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W E B.AIASABHERLRNAPHELYRAEMNEG T k., Fik A AB A8 RA LA 6948 % 5] 39 7oAt 25 3 H) A
A A, R B BGRADEHE (HPLC) % (Sh47k )M i A B.CH & &, @iﬂ;ﬁ#i%y MG Il Ci, iR 3h 484 0.12% T AR iR 4hIE ik
(pH 2.0) , %% 4 1.0 mL/min, %21 5% % % 210 nm, 438 4 35 °C, 34 % 4 20 uL. KA HPLC % (i E B F 49 £ 5.5 8 & *F 18
F)MZRE.F.GW 4%, &t 4 Altech Altima Cs, iR 30 48 4 0.05 mol/L B iz 3 2% b ik - TRE-K (M E % BL) , ik 4 0.5
mL/min, 4 8 % K 4 200 nm, A28 % 30 C,#A4FF 420 pL. %R & A B.C.E.F.Gon i 2R ELEEE S A A4 0.446~
22.291.,0.202~20.158.,0.101~12.082.,0.111 0~11.100,0.210 4~10.520,0.221 6~11.080 pg/mL, # | F& %% 4 5.57.1.01,1.99
2.22.4.21 443 ng, T B4 A4 11.14.2.02.3.98.4.45 .8.42 .8.85 ng; 2« A E.F.G ¢4 E B F 25 5] 4 0.91 .1.42.1.73, A8 342 3 0
] 5% 4 0.88.1.95.3.08; 45 % # (n=6) AT M[L M A(4h,n=3), L4 &% (24h,n=T)]iX% 4 RSD 34 /T 2.0% , T34 mAt
K F 5 A 98.0% .97.3% .102.4% ,99.4% .98.9% .96.4% ,RSD %1 4 1.4% .1.5% .1.1% .0.9% .1.2% .0.5% (n=9);8 4% %
SR RPN A AT L P EREAS T <1.1%., %k %5k ZHBES . E B, TR T4 % 3872 & L4 7+ %
PR EFHFR

KA A2 S A3 A RYR; BRURAR G A R

Content Determination of the Related Substances in Fudosteine Raw Material and Its Preparations by
HPLC

GUO Zhiyuan, ZHAO Xinging,ZHU Hengyi, YUAN Jun(Sichuan Institute for Food and Drug Control, Chengdu
611731, China)

ABSTRACT OBIJECTIVE: To establish the method for content determination of the related substance in fudosteine raw material
and its preparations. METHODS: Fudosteine or its preparations produced by 8 domestic enterprises were taken as samples. HPLC
method (external standard) was used to determine the contents of impurities A, B and C. The separation was performed on MG Il
Cis column with mobile phase consisted of 0.12% sodium hexane sulfonate solution (pH 2.0) at flow rate of 1.0 mL/min. The
detection wavelength was set at 210 nm, column temperature was 35 “C and sample size was 20 uL. The contents of impurities E,
F, G were determined by HPLC method (principal component self-contrast method with correction factor). The separation was
performed on Altech Altima Cis column with mobile phase consisted of 0.05 mol/L phosphate buffer-acetonitrile- water (gradient
elution) at the flow rate of 0.5 mL/min. The detection wavelength was set at 200 nm, and the column temperature was 30 °C. The
sample size was 20 uL. RESULTS: The linear ranges of impurity A, B, C, E, F and G were 0.446-22.291, 0.202-20.158,
0.101-12.082, 0.111 0-11.100, 0.210 4-10.520, 0.221 6-11.080 pg/mL, respectively. The limits of detection were 5.57, 1.01,
1.99, 2.22, 4.21, 4.43 ng, respectively. The limits of quantitation were 11.14, 2.02, 3.98, 4.45, 8.42, 8.85 ng, respectively. The
relative correction factors of impurities E, F and G were 0.91, 1.42 and 1.73, respectively; their relative retention time were 0.88,
1.95 and 3.08. RSDs of precision (n=6) and stability [impurity A (4 h,n=3), other impurities (24 h,n=7)] tests were all lower
than 2.0% . The average recoveries were 98.0% , 97.3% , 102.4% , 99.4% , 98.9% , 96.4% , respectively; RSDs were 1.4% ,
1.5%, 1.1%, 09%, 1.2%, 0.5% (n=9), respectively. Total contents of substances in fudosteine raw material or its preparation
produced by 8 enterprises were all lower than 1.1% . CONCLUSIONS: Established method is sensitive and specific. The method
can be used for the quantitative study on related substances in fudosteine raw material and its preparations.

