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3% G sconversion of the glucosamines. of:
the reducing ends of the cligosaccharide chains.

The first step of this conversion consists of a
gluc-osamineHmannosamine' epimerization (T. Toida et al.',. .
J. Carbohydrate Chemistry, 15(3), 351-360 (1996) ); the

‘second step is a 6-O-desulfation of the g}.ucosamlne,

leading to the formation of derivatives called “1,6
anhydro” (international patent application WO01/29055) .
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the foll ow ng: "The sanple to- be ‘assayed is

depol yreri zed by the action. of heparinases and then
where .appropriate, the depolymerizate obtained is
reduced and then analysis is . carried out by

hi gh- perf or mance I|qU|d chroﬁ%tography The method as

d d A haracteriz
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“(slo6sankyee@ . groups”). In particular, the sanple to

be assayed is first of all exhaustively depolynerized
with a mxture of heparinases and in particul ar

hehaﬂpﬁxﬂ%ﬁtd§§36f2021éobacﬁﬁﬁ%ﬁ6%a%%éﬁﬂ§eQﬁBéQ end is -
and heparln 8.))

EC4
| le%?égngél r e "iPkefed ! %;e 9% u P &hnpisan agnz%-@gqtural

Thbasabiectsofct heof nvehél omlﬁgdéﬁcﬂ{ﬁﬁ@h”ﬁ&ﬁQgrﬁeor of
w ol ec eparins
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out: 1) depolynerization of the sanple by the action

'ofhehwééi?@e§nvgﬁtg€ﬁassa ﬂﬁ{lé a%gnsg ggCté naOfmethod

the depolynerizate per ornan e
| 95 & r&iﬂfﬂ%gb&ﬁﬁymﬂhe @ubljneéecularthelghverhepm:ms

|anmereapareyb@:téﬂyhﬁovgﬁéﬁod as defined above, .
characterized in that the .

~ The method_of analysis according to the invention is
the following:

The sample to be assayed is depolymerized.by the action.
~of heparinases and . then, where appropriate, the
‘depolymerizate obtained is reduced and then analysis is
.carried'out by high~-performance liquid chromatography.

The method as defined above is therefore characterized
'in  that there is a search for the presence of
cligosaccharide chains whose end is modlfled with a
1,6-anhydro bond (“1,6-anhydro groups”).

In particular, the sample to be assayed is first of all
exhaustively depolymerized with a mixture  of
heparinases  and = in particular heparinase 1
(EC 4.2.2.7.), heparinase 2 (heparin lyase 1II) and _
heparinase 3 (EC4.2.2. 8.)). (These enzymes are marketed
'by the group Grampian Enzymes).

The subject of the invention is therefore a method for
analyzing heparins or low-molecular-weight heparins,
characterized in that the following steps are carried
out: _
1) depolymerlzatlon of the sample by the action  of
heparlnases '
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heparlnases are in the formof a mxture of heparlnase

1 (EC4.2.2.7.), heparinase 2 (heparin lyase Il) and

heparinase 3 (EC. 4.2.2.8.). The depolynerizate thus

prepared is then treated p_r%_l_erably W th an NaBH4

solution .in sodium acetate. he latter operatl on

MBKes. whbrB08sbPbEy i 8t SPCELLLERI LY oF CPHECOLI) vherizate
uci ng ends ch -an y FSF i

( ?odu@ §aEe§Erhb%@ Pﬁrﬁﬁf@ﬁﬂcapbiﬁ@adlohrwmhtography

01/72762). Finally, in order to be able to quantify

ot di saccharides 1 and 2 described bel ow, the sanple
of APo g
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hepbhodases, dfduledl baboaeycedhlyabheragbloniQf #hat the

h b t of . the |
e T e St p%fﬁc?#g Byei RE ammgnase

a?s d&G néd abole), chapactieniseed® i(hephatnt Meyase II) and

e [ sgthen reduced. The subject of
?ﬁgﬁ%%gﬁ%%oﬂ @@?r{bs%] %ar rcul arly the nethod as _

defi ned above, characterized in that the reducing

apest bepba Agekhek ralskal Ag Sall Otpen treated
bor o % drF eﬁg%rl as |ithi Sm o‘?rép% assi um may 56 reate

SERPLY WHAED “The NaBHsy $plytion enamwxMemﬁaste -
tThm latteedopetathwnHHdEdéﬂiﬁ1ﬁ@ééﬂﬁﬂ@nﬁg @ﬂ%ﬂf%lcally

