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step ok ing speodvécsigarugensicstss idfutdngl Sieparins or low-—
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rbo r at emstry, 15(3), 351-360
(1996)); the second step is a 6-0-desulfation of the
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The first step of this conversion consists of a
glucosaminesmannosamine epimerization (T. Toida et al.,
J. Carbohydrate Chemistry, 15(3), 351-360 (1996)):; the
second step is a 6-0O-desulfation of the glucosamine,
leading to the formation of derivatives called 1,6

anhydro” (international patent application WO01/29055).

NaOH,60°¢ 1-Cyclization
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21 March 2007 - 2 This type of derivative is only

obt ai ned for ollgosaccharlde chai ns whose tern na

gl ucosanmine is 6-0- sulfated The percent age of
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sanple by the action of hepari nases, which are . in the
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In a firét aspect, there is provided a method for

analysing heparins or low—molegular—weight heparins to

carry out a search for the presence of o;igosaccharide

chains whose end is modified with a 1,6-anhydro bond,

characterized in that the following steps are carried

out:

1 - depolymerization of the sample by the actlon of
heparinases, which are in the form of a mixture
of heparinase ‘l (EC 4.2.2.7.), hepdrinase 2
(heparin lyase II) and heparinase (EC.4.2.2.8.)

2 - reduction of the depolymerizate '

3 - assay by high-performance liquid chrematography,
the chromatogréphic method used béing an anion-
exchange chromatography, in which a .mobile phase
which is transpareﬁt in the UV region .up to 200
nm is preferablf used, and in. which a=wmethod of
detection which makes it possible to selectively
detect acetylated sugars is preferablywused, said
method being carried out taking as @signal the
difference between the absorbence  at two
wavelengths chosen such that the sbsorpt1v1ty of

the nonacetylated saccharides cancels out.




which is transparent in the UV region up to 200 '
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whi ch nakes it possible to selectively detect

acetyl ated sugars is preferably used, said nethod

being carried out taking as signal the difference

‘bet ween the absorbence at two wavel engths chosen such

t Gat 4 heeslsel phépety, ofthdie nenguetyldeeda 1, 6-anhydro
s?ccharides ca cgls oyt. él Nhr%h 2007 . 2a In a second
a8t A het % s P BV ded A5 26T o) derivative of
formula (di saccharide 1) O2Na HzC OO OH O OH OH
HNSCaNa In a third ct, there is provided a

1, 6-anhydro derivat|Ve of forthfira T8 saccharide 2)

CONa HzC O OO
aspect, thereis p
formul a (di sacchari
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2b

In a third aspect, there is provided a 1,6-anhydro

derivative of formula {disaccharide 2)

FONa H,C—0

In a fourth aspect, there 1is provided a 1,6-anhydro

derivative of formula {(disaccharide 3)

e HC o

oSOa NHSO Na

In a fifth aspect, there is provided a trisaccharide

derivative of formula:
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SO Na The nmethod of analysis can be the folloxﬁﬁgﬁu%2007
The sanple to be assayed is depol ynerized by the

action of heparinases and 4 hen,-~ where appropri ate,

the depolynerizate obtained is reduced and then

analysis is carried out by high-performance |iquid

chr omat ogr ap The nethodoggngeflned above is

t heref.ore ch erized ¢f that there is a search for

t he presence ol i gosacchari de chai ns whose end is
nodi fi ed w
groups"). |
first of all
m xture of hepapga@ses and iin particul ar}heparinase 1
(EC 4.2.2.7.), heparinase 2 (W&Bakin |yas 3:$% and
heparinase 3 (EC4.2.2.8.)). (These enzynes are
marketed by the group G anpi an Enzynes).

International application W88/ 02400 describes a
mehBoehe@hodlepolanEry i Higchepoei Bhby failhepanignase and
neutralizing the anticoagulant activity of the
heparin contained in a blood sanple. 21 March 2007 3
Ther ef or e, disclosed herein is a nmethod for anal yzing
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.carrled out by high-performance 11qu1d chromatography.

The method as defined above is therefore characterized
~in that there 1is a search for the presence of
oligosaccharide chains whose end is modified with a

1, 6~anhydro bond (“1,6-anhydro groups”).

In particular, the samplé to be assayed is first of alil
exhaustively depolymerized with a mixture of
heparinases and in particular heparinase 1
(EC 4.2.2.7.), heparinase 2 (heparin lyase I1I) and
heparinase 3 (EC4.2.2.8.}). (These enzymes are marketed
by the group Grampian Enzymes) . International
application WO88/02400 describes a .method of
depolymerizing heparin by a heparinase and neutralizing
the anticoagulant activity of the heparin contained in

a blood sample.




3) assay by high-performance Iiquid chronatogr
Al so di sclosed herein is the nethod as defi nedagg%\z}mhzom

characterized in that the heparinases nay be in the
formof a m xture of heparinase 1 (EC 4.2.7.),
hepari nase 2 (heparin lyase I1) and hepari nase 3
(EC.4.2.2.8.). The depol ymerd zate thus prepared is
,]!;;kgen reated, preferably with an NaBH4 solution in
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in that the depolynerized heparin may then be
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dieBt¥tepddier nal Kght raial I bor oh dri de such
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Sy Cb? t%e I]!lstaﬁﬁydrocf erftspa sithea carrl @ ouf o by,
nidBlLE i Jmnce Li ﬂw d Chronat ography) and in
particu ar by a lé%t%ha §8SEnr dhat ogPdphyier2r ivrsh 3
(EOOZ . 23& . SThe, met hod of assay according to the
invention nakes it possible to clearly differentiate
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_hreduce the redu01ng ends which are not in' the 1,6-
. anhydro form (products descrlbed in patent appllcat10n~
WO 01/72762). Finally, in order to be able to quantlfy
the dlsaccharldes 1 and 2 descrlbed below, the sample
-0of  low- molecularuwelght heparln, depolymerlzed with

" heparinases, - should be reduced by the actlon of a
reduc1ng agent such as . NaBH,. '

Therefore, disclosed herein is the method as defined

above, characterized in that the depolymerlzed heparin

may then be reduced.

Disclosed herein is the method as defined above,
characterized in that the reducing agent is NaBH4.
- Another alkali . metal salt of borohydrlde such as

llthlum Oor potassium may be optlonally used.