KEYWORDS Fudosteine; Related substances; HPLC; Content determination; Raw material
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Fig 1 Structures of fudosteine and its impurities

1 7
1.1 {88

2695 HPLC 1 ( 3% [# Waters 23 7] ) ; 1260 HPLC {Y
(2 [ Agilent 23 7] ) ; CPA225D Hi, T~ K F- . A8000 £ B4
LR B2 1 i AR ) -4ER 20 F)) .
1.2 Zm5ikH

4 Z A 3 B (455 ¢ 100920-201802, 41 J -
99.5% ) 4= it B XJ BE & (HiE 5 < 140632-200502, 46 FF -
99.3% ) F4 v ]t 24 SRS E IF S B 5 % 5T A X B
(€K TRC A, #HE5-: 2-MJJ-156-1, 4655 : 97.0% ) ; 24
J5t C X HE A, (3 [E CRTO 24 W], 45 : C4X-14471-1709, 46
FE:98.7% ) 5 425t E X} R 5k (5 : WS-T170608X, 4li Ji
95.9% ) (4% 5T F XF B (Fit 5 : WS-T170110Z-1, 2{i i -
95.6% ) . 4% it G X B 5 (HiL 45 . BEST818-4-P1, &fi & .
94.4% ) ¥ A LI = FH il s iR 2 R 2 1 (A4,
5 FD160871, 4fi B : 99.2% ) ; 4% 22 vl $H J5 kL 24 2 (4t
51160806008, 4 J& : 99.9% ) 4% £ | g 28 2 (it 5 .
160910056, #iA% : 0.2 g) Y14 [ B Ak ; #8 2 w50 2
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3(#Ht5  H160404, 4l . 99.4% ) AL wlH A 1(#H 5 .
B160201161, # 4% : 02 g) (8 £ vl H % 1 (L5 .
1607001, #iA% : 0.2 g) P H C Al ; 48 2 w0 JFRE2Y 4
(DAl , H1E5 - 160309-1, 4 : 99.1% ) ; 48 22 ] HH Uk}
25 5(35 1 1610001, 215 : 99.9% ) f@mZal3H i 2(Ht 5
057170101, #LA& : 0.2 ) ¥4 H E 4l ; # Z2 wl 30 J 3(F
Al 55 1607201, BiAE : 0.2 g) W 2 Wl 4(G 4R
L5 160702, HikS 0.2 g) FE £ wl3HIEHE 3(H AN,
it : 1606003, HLA% : 0.2 g) ; CLLEi FREA . £ hy (15
ol BEIR R ARG b4l
2 FiEEHR
2.1 BiEEH

s LOH TR A4 A B.C) : (i MG
I Cix(250 mmx4.6 mm,5 um) , FEIAH N 0.12% . behs
FR ANV (pH 2.0) , 734 4 1.0 mL/min, K303 Kk 210
nm, #:3R 35 C, #EAEE R 20 L.

g 2k 2 (TR 42 % E L F G A Ath R 1
JF) : (A4 A Altech Altima Cis(250 mmx4.6 mm,5 um),
it 3 AH 4 0.05 mol/L W iR 1 2% Ml (A) - i (B) -7K
(C), BEEEVEIE , 14 0.5 mL/min, K003 £ 200 nm,
FEIR A 30 °C, #EAEE R 20 plo BEEEVERNRS T W 1.

x1 HERBER

Tab 1 Gradient elution program

5f[E], min A% B, % C,%
0 100 0 0
15 100 0 0
35 60 30 10
45 60 35 5
55 100 0 0
60 100 0 0

22 BRHFIE

2.2.1  ZROM B IAGEIRE (1445 A B.CIRA XS
WA SR VAR - RS B PRI S A VB C X IR S i &, i 0.12%
L e A T VL VS e s TR T s 25 20 I Jo ot Wk 82 380y
100 pg/mL A%} R S VAR . (2) R & wl3H L 25 E .F .G TR
BNt BB Sl VA TR < R R BURE 2 ) B BE L S 4 B LF LG
X BE S IE 1, 10,05 mol/L il FR 5 2% 1 ik 5 £t I Bk il
BAR £ w2 E L F G B i R R 100 pg/mL )
Xof BRI

2.2.2 PR AT G B AR 2wl 30 Uk 24
ay H i 57 N 259 100 mg, 43 51 B F 50 mL =, in
0.12% O\ Le i FR AN 72 W 2% 0.05 mol/L B2 £h 2% i i i 1B
B AT o E I AR 1.2,

