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2.1
Agilent 1260 Infinity ( Agilent ); Agilent Zorbax SAX (250 mm x
4.6 mm) , - . Agilent1290 Agilent Zorbax 300SB Cq
(250 mm x0.3 mm) Agilent ; Thermo LTQ XL ( Thermo ) o
Spectramax M5 plate reader ( Molecular Devices) . 8 : AUA2S-GlecNAc6S
( D2A6) AUA2S-GlecNS6S( D2S6) AUA-GIcNS6S( D0S6) AUA2S-GIeNS( D2S0) AUA-GleNAc( DOAO)
AUA-GIecNS( DOSO)  AUA-GIeNAc6S( DOA6) AUA2S-GleNAc( D2A0) "' Sigma o
I( Heparinase 1) . [I( Heparinase 1I) . I Heparinase I) ( )
( ) ( ) ( )
( ) o
2.2
2.2.1 . . .
10 mg/mL 20 pL 180 pL (20 mmol /L Tris-HCl pH 7.6
5 mmol/L CaCl,) I T M 20mU 37°C . 232 nm
" (232 nm ) .
2.2.2 SAX-HPLC H SAX-HPLC
o o . Agilent Zorbax SAX
A 2 mmol/L NaH,PO,( H,PO, pH 3.0) B 1.0 mol/L NaClO,
0~25 min 97% ~65% A;25 ~50 min 65% ~0% A;50 ~70 min 100% B 3% A o
1.0 mL/min 232 nm o
o 232 nm o
2.2.3 s . . . .
Agilent1290 Zorbax 300SB C,,
A 5% B 70% o A B 5 mmol/L
<8 mmol /L o © 0 ~10 min 100% A; 10 ~25 min 83% A;25 ~40 min 68% A;
40 ~45 min 60% A; 45 ~60 min 40% A;60 ~80 min 100% B; 100% A 10 min.
Thermo LTQ-XL Xcalibur Quan Browser o
3
3.1 I I m
10 ( Flavobacterium heparinum)
o C4 C5
C=0
232 nm o 232 nm o
( 1o N .
232 nm
Sigma . 35 min
; N 50 min o 24 h
1h

24 h,
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3.2 SAX-HPLC 2330
Heparin 1
HPLC 223
Z 2.13r
8 SAX- o
g .
HPLC ( ; 2.03F Heparin 2
D OHO D OAO) g Nadroparin
: © DOAO S|
. . X Dalteparin
(10.4 min) DOSO(26.5 min) DOA6(27.5 min) P U "
D2A0 (29. 5 min) DOS6 ( 30. 0 min) D2SO 133 L, s ‘
(39.9 min) D2A6(42.7 min) D2S6(55.0 min) . 1020 30 40 50 60 70 24
Sigma ¢t (min )
o Sigma 1 uv
( 2A) 232 nm
D2S6 Fig.1 UV absorption of heparin lyase-digested heparinoids
67.2 % Heparin 1: ; Heparin 2:
D256 65% Sigma ; Exnoaparin: ; Nadropa—
rin; ; Dalteparin: ;. HP5:
Heparin heparin injection Enoxaparin Nadroparin Dalteparin and
D256( 2C) o HP5 ( Fondaparinux sodium) .
( 2D). (
2F F) (
) NaBH, ( anM) 1.
( GeNS( 6S) -GleA-GIeNS( 3S) (6S) ddoA( 2S) -GIeNS( 6S) OCH,
I . GleNS ( 68) -GleA<GIeNS ( 3S) (6S)  AUA2S-GIeNS ( 68)
OCH, " AUA2S-GIeNS( 6S) OCH, (D286 ) UV 232 nm
( 2A4)  SAXHPLC .
1 N
Table 1 ~ Structure composition and mass of disaccharides generated by heparin lyase [ Il and Il digestion
232 nm

Disaccharide composition calculated based

Molecular weight on UV 232 nm absorbance ( %)