0 ph and in rticul ani on- exchange N
Cﬁgoma% o%?%ph%gdu%% ne%rﬁcgsd ?‘lggs #%c&?rtdl Ag t%h? he 6
iFnerdronfepked piroduptssidesecrtided e | padeﬁf:era@jgilllaia&lon
WQYQﬂP%Tfféﬁvtrﬁhnally, in order to be able to quantify

" the disaccharides 1 and 2 described below, the sample

of low-molecular-weight heparln, depolymerized with
heparinases, should be reduced by the action of a
reducing agent such as NaBH,. '

The subject of  the invention is therefore more
particularly the method as defined above, characterized
in that the depolymerized heparin is then reduced.

The subject of the ihvention is most particularly the
method ‘as defined ‘above,_'characterized in that the
reducing agent is NaBH;. Another alkali metal salt of
lbOIohydride such as lithium or . potassium may be
optionally used. ' :

The assay of the 1,6—anhydro ends is then carried out
by HPLC (High Performance Liquid Chromatography) and in
particular by anion-exchange chromatography.

The method of assay according to-the invention makes it
possible to c¢learly 'differentiate Lovenox from the
other low-molecular-weight heparins which do not -
contain these ™“1,6-anhydro” derivatives. Conversely,
the method of assay abcoxding to the invention makes it
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ot her | ow nol ecul ar-wei ght heparins which do not
contain these "1, 6-anhydro” derivatives. Conversely,
the nethod of assay according to the invention nakes
it possible to ascertain that |ow nolecul ar-weight
heparins do not satisfy the |§hy3| cochemi cal

i : I St -of Qx ang.therefore are different
?Eaﬁggﬁ$éis #%2 geSh%%%%ﬁnassg$agtcor%ﬁWﬁPQ%?qqﬂﬁr“WEIth

i AFEAEEBA maydde appti ed sao itdfy i ndtljhér! a|p}gggQLQﬁ§c§-1emi,cal
' ' ' S 0 a S-Ln order t.o
ddhhﬁ@ct@r@§@£§§ of %Werrglfx t%%ép?g%g%gofsr are CIlfferent
miRuP&EPEPI ng Lovenox and to obtain uniform batches.
After enzymatic depol ynerization and reduction of the
the 1, 6-anhydro derivatives of Lovenox

NG s A58y T aferOtme Sebjam bRvemeion may be
i nwebtédn dcs toher efatesalksalt heroes bgd cﬁ&ﬂﬁfcwﬁ%%mess

h hzed in that the 1,6-anhydro residues
b erof BE S EEIRES Y UMeR | St PEAV 80 St datel et Lon
fof | B ngrocess) for manufacturing Lovenox and to obtain
uniform batches. '

After enzymatic depolymerization and reduction of the
reducing ends, the 1, 6-anhydro derivatives of Lovenox _
exist in 4 essential forms. The ‘subject of the
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: ' | |

O

0S0,Na
disaccharide 3 _ ' ~ tefrasaccharide 1

All the oligosaccharides or polysaccharides which

- contain the 1,6—anhydro end on the  terminal
- disaccharide wunit and which do not possess a 2-0-

sulfate on the wuronic 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-O-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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~contain the 1, 6-anhydro end on the term na

di saccharide unit and which do not possess a 2-0-
sulfate on the uronic acid of said ternna
di saccharide are conpletely depolynerlzed by the

hagamﬁﬁgggbﬁggadél1h§m%grgé9£ h?sdkﬁﬁfChar'des dg$nghe

" t he .ot her hand en sal term
FOREHETRs 4248 GRyited orwheneOc deddadati sheprotess

Wi iich tﬂ@dmnﬂ@saﬂbn@tfr%%rteh%e&o@a aw%a%%efhgggﬁggon
$ sk Lhe f rnlof the tetrasacchari de

Pe§Fsta hep né&ﬁﬂleahhedﬁPQimmﬂnmzamaqh of
Lowenbl) ow) |s also present in the mixture. It is
derived from anot her degradation process which |eads

to the strogdNaire bel ow (FE&dNI ng phenonenon observed
during the chqy1cal depol yneri zation -of - Lovenox) ..
(err) /ghe rc bt uents o m xture are
not cha LAt here- are of

cour se

chain.. These 8s8hg y 1di S are marketed

inter alia by the conpanyrSijga. OSO,Na
| trisaccharide 1.

