.274 . REGERAE 2020 FE 3 HF 45 B3

XEHS: 1001-8689(2020)03-0274-12

BEEERRIED AN S iR

KRBT OREAR? Bk EB PPV
(1 FEERAE A ZFRR, L 100050; 2 kAR (LiE) HRAF, L 201206)

W B @ E RIS HPLC 2047777, IR L UPLC/UHPLC J5i%. F55% AT 5 RIR G BRI UNFE i
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5um), Ji#: 1.0mL/min, #EFERFR: 20uL; UPLC Jj¥: #3424 Cortecs C (2.1mm X 100mm, 1.6pm), ¥it#: 0.35mL/min, BEFE
##: 2.0uL; UHPLC J5i%: Cortecs C, (4.6mmX150mm, 2.76pm), ¥iti#: 0.8mL/min, BEFEARRL: 10uL. 3 FhJ7 A RIR NI K
¥y 225nm, MR 34°C WBIAH A OB Eh i (IUBEIR — SU8F 10.6g, IMJKZE 1000mL, HBERR U pH & 3.4)- FAE
(72:14, V/V), HEAHB RN ONE: SRR, BB RAE . 4518 3 M RGN BRCR (N A% ) AL
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The optimization and transformation of analytical methods for the impurity
profiling of penicillin

Zhang Xia', Zhang Hao-jie?, Yao Shang-chen!, Wang Yue? and Hu Chang-qin'!
(1 National Institutes for Food and Drug Control, Beijing 100050; 2 Waters Technology Co., Ltd, Shanghai 201206)

Abstract Objective To develop an HPLC method to analyze the related substances in penicillin and transfer
the HPLC method into an UPLC/UHPLC method. Methods The mixed degradation solution of penicillin was used
as the analytical sample. Firstly, the shortages of the analytical method in Chinese Pharmacopoeia (ChP2010) were
shown, which applies methanol and phosphate buffer as mobile phase. This chromatographic system was optimized
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using the central composition design of response surface methodology with the concept of design of experiment
(DoE). The best chromatographic condition was determined using the desirability function method. The gradient
elution procedure was also optimized. Finally, the flow rate, the injection volume, and the gradient time of HPLC
were geometrically scaled by software, and the HPLC method was transformed into UPLC and UHPLC methods
through the selection of chromatographic column. Results The condition of the new developed HPLC system was
as follows: the column used was Capcell Pak C,; MGII (4.6mmx250mm, Sum), the flow rate was 1.0mL/min and
the injection volume was 20uL; the condition of the new developed UPLC system was as follows: the column used
was Cortecs C, (2.1mm X 100mm, 1.6pm), the flow rate was 0.35mL/min and the injection volume was 2.0uL; the
condition of the new developed UHPLC system was as follows: the column used was Cortecs C,, (4.6mm X 150mm,
2.76um), the flow rate was 0.8mL/min and the injection volume was 10uL. Other conditions of the three methods
‘C , the mobile phase A
was phosphate buffer (take 10.6g of potassium dihydrogen phosphate, add water to 1000mL, and adjust the pH to 3.4
with phosphoric acid)-methanol (72:14, V/V) and the mobile phase B was acetonitrile. But the three gradient elution
procedures were different. Conclusion

were all the same. The detection wavelength was 225nm, the column temperature was 34

The separation performance (elution order and the number of peaks) of the
three methods was similar. The new HPLC method can separate more degradation impurities, improve the trailing of

penicillin and decrease the analytical time.

Key words
Method optimization; Method transfer
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B, IKIE IR 4amg/mL AW 60°C KIS N



.276.

