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Analysis of polymer impurities in ceftizoxime sodium for injection

LI Jin, YAO Shang-chen, NING Bao-ming,HU Chang-qin
( National Institutes for Food and Drug Control, Beijing 102629 , China)

[ Abstract] Objective: To establish a method for controlling polymer impurities in ceftizoxime sodium for
injection. Methods ; Ceftizoxime sodium was dissolved in phosphate buffer solution (pH 7.0) to prepare degradation
solution. High performance size exclusion chromatography ( HPSEC) and column switching-LC/MSn ( CS-LC/
MSn ) were applied to separate and deduce the poor retention impurities in the degradation solution. The specificity
of developed HPSEC method was evaluated. A RP-HPLC method for polymer analysis was established with a
Phenomenex Gemini C,; column, using phosphate buffer solution ( pH 7. 0)-acetonitrile as mobile phase under a
gradient elution program. The specificity of RP-HPLC method was assessed by two-dimensional chromatography
(2D-HPLC) and CS-LC/MSn, and LLOD and LLOQ were also tested. Results: ceftizoxime dimer and the dimer’s
isomer were deduced in the degradation solution as well as 6 small molecular impurities. Polymer impurities were
liable to co-elute with small molecular impurities by HPSEC method, which made a poor quantification accuracy

and specificity. Ceftizoxime dimer and the dimer’s isomer were detected by RP-HPLC with a sufficient specificity.
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Conclusion; HPSEC method was not suitable for the quality control of polymer impurities in ceftizoxime sodium for

injection, while the RP-HPLC method was specific, which can be applied for polymer impurities. Ceftizoxime

degradation solution can be used to identify polymer peaks as the systematic suitability testing solution.

[ Key words |

antibiotics

B- 1A Tk e 26 10 A8 25 2 W R 6 1) e R e 6 2
Wy, 25 W By o A W A RO T K i R
S BRI R T A 2R 2 ) R R A W R

Sk AL G H R T 3 kS kR %, £
FH T3 97 R A T B0 WA IS W R R e b SR
To R B 2 G0 g IS 8 S 0k i SR o I SCHR AR E
k4 SR A BB BE I G100 B ik g Ny T
JH Sk 60 04 5 9 0 3R 4 W A A 0, R bR S0 SR AR
Sy FHERH B (HPSEC) W 58 T 3k 960 04 5 4 v 1) 38 &
W2 5, 4 5T SR R R T AR M €23 ¥ (UPLC)
Ko T Sk Ao me 5 — A, (A AR LA 25 i)
2020 4ERR (SR E G 43 B ICER T % AL A (E
PWREEETTN R AW R REAT ., (PEARK
1R 25 31 ) 2020 45 i 78 Sk F60 14 5 JFURHA 56 1) R 95 R
e AR X 45 B8 IF i) 3 X Sk f g By — AR EAT T &
B ARG TR R A 5 H . SCRRE BT 45 3k
M, Sk 7600 i 4 1) 56 5 W 2 TR 5 = 2R BRI

FL R , R 52 AR - 126 28 W A €533 125 ( RP-HPLC) 43
BT B-1A Ik e 2 e 2R 2% 10 3R A W 2k TR BT O 1 A
RO ARG LR A i R U - Y805 BB 9 (CS-
LC/MSn) Fl — 4 i A €03 3 (2D-HPLC) |, X 3k f
5 40 B A 2 SRR AT T 45 M HE 2, WF M T HPSEC
AT R AW AL L B 1, IR T 78 RP-HPLC
P r X S Sk e s g 9 T 5 B S W 2 TR AT
R o I A A o

MRETE

1 =5

Summit 100 %1 = 2 {43 R 45, {0 45 P680 B XL =
JCAR FE B B 2% L ACT— 100 A [ 3h #EFE 27 . TCC — 100
RUAE MR AR Sz PDA — 100 Y — 4% 45 B4 510 Az 0 45 26 Bk,
T AEuk N Chromeleon 7.2 SR5 Jig ( 35 [E Thermo 2%
7)) ;CS-LC/MSn % 4t i Thermo HPLC & % & 4t
(AL35 U3000 XU =JC A%\ # BE 5  F s ab #F 2% AR
TR AR )48 1 A D g A A I 2% ) A Q Exactive Focus
Al MS/MS J5i i A% ( 35 [ Thermo 24 w] ) 20 1, T.1E
U o8 Xealibur 2. 3 il .