. The other constituents of the mixture are not

characteristic SOIély 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 Slgma.

Other disaccharides were identified in the mixture by
the method accordlng to the invention: - the
disaccharides AIISga and AlVSga:y which have as origin

~alkaline 2-0O-desulfation of ~IdoA(28) ~GlcNS (6S)~ and of

~IdoA(2S) GlcNS— leading to the formation of 2
galacturonlc acids. They are not usually present in the
original structure of heparin (U.M. Desai et al. Arch.

Biochem. Biophys., 306 (2) 461-468 (1993). -
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Ot her di saccharldes wer e |dent|f|ed in the mxture by

the nmet hod according to the invention: the
di saccharides All Sgai .and Al VSgal which have as orlgln
al kal'ine 2-0-desul fation of gldoA (2S) -GLcNS (6S) -
and of IdoA(ZS) G cNS-, leading to the formation of 2
' ing"8ci ds: They are ngf usually present in
tructu of h arln (U. ForNDe s ai nast
' [ OgH (2/- 63—o.
€s ¢ v nrg” OH
3- O sul f aved ghucosan1HES i t it and cl @avage by
hep¥ i nases and remai-n prAcre‘)gent 1%t he for m®¥s " “sopa
tetrggaccharjd@s. In the case of nost o
| owJ} ecuf*hr - wei ght rinse-¥He hepagn is _osop
‘extdeact O nd se prihctigpal
tet £s ar e K¥presered ow. &Th
resi st@nt to Rzymat i c ol'y zation r ]
the sequences WFth affinity,for™agtithroftbin 111 wlhe
are synbolized as follows: Alla-11sgiu and AIPEEHVSSQ
n#NADAHpKH YOSHI DA, M SUGIURA,H K- H KHOO,

H R

The ollgosaccharldes containing' 3-0O-sulfated
glucosamines withstand cleavage by heparlnases and
remaln present in the form of tetrasaccharldes |

In the case of most low-molecular-weight heparins, the

“heparin is extracted from pig mucus, and these.

p;incipal tetrasaccharides are represented below. They

are resistant to enzymatic depolymerization and reflect
the sequences with affinity for antithrombin IIT. Théy

are symbolized as. follows: AlIa~-IIsg, and AIla-IVsgy,.
(S. .YAMADA, K. YOSHIDaA, M. SUGIURA, K-H KHOO,

 H.R. MORRIS, A. DELL, J. Biol. Chem.; 270(7), 4780-4787

(1993)
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The final constituent of the mixture cleaved with.
hepari nases is the glycoserine end AQ cA- Gal- Gl - Xyl -

"Ser (K. SUGAHARA, H. TSUDA, K. YOSHI DA, S. YAMADA, J.

Biol. Chem ; 270(39), 22914-22923 (1995); K. |
SUGAHARA, . S. YAMADA, K. YOSHI'DA, P. de WAARD, J.F.G

VLI EGENTHAR. J. Bi ol . Cheone, 267(3), 1528-15 1992) .
The latter iasaogenerﬁdcl y al nost &gasaent fr@;ﬁ’%geé%ox
e

(see NVR 4 a OH 10 I t Xyl. Ser

Anot her ti ' _

chr omat ogr ap ed®f or o
~anhydro group®! First all, it igyolves Sepgrating

the various polysacchari “aes obtained after HNJ,SO-
depol yner i zatA GA-GIENAtGIeA RIS WisB) oR ATTRONET NG AYent
such as NaBH4. Ani on- exchange chronat ograp (SAX) is

‘the separating net hogS ai.ch i's nost suitable for such

a conpl exf%"0 mi xt ues. OH A¢omdNNIl SO Na_AH -
UA-dc : 3,.6S) or ' OH OH OH OH
Colurms/dulle tio

Spheri sol o | ey’s: pum and
a length of e used. Alll the c i onal

col um di aneters betwe#n 1 mm and®4. 6 mm capybe used.
| AUA-GlecNAc-GIcA-GIeNS(S) or ATla-IVs,, 2

_The final constituent of the mixture cleaved Qith
hepa_rinases is the glycoserine end AGléA—‘Gal—Gal—Xyl— |
Ser (K. SUGAHARA, H. TSUDA, K. YOSHIDA, S. YAMADA,
J. Biol. Chem.;  270(39), 22914-22923 (1995) ;

- 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}. |

Xyl Ser.