PEBIA R E 2020 4F 3 HE 45 BH 3 1)

AR A REW BA B- WBLIGIR A
©/\COOH o COOH
N
E A EI &

0 H,N S
H o 8
N_ _CHO i

HHREIR H s SJ§_<(;H @\/i N
H S
N__CHO N N
NN o
R ©\/L EP A C

HEMR By

H

N
m EOOH

il

2

= B- PIBEREIATT 3R I THH

Hs OH 0 SH COOH
ok Ao I
H \in H, N S
NA! ! 2 OOH
| =0 | WK -
COOH T EMEMR COOH
TR HN H HN
COOH HO)\S @/\KN\)\S
N
@&S R X F B
; O coon

1 HEENCHRR A
Fig.1 The known impurities of penicillin

#osomin, AZKARER . 1IN E -20°CIRAF
¥ LIRSRER . TRAR. SRR K MRVA T 2:1:1:2 O EL
RE), IRESERIBERMEET, -20CRAF.
1.3 ChP2010 & & A X 4 o4 77 i 12

ALy Capeell Pak C MGII(4.6mm X 250mm,
sum); & I P K 225nm; R B 1.0mL/min;
ot FE & 20pL. Ui 3h FH A: 0.5molL B R —
2OV W (B R O Y pH & 3.5)- H OB - K
(10:30:60, V/V/V), ¥t 3 #H B: 0.5mol/L B M —
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Tab. 1 The gradient elution procedure of the HPLC method to
analyze related substances in penicillin in ChP2010

1A /min B A% B B/%
151G +20 70 =0 30 = 100
15+20-15+35 0 100
15+35-16+50 0—70 100 — 30

FLARAFEE 23 590 9 F (R 3l AH 21 AR I 4 R
e, A/B), JEHEN 0.6~1.2, F,(MBIHHHAHHAHK L
%, B%), AN 18%~32%, F(4Li&, Temp), V1
FE[Jy 25~45°CHI F,(ifti#, Speed), Gy 0.8~1.4mL/
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U-T
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SRR AR R, AE m AN OUAE H b B AR
EIEE RN, B

D=(d,xdx..d,) (4)

A3, RACHAR R AN, B HFREYECR AR .
KA R LAk B R R S R R R, o o i R
Pithl, HLAR > 1.5, N AT 12 NIRGE &AM,
(EE Ry RN S L
L5 HEEAKRMFH A i+

Waters €2695 1=y 20 Wi #H & 1% 4%, 5% 4h & Wl
#%, Empower B 1, 4 % #: 4 Capcell Pak C,,
MGII(4.6mm X 250mm, 5um). & MW P £: 225nm,
WE: 1.0mL/min, FEiR: 34°C, HEFEAFH: 20uL.
TBIAH A: BERR L 22 ph R (BRI — S 10.6g, TN
K& 1000mL, AR pH 2 3.4)- HEE (72:14), it
A B: LM BREEDEML (K 2).

1.6 UPLC/UHPLC J it #

FI H Waters Empower 3 K4 H VAR J7 v 3% 4
a5, X HPLC J7iE Mt s bR A BRI 6 B i i) 3t
AT VAT AT, o Ji7 77 325 % 469 Waters UPLC H-class( .
2 KR AR B i A ) J7 15 Acquity Are UHPLC( JE
3 TORRLAR P R AE ) ik

g al XF 5 UPLC 8 % A (4 1
HSS C  (2.1mm X 100mm, 1.8um), A 2:
HSS T3(2.1mmX100mm, 1.8um), #F£ 3:
CSH C (2.1lmmX 100mm, 1.7um), #F 4: BEH
C,(2.1mmX100mm, 1.7um), #£ 5: Cortecs

1/m

2 HPLC (il RGFEIE VMR
Tab.2 The gradient elution procedure of optimized HPLC
chromatographic system

I} 1] /min Fishk A% TishAH B/%
0 86.5 13.5

142 86.5 13.5

1G+26 64 36

I +38 64 36

I +55 86.5 13.5

15=10min, YT R B A PR MR T B IR ME R (il U 3)
DR B S 1)

