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Analysis of polymer impurities in ceftazidime averbatan sodium for injection

LI Jin, YAO Shang-chen, YIN Li-hui, XU Ming-zhe, HU Chang-qgin
( National Institutes for Food and Drug Control, Beijing 102629 , China)

[ Abstract] Objective:To establish a method for determination of polymer impurities in ceftazidime averbatan
sodium for injection. Methods ;Ceftazidime averbatan sodium was dissolved by water to prepare polymer stock solution.
High performance size exclusion chromatography method ( HPSEC) and column switching-LC/MSn method were
applied to separate and deduce the poor retention impurities in polymer stock solution, and the specificity of HPSEC
method was evaluated. A RP-HPLC method for polymer analysis was established with C; column, using gradient
elution by phosphate buffer solution ( pH 3. 2) -acetonitrile-methanol, and the RP-HPLC method was validated.
Results; Five polymers were identified in polymer stock solution, some small molecular impurities were also detected.
Polymer impurities were liable to co-elute with small molecular impurities when using HPSEC method, which resulted
in poor quantification accuracy and specificity. Four indicative polymer impurities were detected by RP-HPLC
method with effective specificity, and no polymers related to averbatan sodium were detected. Conclusion; HPSEC
method is not suitable for the quality control of polymer impurities in ceftazidime averbatan sodium for injection,
while the newly established RP-HPLC method is specific, which can effectively control the polymer impurities. The
polymer impurities in the samples were all from ceftazidime, and averbatan sodium did not produce polymer impurities.

[ Key words] ceftazidime averbatan sodium for injection; polymer; impurity; column switch-LC/MSn;
HPSEC; 2D-HPLC; B-lactam antibiotics

[E€TE] TEARGYHSAEMARAKANELE LR ERATY AR “RAEZTADWER>MNMBEART S LS5 5 A" (1030050090129)
[EE®N] 3,3, 250, ZE2AFRELZHMORMEAME, KA E%.(010)53851560, E-mail : medjinli@ 126. com
[BREE] F0Y, 5, 2450, T ERNFRALZHMOREEHAE, B A B35:(010)53852502, E-mail: xumzhe@ nifdc. org. cn,

1117 CEgj
PEHARG 2021 F55 30 555 12 5 ‘



Chinese Journal of New Drugs 2021,30(12)

B-IN WL 2y Wy e A e is iy A7 R &
A RAA WA 0T, DT & ok B N 5 i ST AR R AW
(I R T 25 22 410 (b AR I 2 ) —
HR R R A R RS AL
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(A R S0 25 M) 2015 4F iR L2020 4 iR 1L K
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RP-HPLC 5 % Sk 760 1t 0 J5URE K2 33 565 Sk 76 il 0z 761
FIh R E W AR #HAT T 0, B & R W e FiE
S5t L S 60 b e AT 4 1L SE A R 3R 0 BB A B 9T
T Sk 00l JEURE AN TE S Sk 6 b 0 ) o 2 A
Al BE A Sk 7R At E 1 R A W 2% R, H R TR Sk A Al
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350 C LB+ )35, BB ( +) 10, 45 R W8 25 HL it
( +)100. 00, ZREF AR ( +) 350 C,S-#&5E RF
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by B BT 24 LR AN IR S WA A T, 1 mL B A i
HUEW,ET 10 mL B KA B B 20 A,
ViR B A e s ( LAk f Al hE 3129 6 mg-mL ") ¢

AR EF oAt - PR BB S5 P Sk 76 At W oy 24 1 30 4
2975 mg, BT 10 mL i+, A 7.0 mL K% f#, 5%
JGIMA 1.0 mL (% 0.2 mol - L ™" f £h B s W , 7F 70 °C
KB FHCE 15 min, BB E B EE, IMA 1.0 mL
f9°0. 2 mol - L™ {1y S S AL B2 3, AR i 7K s 8 21 %1
L&

56 A V5 - R T 559 D Sk 760 i W T 2 2L 4H 4y
2575 mg, BT 10 mL FHEH, A 9.0 mL /K i,
SRIGATA 1.0 mL 4 0.2 mol - L™" i & & Ak 8 ¥
TE 70 C K HHCE 15 min, BUB A E1 2 20, In A
1.0 mL 9 0.2 mol - L™" f £h R 15 W, 2R J5 Jin 7K Fs B
2B, & H o

IR I8 it VS Y < JL T S5 P S 76 At W By 24 £ 30 4
2975 mg, BT 10 mL I P, K i i o 56 B 2 21
BE L FEA)TE 70 CoR H A 60 min , BUH & H) 51 %
L2 H .

