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W OE AN . ZIMEHmXIERRELEFH ARG T &, Fik . RAZHiRMEE X, &t % Waters Atlantis Ty Cis, 750
HH0.1% Z R LER- TRk GBS EZEBL) , ik % 1.0 ml/min, 4 5% K % 232 nm, 428 % 35 C, #4224 10 pl, £ R : AFP-PMA Jik
(Ze i A) FP-— W Fwkrg W BLAE (2 i B) .3, 4-W-CTF-R AL W B A -PMA (£ C) 5 a3 X AE R A b K s 52 FT 3 fE 14 5
RAFO B 5 & A B.CArzn X AE RAS M T 2 R E &SR 45 % 0.5611~5.108 pg/ml(+=0.999 9) .0.287~2.869 png/ml(r=
0.999 5).,0.360~3.604 ug/ml(r=0.999 9)F= 1.444~14.442 pug/ml(r=0.999 8) ; #a M [ 53] 24 0.052.,0.022,0.084 F7 0.071 pg/ml; 4%
B AR E S MiXIE 69 RSD<<3% ;4 i A B.C An A EDIK F 5 5] 4 102.7% ~106.3% .98.2% ~102.9% .98.6% ~104.3% ,
RSD % %14 1.09% .1.83% .1.57% (n=9), %t 3% 7 ik A Bk CE# T3, 7T T34 X3ERBRA G A LB Redm s .
KEIF AR HRORME LR R AR

Determination of Related Substances in Regorafenib by HPLC
TENG Wenquan(Chinese Medicine Hospital In Juxian, Shandong Juxian 276599, China)

ABSTRACT OBIJECTIVE: To establish a method for the determination of related substances in regorafenib. METHODS: Gradi-
ent elution HPLC was performed on the column of Waters Atlantis T; Cis with mobile phase A of 0.1% Trifluoroacetic acid solution
and B of acetonitrile (gradient elution) at a flow rate of 1.0 ml/min, the detection wavelength was 232 nm and column temperature
was 35 °C, injection volume was 10 pl. RESULTS: AFP-PMA urease (impurity A), FP- dimethyl pyridine carboxamide (impurity
B), 3, 4-bis-CTF-aminoformamido-PMA (impurity C), regorafenib and other impurities were well separated; the lingar ‘range was
0.511-5.108 pg/ml for impurity A(»=0.999 9), 0.287-2.869 pg/ml for impurity B(+=0.999 5) 40.360-3.604 g/ml for impurity C
(r=0.999 9) and 1.444-14.442 pg/ml for regorafenib (#=0.999 8); the detection limiteweére-0.05250.022,0.084 and 0.071 pg/ml,
respectively; RSDs of precision, stability and reproducibility tests were lowen/than 3% ;' reeoveries of impurity A, B and C were
102.7%-106.3% (RSD=1.09% ,n=9), 98.2%-102.9% (RSD=1.83% ,#=9) and 98.6%-104.3% (RSD=1.57% ,n=9). CON-
CLUSIONS: The method is sensitive, rapid, accurate and reliable, and can be used for the determination of related substances in
regorafenib.

KEYWORDS Regorafenib; HPLC; Related substance

Fi XAl JE (Regorafenib) , fher: 44 S 4-[4- ({[4-5-3 (= H
3 ) FREL ) b} 2 H )3 TR S |- V- FF B ke g -2- FR T e

AlJE . 98.1% )\ N-H Jk-4- G -2- nt e FF T e o) B (RS 3 Tk
SM2, 1t :20140914, 41 FF : 98.6% ) . 3- T4 -4- 2, JE 48 1 oF HE iy

—IKE W, BT 5h4% S Stivarga, J& f FEEA BIRFHIHF & 1 —Fh 2
TR T (MK, %25F 2013452 A 25 Hoiid 26 =5
525 S R (FDA) #EHE IR Y7 S 32 1t 8 Je fnér
JERRIRTT MR R RE TR DI BR s L 5 14 5 3 [A]
I (GIST) FAE Y, B, I Sk e JFURk 25 b (97 W I
A WAE . B H R R G X AR B G R T2 I S T S A I 2
e H s F IR 2 JRURE 2 28 H R BB A A I R PR
AFP-PMA Ik (4258 A) (FP-— I JLni e FH I e (425 B) 1 3, 4-
XL -CTF-44 3k F ke 3L -PMA (45 C©) ol B i b s il B e AR
JE JEURL 2 1) S5, AN 56 v A R v AOHOR €433 (HPLC)
P A A S R T T A o