2.2.3 A BXIEwRAEH S R ERC2.2.27 I Nt
WA 0.1 mL, 20 )& F 100 mL &5# 7, in0.12%
ot Tl R A VA T B8 0.05 mol/L iR 3 2% il s e 22 %1 J3F
FEAT, A 5IVE R H B B 1.2,

224 RGUEHMHRKAR  BURZ A L0 A B,
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CXTRE G &L, 0 0.12% O behes BREM 7 Wl i Bk 1 mL &
WEZ FHIH 2 mg FIZR T A B .C 45 2 png M RAE N R SLE
FAMEVA W 1 U 2 A3 5 2% 5 EF LG OV IR Sh 3 6,
“2.1735F 0.05 mol/L W2 £k 2% i il i 5 1 mL F 4w £
AJ3H 2 mg FIZ 5 B F .G %% 2 ng MIVAMAE Ty 2 4838 P
2,

2.25 ZTHAMRER K& FKiEZ A A R
RHERL T BIR A FEARIUE S T i K R it 1/2 i 4k
HEE T 50 mL i, 4 51 0.12% O e R Ah i Bk
0.05 mol/L MR Eh 2 MR IF iAo 28 U RHA R 1.2,
23 HEFEEE

23.1 REEAMHKE HEERC22470 N RS
TE PR 1.2, 50 9 2. 17 R A3 4514 1.2 Ry
BT e s aisE . S50, 25 U RHETC T, A 2wl i
5 &R B T, B RE 34 > 1.5, & 4 Bl 3t il
B34>3 000, 4257 E F .G A B I A] >4 0.88 ,1.95
3.08. A&k ik LI 2,
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Fig2 Chromatograms of system suitability test

2.3.2 LEMIRE BURZEHHA (S B160201161),
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F S AR A, HUAR 22 /1 3E 8 2K 100 mg, 4371 E F 50 mL
s, 6 0y, — 1 I ARBEINFE S, 55 5 A Hc LR A
VAR . (1) BRBE IR : A1l 1 mol/L FhFRYA T 5 mL , /KA
30 min, HA 5, I 1 mol/L E A AL NI 5 mL HH A,
SRIE KM B R 20 B 350 Bt , BaU8 WA o R e R
it o (2)BEAEIR i 1 mol/L & S AL BN 5 mL , 7KV Nk
30 min, ¥ J& , N 1 mol/L R R 5 mL H AT, 2R 5 FH
KRR P25, e, S8R AR SRR i o (3)
R R KIS S RS BT 105 °CTF n#4 30 min,
SRIG KM RE R 20 B 350, DBt , Ze8 i A oy s T IR
FE b o (4) Y BBER  MUKIE A e, BT 500MT (K
254 nm) NRGT 2 dJE , FUKFR R 2 208, #2508, &
PETAE A E IR IRRE S o (5) AR : il 10% 14 A AL &
VW1 mL, 37 BYFHKHS B 2 20 5 #2502 U8 AE
J EALRE SRR f o BRI 6 FPRE S 20 pL, #242.17 50 F
g 1 2 HEFE AT e RIS R . 4553, FEA AR
KT SRR Y A RE S ST o, R
ERME R, TR MR S E LR 3

2.3.3 AMERRBALIERFEE 0lHe2.2.1(1) "5
T R A ROE B, I 0. 12 % O Tl R s YA R o K,
Bl mL P2t A B.CH¥40.1,0.2,0.4,.1.0,2.0.4.0,
10.0.20.0 pg [ R FNEW; 53 B 2.2.1(2) " 1 Xf B i 5
W 2, 10 0.05 mol/L W la £k 2% vp i s BE il i A% 1 mL Hp
AR Z A MG E.F X GH¥0.1.0.2.0.4.1.0.2.0,
4.0.10.0 pg MY RINVEWL o K52 W IR 20 pL, #%
“217 IR g A 1 2 BT e RIS TR . DR £
) HE B A% 2% IO T o R B A R AR AR () (WETRT R R A AR
(V) PEATERAE RN, LU FERRR (K525 E . F .G 1Y
KAEHEF (R IEHEF =K iz an/K prera) , R R MREIE
HFE 2R aE ] 2,