AL R T BT G ) Sk 7t e BT 44 [ 3H 4
2575 mg, & T 10 mL &4, /K2 5.0 mL %, 58
JEfA 1.0 mL 4 10% XA K, 762 T & 10 min,
FHOK B B2 20 5 4850, % .

UV ARV W O S8 FH Sk 60 b W BT 44 £ 3H 4
2975 mg, BT 10 mL S, K 5 i O B 2 Z)
B R HAE B 21 i ML, 7 254 nm P K ERAMT R
MEGF 18 h J5 , B & .

T 2R oA A AR < BT S P Sk 6 b wE BT 4 £ 3H 4
1), & F 105 CHER b, ke 8 h J5 HUH & #1, B
R B Sk A6 At nE BT 4E B4R 2 75 mg, BT
10 mL S, K @ e B = 2008 250 % o

BR] 24 £ B 0 L 3 Y < o LT 4 T 3 k% iR
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A 2 20 mg, BT 10 mL HfC T, IOK R IT R B 2
Z0 B, A BE 29 2 mg-mL A

M W T L V25 TR < R BRI W O%F I 2 10 mg, ¢
T 100 mL Fy S b, K F6 B B 20 B 3% 50 0 K
IR 100 pL & F 100 mL & b, in K #
BRI AN 0.1 pg-mL ™

Pl I VR« R IO S R Sk 7t B B 44 1 3H 4
iR, ST 10 mL B K O R R R 4
FEAY B Sk A At e R BE 29 R 6 mg e mL T VAT
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1 HPSEC 4B AREBESRR
T SR P Sk Al e ey 24 [ 38 498 0 750 o 2 A Sk A

HPSEC-1~4 \

e

WE BT 4 [ 34 2 2 45, b Sk Al BE R 4 N
ARG, BT A B R &Y, A
HPSCE F 4t rh — % (W 4 1% % B A7 &) Bl % i 3l A
SRR R B L) L 22 vh i Y pHL L 2 R A vk EE R T
KA, REEEgE T, 3R % B 0. 005 mol - L~
R R 2% vh i (pH 7.0) -2 it (85:15) BE % XF 3k 41 fh
WE N R G W A B AT R4F 0 43 8 B2 3% 07 R Xt
Sk 7 il e BT 4 EL A DA B U R A W 2 TR Y oy
BIRE NI T Bt — Lo Hr . I, A B 5 X 3 B0 AR
R AL N B e F (0% ,5% ,10% ,15%
20% ) WL £h g th Y pH {H(5.0,6.0,7.0) \Z& b
VR BE (0. 005,0.01,0.02 mol - L") 25 a4 5 i ik
Frite, et ~®3,

254 nm

HPSEC-5 (i)

[¢)]

t/min

1 1 1
20 25 30

1: AiB=100:0; 2:A:B=90:10; 3:A:B=95:5; 4; A:B=85:15; 5. A: B =80:20
1 AW AR AN [R5 78 70 L 25 10 1 i 8 HPSEC (53 4]

254 nm

ol 44 L 43

20 25 30

1. pH 7.0;2:pH 6.0;3:pH 5.0
B2 A[FEZE pH E AT B HPSEC {435 K]
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S5 PR BH A BT
oy 44 L 3 Ay
3
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t/min

1:0.005 mol-L™"; 2:0.01 mol-L"'; 3; 0.02 mol-L "'

&3

WF5E 2B, 55 77 & WG 19 Bk £ 20. 0% F&
K2 5.0% /3t A&, Sk A8 Al iE 3 06 55 B 4 [ 35 44
F 0 Al 0 TR 43 B 5 2RI R £ B HL B R IR
K 0.0% I, B 24 T 30 9l 3= 6 15 Sk 96 b mE 3= 0 S B
GRS EE R 0.72 AR B R LR 4 B, (O 1 Sk
Tl IE 2 05 Fr) B 50 SR I £ 0 R R B, R
Jei B — A5 DR 24k Joit e (G BE 2% BT 0 ) ¥ A Y 4
S AR ZE F o 0. 0% [ B A F | 83 B i 2
ZEoh iy pHAEH 7.0,6.0 1 5.0, B % pH A1 %
EG, Sk 60 fth 1 0BT 4k £ 30 3 04 T 4 A4S 55 £~ B8 (1 2%
JO UG P 43 18 JBE R T BRI, B T R Sk — > 22 L 0
Ul BHZZ o 1 pH (B B AR R 1 55 8 B 1 2% B o
B P S eh R A M EE R 0..005 mol - L7 5 & 0. 02
mol - L™", BT 4 15 30 Bl 15 Sk 760 i B 9 43 55 5 40 900 A
11,14 F12.0, 45 5 B B B 06 K (AR S 2w dh iy
BT U R 0.01 mol - L™ B}, Sk 76 b i 3= 06 % 75 4
53 ANIE AR IR B AR 5 24 9% vhER 1 B vk R 1 Jn 3