Disaccha—

rides Formula Structure " . |
i;igcal [;Zlfcl;e _ Sigma-Hp Hpdnj  Enoxaparin Nadroparin Dalteparin ~ HPS
DOAO C14Hy NOy, AUA-GleNAc 379.1115 378.0949 5.7 4.8 3.7 4.4 4.7 ND
DOSO CoH9NO3S AUA-GIeNS 417.0577 416. 0404 3.6 2.6 2.7 3.8 3.2 ND
DOA6 Ci4HyNO4S  AUA-GIcNAc6S  459.0683 458. 0449 4.4 3.2 3.8 3.2 3.9 ND
D2A0 Ci4HyNO4S  AUA2S-GleNAc  459.0683 458. 0449 2.0 1.5 2.0 2.9 2.2 ND
DOS6 CpHoNOy;S;,  AUA-GIeNS6S 497.0145 495.9954 14.0 13.1 14.3 9.6 11.0 ND
D250 CpHNO7S,  AUA2S-GIeNS  497.0145  495.9954 7.5 7.0 7.1 7.1 6.0 ND
D2A6  C4H, NO;S, (ﬁg\l/t\zc%_b 539.0251 538.0044 0.7 0.6 0.7 0.8 1.0 ND
D2s6  Cj,H|gNO,4S, ~AUAZS_ 576.9713 575.9514 62.0 67.2 66.3 65.4 65.8 ND
GleNS( 6S)
D2S6"  Cj3Hy NOy,Ss A(U6Ag2)5(_)(élﬁNS 590.987  589.9872 ND ND ND ND ND 100
S 3
DOM6 CpH 30465, AUA-anM6S 402. 0037 401. 0299 ND ND ND 2.8 1.9 ND

ND: ( Not detected)
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Fig.2 SAX-HPLC chromatograms of heparin lyase-produced disaccharides
A: . B: o C o D: o E: O

: 1 DOAO; 2 DOSO; 3 DOA6; 4 D2A0; 5 DO0S6; 6 D2S6; 7 D2A6; 8 D2S6; 9 D2S6” ; 10 D2MO.
A: HP5( Fondaparinux Sodium) ; B: Heparin( Sigma) ; C: Heparin injection from shanghai pharma; D: Enoxaparin; E: Nadroparin;
F: Dalteparin. 1 DOAO; 2 DOSO; 3 DOA6; 4 D2A0; 5 DOS6; 6 D2S6; 7 D2A6; 8 D2S6; 9 D2S6° ; 10 D2MO.

3.3
Cig
( 3A) HPLC-SAX DOA6
D2A0 D0S6  D2SO o I GleNS
(6S) -GlcA-GleNS( 3S) ( 6S) AUA2S-GIeNS( 6S) OCH, UV 232 nm o
m/z 589.97 (129)

m/z719.13 AUA2S-GIeNS( 6S) OCH,( 3) »

m/z 456.97 m/z 521.55 GleNS( 6S) -GleA-GIeNS( 3S) ( 6S)

o m/z589.97  AUA2S-GIcNS( 6S) OCH, 232 nm

( 3)
2E  2F
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Abundance (%)
~
<

100 5
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200 Aﬁ\&
0 . A_Mf‘k__ | |
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[M-H] _
— 378.0949 R 411“(3'0'1 .
§ 100r B D0AO 100 ¢ Doso i
E 50 300 400 500 600 700 é 50 300 400 500 600 700
! mlz £ M mly
ER) . . ) e 2 gl . | f i |
< 0 20 40 60 80 < 00 20 40 60 80
¢t (min) t (min)
[M-H]-
[M-HJ* 495.9954
~ 458.0499 [M-2H+DBAJ
& 1007 p DoA6 X100 E  D0SO 625.1439
g D240 685.1628 \SJ D250
_g 50 30 400 300 60700 %% 50 300 400 5”’0/(3 600 700
=1 oy =] | -
'fC O L 1 L I E 0 L Il L ]
0 20 40 60 80 = 0 20 40 60 80
t (min) ¢t (min )[M-HJ’
_ = 5759514
100~ [M-H] IS -~
¥ 538.0044 o 100r G D256
D2A6 ~ 8
50+ A ‘ g 50- ‘
300 400 3/00 600 700 'g 300 400 5/00 600 700
0 . é 0 ‘ ‘
0 20 40 60 80 0 20 40 60 80
t (min) t (min)
100 H pose [M-H]"  HOOC 0S0.H g 1001 LDOM&_H], HOOC 0505
5899742 ( Q o . ( 503
HO )CH, g 401.029 HOC&/O/?\'OH
50 Ogoﬁ? NHSO:H = 50r ‘ OH OH
300 400 500 600 700 o S 200 600 800
mlz 3 mlz
0 ‘ = 0 . . . ‘
0 20 40 60 80 0 20 40 60 80
t (min) t (min)
3 AL B. DOAO
m/z 378.0949 C. DOSO m/z 416.0404 D. DOA6/D2A0
m/z458.0449 E. ADOS6  D2SO m/z495.9954 F. D2A6
m/z 538.0044 G. D2S6 m/z 575.9514 H. D2S6” N
m/z 589.9742 L. DOM6 N m/z 401.0299 o