R2 KMEXRERKERTF

Tab 2 Linear relationships and correction factors

%y EJERE r KU, pyml  WIERF
FFiA y=3.56x 10x-242x 10° 0.999 4 0.446~22.291

I B y=850X 1004572 100 09999 0.202~20.158

i C y=339% 10%+1.95 % 10* 1.0000 0.101~12.082

BEAM y=245x 10%+236 X 10° 0999 6 0.103~10.300

HITE y=270x10049.09x 10° 09999 0.111~11.100 091
JiF p=LT2X 1004105 X 100 09998 0.210~10.520 142
G y=142x 10%+2.01x 100 09998 0.222~11.080 173

2.3.4 FEHEERE  BC2.3.37 T N A 1.0 ug/mL
(45 A A, 422 2.1 I T i 251k 1 2 8Ll 6 1R,
OS2 Al R A5 2 S e T AR . 4551 AR 2 Rl 4%
Z U THT AR B RSD Y9/ T 1.2% (n=6) , W% 07 i
B RAT

235 KRR S5 PR EE HCU2.2.17 0 T AR £ Al
T A% 2 Jot %t BRI R, B R R, 22,17 I T (a3 4%
L2 RS o LAME MR R 30 1A AG I B, LA g
Hom 100 13 E RERR . 255 M 2 Al K 2 fi A \B.C
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E.F.GIWKMFR 58 2.06 ,5.57.1.01,1.99.2.22 .4.21,  8.85ng.
4.43 ng, E IR 4.12,11.14,2.02.3.98 445 .8.42, 236 FEMRE B2.247 0T RGuE H M RGE
(R ILP - kR 2:
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Fig3 Chromatograms of specific test
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B, FER T 0.2.4.6.8.10.24 hJ5#242.17 10
TSR 1 2 HERE T I SR T R 25, AR A TE
4 h NG RSD<2.0% (n=3) , & £ "] H K JJFi B |
C.E.F.G7TE24 h NIETH TR RSD ¥ <1.0% (n=7) , 3%
Wiz AR Pk AT
2.3.7 AR A A A R EC2.2.17 R &
AR R A X BRI OE B, T O — 225 TR
1 Z wl 40 R 2 B B SO A AH Y T AR
20% .100% 150 % P S L, BN BE 45 3 4 L
AR T A RO B F 2.1 IR A A 1.2 HERE A
BT, iC s TR, 24 5t A (B CHZAMR 3445 2= 5 [l
ROREE F G IE R 789 255 A S5 kT8
B2 TINFE R, 55, 24 A B .C .E.F.GF-¥/in
FE 0] i R 43 51 Sk 98.0% | 97.3% | 102.4% | 99.4% .
98.9% .96.4% ,RSD 23} 1.4% . 1.5% .1.1% .0.9% .
1.2% .0.5%(n=9).
2.3.8  FEENHPAS LS A A IS AR Ak Y
JEURE 2 ml i 7R O e 2 2.2.27 IR A RE SR AT,
IR 5 BOZAE SR VA I “2.2.37 IR 7 il 4% A 5 ) B IA
TR 5 R IR RS i, 3 i 2. T g A L.
2 PEREA T IC SRR . 2% A \B \CHEAMRIETTA
TERES RS, 22 B F G F A 1E 79 £ R4 B
S BV PR IR S P B i, R A A
NG, PR, 28 25k A A B0 B ) A R R 2
F o A TIAE o AR A A S A A5 SR UL 3
#3 HRPERERSERVER(%)
Tab 3 Results of content determination of the impuri-

ties in samples (%)

HIRERL 4% ZRBUA BB JRFIC AME ZRBF ABG HAKRAZRS ISR

5 1 - 001 005 016 004 - 0.05 0.31
2 - 003 003 019 - 0.16 0.63 1.04
3 - 008 001 007 - 0.12 0.76 1.04
4 001 003 002 - - - 0.86 0.92
5 - 0.02 001 - - - 0.22 0.25
JA 1 - 0.04 006 005 - 0.07 0.87 1.09
2 - 0.04 011 0.01 - - 0.50 0.66
3 - 004 004 016 - - 0.18 0.34
4 - 006 008 016 - - 0.25 0.55
sk 1 - 0.02  0.02 0.20 - 0.12 0.65 1.01
2 - 0.10 004 024 - 0.17 0.54 1.00
3 - 001 005 006 - - 0.47 0.59
eI v > N (AT
Note: “~” means not detected
3 itig

3.1 fEIRFIEE

R 2 Al A AR AR 22 38K, o 22 i A B .C 1Y
PP A, ZEAR pH 1 0.12% C kil TR Ak v ik v RE % 15
B R U758 BRI IS4 F LT oM 42
JEE F .G YRR A, B PR PR 5 /N €35 45 2 X
AT S . AR 2 AIH A e SEAR AR AE B o oA il s
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DRI, A SCBAT FEEA RIS -

