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Abstract

Objective: Comparative study on the European Pharmacopeia (EP) and the World Health Organi-
zation (WHO) low molecular weight heparin reference substances (RS) (both broad distribution
reference substance, hereinafter referred to as EP RS and WHO RS), in the determination of the
molecular weight and molecular weight distribution of enoxaparin sodium. Methods: A high per-
formance size exclusion chromatography was applied by TSK G2000SWxl (7.5 mm x 300 mm)
column. The mobile phase was 0.2 mol-L-! sodium sulfate aqueous solution adjusted the pH value
of 5.0 with sulfuric acid and 0.1 mol-L-1 ammonium acetate aqueous solution, respectively. An iso-
cratic elution was performed at a flow rate of 0.5 mL-min-1, and the column temperature was
maintained at 30°C. UV detection with the wavelength at 234 nm was applied. A differential refrac-
tion detector and its temperature was kept at 35°C, with an injection of 25 ul was used. Results: By
using EP RS and WHO RS in two different mobile phase systems, the molecular weight and mole-
cular weight distribution of enoxaparin sodium CRS (weight-average molecular weight labeled as
4480 Da), enoxaparin sodium injection (clexane), enoxaparin sodium drug substance and enox-
aparin sodium injection (self-produced) were determined. And according to the results, the dif-
ference of the weight-average molecular weight between samples was less than 100 Da, mean-
while, the difference of the molecular weight distribution was less than 1%. Conclusion: The re-
sults of eight batches of samples showed that there was no significant difference in the determina-
tion of the molecular weight and molecular weight distribution for enoxaparin sodium via em-
ploying EP RS and WHO RS.
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HE

B . T HHFFTRR N 25 3 (European Pharmacopeia, EP)fI it 5 A4 2 (World Health Organiza-
tion, WHOYK A FHEZS TFEN BRI, THREPX IR S AWHOX IR )Wl 2 Kk & i
EMSTFENSFEAM. HiE: BITSK G2000SWxI (7.5 mm x 300 mm)ANigs:, 45LL0.2
mol-L-17% BR 8 /K ¥ W (B R WA pHE 5.0) R TR 31 AHAT10.1 mol-L-1EERRE /K E B TSN AH, WiEK0.5
mL-min-1, HE30°C, FIMERWFE K234 nm, REFCRNB[EEA35C, HFEE25 pL. FR:
AHEHRMRSEERT, HEPXYRAFMWHOX B &, XHKEFRMCRS (EP, ENH)TEHRREN
4480 Da). WK RMEHMCERS). KFEFRWERZ (B RS F RS (EF), #17
SFENSTFESNRE, BFRENS FEZEMEN/NT100Da, S FEHMEEI/DPT1%. i
B/ \#AE R e, EPX RSB AWHOX A A THRIEFEN T TFEMND TESMNEERLE
EHER.

XK ia
KFEFTRM, STENSTEI, Ko THRSTENES, Romxts E95T7E
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1. 5|8

W RTF R R H —RIF R B2y, Ko FEMsFEome BRI EE TR, Hirse
[ 25 $L(USP 42), RKYHZGHL(EP 9.7), J&[E 25 (BP 2018)XA BCRARIERT R 1] [2] [3], BIRFAERBIE
g AT, @i GPC ATty 8 Moy &0 A, HE 515N 3800 Da~5000 Da, /)
T 2000 Da FI4L5 BT o5 EE B A 12%~20%, 2000 Da~8000 Da FT 15 I EL 5] A4 68%~80%. F:rf USP 42 i
JHF 2N 1 B AN G B o0 AT R A U S I N A2 40 A 1 4 T 20 R (R B 2 g T B IR AR AR
eI ZL, M—CEnEY S T2 RS T RGEHERIEE, 7o FERN; EP 9.7 #1 BP 2018
SEIR I —ANFE AR R, I T TS E AR R Z AT A A 4] [5] (6] [7].

e TR EH BP X I s Rk M RO e — 1 Bl N— R 6], 1E 234 nm K
b B K RAC, ARSI BN 5 AR B SR ARSI 388 R s ZE A 25, 58 AR U 45 i S R BE 7R UR BE BB BL, TS 22
TN 25 ) AP A o Bk P IR LG, P BB R A I RN P B b, ) B e e P T T B
(115035153 F B (Mna = 3800), [AlIE 7538 & 2 (0 TH A THUS 177 04 6E18 2R IE#h £k . 1 WHO X i
MR L T AR RER, BT RS B E A RN 2R, IR R Z R RS, FRH S
W SEREE, RSN AT SRR LR T A (6] [8]-[13] 0
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2. SLRERSY
2.1. SEHHHY

2.1.1. REHH

EP &5 7T 2 4 F =57 B8 S (Heparin Low-Molecular-Mass for Calibration CRS, EP X} H& 5. #355F
I Mna = 3800) AR Z4 I J5y I 3K, #6524 batch 3.