1 #
1.1 s

Waters 2695 % HPLC 1%, €045 2489 %¢ 4~ Al WLGAG I % |
Empower {23 11 4l ( 92 [E Waters 23 1] ) 5 XS105 B it 7 K-
(%1 Mettler-Toledo A ] )

1.2 HAR5IEH
3-Fel-4-f EEAR T %o HELL G2 SRkl SMIL, it : 20140913,
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(A& RGOL, Ik : RGO1-0803, 4fi i : 98.4% ) . 4-(4-44 FE-3-
TR A ) -N-H FE I -2- B IR 6] R i (R AR RGO2, it
RG02-0805, 4fi Jif : 98.8% ) . 4%t A XJ B fih (4L : 01-0705, 46
Ji:98.8% ) A= % B Xt HR 5 (L5 : 01-0706, 414 : 97.8% ) .45
C X B (5 : 01-0707, 1 BE : 99.0% ) Fifi 3R Je X B i (it
5. DZ140908, 4fi F : 99.94% ) . Fii X AR R BRI 25 (5 .
141001.,141002,141003, 4% : 99.85% .99.76 % .99.83% ) ¥4
I YT ST R 253 AR RS WAL s L il , HAnialin
JyAr il K b alife K o
2 HES5ER
2.1 ‘st

{0314  Waters Atlantis T; Cis(150 mmx4.6 mm, 3 um) ; i
B :0.1% =3 LTR (A) -6 (B) , 6 B e (U B AR 3 Tl 2%
1) 5 ik < 1.0 ml/min; R K 2 232 nm; #1735 C 5 HEFR R
10 pl,
2.2 BERBIEIE
2.2.1 MBS BOREE B R OIS -JOK R
(90 10, V/V) ¥ i 35 F Bl s A 1 mlHh 295 B XAl JE 0.7 mg
PV, 55T, B .
222 ZREUEAMER  BEGRARE AR T2 A R &R
T TFORE 45 B4 42T A V4R B L 44 i C Filki 3R JE X IR
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FAE L, HCNE-JOK IR (90 10, V/V) il il— g Jo i Wk J3E 1 TR
Gl I
®1 BEXRRER

Tab 1 Gradient elution program

iH{E], min A% B, %
0 100 0
3 100 0
10 55 45
15 55 45
25 50 50
30 25 75
45 25 75

223 ZRFURA XTI o R SRR ECZR 0T A K R
6.72 mg  Z= 5 B X I8 4 4.30 mg 425t C X M 4.56 mg, &5 BT
10 ml=Sf AP, 43 3 LI -JEK R (90: 10, D) T E 2,
P51, 53 NG 2 B R 3 A4S 1 ml, B F[W]— 50 ml )il
o 2 IE-TJOK R (90: 10, VIV SEZS 4557, A5,

224 ISR JEXTHR RIS RS A BRI S8 R JE X IR
18.78 mg, B T 25 ml i, FH L JE-TEAK HER (90: 10, V/V) ¥
It ER A B RIS ml, BT 100 mlEHiF, HZ K-
KR (90: 10, VIV)EZS, Bl

2.3 REEAMSREIEFRRE

2.3.1 RGEAVEREE B2 m R AHR S AW R SEE
PR VR W45 T8 i, A3 FIFE 2.1 R (3% 4 PR R 2 L 0 St
TEVEILE 1, 25 SRR, SRR TR & P B 24 A 240
B 225 C 5 32 nl 40 i X A JE A BT 1 43 B L AH AR B 43
MBS R > 1.5, Be AR B X AR e i1 >4 000,

0.15
0.15 ¢ 1
% . 0.10 .
- S
20058 e . 2005 e g | ;
o ¥ 8
0 0 Ah llﬂ T AlA
—0.05 —0.05
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{,min f,min
A B

B1 REEAMRESIRERIEE
AFRGUE IV B AR L RGO ; 2.8 46 50 SM2; 3.
] RGO2 5 4.8 I JFURE SM1 5 5. 2% 5T A3 6.4% i B 7.5 X AR JE 5 8.
Felii C