The assay of the 1, 6'anhydr0 énds is then'carried out
_.by HPLC (ngh Performance quuld Chromatography) and 1n-
'partlcular by anlon exchange chromatography




- 4 possible to ascertain that | ow nol ecul ar- W?ﬂﬁﬂ&dlmxn
heparins do not satisfy the physicochem ca
characteristics of Lovenox and therefore are different

in nature. 5 The nmethod of assay according to the
invention may be applied to the industrial process
during in-process control -of3asanples in order to
provi de standardi zation of the process for

manuf acturi ng Lovenox and to obtain 10 uniform
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OOH N O Na O CSO Na NHSGBNa CSO, Na NHSO, Na OSO, Na
di saccharide 3 tetrasaccharide 1
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contain the 1, 6-anhydro end on the term nal 2iaen 2007

di saccharide unit and which do not possess a 2-0-

sul fate on the uronic acid of, said ternm na

di saccharide are conpletely &%polynerized by the 25
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is inthe formof the tetrasaccharide 1 (form

r &8 885HES 30 to heparinases). 21 March 2007 5 The

trisaccharide 1 (see below) is also present in the
Lxture. .1t is-derived_from t r o]
orbeea®enag o | EhuaT T sorRRARLOFL 08 akhERer may be
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of course the 8 elenentary disaccharides of the

heparin chain. 10 These 8 el enentary di saccharides are
narkeiredrnmert i cal depdbyymdei gatpany addneedidiiesn of the

di.sacchar.i des, werg, identi fied jn the m e b t

TsERGG BhL e fht (e o ar Bk D | AEr LS PYs Hivenox
desastharinded AldSgaitisid Af&/Sgal wBheh babdeat owifgi rthe
invention is therefore also the method as described
above, characterized in that the 1,6-anhydro residues

obtained during the depolymerization reaction are the

following:

co,Nao He - o | cozuao NP —
oR HNSO,Na OH
disaccharide 1 disaccharide 2

CoNa  uo o £O,MNa He” 050N He——0
o o ‘

(o]

0SO;Ma NHSONa 0S0,Na NHSONa . 650,Na
disaccharide 3 ' tetrasaccharide 1

All the oligosaccharides or polysaccharides which
contain the 1, 6-anhydro end on the terminal
disaccharide unit and which do not possess a 2-0-
.sulfate on the uronic acid of said terminal
disaccharide are <completely depolymerized by the
heparinases and in the form of the disaccharides 1 and

2. On the other hand, when said terminal saccharide

contains a 2+0-sulfate on the uronic acid and when it
is in the mannosamine form, the 1,6-anhydro derivative
is in the form of the tetrasaccharide 1 (form resistant

to heparinases).
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al kal i ne 2-0-desul fation of -1doA(2S)-GLcNS(6S)
of 1doA(2S)-GLlcNS-, leading to the formation %l @Q%hzom
gal acturonic acids. They are not usually present in

“the original structure of he30ar|n (UM Desai et al.

Arch. 20 Biochem . Biophys.,” 306 (2) 461-468 (1993).
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H / O4f \i
Hmﬁééﬁ\]ale'a@s%%gﬁgg’s%uc@%% l:{elom';llgﬂ\ﬂl rM %h@hbrﬁenon
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ALMveﬁ@;kl)\la HzC OGSO, ~Na CO~IJa /OSGBN3 H2C O 0 O /OH

. OH/OH OH OH OH OsOP. HN OSO Na HN

0S0,Na

CONa
CQ, Na
OH
O80;Na

NHSONa 0SO,Na
trisaccharide 1

The other constituents of the mixture are not
characteristic solely of Lovenox. There are of course
the 8 elementary disaccharides of the heparin chain.
These 8 elementary disaccharides are marketed inter

alia by the company Sigma.

Other disaccharides were identified in the mixture by
the method according to the invention: the
disaccharides AIISg,y and AIVSg.,: which have as origin
alkaline 2-O-desulfation of —-IdoA(23)-GlcNS(6S)- and of
~TdoA {25} -G1lcNS—, leading to the formation of 2
galacturonic acids. They are not usually presént in the
original structure of heparin (U.M. Desai et al., Arch.
Biochem. Biophys., 306 (2) 461-468 (1993).
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3-0-sulfated glucosam nes wthstand cl eavage

hepari nases and remain present in the form of
tetrasaccharides. 5 In the cgse of nost

| ow nol ecul ar -wei ght heparins, the heparinis

extraﬁ;rtaed frof pi g mucus, and these principal o

tetrg ar) dgs are r qrDeseﬁ't"ed bel ow. fftfey &%
resi t oHeN depo §,i ongan 10

the SEquence th af ty ntlthr

H

are synboly.zed™as fol l owst ALl aml| sgl u and

Allak1vsd#¢ (S. YAMADA, K. YcéhFﬂA M SUG URA, KmH“

KHOO_ H R MBR'S A DELL, J. Biol. Chem; 270(7),
4780 43“787 $1993) 21 Maseh 20Q7°% 7 CORa. H2CGHEBNA

co2 JX Q / oOH OH 0 Bs6N O

H S R g, C Gl H 6 oH

or A || -11s GfReNa 108 O+ H2C JP H

MNa H,C
0
)
oso,N

0SO.Na H.

. SOMa
0S0,Na
co,Na P copa Hzc,f:;so:,r:a
Q
O
0S80,

e 050 HN,

Als SO,Na
The oligosaccharides containing 3-0-sulfated

glucosamines withstand cleavage by heparinases and

remain present in the form of tetrasaccharides.

In the case of most low-molecular-weight heparins, the
heparin 1is exXtracted ffom pig mucus, and these
principal tetrasaccharides are represented below. They
are resistant to enzymatic depolymerization and reflect
the sequences with affinity for antithrombin III. They
are symbolized as follows: AIIla-IIsqu and AIIa-IVsgu-
{5. YAMADA, K. YOSHIDA, M. SUGIURA, K-H KHOO,
H.R. MORRIS, A. DELL, J. Biol. Chem.; 270(7), 4780-4787
(1993) ' ' S
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A UA- GLcNAc- GLcA- GIcNS(3S) or A lla-1Vsgl The f
constituent of the m xture cleaved with hepar|in1:r;112[|3rschzo07
is the glycoserine end AGLcA- Gal - Gal - Xyl - Ser (K
SUGAHARA, H. TSUDA, K. YOSH Dﬁ S. YAMADA, 5 J. Biol.
Chem ; 270(39), 22914-22923 (1995); K. SUGAHARA, S.
YAMADA K. Y‘QSHI DA, P. ogj@NaV\AARD J. F. G VLI EEENTHART;,

J. Bi ol . Chefi®® 267( 316 1578- 1533 ‘('13992) Hihe latter is
general ly

chr omat ogr aphy process USed for det er ni ni ng the, N6-

anhydr o gr oupg UARGIcNA cAlcAldIcNSB,65) Wl AraDs para “I'ng

t he various pol ysacchari des obtal ned after

depol yneri zation and treatnment with a reduci ng agent

such as Na@M4. Ani op-€RCMfange ctwomat ogr}fn PR (SAX) is
bl e

t he separp2 met hod whi ch i t sui for such
a conpl ums
filled wNLD BH SAX

type having
25 cm can be “Used. AllH Jge convent®onal coIHNrm

dianeters bet WeleJR écﬁ?c-%?cfk-%l&%) orll ]?ae_r\},lsed Sahe

The final constituent of the mixture c¢leaved with

heparinases is the glycoserine end AGlcA-Gal-Gal-Xyl-
Ser (K. SUGAHARA, H. TSUDA, K. YOSHIDA, S. YAMADA,
J. Biol. Chem. ; 270(39), 22914-22923 (1985} ;
K. SUGAHARA, S. YAMADA, K. YOSHIDA, P. de WAARD, J.F.G.
VLIEGENTHART; J.Biol.Chem.; 267(3), 1528-1533 (1992).
The latter is generally almost absent from Lovenox (see
NMR in Example 5).

OH OH
CO,Na P
Ie) OH e OH O o) G
i / HN
/6H 0 o} OH 8 COOH
0 .