Anothe;: 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. - ' ' ' :



The equi pnrent used may be a chronatograph al l owi ng the
formation of an elution gradient with a-UV detector,

“nore preferably equipped with an array of. diodes in

order to be able to producq_gy_spectra of the. o
constituents and to record conplex signals, resulting

f cemy diffe ce ween t I ce
di f&gr“ﬁﬁ V\faivejl[ﬁgt r‘?’g%g’nd. o %%ﬁﬁgﬁﬁﬁ‘??‘;pe%ﬁ?% of the
dEPEELRGRTEr “AdetiNRR SR bingosapehbirdes sike afl dwpm and

thi sledyfte of .dF3 eehi @un "BEI he Rhasgs) Wi &b€ventional
tggﬁsBPr%ngmln the UV re |€n up to 200 nm are
preteMEpPaamehfLS BREIGEDs LBy &AL 8n&l MRoBRRebphusesd.-
based on NaC which  have noreover the di sadvant age of
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b gl qutipait a0g U ohek g, TP BSERLS

sBPEPAL i R | £ r ARLR t ot®. SProfueter HYl y speqiita n afe the
reghetiehedty ldndecysededdd | So@dk OkligdHer e Pé/sulting
agdlng % sal&gﬁﬁgg as phosphate "possessing a

boF PBri hSpo TG PeHRen | sthet t absoghancehatat 2
ogiﬁéerbhbrahasveléhgﬁﬁ@'Oknﬁﬂag§h$0w§h§ndafﬂe  specific
c aphi ration..conditions are give ]
A TR A L T i R A
byyPadeitt idek est 18P0 408l M nph&Bse Na@h D4h1 str NetHPRQparent
2iR e POOUMGEiSh up to 200 nm are preferable. This
excludes conventional mobile phases based on NaCl which
have moreover the disadvantage of requiring a
passivated chromatogram in order to withstand the
corrosive power of the chlorides. The mobile rhase 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
_cqntrolled here by adding a salt such as phosphate
possessing a buffering power at pH = 3 which is better
than that of pefchlorates. ‘ '

"By way of example, standard chromatographic separation

conditions are given below:

Solvent A: NaHzPO4, 2.5 mM, brought to pH 2.9 by’

| addition of HsPO, | -

Solvent B: ' NaClO, 1N- NaH;PO,, 2.5 mM, brought to
pH 3.0 by addition of H3PO4

The elution gradient may be the following:
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H 3.0 by addition of H3PO4 The el ution gradi _en? may
‘gethefollovving: T=0mn: %8B =3;, T=40 mn: 9B =

60; T.= 60 min: %8 = 80 The subject of the present
invention is therefore al sog a method of analysis as
defi ned above by separation’by ani on-exchange
ahr=0wekogr . 3¢haraci@niizedsjn t ’t thg%rrr{ﬂot%{}l e
phase which is transparent in the. UV-r egl p

200 nMis used. The subject of the invention is nDre

Pae t subfactyof thebi ﬂﬁeﬁra:selz%rsi@iéﬁ eQF a*EH‘é%e%%%d a0

te,. met hapesul fonate sa
%ﬁ%%gﬁ%?:EEQF ﬁ YSARotder Y%nPYa§ﬁ§éﬁat10n by
W's@%chanqme C:tetdmm:t@gfrag}q; eCLdHHract/éz][Ethé‘t?d ll(%S ttﬁl
[ e i ncr aset e eci fici

it R e i Rackhat e bVamesion
YR Z0 ailemgad. a falrly simlar. UV. spectrum

it is pOSSI ble to sel ectively detect the acetylated |
sugars ak| ng as signal the difference between the

oFBQH%‘é at®% el BRFENEior hdsenmeueh pta‘tai:l.dlh]early a

rgdisidrept | phéyeof afshg F@mﬁg%gl ag%edsggggeal decfrll cag%(a
l.n.the case be nm

p%?elr?fa%‘é:e'dé‘{egcjﬁ%ﬁ Nadfee Sdiide mam@h@emhm

202-230 nm signal mAII be noted. The choice of course

AYRRERIS 3t important aspect consists in the method of

detection.