WHO 15T I &= 43 T &5 i (Low Molecular Weight Heparin for Molecular Weight Calibration,
WHO X it ) M2 [ [ 58 A= ) i er o€ P 3K, 1659 05/112.

W&V 281 CRS (Enoxaparin Sodium CRS, H3%J7r TR AR/~ E N 4480 Da) BRI 2 i J5 3, it
N batch 5.

WV T B AN SR (G 26 B 26 3R 2 JiRE AR, L5 4SC98. 5SA66. SSLAS.

B R E R 2 E AR AR A2, 508 150402, 150403

WV R ANE SO E N R AR A=, b5 8 160202, 160203,

2.1.2. {XEE5EH

By s OB (54 20 A CERAM IS . TR ZERIIES . ALS HEh#EFESS . —J04), MS205DU AUH
T R F-(METTLER TOLEDO).

D-(+)-Hi & B AL i RIBARH): R 2000 NG Ai( LR RACEEARGRAF); HRER.
WREREN BEBRE N /A ali(Fa B Ak T A IR A F]): AKCRUERGIG 4l K .

2.2. SEWFE

2.2.1. HEERMER

1) i ik TSK G2000SWxI (7.5 mm x 300 mm); FEif: 30°C: 84N 38 AR Z K
B, ZAMEMPEK: 234 nm, REMMEHERE: 35C; HE: 0.5 mL-min'; FFERE: 25 uL; Hizh
H: 0.2 mol- L™ BRIERIN/KIE M (BRIER I pH {H 5.0).

2) VERERI A% s A A R ) ) A o ol BB U 35 40 CRS AR U I 32 AR S (e 39) Ak TE IF 2= 4h( B
i) AR T R ENE SR (A ISR, 2 IR RN S AR AR AR R 1 mL LS AR T RN 10 mg
R 43 I E B s e 1.

R Y3 FH 10 A1) 46 40 S R 25 PRI B 2000 AT &5 95 540 10 mg, B 1.5 mL B0 b, FE%3n
A 1 mL GRERENIRBIAR ISR, EN RG0E IR 1.

EP X 8 5L I VR 1) 45 K5 S5 FRER EP X IR 20 10 mg, B 1.5 mL B0 T, B0 1 mL BRI
M, 1N EP XIS 1.

WHO e 8 57870014 1) &6 R 6 R WHO SR Fh %0 10 mg, B 1.5 mL .08 H, &M 1 mL R
B ANAR AR, A9 WHO SRS 1.

3) EHIFE:

LR RGEA MR

A3 WA V702 mol-L BRERSN/KIAW) .  “1.27 T FIKIEIHF 89 CRS LR MVAW 1. REG0EH
PEFAT 1 BP SRR 1. WHO SRR 1 4% 25 pl, 1N IS . 25 AT POA i H g
FGUE PRI | s 22 il P v R AR B T A B W SR 21379, 1 26T R VA AN SR E 2000 U5 B R
8.80; #f i HF 2581 CRSEP X HEL 5 F1 WHO Xof B& it 7 72 €833 1] w3 06 (% B I (1) 7 78 280 0 (£R BE BT[] 22.196
min) A1 FEHE 2000 (47 B ISA] A 12.035 min) 4R B I A) 2 Ja] . (i B L 1,
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Figure 1. Chromatogram 1 of specificity and system suitability tests of sodium sulfate system

1. MERAAREBMEMAGE ARG RIEE 1

FERIERS R “2.2.17 T MK AT RN CRS HRA A 1. EP XSRS A 1. WHO Xt RS 7
W1 25 uL, JEANBAHEARE, 0RRAMUR Z A K. AR EP X &(Mna = 3800), KHF TH 18
AR BL logM XHOR BRI TE] T AE =R IE f 4, THE S B a2 1 & Ao 80 A s 48 WHO Xt
FESH T8 AR ARFE SR, LA logM KRB ) T /E =P IE fi 28, v 85 gl s ) o> 7 =820 T2 0 A0 s
TR R IE 2R 3R 25 1, ARSI 45 3 3% 2.,