Fig.3 Revers—-phase ion pair HPLC coupled with mass spectrometry analysis of heparin lyase-produced disac—
charides. A. Total ion chromatogram ( TIC) of dalteparin. B. Extracted ion current of DOAO and MS
(m/z378.0949) C. Extracted ion current of DOSO and MS ( m/z 416.0404) D. Extracted ion current of
D2A0/DOA6 and MS( m/z 458. 0449) E. Extracted ion current of D0S6/D2S0 and MS( m/z 495. 9954)
F. Extracted ion current of D2A6 and MS( m/z 538. 0044) G. Extracted ion current of D2S6 and MS
(m/z575.9514) H. Extracted ion current of D2S6" from heparin lyase-produced disaccharides of Fondapa—
rinux MS ( m/z 589.9872) and structure L. Extracted ion current of DOM6 from heparin lyase-produced disac—
charides of dalteparin  MS ( m/z 401.0299) and structure.

o m/z401.03(  3) . AUA-anM6S
HNO, GleNS( 6S) .NaBH, o 5600 ~ 6400 Da
3600 ~ 5000 Da anM6S
AUA-anM6S 1.9% AUA-anM6S 2.8% o
N DOM6 o DOAO DOSO

1.9: 5.1 HPLC-SAX-UV 53
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Heparinase Digestion-based Disaccharide Analysis of
Clinical Heparin and Heparinoids Drug

HAN ZhangRun' XING Xin-Hui’ YU Guangdi' ZENG Yang-Yang' ZHANG Li-Juan'
'( Laboratory of Marine Drugs Ministry of Education Ocean University of China Qingdao 266003  China)
*( Key Laboratory for Industrial Biocatalysis Ministry of Education Institute of Biochemical Engineering
Department of Chemical Engineering Tsinghua University Beijing 100084 China)

Abstract  Heparin and low molecular weight heparin have been widely used in clinical therapy as
anticoagulants in cardiovascular disease and in hemodialysis. Crude heparin is usually prepared from porcine
intestinal mucosa. Purified heparin is a mixture of polysaccharides consisting mainly of repeating GleNS( 6S) —
IdoA2S disaccharides and other disaccharides with different GlcNAc¢/GleNS + 3S + 6S-GlcA/IdoA + 2S
residues. Heparin injections are drugs prepared from heparin active pharmaceutical ingredient ( API) that is
prepared from crude heparin. Low molecular weight heparins are dominant heparin-based drugs used
clinically which are prepared by degrading heparin into smaller sizes. As a result low molecular weight
heparins are sharing the same major disaccharides but have different reducing and non—<reducing ends. In
current study we focused on the disaccharide compositional analysis of clinically used heparin and heparin—
based drugs. Heparinase I Il and Il were used to degrade all heparin and heparin-based drugs including
heparin sodium injection Enoxaparin sodium injection Nadroparin calcium injection Dalteparin sodium
injection Fondaparinux sodium into disaccharides. All the degraded products were analyzed by strong anion
high perforance liquid chromatography ( SAX-HPLC) coupled with an UV-detector. Commercially available
unsaturated disaccharide standards were then used for structral identification. Furthermore unusual
disaccharides present in Nadroparin Dalteparin and Fondaparinux were confirmed by reversed-phase ion pair
HPLC coupled with mass spectrometry. The developed method produced detailed structural information which
should be useful for quality control of heparin and heparin-based drugs.
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