C,(2.1mmX 100mm, 1.6um) Bk 47 %% #:, 4§ F] UPLC
RONBEREBEINL R, LU B 45 3 (H Uy A £
WEIERL ), WS HPLC 79 59 45 AL i 43 T
UPLC 73 #r. ik £ 80kH 5 0 0% tH ) UPLC 1 4%
FHIF ) UHPLC (a3 dE, FIH 3 A+13 2] UHPLC %
(R FE L 26

1.6.1 UPLC 7%

Waters UPLC H-class & #1 & % 1, % 4k
& W %%, Empower B fF, & 3% # N Cortecs
C,(2.1mmX100mm, l.6pm). FrdllPA<: 2250m,
. 0.35mL/min, FEi: 34°C, #FEFEMAF: 2.0ul.
TENAH A: BERR SR ZZ P (U IR — &8 10.6g, N
KZ 1000mL, FHBER pH & 3.4)- FHEE (72:14), ¥t
HAH B: Ol BREEBEML (K 3).

1.6.2 UHPLC %%

Waters UHPLC Arc ¥& #1 4 i ¢, % 4b
£ W #5, Empower # f#, €& % # A Cortecs
C,(4.6mm X 150mm, 2.76pm). for P P +: 225n0m,
WiE: 0.8mL/min, FiF: 34°C, HEFEAFL: 1ouL.
WENAH A BERR ShSZ v (U IR A8 10.6g, N
KA 1000mL, BRI pH £ 3.4)- FHEE (72:14), it
FAH B: ONE: BRFEBEML (3£ 4).

2 #ER5E
2.1 ChP 2010 747 77 3% #y ks

K ChP2010 7 %% & A K4 it HPLC J7 %43 i

HREABAEBEN (B2, T, REFEEET

3 UPLC (i RGEL LR &
Tab. 3 The gradient elution procedure of UPLC chromatographic

system
i} E] /min BN A% WEhAH B/%
0 86.5 13.5
1.40(tg) 86.5 13.5
8.46 64 36
11.31 64 36
15.36 86.5 13.5

4 UHPLC (il RGTER V&
Tab. 4 The gradient elution procedure of UHPLC
chromatographic system

B 18] /min VI A% VBN B/%
0 86.5 13.5

3.9(tg) 86.5 13.5

234 64 36

324 64 36

45 86.5 13.5
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a: & F e B (R=1.1~41.4min); b: 6O e B E
(t=19.6~82min); £E if: 30 'C, 4 #f #£: Capcell Pak C,q MGIL,

35',0 ©45.0 65.0

(4.6mm X 250mm, 5pm)

2 hEZ M 2010 B T EERA KT K
Fig. 2 The chromatogram of the method to analyze the related

substances in ChP 2010
EHBFRGEZH, O RARETETE; Hakk
R ALY (54.21min) S0 R FELRIERE B 4, HELA

ks LR E (AR T 4, N 4.39),
S AT G (82mim), $-7RIZ TR b B HAT AL .

£ ) B AR 0 7 TR A PR ARV U Y
RGBT IR E (3R 5), HATRELE I SARFIE LR 6,
SE 1R RRBREE, Rzt ARG E &
MR BETCIEAR
2.2 ChP2010 1% % S # fh 1L,
2.2.1 ELBARR

AL S5 W R R R DI G AT
ZHAAF R 5RO, # 1. Capeell Pak C |
MGII(A=0.047). ¥ 2: Kromasil 100-5-C (4=-0.07) Fl
# 3: Alltima HP C (4=-0.04) FIFES L A 1E -0.1~0.1
JoBH, #F4: XTerra C  RP(4=-0.483) FIHE 5: Inertsil
ODS-EP(4=-1.52) M HE: S ¥ A A1E LRV, R H
ChP2010 J5¥: 50 Wl 73 i B B 3 IR & B R VE I A1
OB 12 AN, A 2 RO 3 R A B 12 A4
i, AE 4 AAE S AU B 7 A4, i SH A
£ -0.1~0.1 JEH B E B T 0 S E R R R
2T, SR PRI 1 T E R