EP 518 5 A1 WHO X}

Table 1. Reference calibration curve of sodium sulfate system

F 1. MERIAE RN R MR IE L

i - WHO X7 & i . . EP X} B 5 .
AR B 5[] (min) TR LR B 5 1] (min) TR
1 13.421 18,000 13.808 14,314
2 13.713 15,600 14217 12,801
3 14.063 13,600 14.617 11,069

4 14.404 12,000 15.008 9859

5 15.079 9600 15.400 8943

6 15.529 8400 15.775 7841

7 16.063 7200 16.133 7007

8 16.354 6600 16.343 6661

9 16.671 6000 16.628 6071

10 17.012 5400 16.961 5559

11 17.363 4800 17.437 4841

12 17.746 4200 17.726 4128

13 18.154 3600 18.240 3482

14 18.588 3000 18.605 3053

15 19.063 2400 19.101 2421

16 19.604 1800 19.664 1860

17 20.271 1200 20.298 1247

18 21.246 600 21.254 583

Bl logM = —0.00275648T° + 0.1320164T — 2.238323T logM = — 0.002832371T° + 0.1349939T — 2.269252T
+17.17206 +17.21699
MK RHR 0.99995 0.99978
B 0.0038896 0.0074436
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Table 2. Determination results of samples by sodium sulfate system

2. MEAERERNESR

EP X} BT 45 WHO X & i ih 545 71
s %E;éj; ) zégoﬂ;a 280(?(?0%; Eﬁg )j—c 20/303;331 3;:80?; E;(g)% /Jg (202‘))0 2;(%)0%?

(%) (%) (%) (%) (%)

m’i’ﬁf W 4 16.58 74.04 4393 16.52 73.75 54 0.06 0.29
5SL48 4265 17.55 74.46 421 17.37 74.34 44 0.18 0.12
5SA66 4263 17.57 74.43 4220 17.29 74.44 83 0.28 0.01
45098 4277 17.33 7459 4233 17.35 7423 44 0.02 0.36
160202 4271 17.94 7375 4220 17.82 73.62 51 0.12 0.13
160203 4347 17.99 73.02 4299 17.49 733 48 0.50 0.28
150402 272 1822 73.39 4228 17.66 73.76 44 0.56 0.37
150403 4327 17.54 73.78 4279 17.74 73.17 48 0.20 0.61

2.2.2. BRERERIA R

1) i ik TSK G2000SWxI (7.5 mm x 300 mm); FEif: 30°C: 484N I 38 AR Z K
B, HAMEME K 234 nm, REMMEEE: 35°C; #iE: 0.5 mL-min'; HEFEE: 25 uL; sh
F: 0.1 mol-L™" B FRER KV«

2) W]

AR AR I ) 2 R VA VR P 45 43 AU R R B CRS R R ANE SR (L 3D KB &R
BNCE B AUE RS E D IE S N R B S AR A AR AR LR 1 mL KT
10 mg VAR, o BIE AR SA TR 2.

FAGE P TV A A 4 S R S B TR 2000 FIET & BE 420 10 mg, B 1.5 mL B0, %N
A 1 mL BERREIRANARE IR, F N RG0E IR 2.

EP o FE S A W SRS 25 FRE EP X IR 20 10 mg, B 1.5 mL B08H, RSN 1 mL BEEAR IR
AR AR, 1FN BP X HE SRR 2.

WHO X [ 25 1 04 1] £ R 5 R WHO SRR SR 2 10 mg, B 1.5 mL .08, %A 1 mL BSR
BRI AR AR AR, AE N WHO X R S 2.

3) LRGSR

TRENRSEAERR

I3 BB 1R F7(0.1 mol L™ BERRAK ) “2.2.27 T NREHT E 4% CRS Uk Fidw 2. RG0E
PEVEWR 2+ BP XA 2« WHO XTSI WR 2 75 25 pl, {EANBAH A REL . 25 R FIA T H0A 5 04
RGUE PRI 2 7~ 22 il P o B AR S T A B I A5y 22077, 1 7 A VAN R SREBE 2000 U 43 55
9.22; {258 CRSEP X HEL i AT WHO Xof B s 22 €03t el v = g £ B B () 7 76 26 W (R B 1T 1B 2 22.200
min) A1 ZERE 2000 (£ BE I ] 11.964 min) f £ BE I A) 2 18] (o3 L ] 2
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Figure 2. Chromatogram 2 of specificity and system suitability tests of ammonium acetate system