ceftizoxime; impurity; polymer; column switch-LC/MSn; HPSEC; 2D-HPLC; B-lactam

2 HRmEiKA

T FH Sk 76 e i 4 (5 2 Y19010001 ) (v
1 b 24 R E AE AR e AR AL S T B I g 3R
Thermo Fisher 2w, ¥4 24 €435 4l ; HoAh Ak 512050 g A
[ 25 4 AL A7 R 2 ) 3 o i Al K O e RIS
gk .
3 HPSEC £

35 AL - TSK-gel G2000SWxI (B} : [ 4 3K IE |
FRAKHERE ;30 em x 7.8 mm,5 pm) 53 s AH A AH ;0. 005
mol - L ™' R EL 2 whi [ pH 7.0,0. 005 mol - L~ #i &
AR WE-0.005 mol - L' @R — SANVE TR (61:39) ],
BAH:Z 5, A B =85:15; 4% FE P i ; i #:0. 8 mL-
min*';*ﬁ?ﬂﬂ?ﬁfﬁzzs“ nmj Tf‘@u:30 oc;i;fﬁi:
20 WL 7 BEVA 71 :0. 005 mol - L™ i /i £k 22 v i ( pH
7.0) s RER A 1.5 mg-mL ™" (Lhk A w5 431 ) .
FH T 53 8 10 5 FH S oL mse Ji5 48 v 1) 55 O B (B % I
4 RP-HPLC %

{4,754+ : Phenomenex Gemini C 8,54 (150 mm x
4.6 mm,5 pm) ;R BIAH: A AHH pH 3.6 % vp i (K
1.42 g MR \2. 31 ¢ W &= — 84, imsK 1 000 mL %
fif, WM ST pH 2 3.6) ,B M A 20 s EAT Ve
BEVEL (0 ~10.0 min,3% ~15% B;10.0 ~20.0 min,
15% ~60% B;20.0 ~25.0 min, 60% B;25.0 ~26.0 min,
60% ~3%B;26.0 ~35.0 min,3% B) ;i :0. 8 mL-
min " AL 40 C K K 2254 nm, T BT
SR FH K A Ji 00 48 AT RS A W 4 0, IR AR
F 0 [ 24 81 ) 2020 45 i 35 3k R mk fig B0 A W) TR
SR
5 2D-HPLC %

ik & 4 1 [F HPSEC ¥ (4% & 4t 11 [W] RP-
HPLC ¥, TAEGE" @ KB s h A fii
K EE R G 1 45 Ak 5 b 09 559 08 /(8 24 0, [\
R 0 1% 2 48 11 X5 RP-C (0 3% 4F 9F 17 70 F 4 .
@ MRHEERS | 480 H bR 220 b g5 K )
Bl BAE, @ RAEAERS 1 EHEE &
P i) H A 2% e B 2 50 2 i gk ik b JF R A
iR g 0 #4750 Hr. T 16 RP-HPLC 4 3% & 4t

ATy
PEMDATE 2023 FH 32 EE 1 ‘



Chinese Journal of New Drugs 2023,32(1)
325 5 A 55 1 B MR AR o o
6 CS-LC/MSn-I %

@i R 48 M [ HPSEC 3%, #E R A L8 n =
50 wL, T3 By 55 Ak B {EL AR o

@I RGNV A TEH : Agilent SB-C, 35 4% (150
mm x4.6 mm,5 pm) ;W BIAH A M AEH 0.5% H
TR 10 7K 59, B M & 4 0. 5% R B9 2 5 5 B
FEGEWELO ~ (1, +8) min,0% B(BLERAL ) , Hovb ¢,
o H bR 2% 57 £ 3% R e A AR B A )5 (e +8) ~
(ty +28) min,90% B; (¢, +28) ~ (t; +38) min,
90% B; (1 +38) ~ (i +39) min,0% B; (i, +39) ~
(tR +45) min, 0% B];ﬁfﬁ:%ﬁ;f)ﬁiﬁ:07 mL -
min ' PR S A R B, HIFXF HPSEC 543
B IR B W A o B A T o E PRI
7 CS-LC/MSn-II %

@GRSV : [7] RP-HPLC ¥k, #E R B i =
80 wL, I THREH PR R G WA i 20 1

ORERGEVL: F @i RGNV, Ko o, o H AR
JRAE @IS RSV LR B S E] . T X RP-HPLC %
O3B B G WA R AT B 3 AT o
8 Bl &M (“6” AT MRy Bk 77k )

HH: (+)3000.00 Vi BAVE R : (+)
350.00 C;#5:( +)35.00 L-h ™" ; BB K. ( +)
10.00 L-h ™" K55 HLI - ( + ) 100. 005 HEH n #4
Al ) 2 ( +)350.00 °C;S-#Hg RF /KF:50. 00; &
IR HESL, — 2 il 7 i BB 7480, o R Oy
70 000, FH 55 Bl vy m/z 200 ~2 000, — 2% Jfi i Jy
LR 17 500, 0 B H 1 m/z 3.0, (N) CE
H A5V, A AR N 1.
9 FAEFWIE
9.1 AEEERSWINMR