éﬂ éH OH OH

AGIcA Gal Gai Xyl Ser

Another aspect of the invention consists in the
chromatography process used for determining the 1,6-
“anhydro groups. First of all, it involves separating
the various polysaccharides obtained after
depolymerization and treatment with a reducing agent

such as NaBH,;.

Anion-exchange chromatography (SAX) is the separating
method which is most suitable for such a complex

mixture.
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The equi pment used may be a chronmat ograph al | ow
formation of an elution gradient with a W detggpg?&ﬂ%007
nore preferably equi pped with an array of diodes in

order to be able to producq_%y_spectra of the 10
constituents and to record conplex signals, resulting

B:E:?) eﬁn'ﬁ% di f] prence petneen “%%a%g%?xrﬁg@;gg%%sleg of the

rent wavel engths and allowng t .
dépberiisordf déetiNre depvlngosapahbiirdessize &fl Swnm and

thi SLed P8 o def eghi hn NBYI h& Rhasgs] WRheh @&Brentional

transparent 15 in the UV region up to 200 nm are
pEelEmppdd amehiess PeEMVeGss LcBRv Rt 8n&l ™RoBRePpnESEd -
based on NaCl which have noreover the di sadvantage of
r%g%irin a assi vat ed chromat ogram.in or%g
wirttrst

r.to .
CGTFOSTYE Bower SOF Fhd CHRPEF dddOm™Rg the
ndbirivatpbasecfised 20 tieren wgkbdbenpr efidhabd y Ulasket eartor,

sodi_um e, t sul fo or. 4h e ;
SR BEL LI L C ool RN U BBk Sy oD AFRAELS in
sepdeat i &0 | P& r oave t ot . 5prodecer eP¥r alsPpctaapHifin the
then=egieRnek 3 | bobedizfth tdmpBexCcanyhahked hanfiting
by adding a salt_such as phosphate posséssing a

b&FPBY | ﬁgwpovsé%f%&rwe: PaRYe i sthet t 8PSOrRaRcehaftt 2
oljipeeelher at Rsve BEnByhyay Hid eéfarlplomn@t anglge d specific
chromat qgraphi c s ration_.conditions are gjve .
PSRty acc T O B . 05 oY this
by ypaddift | detoft HIPOME51 Bol phateB: wNA€ChO4arEN-transparent
NaH2P . brought .t o 0 addit] :
Héﬁtﬁgﬁﬁe%%fu?%%ﬁg%ra |eE é%ﬁrbﬁmtﬁgy OE?%§%%5?9%1 This
Merch uges7 copventionadi mobi@e= pBases= pges wn 9B purich
Thave0 MByedBer 8?thérhe SR RGN tQlgd hecpr esefduiring a

invention is therefore also, a nethod of anglySis as
dORSHAT 2466\ e Y CBE58P&EFon ipy order to wit stand the

corrosive power of the chlorides. The mobile phase used
here will be preferably based on sodium perchlorate,
but methanesulfonate or phosphate salts may also be

used.

The pH recommended for the separation is from 2 to 6.5.
Preferably, a pH in the region of 3 will be used. It is

controlled here by adding a salt such as phosphate

posSessing a buffering power at pH = 3 which is better

than that of perchlorates.

By way of example, standard chromatographic separation

conditions are given below:

Solvent A: NaHd,PO4, 2.5 mM, brought to pH 2.9 by
addition of H3PO,

Solvent B: NaClO4 1N- NaHzPO4, 2.5 mM, brought to
' pH 3.0 by addition of H3PO4

. The elution gradient may be the following:




10

15

20

25

30

35

i3 pesepel @ t@l@éwe%ﬁ Vaf yde

5 ani on- exchange chromat ography, characterized 4 &hatroo7
the - nobi | e phase which is transparent in the regli on
up to 200 nMis used. The subject of the invention is
nore particularly a 10 nobile phase as defined above
based on sodium perchlorate,” net hanesul fonate salts

or, ph%s%hate %algp ﬁ Amg@@ﬁg Mot _ |a@or5an%0 eCln — gg
mét hod

consi StS1'h 1 dét 66t 1 on od is
devel oped in order to increase the specificity of the

UMhdetaptien. d‘fsH}@%ﬁé%ﬁﬁegnv@ﬁkiéﬁccigarﬂh%%%f@ e also

have, "at “a given pH, fairly simlar UV spectrum, it
%1@%‘9 egPoVRebycSEpRgLEdon bY

sigass-8yYchakyag @ﬁrcsm@ﬂ@@r&ﬂaley, di & er eoeer besaveem t hgrat

absorbance at .2 wa ths _ chosen suc

R0 ORI ey bR e THONACK v P tF S SetEnkpr 4bg E¥ncgedon
ou¢ t25200 tMeisasseliel ow, 202 nm and 230 nmw |l be
chosen as detection and reference wavel engths and the
202-230 nm signal will be noted. The choice of course
dBpendibgrectt hefpHhd th&ensbione phagereadpasthentarby a

apbeyam sePe HBECEeSRAMKP ashbPebe rlsdde Rt I MyNium
of said 3 ondltlons) The nost suitabl e detector for

tHPEChi@ERRE quecTBaRRsUbAPNa i80S ALE 8 cPBrPRPBRbR HR Salts.

conpany Agllent Technologles In this case, a double

detecti on ied out at 234 nm, on.the e
SEhERGuart 39858 ahhnroBRCEnEoBREE SniRd thpngethod of

pdetetplenof 35 sel ective detection of acetyl ated

ol igosaccharides is illustrated in the figure bel ow

in which the UW spectrum of a sulfated disaccharide

Dkl tmetbofls isonpiaved apiach that ofdah atet yliacggase the

disaccharide Dektarpba. g3l Marehktd@d7 3Q nonacetylated
polysaccharides all have, at a given pH, a fairly
similar UV spectrum, it 1is possible to selectively
detect the acetylated sugars by taking as signal the
difference between the absorbance at 2 wavelengths
chosen such that the absorptivity of the nonacetylated

saccharides cancels out.

In the case below, 202 nm and 230 nm will be chosen as
detection and reference wavelengths and the 202-230 nm
signal will be noted. The choice of course depends on
the pH of the mobiie phase (adjustments of a few nm may
be necessary so as to be at the optimum of said
conditions). The most suitable detector for this
technique is the DAD 1100 detector from the company
Agilent Technologies. In this case, a double detection
will be carried out at 234 nm, on the one hand, and at
202-230 nm, on the other hand. The principle of
selective detection of acetylated oligosaccharides is
illustrated in the figure bélow in which the UV
spectrum of a sulfatéd disaccharide Delta 1ls is
compared with that of an acetylated disaccharide Delta
la.
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Std. 600 dls 400 E 800 Ala 33 200 JJf ~~ .