Fig2 HPLC chromatograms of system suitability test
A.system suitability solution; B. test sample solution; 1.intermediate 01;
2.starting material SM2; 3.intermediate 02; 4.starting material SM1; 5.
impurity A; 6.impurity B; 7. regorafenib; 8.impurity C

2.3.2 R (D BRBEIRIRE  BURE, 7.69 mg, B T
10 ml i s, in 25 -JEK R (902 10, V/V) 5 ml s 455, in 2
mol/L RV 0.5 ml, B F 70 CAE S 48 h, BUH A
FEL A 2 mol/L M E E AL BNEWE 0.5 ml A% 2= ik,
CGE-TEK PR (90: 10, V/V) EFY , #8750 o (2) B IR 156 - BUk:
i 7.38 mg, BT 10 ml IR, il ZNE-Jo K H B2 (90: 10, V/V)
5 ml A, 12 mol/L A AL 87T 0.5 ml, BT 70 C/AKIGH
HE 24 h, BUH A EIZE 2=, A 2 mol/L AYERFRIA# 0.5 ml i
AW E R, A RE-TOK R (90: 10, V1) A 857 (3)
LA TG  BURE 7,58 mg, BT 10 ml &5, InZ -6
JKHIZ(90:10, V/V7)5 mI T , i1 30 % AUAE/KIA R 0.5 ml, &
TF70 CRKBHIE S h, BUBR I E 5, T 2 - J0K B iR
(90:10, V/V)ER  F25) o (4) FERRMPRIES: R A 7.25 mg, B
F 10 ml g, ZB5-JOK B ER (90: 10, V) iR E 25, 4%
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A1, BT WY (6 RRER 24954 4 500 1x) T BESF 40 he (5) =
TS  BORESL 7.93 mg, BT 130 CHUAE TPk 2 h, BUH
T E L, NG -TK R (90 : 10, V/V) i@ % 575 2 10
ml IR, FHZIE-ToK R (90: 10, VIV) EZS 3250 . A mili
IR 5 AR IR AW A 10 pl TEA HPLCAY , i s 3%, 3 I
&2, S5HFRM, FEMTERR B AL DERE SRR T A R
S =W A s AR AT SR A5 A 34 0 T 2% 5 B R 2% 5
CTEA AR A1 T R e 5 2% 5T A %5 B 4% C I 5 [ At
FEPIEE TN IR R RE R BT A4

40
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%20 %20 3
0 0 1
o0 h 0w 0 10 N 30 4
£,min f,min
A B
& 40
20 ! = 3
= 2
1 4 1
0 0
0 020 0 40 010 2 30 40
f,min f,min
C D
40 ‘
| |
Z0 3“
|
0LJ_.L__._)L—L
0 10 N 0 40
f,min

E
B2 sEblEmlnSRikiaeitE
ATRBERHIRE s BLIRAR AORE s CALIIIR RYRE L s DG IR Y
Rl s BRI AR BORE A 5 1A% T A5 2. 4050 B 3. i Xl JE s 4. 2% i C
Fig2 HPLC chromatograms of stress test

A.sample destroyed by acid; B.sample destroyed by alkali; C.sample de-
stroyed by oxidation; D.sample destroyed by light; E.sample destroyed
by high temperature; 1.impurity A; 2.impurity B; 3.regorafenib; 4.impuri-
ty C
24 HMUEXRER

3 SRS B 2,237 T A SRR B X B T A 1.0,
2.0.3.0.5.0,10.0 ml F1“2.2.4” 350 T Fig AR Je X BG4 1.0,
2.0.5.0.7.0,10.0 ml, ——Xf N & F*[7)— 25 ml A, FH -
JEAK R (90: 10, VIV)SE 2, FE 51 A 0 RNV TAR R
(1#~5#) , 53 HIPRSRAE10 pl A HPLCAY, i sk il L
TR D 873 5 e P (e, /i) SR A b W TRTAR (y ) A AL A ik
AL, A3 m Iy FE S L L TR 2.