R B R A W 2% BOE AL i, TR S Al A it
Fr A% LR B, 45 21 [6) e B2 1) 28 90 00, 1 A UBOHE €2
TEA o SR FH Sk 6L JT5 3 of B Ol AR, 23 J31) DA 46
MR 10 F1 3 A TR bR, TS B 07 2 i iR fIRE
FR (LLOQ ) Fifw fEAG i FR (LLOD) .
9.2 ®iKREH
9.2.1 pH 7.0 BERRERGE Ml HUREIR — S8 3.63 g
MR 41 14.33 o, UK # A I M B2 1000 mL,
9.2.2 REWIRBHEEWR BTk Lk s
B2 1000 mg, & T 10 mL 8 A, in pH 7. 0 B2
G R T OF R R 20 4 20, AR T 2
100 mg-mL ™" (TR, B 24 b, i R A 4 2% G

74
@7‘ CPEBTZAE 2023 E5 32 B | 1

W o

9.2.3 REWRTUEW KRG Y AR Uik
W 750 pL, 8T S0 mL &R, i pH 7.0 B R
TG PR R 2 AR N R W A BE LT
(1.5mg-mL™"),

9.2.4 RV RS AR IO S T Sk 7 R i
29 37.5 mg, BT 25 mL B INOK S S R RE A2
ZE FE ST A B 29 1.5 mg-mL ™ (L Sk A g
5 B ) BV W, AR R bk VA

9.2.5 XMEW KERBALHLGEWR 1 mL, &
T 100 mL G, KA B = 20 BE L $55) A S xR
A (29 1.0% ) .

& R

1 HPSEC EH TS ALAUEHEREERR

T (e N R 3L 24 1) 2020 4F R — 5
S At 3t AT S ot IR 3 A O3 ik AR S8R I B
A 22 o R B pH (E AT HLAR L AR I I L
AR S RO AT T G, R B R AR L S 737 I
HPSEC i , I}l HPSEC 3% X 3k 0 g Ji5 4 5 & W) 2% Jot
AT T o, WL Lo e B4 2R B, Sk f e g
B FE T BAEAE 4 )55 4k B {E 2% i lg HPSEC-1 ~
HPSEC4 ,7& FWE G 174 1 A~ 2= i HPSEC-5, H o
HPSEC-3 (¥ 11 A dg Ko 2% J7 125 % 0 9 3k AL
Wi S E AT 20 BT, AR 4 553 14 B 2% Bt HPSEC-2 ~
HPSEC-4 . 4% Fni s A 5 % B 55, % 1 50 vh s
B (E R R & 0 0.23% o b A 55 1% B8 18 2% i
Werp RS A REY REV RS R AT A R
TAFAESE L 9/ 73 2 o T 0 R 45 1 2% — R 5
) AL AR AR B 58 0 BE 5T, J7 32 Ja P T s Bk A, TR ke
s 2 O0F X 28 55 £ B (E A% 5Bt AT 45 A o B, 1 T
HPSEC {0t R a4 i) L I 1k

A REYIA B

HPSEC-1~4 %
N ANST L
1

B il .

HPSEC-5

IA
L 1 il 1 T 1 1 1
0 5 10 15 20 25
t/min

B 1 HPSEC 40 BT v A FH Sk JeLe B 4
S 3



2 CS-LC/MSn E#EEBRBEXRLFELEN

Chinese Journal of New Drugs 2023,32(1)

HPSEC-5, UL 1, 8% 5 % Ji CS-LC/MSn-l % #ff i

DAk 0L i 0 2R 3 W 2k BT W O I R A OISR A R B R A M UL 2
F HPSEC ¥ 43 55 15 21 55 {4 84 {§ 2« Ji HPSEC-1 ~
COONa
wg\\ o g & o oM Toon COOH
~ N
S_/P ] fl:*\ *tN\Tfﬁ>/jL“/H:£—§:§j HN /%j
N\(ID
1 M, 405.38 2 M:401.05 3 M, 566.05
COOH COOH COOH

HN\(ﬂ R)j HN\(J)\,( %:;j “N\(ﬂ Q:;j

‘\V/; M, 383

| COOH
0 COOH COOH
N HN
HN— N H
g ) H HN \;7/1\H/ HN \~>/J\]/
S 5 ~
5 M, 357 ! COOH | COOH
o} /E] o}
HNS N HNS
H H
H.N N NN M N
\Q)\r ZYJ)YHHS
S o}
5 M, 766.08 6 M, 784.08