3E 25 43 b 56 I 77 LU 451 A0 55 3 750 R S0 1 A
RS b 2w g, ME AR RN E
2 BT A SE Y ) RSP AR (R 7
OF HIRE - St LN AR P IR PR LE A AR 2 30%,
PR T 8 2 UG (10 DR B I R) KK n, (R XE 2 8 2%
M ARIE RIS L o8, H B R, Q4EF

w5 HEFA KW OIS E AT A )E
Tab. 5 The identification of impurities in penicillin
e Lk e SRR LR EE B 18] /min
wREE SR SHER K mRMIE ChP2010 ik Bk
1 6-APA TR ++ 3.18 3.32
2 REIZ 1 240nm A YK + + + 3.61 4.07
3 RENZJT 2 240nm F R + + + 4.04 2.9
4 RENZJT 3 / + + 6.2 7.4
5 HER 240nm A MY ++ ++ + 6.48 5.39
6 RAHT 5 234nm A I + + + / 6.46
7 RENF T 4 277nm A HRIL ++ + o+ + 7.96 6.92
8 HEMIR 320nm £5 + o + 9.79 12.32
9 IE e R 2H 1 SERIARL, SR, (kAT oG, + ++ + + 10.38 8.63
B8NS ZENIE |5 o 7
10 MEMERIE 2 + ++ + + 10.76 9.38
11 BEMERIE 3 + ++ + + 11.58 10.22
12 MEMERIEA 4 + ++ + + 12.38 11.36
13 REEM 6 280nm A IHRIL + / 13.03
14 WEY A2 / + oo+ o+ + 22.29 22.11
15 &M / + ++ > 2229 > 24.92
W 7 RFRKMBNZATG 7 ARRZPIRFA TR T AEARIZRIT,  “7 ARRZIIR S R Reg 7 AL B2 (K AH B2
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Tab. 6 The properties of penicillin and its related substances

Es AN pKa

UV HiEE

MS FFIERE P 255

COOH

3.00"

T
b
B

OH

3,11, 4.93"

COOH

5.19

HEB®R H
T I

2.02, 7.69"

60.0 1

50.0

40.0 A

30.0 A
X

20.0 A

10.0

202.5

0.0
-10.0 -

335/289/243/176/
160/128/91

225 250 275 300

Anm

190

60.0 1
50.0
40.0
- 30.0 4
20.0 4
10.0 4

195.4

240.0

AN

0.0 4 S~

-10.0 1

325 350

335/289/203/185/159

190 225 250 275 300

A/nm
60.0

50.0
40.0
< 30.0 1
20.0 A
10.0 4

194.4

260.1

—

0.0 7
-10.0 4

325 350

322.7
335/317/307/289/

. A 271/217/189
\\._,_/

190 225 250 275 300

A/nm

60.0

50.0°1

40.0

30.04
©

20.01

10.0

194.6

. 284.0
0.0 B

-10.0

325 350

353/335/309/263/
217/174/160/146/128

225 250 275 300

A/nm

190

60.07

50.0-

40.0
. 30.04
N

20.0 -

10.0 -

196.5

2583
0.0 -
-10.0

325 350

307/289/261/189

190 225 250 275 300

Mnm

325 350
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Tab. 7 The separation result of penicillin mixed degradation
solution of different compositions of mobile phase

A ZHﬁ im%%‘ﬁ? ER¥NT]
AN BfIA /min BRIHF
ZEpiEh - Il (64:36) 12 26.74 3.35
IR EL - HEE (70:30) 12 47.53 3.23
it - 2 (80:20) 10 25.13 1.14
i - 2 (85:15) 11 71.69 2.5
SErhEL - B - 2 (70:15:15) 13 20.27 2.12

@ % R 26 W W N 0.5mol/L T B A0 B VA VR (T R IR O T pH &
3.5)100mL 5 540mL /K¥JEIRA; P HEZG L 2010 RTTTE
TSR AN S 8 A, R 2 - bR AR
RAYE RN, JFE CIEER A PR ], K
IRTCVE SN M7y B AR T 56 2 i, H R R
BRI ESGE. EREG RN, Zoumsh ik R A