2. BRI AT RMMASER MGG IKE 2

BRI EAS B A “2.27 TR K AT 2= CRS SRS VAW 2. EP XTSI 2. WHO it HR S T
2 % 25 uL, VENBAHEIE, DR IR Z AR 4R EP X f(Mna = 3800), RHFTH 18 4
& LA logM SR EAIFR] T AE =Pk IE#h 2R, T8 &AM s 7 7 &4 125010 R4 WHO X |
A RS ARRREER, UL logM XHERBEIE] T E =S IE 2R, TS SUR s o 7 A o 7 ' s
EP Sf [ 5 AT WHO o & it RS IR it 236 Wk 3, FE bl 45 R Wk 4.

Table 3. Reference calibration curve of ammonium acetate system

3. BRRRSRIF RIIERNE

A . WHO %} fi& i . . EP i fh .
AR B 5[] (min) TR LR B 5 1] (min) NTE
1 12.571 18,000 12.605 16,285
2 12.779 15,600 12.842 14,480
3 13.046 13,600 13.208 12,509
4 13.304 12,000 13.600 10,634
5 13.829 9600 13.950 9407
6 14.139 8400 14.300 8020
7 14.629 7200 14.503 7533
8 14.888 6600 14.742 6956
9 15.154 6000 15.010 6228
10 15.454 5400 15311 5502
11 15.771 4800 15.642 4811
12 16.121 4200 16.012 4209
13 16.496 3600 16.413 3403
14 16.913 3000 16.851 2912
15 17.371 2400 17.345 2409
16 17.938 1800 17.934 1906
17 18.663 1200 18.614 1185
18 19.821 600 19.749 584
BE M logM = —0.002409928T> + 0.1095525T> — 1.823136T logM = —0.002151357T° + 0.09614305T> — 1.59638T
+14.62927 +13.36678
R R R 0.99964 0.99964
HzE 0.0103785 0.0100719
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Table 4. Determination results of samples by ammonium acetate system

% 4. BEREAAHERMNESER

EP XM dh it a5 R WHO 5 [ gt v 5 25 51 Z1H
it %%q 20/30?;33, ~280(§)(;)O[I);a Efﬁ¥ 2()/&%21 380(;)(30135; %%\% zégof)a fé)é’é)oﬂ’;

R(Da) %) %) (D) %) %) =(Da) %) (%)

Wﬁé’ﬁf‘%% 4388 16.24 73.97 4381 16.17 73.78 7 0.07 0.19
5SL48 4242 17.54 73.75 4236 16.77 74.38 6 0.77 0.63
5SA66 4224 17.55 73.91 4252 16.95 74.02 28 0.60 0.11
45098 4236 17.32 74.10 4252 16.93 74.02 16 0.39 0.08
160202 4265 17.50 73.46 4259 17.20 73.55 6 0.30 0.09
160203 4294 17.48 73.19 4294 17.15 73.27 0 0.33 0.08
150402 4245 17.61 73.50 4250 17.42 73.36 5 0.19 0.14
150403 4294 17.55 73.11 4289 17.22 7325 5 0.33 0.14

3. BRI

/NS ZE (415 BT 7T 1 AT P 2 0 T 200 %€ 19 EP A1 USP {575, HT USP 4> TS bn itk it R
LAES AT RS, BRURAD, A —m iRz, Rl e 45 R4 EP M7 — W o 1A St
LA 5T EP X R 5 A WHO X it 73 J 7E PR RPN AR A 2R (B BRAA I BN AR ANV EE BR #c i sl AH ), R I 36
B4 CRS (EP, bacth 5). K i# T R ANVE SR T L @AL' : 4SC98. SSA66 SSLAR). Mk i FF R A (Hit5 : 150402,
150403). KA RBNEFBEHES . 160202, 160203)11 5T &R 4> F B AAAT U, PR 580 A 5 -
N U T 2N B 5 4y T B ZE (A3 /E 100 Da LA, ForAi ZEAE 1%L, B M e 2 A R i h 5
GERTCE B VEZE S o 2 B[ 14558 % b v 25 A AR HE BH G 52 AR R HEBE (%A R0 22 A 380 ' S5 16 FE
ERSTFEMNRS TR TEMERERL, WESRMARSCATRLE R —.