100 0 200 220 240 260 280 The subject of the pr%ﬁ%ﬁ#d12007
invention is therefore also a nethod of analysis as
defi ned above by separation bx ani on- exchange

chr omat ogr aphy, characterized% fi that 5 the nethod of
detection nakes it possible to selectively detect
acetyl aStdl sugars. The subject of the invention is

al so nost p eyl arly a nethod of anal ysis as
defined ab ar atron I 10 exchange

chr omat ogr aghy har g&gizec ({n that the selective
detection o yl ated sugars\i s carried out taking
as signal the difiference betweekh the absorbance at 2

Q

wavel engtstis{ chosen such that |theg absorptivity of the

nonacet yl atgd sagchari des cancel § out. 15 The
quantificatiion ol the 4 1,6-anhydro residues

descri bed above requires a syfficient selectivity of
the chronmmt-9gr aphic systemin reldtion to all the
other 21 Majch 200y - 11 cgnstitents of the

m xture. Hoyever,i t\he 2 disaccharkdes 1 and 2, which
are coeluted in gengral, are poorlly resolved with
respect t@-plla, iespecially as

Ala

pot )
2
TR . ST TR S N

100

A% 202 nm
AL 230 nm

e E T bt us ne r e o
200 229 240 260 280

The subject of the present invention is therefore also
a method of analysis as defined above by separation by
anion-exchange chromatography, characterized in that
the method of detection makes it possible to

selectively detect acetylated sugars.

The subject of the invention is also most particularly
a method of analysis as defined above by separation by
exchange chromatography, characterized in that the
selective detection of acetylated sugars is carried out
taking as signal the difference between the absorbance
at 2 wavelengths chosen such that the absorptivity of

the nonacetylated saccharides cancels out.

The guantification of the 4 1,6-anhydro residues
described above requires a sufficient selectivity of

the chromatographic system in relation to all the other
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the latter is present in the formof- its 2 a %ﬂqggfhéogy

~anoners. The identity of the 2 disaccharides 1 an

may be easily verified because they formin a few

hours at roon1tenperature_ig an aqueous sol ution of

Al'l's brought 10 to pH 13 by adition of NaOH. However,

i . doub tectij-on use acet

oFPBSga%E g?lgdesyfAl vléiﬁeAl q‘l’{#ﬁf )H %\/l T4 vegls 2
addsActharlidgen larand edsi Iwymctﬂ?erﬂlfef i Q@‘Ebﬂtﬁg The general
CQgéeﬁogkl?pEb%BRQ@doﬁlEﬁer@%@%ﬁtﬁ&% MeANUHRdSially as

forns he one d | esser degree the
gFBeosattRy Hi FmiGSaMtnel Bpithisr | TP oRfubi ch £s ¢ and B
papbhakky present for Alls, Allls and 41s when they

‘are in the term nal position in the oligosaccharide

chain. 20 In order to be able to quantify the
diraaccidgrtdesy lodndthe, 2t h@isa@tp]h@ri:xﬂes 1 and 2 may be

| ow- ol ecul ar-.wej g ri d ynerize
hgsgng agég%ﬁ§j¥£dﬁ%%%sgg ??gh qﬁ? ﬁbgﬁﬁy ﬁ?&rs at
CReomtere:raSUEeOMHHa@ @@e@t@ soloyionoaing ks /bxgypght

'\&0313 HR Badiliotp BfR n@oRNONESwdvé B, anPiBldouble
Thi's Teducti on has the advantage of ellnlnatlng t he

a,
odgﬁgﬁgppgnslgy 8§§ﬁvnguﬂettﬁ?§ﬁﬂ%ﬁqﬁﬂ ollgosaccharldes

-omgewml deztmg Alikg chrosetvgranedt ATNad1ls,30 are

S si.nce % gnonerlsns are el mnated and™
e§5§& ¥l FJePRETFBG8ti on of Alla reduces its retention
on the colum and all ows easy assay of the

LXF ac%%%rsl des 1 anfti gtllﬁ% g% ebgpgeaks F‘}ge PP]% anomeric
e "es "o ogra escri I gures
forms, on the one hand, and to a lesser degree the
glucosamine «» mannosamine epimerization which is
partially present for AIIs, AIIls and AIs when they are

in the terminal position in the oligosaccharide chain.

In order to be able to quantify the disaccharides 1 and
2, the sample of low-molecular-weight heparin,
depolymerized by heparinases is reduced by the action
of NaBH,4.

. < Hzc’ORs o
Q NaBH
OR, HN.\R

o anomer + [} anomer

This reduction has the advantage of eliminating the «

o B anomerisms by opening of the terminal

oligosaccharide ring. The chromatogram obtained 1is
simpler since the anomerisms are eliminated and
especially the reduction of AITla reduces its retention
oh the column and allows easy assay of the

~disaccharides 1 and 2.
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and 2 below clearly illustrate these phenonena
advantages of this nethod. 5 Finally, the subjéﬁt a&ﬂ%ﬂU?
the invention is also the novel saccharide

deri vatives obtained using the depolynerization and
reducti on process chosen fréfm ~di saccharide 1,

dlgacchar| %IS ccharide 3 an tri, charl%
§hehee s obe A T LT T e CRECF e 1 WigHEEe 1
haweverHﬁmuwmpreirhytngusha&aetEhesEX@mahembnalaﬁHuxhe
ﬁgé Fgegeggl rlzgkhgg is carried out for 48

roomtemmrMUreby|ﬂX|m;50rﬂ of a B
solution containing 20 mg/m of | ow nol ecul ar wei ght

h%ﬂg%. Othges g%%%dosz%éﬂldvkn%l%%Of?wé%§%'ﬁhe novel

acl sol ution_ at .0 containing 2 mM cal ci um
aéépahéraﬁa 20 1d%¥WthefBSA wickradmesl of BE&Ngt ock the

saleiébagﬁegﬁzhhgoﬁ Bﬁﬂartééé‘c@ﬁlor-fhepf&%@é J Onthchen from

rried out on of t rodugt epol yner
WPAREERBSKARR | haseliBgotRar HEE10fpl Bioaoan (Eard and
sektuthoshatid® gLl in 100 mM sodi um acet ate prepared
i medi ately before use. It will be noted that the
hepari nases are stored at -30C. The heparinases are
i fhe bekdnplsesl dtdlorw and tusdinaty t thei sigventpni without

g%gggﬂ?%irgifngﬁiﬂé Ehh%faﬁﬁﬁcéﬂh%b%r aqueous sol ution

at a concentration of 0.01 nol/I and
suppl enented wi th bovi ne serum al bumn (BSA) at 2
”EkahbleExanple 2: 35 NWR of Disaccharide 3 obtained
accor di to the pro ess .described above. Protaon

spBEt rURR gD, I9BE NS 12588k, I |ﬁa55?ﬁ9d3% fem, 48
ddouds7aandodhiz tehiperalnz2 biHmikind=8kz p1H®), RI1solution
N%B%Qaggggg 20 mg/ml of low-molecular weight heparin to

be assayed, 200 pl of a 100 mM acetic acid/NaOH

solution at pH 7.0 containing 2 mM calcium acetate and

1 mg/ml of BSA with 50 pl of the stock solution of the

3 heparinases.

The reduction is carried out on 60 pl o©f the product
depolymerized with the heparinases by adding 10 pl of
an NaBH; solution at 30 g/l in 100 mM sodium acetate
prepared immediately before use. It will be noted that
the heparinases are stored at -30°C. The heparinases
are in a buffer solution and their titer is 0.5 IU/ml
(bomposition of the buffer solution: aqueous solution
pH 7 of KH,PO; at a concentration of 0.01 mol/l and
supplemented with bovine serum albumin (BSA) at
2 mg/ml)- |

Example 2: _
NMR of Disaccharide 3 obtained according to the process

described above.