F2 HERAFESLEEE

Tab 2 Regression equations and linear ranges

fE ElEyip r AR, pg/ml BERF
JHFA =33 976r=396.12 09999 0511~5.108 0.67
JB =40 504¢+94.495 0.999 5 0.287~2.869 0.56
JfC y=20 849x—17379 09999 0.360~3.604 110
ikl =22 869x+1 685.6 0.999 8 1 444~1444) 1.00

2.5 HpR

B2, 27 0 2SS TR X I g YRR i S JE o B i
WA TG, B R, il A 2R 9 RV P A TR A T, 2091
207 BUN @38 2 AF BEREDNSE | 215 W Sy 3 30 45 A6 I
BRo 425, 2% 5t A VB C Al 3 AR JE iR BR 351 9 0.052

hEZHE 2016555 07 FH 24 B



0.022.0.084 F10.071 pg/ml.
2.6 RBEERRE

BUZR A B C XA A58, BT W —m il p
WL R T pg/ml TR X A SRR, $5 2. TR (A3 4k 4
FELRIEREINE 6 U, T SR IR, 2551, 24 A B . C IR
RSD 435114 0.97% .0.57% .0.62% (n=6) , 5t B A HHG 55 B [
It
2.7 REMAE

Hi B FRIBORE (1651 141001) 17.76 mg, B T 25 ml &l
L2 -JOK R (90 : 10, VIV EIRIFEE SRS 5850 Ak
SRR, T IR R R 0.2.4.6.8,10,12.,16.,24 hikf i
“LTIIR O SRR E D SR A . 455, 4% A B.C
0 Fit AR JE 04 T B RSD 431 Sk 2.66% . 0.35% . 0.58 % Fl
0.83% (n=9) , BLHI LA A = IS 24 h INFEARRRAE .
2.8 EEMHKE

TR [ — LR 5 (5 141001 ) 5@ &, 2L 6 40, 40 Bld%<2.2.17
T 7 i A A S VAR, P 2.1 TR G 1 A A R A
ORI RY . 255, 25T A B .C g SR JE I TR RSD 43
4 0.93% .1.02% .0.89% F10.86% (n=6) , LA Jy B

P EGF
2.9 nEEEKEIRE
KB I 2.2.37 W 22 B A % B IE 2% 1 ml, BT

10 ml g A, F ZE-JCK R (90 10, VIV) REZS, 827, 434l
H % 5 2.0.3.0,4.0 ml, 45 34y, 43 5 & F S A (LS .
141003)17.32,17.15.,17.87.18.00,17.15,17.39,17.52 ., 17.92 ,
18.23 mg 14 25 ml i, FH 2 -Ja/K B R (90 : 10, V/V) ¥ i
FEREZS BEA) B AR b R TR 4 BOIRE BRI 0 7
WGBS 10 pl, 43 3010 A HPLC A, #2217 30 (4,38 454
PEREINE S SR T AU AR EDCR , 255 L2 3,
2.10 #HmhEEYRNE

B3 HERE A& 3E o, A3 T 2.2.1 " T R 5 ikl 45 i i i
5 IR 2 R B AR A5 A A VA L ml, 43 BT 100 ml i
B, G- TCK IR (90 : 10, VIV) 5E 25, B2 50, M Ik B s
T BB PRPE R A, 44 2.0 IR (s SRR
Mg il i, UL E S5 B A& R & 5, 45
W34,
3 itig
3.1 MRS

HRAE A % T 2 A5 I JRURE & R R A 24 i A =B
=5 C Fit S A i S AN T LA B il e A A 8 R
R ™ 0 11— WA T ARG 2 41 8 PR, & B 232 nm 38
R A TR B, WA 2 A SR o0 B AT . U
ZEBEFE 232 nm A IAS IR K
3.2 EhERYERE

AR S A0 e CHR[7-10], B BNAH A Hy 0.1% =58
LIRVETR TLBIAR B R )G, FERHR SR 5 40 i i =ik A 7
TR, TSRV LIRS WA SR A% T 4 S B N AR, A
)2 JBE H I At e 5 TSR FH A 1 IR RS RE VR R I, E RS
BASTIIRER BNA R, HAS VA RERRIES 100% o AR SR
AL SR R SRR AR 1 T
33 ZFEAB.CHEE

AR HOKG 245 A VB (CAE A E AL I TS, 22 AL
B (A% 1E R FHIAEE 0.9~ 1.1 JE P, %o Hedae B A 1 IR 71
H 50 B i, AR5 C B AR S0 2% e B A A 1 71 3 &
X BT R
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3 MEEEIREE LR (n=9)
Tab 3 Results of recovery test(n=9)

