I Ak G 9 16 O B B[] 2 1
046 0, A% 0T 4 B A B R R AIG, TSR R 2 4 4y
6] 20 43 B s oK o SR AR R ACQUITY BEH Cyg
35 FE (50 mm X 2. 1 mm, 1. 7 pm) ), 52 BR T 0,38 4
AR S FRET 73T e —800 4l FE 5
SRR PRV BRI AR D 4= C fl 4= B, ok
SRR Ay B AP ARV e )
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Tab. 7 Configuration differences of moxifloxacin and its impurities

A A, A, A, A,
TP A F H O—CH, COOH
PGSR R A F m.; F COOH
LW R E B O—CH; N i O—CH, COOH
TPV R C F O—C,H; COOH
BEPGYS R4 D O—CH, F COOH
BV E SR E F OH COOH
VAP AL 4R F F H O—CH, COOH
Vi
WE R TR E A F F O—CH, COOB—0,0—(COCH,),
T-FREEBLVY VD ALV IR IR F F O—CH, COOH
795V U B KR 1 R F F O—CH, COOC,H;
75 -8- 15 HL LYY b L v AR R TR F F OH COOH
7-5 SV Vb B R IR F NH, O—CH, COOH

T AL VD R IR BRI IR AR I B MEOR TR B B W) R R AR I

B3 FERRHWEERMER
Fig. 3 Brief fragmentation pathways of the major impurities

2 ARG IGAE , ¥ A2 4t CAPCELL PAK C 6y
FERE (150 mm X 2.0 mm, 2. 0 pm) 7] A3 &5 ff e b ik )
B Z OISR TR BURDRLARE 7R I S
FAET AT 12 M R AL S S 0 T A Ak
JoE 0 3% e ) D 2 X6 B TG B [R] 23 S A AR 20 7 R

ALSE T EOR S TG LA ST 2 2K B A5 R AR 1B
i ST ] 20 ARG 75 5K PR b A 8 i I (L B A A R
Ir e @Ik .
4.3 AL

A i 0 2 oA O BE AT D (IR RS 1Ak
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JE ARG RS T AR I s AR R AR B
$0.1% R -2 AR 3400, 1% HRR - i R
SrEL0. 1% SR -G RT3 50,19 LR -H B .
S5 oN YU sl AH Ry F BRI 7- 60 5 P v R v ok
8 W 45 v IR R 1R 28 2% T 7E 30 min PN TGk M A LUk
B Ve RE S Bk B R E S T 2R R ;[
B, BB K AR R AEAS B 5 BT i 4 R F R L R &
JE 71783 10 000 psi, 88 H AL AR it 32 1 Bl 52 590 F e 1k
W, EAIMGE — R OME M T X RS
LR 2% vhAR Z B A M 0, #E ESTIE 85 7 49 4 2 5
L0, 196 HY IR K ¥ MR R T S R T A5 1R I A 5 1
BT AR R R I RO T 2% O I Y W O T AR
BlOHXTRR, MR T L ILT ORIk R
It | A F 53 H5c 280 8 PR B4R 400, 1% IR K ¥ - &
i o S LI B AR IR 2

AW ST B A5 D BT C FZ BT F
PIALE Ay SR, B RS 75 75 P2 ME,
IUATAR FE S R BB AT ML B . SC50 & B, K AH
LU 81 4 45 7E 80 Y0 22 A Bt , W A1 [R) 43 5 44 1A BB 0 S0 B0
RAF SR A B o T 7~ 0k 5 G 7 AL o O OR 7R A 7 - 9L
VG U B W R R R £ TR R AL B R R (R AR AE R
BT EE TR, &R X, A
W52 X5 U 3l AH B B2 #2247 DAk - 20 L AR T
35% BF, & 4y B Mt 2.0, (B R 8 A A A o
30 min, 43 A7 JE 01 3k 4 HL W6 6 R ™ S8 Ll s T
455 F, W B H 43 B9 BE R 2R 1. 2, J0 0 A
R L B A E AE 10 min BB 205 L 0 & R
40% , W] A AR ETE A B 5 R D AL R, 7
15 min PN 52 8T A 2% J0T (0 ORS 1 43 B85 TR U
5 #ig

AR WF 5T W B #5727 UPLC-MS/MS 5 % , 1l [A]
A R WEDN S SRR BV VD R R vh T- R s U A v
WROR R 55 11 A T2 v [l AR B B f 2= T i) & f . O
Bk FE M Co i Al 3 4 7 (i B 25 80 ) A 6 =
2 B o B B VE VD R 2R BRI 5 E LB T A K
Hh ] AR W IR FR TR S S W Y E R AT T, Rk T R &
HPLC ¥ 2 & ik iR 2 43800 1 B A R R i
A7 K I B, TTAE 15 min N S8 84 3 1 I 20 43 10
A3 50 KIS

LA A R R R R R
O S E B B 5 0RG % B AT R O M B B Jm A R AE
AR DA A A6 00 7 9, A B SIS Tk B T e Rk
Jr R, ORI 25 R 2 b vk Y — Bk R4
Z TR RO T AT BARE DL ) 2B 0 A B v B 2

TR i 2% JoT 1) ) B, A7 R AR T A A A R Y
B, T Sy R R S PG v R 500 A B i R4 L HOR R A
P2 R AT 1 245 — ZOHEPE o SR BERE A T AR A BOR S,
Hoag R S B Rz AN (B 5 48 ) R 5.
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