Proton spectrum in D,0, 400 MHz, T=298K, & in‘ppm:-3.34
(1H, dd, J=7 and 2Hz, H2), 3.72 {(1H, t, J=8Hz, Hé6),
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13 3.90 (1H, in, H3), 4.03 (1H, s, H4), 4.20 (
J=BHz, H6), 4.23 (iH t, J=SHz, H31), 4.58 (1ﬁﬁdﬁﬁ%h2°°7
H21), 4.78 (1H, in, H5), 5.50 (1H s, H), 5.60 (1H

dd, J=6 and 1Hz, H ), 6.03 (1H, d, J=5Hz, H4')]. 5
Exanple 3 NVR of the Tetrasatéharide 1 obtai ned

accaording to the process descri hed abov roto
spedfr dﬂﬂ%'n mppdi3)20d M, (M2 d8K H "g ' n40 (]]gq 59’ (‘?ﬁ-ﬁfﬂz'
SHeH?) 4 .3 R5¢ xw#it;nJ—ﬁﬁz) H3 B0 ¢1HS8 WﬂHHBhi)PQ’ , 4.78

Egﬁﬁien 3.7 ag % O (L 4H, uﬁif30| %ﬂk RﬂP'eéd J=6 and

HZHzAH@& Wor 6 s (1H, ah, H%ﬁHZbeﬁﬂééﬂ 5.20 and 5.40 15
(2H, in, HI' and H"), 5.45 (1H, in, H11" ) 5.56 (1H,
in, HI), 5.94 (1H, d, J=5Hz, H4) Exanple 4: NMR of the
TEB@E@@ﬁaﬁ de 1 obtalned accordlng to the 20 process

rl&@%@@%@tr%%&wﬂd@ D201 +890 elHaccb2diRgPR the
3 28 (i H, 1H, t, 7Hz), 3.79 (1H t, 7Hz),

3PF5CeER, d@SCGfHPFdaOG'G(lH s), 4.20 (1H, m), 4.28
(2H, ™), 4.32 (1H d, 25 4Hz), 4.41 (1H, s), 4.58 (1H,

Sbrgtolt b byt o, (b E@%ﬁ&ﬁ’%ﬁ%ﬁ ﬁ}é’*ﬁp%? 3.15
AGLEA- Gagoﬁab » X\A. 23e;£$pea®rgﬁﬁl |_Il:)203 HDO ( MHz gs ik’ ),
pB@%ﬁzén %OﬂleanE 47? fllé tu’nr%@%)lvgé Q:Jrrilgﬂex,

3.63 an
(.ﬁ@MHfldﬁ&s 91 (2HH2hyH33504 9%5(1H dd, 74 ’d/Ptﬁriz’)/HG”

2 tf\gﬂ?'{ﬁé 102 azd44g75ﬂl>|(_lﬁ$gt méfgthf )4. %&@éfén ds. ZtrIZ)an)d 5.40
{GH(TH, éﬂ'GPE? g 54 (P25, 1%%&Tr g% ng%Hﬁ

BhB)Hl), 5.94 (1H, d, J=5Hz, H4)

Example 4:
NMR of the Trisaccharide 1 obtained according to the

process described above.

Spectrum in D,0O, 600 MHz, (6 in ppm): 3.28 (1H, m), 3.61
(1#, t, 7H=z), 3.79 (1H, t, 7Hz), 3.8%5 (1H, d, 6Hz),
4.00 (1H, s), 4.20 (1H, m), 4.28 {(2H, m), 4.32 (1lH, d,
4Hz), 4.41 (1H, s), 4.58 (1H, s}, 4.61 (1H, s}, 4.90
(1H, brcad s}, 5.24 (1H, s), 5.45 {(lH, s}, 5.95 (1H,

s).

Example 5:
NMR of AGlcA-Gal-Gal-Xyl-Ser

Spectrum in D,0, 500 MHz (6 in ppm): 3.30 (1H, t, 7Hz),
3.34 (1H, t, 8Hz), 3.55 (1H, t, 7Hz), 3.60 (1H, t,
7Hz), between 3.63 and 3.85 (10H, m), 3.91 (2H, m),
3.96 (1H, dd, 7 and 2Hz), between 4.02 and 4.10 (3H,
m), 4.12 (18, d, 2Hz), 4.18 (1H, m), 4.40 (1R, d, 6Hz),

'4.46 (1H, d, 6Hz), 4.61 (1H, d, 6Hz), 5.29 (lH, d,

3Hz), 5.85 (1H, d, 3Hz).
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e 21 March 2007 14 Exanple 6 : Pr '
of the quantification In the nethod according tiln@ﬁ{e)éhezom

invention, the widely accepted hypothesis that all

the unsaturated oli gosaccharl des contained in the

m xture have the sane 5 notat4 absorptivity, equal to

5500 rml-l 1. cml |s rrade It IS therefore ossible to
— Px at ) paptificationpe

CQﬂStﬂHéJeﬂlﬁéﬁhéﬁltahﬁ:lodeﬁ@igynEbI TRy e N tlge widely
starti OW- ND ul ar - wei epa For the .4
138C8Rﬁ§8ro &lgrp SEs wh cor?igponéQFo e afapared
708;¢85andhé9;dehecbnthmwedg ipertbentdgesrby hawei dgite same
t 10 (Are N 4

AR ILReToe Tt s Rt o R 00,50 T B o
1210Areal3 Mwmx -Area Area, Area8, Areal3 and Areal9
CoE! %p%mrtecfo&@e eeeeelelii_oofd&@%ﬁfe ttl&e @e@@en%ag% by

. _The _nol ar nasses each hesSe
cUﬁfaSBﬁdso%r @1443th%4§015ﬁf5l%\‘1‘%“t1%16’f r*é%%eéﬂe%werzzed
Wﬂ.xtﬁl’r@a 1:rc0thesrymac£s:ﬂrsy t mawl’-ﬁbﬁécﬁlart—‘h@l@lﬁea I'prarln
eﬁch Ige CB gmato ramhy. f @ a}h c s fo
t h8%c es Ollidl ng™pY 84820 W “the %Jéﬁ ﬁggg

ot hehedadws M) &clld aandeil§ht thepéolbhosingli pdrcehtages by
pgéggﬂ%ageeogb%mgaacchar| de <chains ending wwth a

1, 6-anhy

ro rrng 1I's obtained in the fol l ow ng manner:
25 The ol ecul ar massesaof. (Ah&, GOl )t u;ents are the

% wf =100-
oW > Mw, - Area,

545- Area,,
Z Mw, - Area,

% wiw,, =100

1210- Area,,
> Mw, -Area,

% Wiw,, =100-

Areas;, Areas, Area;z and Area;s correspond to the areas
of each of the peaks 7, 8, 13 and 19. The molar masses
of each of these 4 compounds are 443, 443, 545 and 1210
respectively. }EDMH - Area, corresponds to the ratio of

the area of each peak of the chromatogram by the molar

mass of the corresponding product.