RE SIS A 2% S5 096 2 70 9

KR HEE - O - Z20h 3 = uim ahAH ol il %=
SHNEREYE. FIH CCD X sl o EE RN 25 1 b
AT AR A . ARSI 25 R (3K 8), 43 xS DU AN
H (KR FTWE, HFAETTE (5~8),
PG FER AL
222 MHARIE

FFl ANOVA Xf it 2H & B 1S 50 45 3L (3 8)
AT M. 4 PAE< a(0=0.05) i, KR - HA&&E
AT (B FE L. TR (Lack
of Fit) 158, 4 P> off, RMUMAEE. 2K%K,
ANBERA R, BT RS Ry A KRR,
IR B B 7 FE AT R AE. BT Design Expert
Version8.0.5b AN RERAT MG, 208 J7 R I 2R 900
YE, WA BRI 80 SR 3T 38— 20 1PN

R +0.50 =55.05-9.42F, —1.73F, —0.34F, ~15.19F, +0.13F,F, + 0.04F F, +

0.01F,F, +0.19F,F, +0.05E,F, +1.69F> +0.02F," +0.0007F,> +2.59F, ©)
log,, R, =0.144+0.201F, —0.006F, (6)
log,, 4, =1.045-0.109F, —0.014F, —0.004F, —0.153F, (7)

N,

imp

=4.140+5.878F, +0.595F, +0.071F, - 0.694F, + 0.104F F, - 6 448F —0.014F,} —0.002F}  (8)
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&k 8 CCD sSL5isfT & ks )
Tab. 8 The results of CCD operation table

Factors and levels Responses
Runs
F,(A/B) F,(B%) F(temp) F(speed) R /min R, A, Nimp'd
1 1.2 32 25 0.8 20.27 2.9 1.49 9
2 1.5 25 35 1.1 24.89 1.22 1.83 10
3 0.6 18 25 1.4 109.93 1.78 2.54 12
4 0.6 18 25 0.8 192.73 0.69 3 13
5 1.2 32 45 1.4 8.94 1.74 1.36 9
6 0.6 32 25 1.4 16.43 1.36 2 11
7 0.6 32 45 1.4 11.97 0.92 1.42 11
8 1.2 18 25 0.8 134.23 1.67 2.87 10
9 0.9 25 35 1.1 32.73 1.31 1.86 13
10 0.9 11 35 1.1 212 2.14 3.5 12
11 0.9 25 35 1.7 22.86 1.02 1.6 12
12 0.9 25 55 1.1 22.83 0.89 1.72 12
13 0.9 25 35 1.1 32.93 1.27 1.87 13
14 0.6 18 45 0.8 116.08 0.85 2.62 13
15 0.9 25 35 1.1 33.12 1.28 1.87 13
16 0.9 25 35 1.1 33.23 1.34 1.84 13
17 1.2 32 45 0.8 15.03 0.96 1.52 10
18 1.2 32 25 1.4 11.88 2.59 1.4 9
19 1.2 18 45 0.8 86.7 1.81 2.22 12
20 0.3 25 35 1.1 57.42 1.06 2.33 11
21 1.2 18 25 1.4 77.41 1.63 2.45 10
22 0.6 32 45 0.8 19.5 1.38 1.87 11
23 0.9 39 35 1.1 8.3 1.78 1.08 8
24 0.9 25 35 1.1 33.91 1.15 1.77 12
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Fig. 3 The perturbation plots between factors and responses
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Fig. 5 The response surface of desirability of penicillin
impurity analysis
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Fig. 6 The chromatogram of penicillin mixed degradation
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Fig. 7 The chromatogram of penicillin mixed degradation solution



.284.

