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Abstract Objective: To establish a suitable method to determine the structure and source of impurities of
colistimethate sodium ( CMS) for drug quality control studies. Methods; Frist — dimensional system: using
Acquity UPLC ® Peptide CSH C 5 (150 mm x2. 1 mm, 1.7 pum) column, the mobile phase A was phosphate

buffer (7.8 g - L™ sodium dihydrogen phosphate, adjusted to pH 6.4 with 1 mol + L ™" sodium hydroxide) —
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acetonitrile (19:1), the mobile phase B was phosphate buffer — acetonitrile (1:1). Gradient elution was per-

formed at a flow rate of 0.3 mL + min~'. The column temperature was 30 °C. Second — dimensional system: the

Acquity BEH Cg column (50 mm x2.1 mm, 1.7 pm) column was used with ammonium formate( A) — acetoni-

trile mixture as mobile phase with gradient elution. The flow rate was 0.2 mL + min~'. The column temperature
was 40 C. The detection wave length was 210 nm. The ESI source was used in negative ion mode. Results: The
2D - LC - Q TOF MS method was used to infer the structure of the 55 impurities in CMS, and the main sources
were polymyxin E1 —1I, polymyxin E1 —7MOA , polymyxin E3 and polymyxin E6. Conclusion: The structure and
source of impurities in CMS are determined by 2D — LC — Q TOF MS, and the changes in the content of impurities

such as manufacturers and production processes are evaluated, which is conducive to improving the production

process and controlling drug quality at the source.

Keywords : polymyxin antibiotics; colistimethate sodium

structural deduction; quality control
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Fig. 1 The synthetic route of CMS
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2.1.1 UPLC —4Efmi% &t K Acquity UPLC ®
Peptide CSH C 3 (150 mm x2. 1 mm, 1.7 pum) {4 iiEFE,
AW ERZE 0 (7.8 ¢ - L™ B2 — 5080, 1 mol -
LV EUEAL A O T pH £ 6.4) - ZiF(19:1) )
TN A BERRER G PR - MG (12 1) i shiAH B, B
JEVEE (LR 1), i 0.3 mL - min ™' HER 30 C,
R P 210 nm, JEAE R 2wl

x1 —HBIEZFHERERHRER
Tab.1 First — dimensional chromatographic condition

gradient elution procedure

EE A (ratio) /%
TiLBAH A
(mobile phase A)

i Ji]
(time) /min

WA B
(mobile phase B)

0 80 20
10 68 32
35 53 47
36 80 20
44 80 20

2.1.2 UPLC —#4E(aif &t KM Acquity BEH Cq
(50 mm x 2.1 mm, 1.7 pm) 4 3% £, DL
1.26 g« L™ HIEREZ (A) — 2 (B) KT, itk
0.2 mL « min ", #E7E 40 °C, &I % K 210 nm, BE 5
DI 3] — e R TR BV (2 2) o

R2 “HBIEXRGHBERRER
Tab.2 Second - dimensional chromatographic condition

gradient elution procedure

H 48] ( ratio) / %

TEIAH A
(mobile phase A)

i a]

(time ) /min

Wi B
(mobile phase B)

0 95 5
3 95 5
10 60 40
13 40 60
15 95 5

2.2 Bk st

o HE QTOFMS il ¢ , EST 5251, T4 55 14 Il
R, TR SRy 200 °C, TR HE N S L -
min ", WA R 300 °C LS A 1L L - min ',
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Fig. 2 Primary mass spectrum of CMS E1ASM4
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Tab.3 Detailed mass spectrum information of the six component peaks

LB [ I ey
405 *ﬁXJ&EE}EJIETJ PET B MS lﬁ? MS/MS
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Fig. 5 Chromatogram of impurity peaks in CMS
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Tab.4 Structure and source of the impurity peaks

I L) e
(peak No. ) ( structure) (source)
7.10.12.13.18 CMS E1ASMS [i] 53 5344 (£ ZHEWEEL -1
oyTeTe (isomer of CMS E1ASMS) (polymyxin E1 - 1)
4 .8.14 g?ﬁ[ﬂ% El -=7MOA
(polymyxin E1 -=7MOA)

S N1 =2 -— ~

27.28 32 33.35.36.39 CMS ETASMG [7] 535 f1y s ZHMH L -1
(isomer of CMS E1ASM6) (polymyxin E1 - 1)

37.38 ZHiWEK E1 -TMOA

40 42 48 49 51 .52 .53

46 47 .50 .54 .55

3.59.11

16,19 .20 21 22 25 29 30 31

CMS E1ASM4 [a] 43 St A
(isomer of CMS E1ASM4)