If M, is the mean mass of the low-molecular-weight
heparin studied, the percentage of oligosaccharide
chains ending with a 1,6-anhydro ring is obtained in

the following manner:

The molecular masses of the constituents  are the

following:
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followi ng: 21 March 2007 - 15 digosaccharid
A igosaccharide Ml ecular mass after reductio(raiulMimhzo07
741 2 20 401 3 3 734 4 21 461 5 22 461 6 23 503

7 7 443 8 8 443 9 24 503 10 25 563 11 26 563 12 27
563 - 13 13 545 14 28 605 ~15°29 1066 16 30 665 17

BT 965 18 3272 TI68 119 .T9 1210, Nonenclature of _the
2 QIRAPPAEEPARAFor | o SPOREEREE AR nb. puakgouler mass
according to Figuref hfard Zednchtdo:
a- L- | dopyganosyl uropi c acid; , A cA 741
3-D @ ucoOpyranosyl uroni ¢ _acid; Ad cA: |4, 5-unsat’urat ed
aci d: 4-d&oxy-a-L- {hreohexeh@pyranosy| uronic ddld;
Gal : D-Gakactose; [0 Xyl: xy ose; G cNAc: 734
P- deoxy- 2- acet am dot a- D- gl ucopyr anose; | G cNS:
D- deoxy- 24sul f ani do} a- D- gl ucdpyr anose; 461
5 22 461
6 23 503
7 7 443
8 443
9 24 503
10 25 563
11 26 ' 563
12 27 563
13 13 545
14 - 28 605
15 29 1066
16 30 665
17 31 965
18 32 1168
19 15 1210

Nomenclature of the saccharides and correspondence with

the peaks according to Figures 1 and 2

IdoA: a-L-Idopyranosyluronic acid;

GlcA: B-p-Glucopyranosyluronic acid;

AGlcA: 4,5-unsaturated acid: 4-deoxy—-0o-L-
threchexenepyranosyluronic acid;

Gal: D-Galactose;

Xyl: xylose;

‘GlcNAc: 2-deoxy-2-acetamido-oa-D-glucopyranose;
GLlcNS: 2-deoxy-2-sulfamido-a-D-glucopyranose;
23: 2-0-sulfate, |

35: 3-O-sulfate,

6S: 6-0O-sulfate

1: AGchByg_Gal Bi-3 GalPi-s Xyl P1-O-Ser
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(1-*4)-1, anhydro

2S: 2-0-sulfate, 35: 3-0-sulfate, 15 6S: 6-0-syl

1: A CcA(31-3 Gal (31_3 Gl (31_4 Xyl (31-0O Ser ehefi 2007

March 2007 - 16 2:

4- deoxy- a- L- threohexenepyrangégluronic acid

(1 *4) - 2- deoxy- 2- acet am do-a=bB- gl ucopyranosyl sodi um
&tcfc}agt%é& - _Ea %%h%xg%e %%anoé&ﬁuronlc acid-

4 deoxy a- ﬂrfhrebh@aeﬁye&e@aéaamvgyraﬂDsgkucuppnanosyl

aci d- 24 dndeqxy- 2- sul fam do- (3-D-gl ucopyranose

dlsodlunmsalt b

" 43deoxy- aAGLlchPechBrénBpyr GAbByL UKBAI B1i@Hz~COOH

(3->4)-2- qe@éﬁx%—&uit%%&@@h%xDﬂQE%%%@M%%Q%ﬁﬂran%@ y1l-

sodi um salt 6: ohexepe nosyl uronic
aci d- (1- u&PHZCdég%Q é1‘%%}E%T%%O%thsgg%ga%?%QgIuco-
pyranosylBstgduuﬁpyahhoge disodium salt

deoxy a L- threohe; enep éranos§ uroni g a 15. 4
(i +4) - SRRy 8- 5 §BoRg DX ERFPATAESSY uBShde 22
(3- D-gIucdﬂy&&hegedebxmmﬁtwuk@&ml@dfsabtgbmcdpyﬁanﬁsyl
4- deoxy- a- d&ghegggg 4- enepyranosyluronlc aci d-

deoxy- 2- sul f am do- 20

(8- D-wannépﬁﬁ@ﬁﬁs@ &r§b§ﬁghﬁganﬁp&aﬁ§@@aﬂaﬁpaé02PCQd~

4- deoxy- 2«Q-s4f £ 9- @adz § 1Y LONSXGNERYL BNOSHE T £ A QD Ly uco-
acid- (1- *4) 2- deoxy- Z- acet am do- a- D- gl ucopyr anosyl

dlsodlun1§§FPn9§Yiodlsodlum salt
47deoxy- a4Edbbk@gh@&“%hQ@eﬁéka@P@ﬁ%p@ﬁ@&bbylumenhc acid-

50 sul 1 o LB GF U B e T T 2 Sk o™
4- deoxy- aBEebt-hlechpyeaepyeaddsytiiinonselaci d-
(disaccharide 1) |

8: 4-deoxy-o~-L-threohex—-4-enepyranosyluronic acid-
(1—>4) -1, 6~anhydro-2-deoxy-2-sulfamido—
B-D-mannopyranose disodium salt
(disaccharide 2)

9: 4-deoxy-2-0-sulfo-a-L-threohexenepyranosyl—
uronic acid-{1—4)-2-deoxy~2-acetamido~
a-D-glucopyranosyl disodium salt

10: 4—deoxy—a—L—tbreohex—4?enegalactopyranosyl"
uronic acid-({l—4)~2-deoxy-2~-sulfamido-
6-0-sulfo-pf~D-glucopyranose trisodium salt

11: 4-deoxy-o~L-threohexenepyranosyluronic acid-
(1—>4)-2-deoxy-2-sulfamido-6~0-sulfo-
B-D-glucopyranosyl trisodium salt

12: 4~deoxy-2-0-sulfo-a-L-threohexenepyranosyl-
uroenic acid—(1—+4)—2—deoxy—2—sulfamido—
a-D-glucopyranosyl trisodium salt

13: 4—deoxy—Z—O—sulfo—a—L—threobex—4—enepyranosyl—
urconic acid-({1->4)-1, 6—anhydro-2-deoxy-
2—sulfamido—B—D—glucopyranose trisodium salt

{Disaccharide 3)
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(1->4)-2-deoxy- 2-sul fam do-6- O sul fo- 30

(3-D gl ucopyranosyl trisodiumsalt 12: 21 March 2007
4- deoxy-2- O sul fo- a- L-t hreohexenepyranosyl - uronic

acid- (1-*4)-2-deoxy- 2- squan&do- a- D- gl ucopyr anosyl
trisodiumsalt 13: -

eoxy- 2- O-sul f o- asL- t eohex- 4; enepyranosyl - 35 , _

u}gnlc acfddeprysz)01s@! %ﬂh?dﬁo Eragg§§gnep¥ranosyl
2- sul f am doefi3eDaglide 0pyrdnodedeox gollramretsalido-

(D saccharide 1 r 3 :
4- deoxy- Z%OSSUﬁ%fgaaE%t ?SéﬁgiéﬁgﬁéﬁénéglPOde%n?%;F
athd- (1-*4ydgogpoylothcephargpepyranosyluronic acid-