HPSEC-1~4

P& - 10.470

RA YA WA A R 2 vh il pH LA T A9 JLEY HPSEC (535 &

0.02 mol - L™" i, 5545 B4 (L 4% B 4 43 hy 24~ /N AR I U,
ABSEARE . M2, 240,005 mol - L™ B ik £ 28 b ik
(pH 7.0) 558 5] £, 15 19 EL 1] 8 100: O, B2 8K fiE
K S 60 At W 5 BT A4 5 3H 4 1 A7 R0 25 4y B (H R 5 R
BAAE 2% J0T 9 43 B AR 45 2, G Al 8 3 2 50 R B R
eI LR (] B, A T PR IR 55 1R B (8 2% I A5 34T 2%
OB BATTIN K T e Sk 760 fth B 5 By 24 £ 3H 4 2 A
FUWETEAT A B o0 T HE B3k BT 2 1 3H 6] 55 7 B8 (i 24
Jo A R A R T, AT AR A 0 AT SR FH Sk 9 At B
bRkt . L, A #E 0. 005 mol - L™
iR 5 2% W - I (857 15) A Ry i 5k P Sk 76 Al B By 4
ELH A HPSEC LR B AH R4t . AW IR W
SIMTEE I R S 60 fth W 5 B 2 £ 2E 4 0 Ry 2
FETE 4 A5 0R FR (A 44 i HPSEC-1 ~ 4, 7 F 1§ J5 7
TE 1 AN 2% il HPSEC-5 o FHZ 7 ¥ 06 7 5 i Sk 78 A
WE ST 24 EL $H B 2R AT 40 BT, A H 55 £ BR {44 i HPSEC-
2 ~4 KSR A G B RN 0.43% WK 4,

254 nm

HPSEC-5

¥ - 16.557
8 -22.127

254 nm

6.
7

8 - 22,355
N

6 -

t/min

20 25 30

LR A WU ;2 - il 571

& 4

HPSEC 12 43 B 1 51 FH S 760 fl 5 BT 2 1 461 ) 3080 5 3%
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2 1EYI#R-LC/MSn EHEESBRBERAFHNULFZEN

DA 65 FH Sk 00 Al 1 BT 24 [0 38 0 55 W vk v Wk
Bl dh, R HPSEC 3% 73 5 153 21 55 & B {e 2% I
HPSEC-1 ~ 4, WK 4, #RJ5 % A #E Y $#-LC/MSn-I
B E 5 H o A2 450, o AT 4 R R T
S 7t At W3 BT A 14 35 B4 5 5 0y ok U 9 ) 5 R B A A
Jot 55 F AT I S B4 S 0 At 0 JEURL 3R A VIR
) 2% B FR IS NG5 H) — B0 FE MR A R A i
LA D H A SC R B Y e . BB s R
B, HPSEC i 73 A i 5 JH Sk 960 b e BT 4 1 35 44 19
REWIR B, Sk b wE 59 2R & Wy 2% i 5/ o 1
7% o 3 H U AN B S W 3R 5 W) R B AY SE PR, T
%

unk-1
A unk-2
unk-3

N

5-17.87 unk-4

-10.23

=
_F6-2150

RLEEARNE.
3 #3 RP-HPLC ) EEBESWER
FH T 5 [ 24 3L A S 1 S HH Sk 76t g ] 4 [
AN A D T T 45 7 vk BT DA AS B 9 5 T i 0
A7 B K A6l 0E Uk} R B W B O ik Ak @ T
AT A 5 B RP-HPLC J5 i,
3.1 2D-HPLC ;£/3)8 RP-HPLC H B &YW H R
K HI 2D-HPLC 32, 44 5 & Wyl v i b 1) 555 £ B
B 245 HPSEC-1 ~5 ) & C @ 35 A rh 547 0 47,
IF5 B G ve 7T BT 2 LA A X B A TR I e X
HE GV I B ) RP-HPLC 8 33 & R 17 He 4, WL 5
ME 6,