W BAS WAL WAL WEEG PEREE R,
7S i ,mg mg mg k0 & %
BRA 0.000 72 00271 0.0292 105.1 1045 1.09
0.000 71 0.0269 0.0293 1063
0.000 74 00273 0.0292 104.2
0.000 75 0.040 1 0.0421 103.1
0.000 71 0.0403 0.0421 1027
0.000 72 0.038 8 0.0413 104.6
0.000 73 0.0544 0.058 1 105.5
0.000 74 0.0543 0.0573 104.2
0.000 76 0.0541 0.0577 105.2
JIB 0.00041 0.0167 00175 102.3 101.0 1.83
0.000 42 00173 00174 98.2
0.000 44 00172 0.0175 99.2
0.00045 0.025 6 0.0263 101.0
0.00043 00255 0.0263 101.5
0.000 42 0.0262 0.026 3 98.8
0.000 41 0.0343 0.0357 1029
0.000 44 0.0342 0.0356 1028
0.000 46 00341 0.0354 1025
2HC 0.00025 00183 00183 98.6 1025 157
0.00027 00178 0.0184 101.9
0.000 24 00176 0.0183 102.6
0.00028 0.026 8 0.0277 1023
0.000 21 00271 0.028 1 1029
0.00023 0.026 8 0.0278 1029
0.00025 0.0362 0.0377 103.5
0.000 26 0.0358 0.0376 1043
0.000 24 0.0363 0.0378 103.5

F4 HERAXMBENEER (=3, %)

Tab 4 Determination results of related substances(n=3, %)

Feibdt 5 B A B RC RORRAVRE B
141001 003 0.04 0.05 0.04 0.18
141002 002 002 0.3 0.05 0.16
141003 0.05 0.3 001 0.2 0.13
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i E AW AINERBLARAURRASPREYSETN T R, H ik RA GRS THME#E L, &4 A Sephadex
G-10,3%348 A % 0.01 mol/L A8k 2% #3% [0.01 mol/L Ak éx =45 3%-0.01 mol/L ## = S A7 (61:39, V/V)](pHT7.0) , & h 48
B oK, ik % 1.0 ml/min, #% K % 254 nm, AR % 30 °C,#AHF 4 200 ul, 25 R . A8 kFawa R 25 F Rl =
WL NMETEE 4 2.07~103.30 pg/ml(#=0.999 4) ; & FFEH 10.4 ng MM LA 4.1 ng; A5 B E  F L XIS RSD<3% ., %1%
kb Bk RBUE G E A, TR TR B kT kR A 2 P RA M A,

KR R EE kIR RAY ;s ST HEM &gk

Content Determination of Polymer in Acitve Pharmacentical Ingredient Cefatrizine Propylene Glycol by High
Performance Size Exclusion Chromatography

LI Zheyu', ZHANG Jingxia', WANG Yuchi', ZHANG Chunran', XU Minggin', WANG Yingying', DONG Hongbo',
WANG Ting’, TANG Kehui' (1.Chengdu University Sichuan Industrial Institute of Antibiotics/Chengdu Engineering
Research Center of Innovative Antibiotics, Chengdu 610052, China; 2.Dihon Pharmaceutical Group Co., Ltd.,
Kunming 650106, China)

ABSTRACT OBJECTIVE: To establish a method for the content determination of polymer in cefatrizine propylene glycol.
METHODS: High performance sephadex gel chromatography was performed on the column of Sephadex G-10 with mobile phase A of
0.01 mol/L phosphate buffer [0.01 mol/L Disodium hydrogen phosphate solution-0.01 mol/L Sodium dihydrogen phosphate solution
(61 :39, 1/V)](pH7.0) and mobile phase B of water at a flow rate of 1.0 ml/min, the detection wavelength was 254 nm, column
temperature was 30 °C, and volume injection was 200 pl. RESULTS: The linear range of polymer was 2.07-103.30 mg/ml(»=0.999 4) ;
the limit of quantitation of 10.4 ng, limit of detection was 4.1 ng; RSDs of precision and reprodicibility tests were lower than 3% .
CONCLUSIONS: The method is specific with high sensitivity and good reproducibility, and can be used for the content determination
of polymer in active pharmacentical ingredient cefatrizine propylene glycol.

KEYWORDS Cefatrizine propylene glycol; Polymer; High performance size exclusion chromatography
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