6-0-sulfo @-ikﬁuzuagﬁgjunxa6e&£mf@6hsuoéﬁﬂﬂféua D-gluco-
4- deoxy-a L- t hr eohexerie yr nosyl uroni ¢ acid

(1-*4) - 2- BEERPOBYAcéta d'T?Tﬁ%RHQRﬂ%éq9%¥hﬁﬁ9nlc acid-
pyranosyl(Qi;iﬂ%ziadbxy+zxguqfﬁﬁ&ﬂ%+ﬂ{ﬂﬂ3hkﬂb4h D-gluco-
(1-*4)-2- deOXﬁ g ng O suIEg-a-D—quco-

byr anbsyl PYRRHPAEDN RANbaRpILHR ta

41deoxy- 24edeukyGQa@tsuhfeehexenbpyohaﬂeyePyn@nqsyhfc
aci d-(1- *6): %_QGQZﬂa §—M alrﬁ dtﬁ)? —sulfamido=-

6-0-sul fo Iucopy anosy odlun1sa t 17:

- 4- deoxy- a5t0rﬁﬂéﬁhe&eﬁeﬁ%ﬁﬁﬁ@yyﬁapéﬁﬂct@E¥@50dlum salt

(37%4)-2- @38é¥x$ a9§t@HkQenéx@n§5§§9n53§&g£yﬁpc acid-
pyr anosyl 3- D- gl ucopyranosyl uroni ¢ acid 15

(1-*4) - 2- §QQ¥¥n%ﬂ?%ﬁ?ﬁ%ﬂdQT@nﬂ?§¥%¥q}a‘9 gluco-
g'UCOpyra@9§Mhb59EX@§€¥HlHBéBHgldébpyranosyluronlc acid-

R e e A
6- 0- suIfogmugbpynpyoayhbyhegas¢diuﬁ Basul fo-a 20
lngpyraQoaggg?of' ng%reoﬁxﬂsgﬂkgghégéﬁ?p% anos%l—

eoxy-2-0-su exenepyranos
aci d- (1- >u¥021§e@ﬂyd2(§tﬁ4znﬁTﬁﬁQ¥XT2 Sulfamldo‘

sul f 0- a- DgghUcQpPY§apo§yhebpyrdhodyd=suldn-3losulfo-a-
L-idopyranosyluronic acid hexasodium salt

15: 4-deoxy-2-0O-sulfo-oa-L-threcohexenepyranosyl-
uronic acid-{1—4)-2-deoxy-2-sulfamido-6-0-
sulfo-o-b-glucopyranosyl-(1—4)-2-0O-sulfo-o-L-
idopyranosyluronic acid-(1-»4)-1, 6-—anhydro-2-
deoxysulfamido—P-D-mannopyranose, hexasodium
salt (tetrasaccharide 1)

20: 4-deoxy—-o-L-threchexenepyranosyluronic acid-
{(1—4) -2-deoxy-2-acetamido-a-D-glucitol sodium

salt

21: 4-deoxy-o-L-threohexenepyranosyluronic acid-
(1>4)~2-deoxy—-2-sulfamido-f-D-glucitol disodium
salt

22: 4—deoxy—anL—threohexenepyranosyluronic acid-

(1>4) -2-deoxy-2-sulfamido-a-D~glucitol
disodiuvm salt

23: 4-deoxy-o-L-threohexenepyranosyluronic acid-
(1>4)-2-deoxy—-2-acetamido-6-0O-sulfo-

a-D-glucitol disodium salt
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salt 23:

i dopyranosyl uroni ¢ acid-(1->4)-1, 6-anhydro-2 25 aarch 2007
deoxysul f am do- ( 3- D- mannopyr anose, hexasodi um f
(tetrasaccharide 1) 20:

4- deoxy- a- L-t hr eohexenepyr anosyl uroni c- aci d-
(1->4) - 2-deoxy- 2- acetanido“a1§>glucitol sodi um salt

3Q.21: 4-de hr eqghexen ano Iuronlc aci d-
(1455 5 AeaRyESeobr aRiae- LBt hE BonEEnaPY aranY -
salt 22: 4rdamxyaaidruﬂFeoheamemwyiﬁnﬁnétmmmﬁc aci d-
(1->4)-2- gg X¥1 =gyl Ea -85 R—g|ﬂ%lt0| 35 di sodi um

g éx -a-| ﬁh exenepyranosyluronlc acid-
(2524)-2- éedﬁ?xl qcéréhwé@hsxenggaﬂ@ctapwrgngéwﬂumonlc
di sodi um gak - %i—$@ﬁ£@~&&9§ - A8 PAmi do- 6 ~O-sulfo-

4- deoxy- 2 O sulfo-a-L-threo exenepyranosy - uronic
aci d- ( 1-Bap-gdugdbry- EréEQQéHWdéa B-Dglucito

gQg@dlunlﬁaHé02§—a—L threohexenepyranosyluron1c5ac1da
eoxy-a re xenegal a nosy aci d-
o s R A L R P e o
trisodi unusht-gla6itol trlsodlum salt

eoXYy-ayL-= o aposy _
BT AR B P R b R L BOhExBE L By anogy)
trlsodlunusanLC1602¢ {(1>4)-2-deoxy-2-sulfamido-
4- deoxy- 2 Cbsghﬁglgo% Egﬁggagﬁﬁnggyﬁanosyl uronic

aci d- (1->4) - 2=deoxy- fam do-_ a-D gl ucitol
t EBsodi unfsdepxyg2—0O-sulfo-a~-L-threohéxenepyranosyl-

4- QSOX%’12E,QJ§§JU Scadl{t by eohexenepBaRasst anideni
acl

sl TRt Eer vap-ERL b lnr Shppanen salt

42deoxy- adtdébrgotiekxehbpybhorsybpypancsptuteonic acid-
(1f*4)'2'?f9%¥Y3§5H5%§§ﬂékﬁéké%ﬁ%ééikiﬁi%&ﬂf%i&—n—gluco—
pyranosyl- (1—4)~-p~D-glucopyranosyluronic acid-
(1—>4)-2-deoxy~Z2-sulfamido-3-0O-sulfo-
a~-D-glucitol) pentasodium salt
30: 4-deoxy~-2-0-sulfo~a~L~threohexenepyranosyl-
uronic acid-(1—4)-2-deoxy=-2-sulfamido—
6-0O-sulfo-o-D-glucitol triscodium salt
31: 4-deoxy-oa-L-threohexenepyranosyluronic acid-
{124} -2-deoxy—-2-acetamido-6-0O-sulfo-
o-D~glucopyranosyl- (1—4)-p-D-glucopyranosyl-
uronic acid-{1—4)-2-deoxy-2-sulfamido-3, 6~di-
O-sulfo-a-D-glucitol) hexasodium salt
32: 4-deoxy~-2~-0-sulfo—-a-L-threohexenepyranosyl-
uronic acid-(l—4)-2-deoxy-Z2-sulfamido- -
6-0O-sul fo-a-D-glucopyranosyl—-{(1—4}-2-0O-sulfo-
a—L—idopyranosylurénic acid hexasodium salt
{form reduced with NaBHy) .