254 nm

unk-5

8-39.83 UNk-6
9-40.98 UNk-7
40-4266 UNK-8

35.72

41-4591

P#-
w N[

t/min

=
=
n
=
[=a)
=l

Lo AW 2. M ; 3. B4 LI G
Bl S RG-S e | B Ak I g Y SR 2D-HPLC (43 &

t/min

1. BREWVIMUVEW ; 2: HPSEC-1; 3; HPSEC-2; 4. HPSEC-3; 5; HPSEC-4; 6 .HPSEC-5; 7. F %

& 6

5 WK, Sk A A RE IR AE 12,37 min 05 7F
EWEFTR 3 2% R unk-1 ~ 3 (1, =3.08,3.22,
10. 23 min) ; 7F 3k 760t B 32 06 5 Kl 6 > F2 B4R 00,
Syl fr 44 g unk4 ~ 8 (¢, = 17.87,35.72,39. 83,

@7‘ 1122
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RA W 7 W LA 2D-HPLC [

40. 98 ,42. 66 min) , i A Z% & Y9 7E 50 min i 1 0 52
e Zead Sk e B g ©SE 4 X IR R AT AR RS A ]
LU XF AT T, unk-1 Sh il BE | unk-2 S Bl 4k (30 44, 7E
HPSEC Z 4t K th 19 5 /> 55 £+ B3 {f 4% i % HPSEC-



1 ~5 th ,HPSEC-1 £ RP-HPLC Z 4 # 0]
) % 0 0, 3 P fiE J2: SR G W Wk VS W) T 24 it HPSEC-1
i I A s HPSEC2 vh E A T 3 4
JoT U (unk-5,7,8) , T {0 5 3% 20 A B 45 2R, W0 45
HE W7 A Sk AE At E — SRARAT A 15 Sk i nE R AR
&Eﬂ(ﬁ’q’% S B BE = R 4K HPSEC-3 rh £ 2y
T2 AT (unk-6,7) , 41 0 HE Wy Sk A A IE —
%1$U&:%14§HE7J<%;HPSEC-4 hEER T2
A AR A 2% BT U, ) A0 HE I A Sk A6 At WE B i
DO &R AP 51 PN i ) 1= o <5 A s VR S
WEFIBT 4E [0 30 F 0, HPSEC-S th EEKR I T —4
A J5t Cunk-1) , #E W7 o /N 43 5 4% 5 ik i€ . 2D-HPLC
PR R W, 7E HPSEC 35 R 48, 3k f6l il e 3= 04 Ay
0y 4 R EEARR B, & F Z RN AR, ST

o
a CH b
CSHS MO COOH HN~O )V
o:< coon” S \ Hooc \ T
H
/@“3 H’C
\(ﬂ COOH
/S ”iL
NH
H
S )\NH g
o

= ] \!_im” "\‘ N
N
N NN o NN
o/k\ L
CH,

00C  Hooc
CH

Exact Mass: 1 159.2 unk-5,7

unk-5,7
d H:C_ COOH e

HC cH, He

)L-COOH

e

N/O HNTS

s/ |}

/# Exact Mass 1559.3
HOOC unk

B 7 RP-HPLC i£2r BRI R B WA

C 0
COOH \

Exact Mass: 1 159.2

ﬂ\
@y s
Exact Mass: 1 013.2 ~

unk-6

o}
*f@ LT
5 7 HN_ N 1N s ‘/
H
/ H
o

Exact Mass: 1 559.3
unk-8
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T BT 35 25 1 A3 BT 4 R A W) & o Rt i — 20 Bl
T HPSEC 75 43877 1 5 FH Sk 760 4th e B 2 0 30 49 o (19
REWZRTEM TR TEERRE,
3.2 RP-HPLC 5 BHEREMHR

K H RP-HPLC ¥ X 5 & Wi v W e 47 4 i, K
T8 AN A % B0, Horh unk-1 AT unk-2 4351 K
ML E 0 BT 2 70 30 49 unk-3 F unk-4 [N 5 32 0 2R R
H AR A /N 3 F A% BT unk -5 ~ 8 O BEALL IR G Wk
Fio AT #E—2 AR X R G Y4 I HAE 2 15 A
PR AW 2% T, AR W5 R A A D) 4 -LC/MSn 7?‘7% 2
XT3 B BE LR A W 44 I (unk-5 ~ 8) i#F 47 45 44 %
€ ,unk 5 ~ 8 (RN Ak 2 25 b 200 1E] 7, R e g 4]
VLIE 8, S5t )8 W3R 1,

o

c
HN—-OJJ\
S%\N Hooc/k\cm

j’t‘\ N " COOH
%@’ oy M

Exact Mass: 1 159.18
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107" pgo ZRARATAY TS5 H PR 1 B AR 52 5 B 2

<4

1124
PEHARG 2021 F55 30 555 12 5

175 %107 g, AR IR % 1.16 x 10~ pg.
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TR A T E R R 0.09% (RSD =1.50% ) |
KA E — RAKFTAEY | B RR & & 0.32%
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