3.2 ZRBURIRSM

e Z w5 A R IR YR, 25 B R i YR
PR 2% ST B R A ), 42 EF LGN RO R, e
45 G R R R AR 5 3-1x0 18- 1- PN B ) 452
PR, AR5 C O AR 2 Rl 3E AR o R R K
6] A, A 22w IH B SRR AR ) R 2 o C TERRIEfige
BRI T LA BRI AR T2 o7, (H PR i rh R A
HIXIUAN AT, ELAR Tl 25 A ARk IR At , BT A Ut
B ARSI LA R A T E T
3.3 FEHIRE

P IR 25 2R n] R, AR 22 W) 3H JURL 24 K A 7R v
240 C.E MG & b4, 290.1% ~0.2% . & 2wl i
A H K IR AR 1.2 g, %445 A frE240, AR
I 1) G2 il 24 ity B IRy R AT R AL 2 25 W) 2 Y
AR S U, 8O T 204 BT A B .E.F .G [RJE
JEH 0.15% , B2 5T C Al 2 i FE FREE , HoAtL 5
AR EEE N 0.1% , 2B Bt FREEE R 1.0% .

25 LR ANl AR 22w OB 2 Hh 2 o 5 A7
TEZE 57 , T 45 A% il 50) o A S M o 8 3 RS 22
Fo P, EUDT T 254l 58 35 46 2 w3 RS A1 )
SRR T7 1%, S A i 25— B PP SR LA
SZ LBk
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AFCIERAY A A i s PP A
THR AR KRR BEE REE (LERERKAEHASR, LK £295 222000,
BREAFERLFR, B HM 545616)

hE4ES RIT9.1 XEARERE A XEHRE  1001-0408(2019)13-1769-06
DOI  10.6039/j.issn.1001-0408.2019.13.09

W OE AWM. SRR ERFERATRERN. Fik R 1,4,5,8-wB A B A RA, BARY T 50 CREEHF 5 N-
(- CE) MR F 20, 2 FRAEGBAA WG H R AICE RIS, J5 2 B - BT (4: 1, VIV) Ak A s A 4p it R
MrabJa , & - E TIRAR KRB R R BB R, F KA (430) 695 & KR pH R oh-7T WSO k% o sh 4 4%
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Synthesis and Quality Evaluation of Mitoxantrone

WANG Mingming', CAI Jinyuan®, LIU Jing', GU Puzhong', SHI Huihui', ZHANG Yanjun' (1.Kangda College of
Nanjing Medical University, Jiangsu Lianyungang 222000, China; 2.Lushan College of Guangxi University of
Science and Technology, Guangxi Liuzhou 545616, China)

ABSTRACT OBJECTIVE: To synthetize the synthesis of mitoxantrone and evaluate its quality. METHODS: Crude product of
mitoxantrone was prepared by slow oxidation of 1,4, 5, 8-tetrahydro-anthraquinone with N- (2-hydroxyethyl) ethylenediamine in
water bath at 50 °C for 2 h under argon protection and in dry air for 4 h. The crude product was crystallized by ethanol-n-hexane
(4:1, V/V) mixture solution, which was cooled overnight and then washed by ethanol-n-hexane mixture for many times. The
melting range, pH value of solution, ultraviolet-visible absorption spectrum, infrared structural characteristics, drying weight loss
(water loss rate) and critical relative humidity (CRH) of the purified products (4 batches) were investigated. HPLC method was
used to determine the contents of mitoxantrone. RESULTS: The mitoxantrone was prepared successfully, and synthetic yield of
mitoxantrone was 34.3% ; the melting point ranged from 159.1-163.6 °C. The aqueous solution was alkaline (pH 7.63-9.54) ; there
was a maximum ultraviolet absorption peak at 235-245 nm; there was a maximum absorption peak of visible light at 590-600 nm;
the infrared characteristics were consistent with those described of mitoxantrone in the 2015 edition of the Infrared Spectrum
Collection of Drugs; water loss rate were —0.83%-2.36% ; CRH value was 54.7% , and the average content of the product was
78.1% (n=4) by HPLC method. CONCLUSIONS: The mitoxantrone is synthesized under mild, non-toxic and harmless
experiment conditions. The synthesis step is simple, the cost is low and the yield is high. The quality of products meets the quality
requirements.

KEYWORDS Mitoxantrone; Synthesis; Quality evaluation; HPLC
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