Figure 1 _

Chromatographlc separation of enoxaparine depolymerlzed
with heparinases before and after reduction with NaBH,
(signal in fine black. UV at 234 nm; signal in thick
black: UV at 202-234 nm) - |




pyranosyl - (1-*4) - (3- D- gl ucopyranosyl uroni ¢ aci dy

(1-*4)-2-deoxy-2-sul fam do-3-Osulfo 20 a-D—gI&@H%%FTZOG?

pent asodi um salt 30:

4- deoxy-2- O sul fo- a- L-t hreohexenepyranosyl uronic

aci d- (1-44)-2-deoxy- 2-sul fakPdo-

6-Osulfo-a-D-glucitol trisodiumsalt 31

4- deoxy- a- L-t hr eohexenepyr anosyl uroni ¢ aci d- 25

( Flgh4e- 2- deoxycRranei agt fsh iz O swldarration of  heparin

a-,D-gl ucopyranosyl s (1-44) - ( 3-.D- gl ucopyr anasyl - _ur.onic¢

eI G R o PR O e
OrsdhfbtienD glibbi t BhBHhex@siamialm sal t £32e black: UV at
4-dQ0xY~ 2 Lf Q= axhb=thr engpyLan |_» <304k 0ni C

A2 T By B G B9t 250l

6- 0- sul f 0- a- D- gl ucopyr anosyl - (1-*4) - 2-0-sul f o-

a- L-i dopyranosyl uroni ¢ aci d hexasodiumsalt (form

reduced with NaBH4). 35 Figure 1 Chromatographic

separati on of enoxaparine depolynerized wth :

hepari nases before and after reduction with NaBH4

(signal in fine black: UV at 234 nm signal in thick

bl ack: UV at 202-234 nn) 21 March 2007 - 19 Figure

2: Chromat ographi ¢ separation of heparin '

depol yneri zed wi th hepari nases before and after

reduction with NaBH4 (signal in fine black: U/ at 5

234 nm signal in thick black: UV at 202-234 nm 21

March 2007 20 CLAIMS 1. A nethod for anal ysing

heparins or | ow nol ecul ar- wei ght heparins to carry

out a search for the 5 presence of oligosaccharide

chai ns whose end is nodified with a 1, 6-anhydro bond,

characterized in '
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that the follow ng steps are carried out: 1 - QflMarchZOO'?

depol yneri zation of the sanple by the action

hepari nases, which are in the formof a 10 m xture of
heparinase 1 (EC 4.2.2.7.), heparinase 2 (heparin

| yase 11) and heparinase 3 (EC 4.2.2.8.) 2 -

reduction of the depolynerizate 3 - assay by

hi gh-performance liquid 15 chromatography, the
CligRPgr aphi ¢ nethod used being an ani on-exchange
ctmomatogr aphy, in which a nobile phase which is
transparent in the Wregion up to 200 nmis

pdef er @nethmddfonndnehyshngh hapastingd cof tetrewtiemlar-
20 whi efeingkeshebapbssi bie kersel eshtvel y cdetrett for the
acet y| glreesie@ar 65| %mrg@‘s%n;@@iah@@edehémﬂ wWiRid0dend is
bei ng Garg| fg.%d()wlqttlla@ &qm d}fa UYL ANG8 zad in

bet ey, Lhe  3sqr bgnge uayelendy by ghosen suc
Lhat 1 ¢ ahgp §é?“$§ aggw%%&h nace Eat B e dgf Lo

saccha?‘ des 5’
claim1, ch&facteRarigwsas, tW]a%C]flh@rﬁep’d?lﬁ e form of a
depol yrer i z8dxbyrene aict | baperingepar ilnaséEC  4.2.2.7.},
(depol yner i bapeyxinasehen2subj{bepedino alyd@er edddilng and
agent. 3. Theppetihadeas ¢efised. :enscj aim 2,

char acgeci zggd{lamgﬁa&ftﬁ@er‘g al s NaBH4 or
an al kal L sal t the § Lan.
The netfhod ﬁFé 3 ﬁquld

ned_Tn claj %araterlzdln
that 'the mfF SiphY hastenies .kﬂ%ass - GheCshrtRrc | method
per chl or at e¥® &Sul Fonatdolaf¥s @pgﬁhgggﬁg{agography,
salts. 40 21n|\/yhéﬁh2@o7nobglle phase which is transparent

in the UV region wuwp to 200 nm is preferably

used, and in which a method of detection
which makes it possible to selectively detect
acetylated sugars ig preferably used, said
method being carried out taking as signal the
difference between the absorbence at two
wavelengths chosen such that the abseorptivity
of the nonacetvlated gsaccharides cancels out.

2. The method as defined in c¢laim 1, characterized in
that the heparin depolymerized by the action of
heparinase (depolvmerizate) ig then subjected to a
reducing agent.

3. The method as defined in claim 2, characterized in
that the reducing agent is NaBHy or an alkalili metal
salt of the borohydride anion.

4, The method as defined in claim 1, characterized in

- that the mobile phase used is based on sodium

- perchlorate, methanesulfonate salts or phosphate
galts.




5. The method as clainmed in claim1l1, characteri '
that the 1, 6-anhydro resi dues obtained during t%lgﬁakﬂzom
depol yneri zati on reaction are the foll ow ng; CO2Na H20

O 0 OHOOHOHHNS®BNa O0Q2 H0 /OO0 OH paNa OH
OX2Na H2C O OO0 ""H O OH OSG3Na NHSG3Na _. OSO3Na
CO2Na H2C H2O O COH O 002NaO OH O OH N 03Na (OsO3Na
NHS@BNa 0503Na 5 6. A 1, 6-anhydro derivative of

fog mul appd dhsokGhass 481 Hm&B2MR Hh4im01C characterized in
that the 1,6-anhydro residues obtained during the
depolymerization reaction are the following:

£O,Na
Vi 0
OH
HNSO,Na
ONe
QO

OH
CO,Na
2 HyC 0
N o
OH ') OH
080, Na
¥ NHSO,Na
OS0.Na
CO,Na G
o HC 0

7, | © :Go Nae; 0

OH OH z '
o Or 0O O N OaNa
| 0S0,Na NHSONa 0SO,Na
5 _
6. A 1, 6-anhydrao derivative of formula
{Qigaccharide 1) :
CONa M
{) 2
/gH o
OH : '
HNSO,Na
10 - | |
7. A 1.6-anhydro derivative of formula

(disaccharide 2)




~H O OH OH HNS5O3Na 10 7. A 1, 6-anhydro derivatd\
formula (disaccharide 2) 21 March 2007 22 Oz’jl\]la\ﬁi]ﬁ%2007
O CHNO3Na OH 8. A 1,5-anhydro derivative of formula
(di sac- charide 3) ZNa Hzc--,0 0 O //OH 0 OH OSGaNa
NHSOyNa 5 9. A trisacchari 5e derivative of fornmula:
C011Ve OSOyNa OH 0 xNaO O OH OH OH 050~f Va NHSOyNa
OSQOgt Ja

CONa
Z H2 e
o
/ O
H O /OH NHSONa
OH

8. A 1,6-anhydro derivative of formula (disac-

charide 3)
A HE o
0
A 0
OH O oH
OSO,Na
NHSO,Na
9, A trigaccharide derivative of formula:
/ G 8] 0
QH Na
o < on OF OH
s)
OS0,Na