1Sk SO 6 52 2 Sk S e 5 TR R4 53 Sk MG T8 20 I

s S AR T RS Sk AUME BT SRR TT IR Y

B2 Sk qhme fig i S CHE R Ak 8 R0 b % Jo 10 A 0 A 2 25

2.1 HPSEC-1 #1 HPSEC-5

16 5515 58 {8 2% it HPSEC-1 fil HPSEC-5 " £ 4
H0 B A ) e o
2.2 HPSEC-2

TE 55 O) B {H 4% BT HPSEC-2 53 g5 5] 1 ok
H1Z it HPSEC-2, Ho— 2% . g i 6 WL &1 3, 7F
A — GBS B T AFAE m/z2 785.08 (2 =1) ,m/z
34.2(z=2) M IMEE FIE, /A (M +H]T
[M+2H] " " W, A I #E I HPSEC-2 (% 48 X 43 F &
7 784. 08, Lk LRI I A X 4y T 2 f5 £ 18,47
A HE WA Sk At e g SRR T FROK R W, Ak 2 45
K2,

785.0798
HPSEC-2—#¢ Ji it

905.668 4
741,090 4 [809.037 0

675.0735 | 837.989 L9‘50‘.726 0

HPSEC-2 2% &t &l
741.093 2

453.337 8

3442725 Il ‘ 548.3[572
i

317.225 5{
|
314.070 7

280.083 2
358.060 9

598.087 5

465.072 2

384.038 9

158.0 - L

k 6971066/ 745 082 3
r2a7e4] | i | .MIHSL ‘

25902
\l\ AL

100 200 300 400 600 700 800 900 1000
m/z

B 3 Z%jfi HPSEC-2 [y ML 7Y 7 1 &

PEFRHIE 2023 FF 32 55 1 Hﬁ ‘@7



Chinese Journal of New Drugs 2023,32(1)

2.3 HPSEC-3
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unk-5 766 CagHaye Ny 0,08, 767.2[M+H]* 723,624,606 ,575,433,384,158 TR
unk-6 383 C,3H ;N5 048, 384. 1[M+H] " 285,227,210,126 S 1 e fig S AR
unk-7 566 CoHgNg0, S, 567.1[M+H] " 410,267,144 T 2240
unk-8 766 CoeHas N1 0,0, 767.1[M+H]* 723,624,606 ,575,433,384 158 T AR A
| COOH
0 O +H
N7
HN\(N X
=
S
a s/ H H
| COOH
o) —C  miz767 “H,0
N LY HNTS < miz 723 — s miz 705
| d
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s,/ ﬂ H O mizeos
b miz 158 mfz 624 ——»
mjiz 384
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3.4 RP-HPLC (5 BREWHRMN A EFRIE

M A 5 (b e R JE i E 24 i) 2020 4R
JR R Sk FEL Wl AT ) B S RSB R S
T FH P S A T 1 — B0 AR I TR G R
WO B — B0, B IR X k2 AT R U, T
PRAETT B Y R G W 2 B ) ROBRE e 1 Sk 76 e
Ji5 AR B A R i) LLOD 1 LLOQ,
3.4.1 KIBR(LOD) H5E &R (LOQ)  kmklis
TR LOQ K 1.7 x107* pg,LOD K 1.1 x10 ™ pg;
TR LOQ 2.3 x10 " pug,LOD K 1.5 x
107 pgeo
3.4.2 VFRAREMESIE Sk T R R AR
8 h AR E , IS PR I A B E I T C
W, RO E gt
5 RP-HPLC £S5 HitiimWREMEE

K H RP-HPLC 72 43 #1 3 5% FH =k 6w Ji 4 iy 2
G, ULk e i B R L S M AR Sy A8 AT R S
W2, % E o A X ST ARG & &, 4
R, kAl R AR N H R AR & B
0.01% , “RIKEGHMFMAEMR,H0.05%

Tt it

AW 5% 4 4 is | HPSEC 3 RP-HPLC 3 .2D-
HPLC 3  CS-LC/MSn 25 #7145 AR iEB] T HPSEC
A AT S S F e G N SR B AR R A R
£ 2%, RP-HPLC 238 H] 7 14 569 FH K 760 0 Jl5 8 19 36 5
Py o s 4 1 5 Sk AR TG B 3R G W A B U T AR R R
G W53 AT 00 S LV, O DA Sk Rl i R AR e TR
TR SRR N 45 5HVE R B W A BT 17 R & W) it it 5
il , A i N R S 24 1) S A6 s Jf 8 i RE A
il 700 0 R A W R A T HOR SR
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