PEBIA R E 2020 4F 3 HE 45 BH 3 1)

LA E 15min PN IZ T BE I0 2 22%, HFAFFE4ERE
4min; CPEF AR WK A S B E 2 2010 J7
FENEHERIBEGEMER IR (B 7), mi,
HH RIS L) 12min, #6 B I RikE (4, < 1.5),
Ho 7307 43 85 40 A28 B 55 2 T ChP2010 7792
)28 A, ZRJRETE ISR A I 5], AT
M Ai% . 5% 2 IR A B M i nls W e B ik R )
)& W 5.
2.2.6  UPLC/UHPLC 75 ity 2 5T

N BRI AR, # BRI SRR
HPLC % % 44 7 7 71 77 ¥ 8% AL s UPLC &2 UHPLC
eI

fE ACQUITY UPLC H-Class( 1. — {0 K 2 i 41 )
i R4, MRl 5 UPLC il ki ik, R IM
KH Cortecs C (2.1mm X 100mm, 1.6pm) i 5 )5
HPLC 43 R4 1) 73 B 80 ( H W A0S 4 ) fede
I (Bl 8b). AH 3T B B AR 77 V5 1 62.7min 46 55 &2
15min, ¥ 7THFEE LR 92%. HELE 6 SR &
FIRG PRI, 5 5 2R IR B IS ] /Y RSD 4 0.11%,
TR AR ) RSD N 0.04%, (AilhIg 10 (1) 06 T AR A% 25 I
K (RSD A 1.47%); B UPLC J5iE=E B R UT .

7t ACQUITY UHPLC Arc t& i % % tf,
i # 5 UPLC 4 3% t 45 B M A ) Cortecs
C,(4.6mmX 100mm, 2.7um) 35 FEHEAT 5, w115
F 5 UPLC kML il B (1 8c); (H AT M 1]
M HPLC J57E W 62.7min 455 22 45min, V&7 FE &
ZIPk b 43%. EL 6 IR B R IRA AR
75 2 G AR B I 18] i) RSD 4 0.06%, W T A ) RSD
90.36%, ELi g 8 (I THT AR 1R 22 B K (RSD 2K 2.09%)
R UHPLC J7 VAR B R 4F o
3 gEig

K H - 4N -3k =umsh A8, FIH
CCD X3t s A0 H F RN 20 F Bl A9 45 €0t 2 Hdt 47
oAk, FIBA S R - 2R TR A AR (B3 R4t
X R B PR AR IR T A B R IS B R4,
AMLAT LA B 2 R e i, HWI R o 7
HRIENIERE, 4% 7 i &5 R E 2
#2015 b B

I FR A% HPLC J7 ik s 3E R R AL AN B
FEE I ) BEAT JUATT 4 i, e 0 B A i A, M i
37 HPLC J7 i Dl % 4 5 UPLC 77 % F1 UHPLC

AU

0.16 |
0.141
0.12]
0.101
0.081
0.061
0.04 |
0.021

01 ;

+~ Peak19-2.360
. Peak20-3.064
1 Peak21-3.508
1 Peak23-3.892

)
@
ot
X

6]

S
~

“r

L
|

b Peak18-2.271

t/min

0.16/

Peak6-3.406

0.141
0.121
0.10
0.08

—Peaks-3.824

=} |
< 0.061
0.04

666

I Peak11-4.862

— Peak12-5.143
~— Peak16-8.410
Peak17-8.186

L. Peak19-10.489

L, Peak9-4.222
Peak13-6.184

0.02!

?"Pcak14—6.433

“} Peak15-8.151

(=}

t/min

a: UPLC &1, @if#: Cortecs C (2.1mmX 100mm, 1.6pm); b:
Kl a RElKEl; c: UHPLC (i EREmeR R, fiktE: Cortecs
C (4.6mmX100mm, 2.7pm)

8 UPLC/UHPLC J5ik/ Hr i # 2VR £ P AV T i 14
Fig. 8 The chromatograms of penicillin mixed degradation
solution of UPLC/UHPLC methods
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