CMS E2ASMS [&) 43 SEAa A
(iisomer of CMS E2ASMS)
CMS E2ASM6 [&) 43 SEAa A
(isomer of CMS E2ASM6)
CMS E2ASM4 [a] 43 S A

(polymyxin E1 —7MOA)
ZHHAEL -1
(polymyxin E1 - 1)
Z#W % E1 -7TMOA
(polymyxin E1 - 7MOA)

ZHH R E3
(polymyxin E3)

4345 (isomer of CMS E2ASM4)
| ZFHWR EL -TMOA i 10 A HI BRI SE ZHWR EL -TMOA
(polymyxin E1 = 7MOA with 10 sulfomethylation) ( polymyxin E1 —7MOA)
) SHUH B6 AT 8 BRI LR o
) (polymyxin 6 with 8 sulfomethylation) (polymyxin E6)
17 SHRH B W47 6 PRI

(polymyxin E6 with 6 sulfomethylation)

23[ X (two peaks) ]
24[ XU two peaks) ]
34[ XU (two peaks) ]
41[ =1 (three peaks) ]

44[ ( =4 (three peaks) ]

CMS E2ASM6 [543 54t
(isomer of CMS E2ASM6)

LR R E6 WA 6 NI BRI U
(polymyxin E6 with 6sulfomethylation )

CMS E1ASM6 [a] 43 S HafA
(isomer of CMS E1ASM6)
CMS E1ASM4 [a] 43 S H A
(isomer of CMS E1ASM4)
CMS E1ASM4 [a] 43 St A
(isomer of CMS E1ASM4)
CMS E2ASM4 [R] 454414
(isomer of CMS E2ASM4)

EZ 0 E
(polymyxin E3)
ZHMER E6
(polymyxin E6)
ZHMAEL -1
(polymyxin E1 —T)
ZHHEAEL -1
(polymyxin E1 —T)
ZHWE El -7TMOA
(polymyxin E1 -=7MOA)

EZ T EN0
('polymyxin E3)

ZRER E6 i 4 RIS ZRER K6
(polymyxin E6 with 4 sulfomethylation) ( polymyxin E6)

IR SR <1.5% , 2RI <5.5% (& &
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b AN AE = T2 R SR 24 1 2 S O, 106 T i
FEL A AR AN 24 1 52 M, A ) DI Sk 5 11 245
Yy i
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Tab.5 Comparison of impurities in raw materials of two different enterprises

Al
(enterprise A)

B Al
(enterprise B)

e H FHLER i
i P o HIAHR R -
(et item) . o mfomsd At , R A
est item (relative SRR (relative P
(substituent (content )/ (substituent  (content )/
retention (source) retention (source)
number) % number) %
time) time)
Bt >0. 5% HYZ&Flé (impurity peak with 0.35 El-1 8 0.85 0.35 El1-1 8 0.56
a content >0.5% ) 0.76 E3 6 0.57 0.95 El -1 6 0.92
0.95 El -1 6 0.92 1.26 El -1 6 0.57
0.9 El -1 6 0.63 /
1.26 El -1 6 0.59
K2 il 2 B (maximum impurity peak content) /% 0.92 0.92
Z& i B2 i (total impurity peak content )/ % 3.56 2.05

PRI o 2 A AN IR JFORE 25 I8 AR 5T
&AL B TR AN ], i RS TR 22 57
2.6.2 [A]—ARMr A A TEXS oA CMS il
FIEF= T2 2 B R T ROCRHERE . B ARl R
A2 R A TR (G R R, S
210927148 ; % 1415, it 5 190405115) , B XFAS[R] A=
7 LR B A X EE A

BEG AR T & R, B A ) A 7= T2 A R
A BIL 2% Jo e A 80 i R 2% o U 5 R L 2% o R
CREER VAT X (3R 6) o o T 2 A R S R
1 750 £ 24k Jor 06 5 A TR fELAH XoF f B I ] — X
493 A% B I 55 A L, TR T 2k Al 5 2% J5 ] R

B, AT DL VR T T AR A LS R R
3

F6 [E—WAREE=TZH T FExT L
Tab. 6 Comparison of impurities in different production processes of the same enterprise
R TR 5
(freeze — drying preparation) (aseptic filling preparation )
Ferpus IR ER SRR
. FE R ER s ] T e FEX R ER s ] RIS P
(test item) (relative Kol ) (relative KR ) )
(substituent (content )/ (substituent  (content )/
retention  (source) retention  (source)
number) % number) %
time ) time )
Stk >0. 5% )2 Rl (impurity peak with 0.36 El -1 8 0.59 0.36 El -1 8 0.55
a content >0.5% ) 0.95 El -1 6 1. 06 0.95 El-1 6 0.77
1.26 El -1 6 0.67 1.26 El -1 6 0.56
K2 il 2 B (maximum impurity peak content )/ % 1.06 0.77
ZJii s & (total impurity peak content )/ % 2.32 1.88
3 itig VER , 2% 2073 76 W R R A 10 o 782 b 24 25 7 A AN [] 11

BER ST BT HOAR 1 R, 2R R A R AL
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R
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K El -1 ZHRKEL -TMOA ZHHER E3 2R



JPA

LYy WmES

Chin J Pharm Anal 2024, 44(1) .