TSI R R ANHE AW, EP X HE St 75 53 TCSE A ar U 28 AR ZE R0 25, I 0H 59 AR W00 28 1) 8 38 I (]

HE SRR R 2%, B F R EXCEL thBTHA; 1 WHO X HE 5 R AR 98 2 A b & R A] -5, AH 6
BT, 2 T4, BT, EZM 2015 SO0 TIFES, HoFEx R 2T WHO 15
ST IR AL TR AR R ANE N K 7 B R E B 4 1 R E [ SO0 IR, R
SCHIF 5T 485 SR 2% it P 6] S50 L RO P o A R

B
ARSCAE B SRR A A BB e B e A m ) 25 P Ky S, R AR A
S5

[1] USP 42 (2018) Enoxaparin Sodium. USP.
[2] EP 9.7 (2018) Enoxaparin Sodium. EP.

[31 BP 2018 (2018) Enoxaparin Sodium. BP.
(4]

{A/NEE, BEYE RIEFRMNMX 2 TEK EP 5 USP M ixd L 72 [1]. TR EAEAL 2524 &, 2012, 33(6):
818-821.

[5] Z30%, SEWE, KE, 5 R0 TR D 78 L H AN R R R IR (] WRAE SR, 2014,

DOI: 10.12677/aac.2019.91005 36 it it e


https://doi.org/10.12677/aac.2019.91005

TRENE, R

(6]

(7]

(91

[10]
[11]

10(2): 19-20.
RER, TEX, EEE, & AFENS TEES TEMRNE R E 55808 0]. BS540, 2014,
16(3): 171-173.
o, i, FEE, . KO TIHRRERET D). P EZSEARE, 2014, 49(24): 2210-2218.

o, WEL. N BRI R 92 00E A E BRI S ER D] R E 2R E, 2013, 48(21):
1864-1869.
B, B KT RS TR E R RS ERR ], 25908144 E, 2008, 28(10): 1715-1717.
A5, T, WEL. 2ERSTHES TR R L [Z]., KE: E a2 56 e o 7k, 2013.

Guo, X., Condra, M., Kimura, K., et al. (2003) Determination of Molecular Weight of Heparin by Size Exclusion
Chromatography with Universal Calibration. Analytical Biochemistry, 312, 33-39.
https://doi.org/10.1016/S0003-2697(02)00428-1

Sommers, C.D., Ye, H., Kolinski, R.E., ef al. (2011) Characterization of Currently Marketed Heparin Products: Analy-
sis of Molecular Weight and Heparinase-1 Digest Patterns. Analytical and Bioanalytical Chemistry, 401, 2445-2454.
https://doi.org/10.1007/s00216-011-5362-z

Bisio, A., Mantegazza, A., Vecchietti, D., ef al. (2015) Determination of the Molecular Weight of Low-Molecular-Weight
Heparins by Using High-Pressure Size Exclusion Chromatography on Line with a Triple Detector Array and Conven-
tional Methods. Molecules, 20, 5085-5098. https://doi.org/10.3390/molecules20035085

Znl, R =R s 5 2 MO GBS BN E K T I R F B A TR R E Y
Zk &, 2009, 44(2): 140-142.

Hans X

SRR R BB AT 3K
1. FTHF%nM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THFRHEESE: [ISSN], HAWIF] ISSN: 2163-1557, BRIA&rif
2. FTHFEIM & T http://cnki.net/
S« PR SCRR A E” HEN, BINSCEARE, BT A

AmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE: aac@hanspub.org

DOI: 10.12677/aac.2019.91005 37 it it e


https://doi.org/10.12677/aac.2019.91005
https://doi.org/10.1016/S0003-2697(02)00428-1
https://doi.org/10.1007/s00216-011-5362-z
https://doi.org/10.3390/molecules20035085
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:aac@hanspub.org

	Comparative Study on the Determination of Molecular Weight of Enoxaparin Sodium by Broad Distribution Reference Substance
	Abstract
	Keywords
	对比研究宽分布对照品测定依诺肝素钠分子量
	摘  要
	关键词
	1. 引言
	2. 实验部分
	2.1. 实验材料
	2.1.1. 实验药品
	2.1.2. 仪器与试剂

	2.2. 实验方法
	2.2.1. 硫酸钠体系
	2.2.2. 醋酸铵体系


	3. 结果讨论
	致  谢
	参考文献