125 -

= E6 WAL )5 =L i — RS &), al ULk i
YR Z R W R E B4 RSl B2 22 7 CMS 1 ¢ i
JRCHE g I, A 2R 7 JRURE 25 It 22T 5 M T il 2 B
R E A 1 i, A RRRIE 25 it . XA
[l 2= T2 CMS A5 S o B LR A R B, 78
ARV A 7 e DG BRI e 5 O T T A 1) A 3R 24k T B
N YL R

S 30k

(1]

[4]

[6]

EL - SAYED AHMED MAE, ZHONG LL, SHEN C, et al. Colis-
tin and its role in the Era of antibiotic resistance: an extended re-
view (2000 -2019)[J]. Emerg Microbes Infect, 2020, 9(1):
868

DAGLA I, KARKOULA E, BAIRA E, et al. Analytical meth-
odologies used for the determination of colistin in biological flu-
ids. Is it still a challenge? [ J]. J Pharm Biomed Anal,
2019, 164. 777

VAN DEN BOSSCHE L, VAN SCHEPDEAL A, CHOPRA S, et
al. ldentification of impurities in polymyxin B and colistin bulk
sample using liquid chromatography coupled to mass spectrometry
[J]. Talanta, 2011, 83(5): 1521

KA. YA R BRI i S R R N LT ] T AR
1., 2021, 48(4): 129

ZHANG M. Research advance and application of detection meth-
ods for related substances in drugs[J]. Guangdong Chem Ind,
2021, 48(4): 129

RU, AR, BERLE, . ZRER E XU AL RIZE T
BEL]. PEPUERAE, 2018, 43(1): 59

WU Y, ZHOU MY, XUE CJ, et al. Purification and structure
elucidation of colistin E analogues[ J]. Chin J Antibiot, 2018, 43
(1):59

EP 10.3. Vol M [S]. 2020: 4941

(7]
[8]
(9]

[10]

(1]

[12]

[13]

[14]

[15]

USP 43 —NF 38. Vol M[S]. 2020 1148

JP18. Vol I [S]. 2021 810

European Medicines Agency. Assessment Report Polymyxin — Based
Products; European Medicines Agency [ EB/OL |. London, 2015
[2015-02 —-16]. htips://www. ema. europa. eu/contact

DAGLA I, TSARBOPOULOS A, GIKAS E. A novel validated in-
jectable colistimethate sodium analysis combining advanced chemo-

metrics and design of experiments [ J]. Molecules, 2021, 26,
1546
XUPF, A5t Xk, % . WHRZHE R E2 L0 r 355
LGSR AR, Bk, 2018, 39(6) : 653
LIU D, LIL, LIU C, et al. Chromatographic separation and frag-
mentation mechanism in electrospray ionization mass spectrometry
for colistin B methanesulfonate[ J]. J Chin Mass Spectrom Soc,
2018, 39(6) :653
LI J, MILNE RW, NATION RL, et al. Pharmacokinetics of colis-
tin methanesulphonate and colistin in rats following an intravenous
dose of colistin methanesulphonate[ J]. J Antimicrob Chemother,
2004, 53(5) : 837
MERCIER T, TISSOT F, GARDIOL C, et al. High — throughput
hydrophilic interaction chromatography coupled to tandem mass
spectrometry for the optimized quantification of the anti — Gram —
negatives antibiotic colistin A/B and its pro — drug colistimethate
[J]. J Chromatogr A, 2014, 1369 52
NATION RL, VELKOV T, LI JT. Colistin and polymyxin B: are
they like peas in a pod or chalk and cheese? [J]. Clin Infect
Dis, 2014, 59(1): 88
HIH, HIEE), ¥, %5, ZARREIUERMIT LTSS
BURLT]. HpE 20, 2021, 24(5) - 936
NIU XS, HU CQ, CHANG Y, et al. History and status of devel-
opment of polymyxin antibiotics [ J]. China Pharm, 2021, 24
(5):936

(A3CF 2023 410 A 20 HYf#))

RWEHR L