A wmethod is developed - in order to increase the
specificity of the UV detection. As nonacetylated
polysaccharides all have, at a given pH, a fairly
similar UV spectrum, it is 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 mobile phase (adjustments of a few nm may
be necessary S0 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 detectlon_

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 below in which the UV
spectrum of a sulfated 'disaccharide Delta 1s is
compared with that of an acetylated disaccharide Delta

la.
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the pH of the nnbile_phase (adj ustments of a few nm

may be necessary so as to be at the optimum of said
conditions). The nost suitable detector for this
technique is the DAD.lloo_di ector fromthe conpany
Agi | ent Technol ogies. In thi's case, a double detection

w 'l be,carried out at- 234 nm on the one hand, and at
20_2-23(§St -on the other hand. The. -principle of
sel ective on.of | at ed ol i gosaccharides is

hesfi e bg\ow in which the W

f at echlgi sadcharide Delta 1s is

at of an acqt W at ed di saccharide Delta
la. (err) subj ect of {th& present invention is
t her ef or®® \ A net hod of |anal ysis as defined above
by separatijon b ani on- exchhange chronmat ogr aphy,

iy that the nethdd of detection makes

el ectively jdetett acetyl ated sugars.
e invention is also nost particularly
anal ly§i s as defijned above by separation by

spectrum o

it possibl
The subj‘®
a method o

~ exchange ciir omat aphy, chgractekized in that the

sel ective of acetyl ated\sugars is carried
out - takn t he dijf ferenge between the
absor bance] at 2 wave 3§ chosen such that the
absorptivi{y of théﬁhonacet at ed \sacchari des cancel s
-out. ng_yuanéification of |[th® 4 1}6-anhydro residues
1 3 iy
Q &
1 % i
7R o
07_'
200 Ca ot e #0

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 pf analysis as'defined above by separation by
_exchange chromatography, characterized in that the S

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 quantification of the 4 .1;64anhydro residues
described above requires a sufficient selectivity of
the_chromatographic system in relation to all the other
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descri bed above requires a sufficient selectivity of.
t he chromat ographic systemin relation to all the
other ~constituents of the mixture. However, the 2
di saccharides 1 and 2, which_are coeluted in: ge_neral
are poorly resolved wt h.'_r'e%i!aeﬁtfto Al ; ai, t gsgegl glnldy

roi resent in.the form of oz
gﬁg%rg?gh@h%ﬁe iggﬁtifi'y?/leof (&2 G sacclfagdes 1 a2 2
Rayapehagisepy vend i 2d bddais e tdieycbduiedn i ffWeral,

r r e re._ n ue, SQ|Lﬂi‘Qn of _
s o eunt ro Ry EasRel, Y e STy ras
ﬁbﬁbllé‘tt(f’g? et?i BFSSeNisetn the afety| atfedits 2 o and B
shogesaccharides = AlVa, Alla, Villa, Ala, o
VIla-1Vsgzu_and Alla-llsgiu are easily identifiable.

"The causes of splitting of the peaks are the anoneric
- Foensdaortitthe ofie thand2 antkdcciat 89687 10eghge A Nfay_be

j .ery ), mannosari ne epi merization which. '
%%%%ugﬂyfrfgrfé%éfn%b?%?“i?l ?,heﬁm STBndTAI 8 Viesh hpeys at
pen temparaterei hal apositieonsi Bot]_li_le..if@hl ?ﬁsgqq@aquqﬁght

[ Al e ~ab t ant | e .. .
o aL A BBt GahA VY, it doupie
$ Tt X ul BF - WeFehi hepari pcetgdpdledneildedsby-charides

Aoy | ngges s rrducgdsby '\flglu%c—af\ﬁé %Fn ar?éll&g?]g%ﬂ ] ;rg;)are

S,
- ot e m _ a '

15

The causes of splitting of the peaks are. the anomeric
forms, on the one hand, 'and to a lesser degree the

‘glucosamine « mannosamine epimerization which is
- partially present for AIls, AIIIs 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 NaBH4.
Hcho& ' { . _ . . HICIORG .
_ 0 NeBH,
ﬁ@‘“* T \E(*w
ﬂN\R OR; o OR, ) . HN\R
This reduction has the advantage of'eliminating_the o

oR,

o anomer + B anomer .

< P anomerisms by opening of the terminal _
oligosaccharide ring. The: chromatogram obtained 1is
simpler since . the anomerisms are - eliminated and

- especially the reduction of AIIa reduces its retention
~on  the «column and  allows easy assay of the

disaccharides 1 and 2.
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‘(err) anoneri sims by opening of the term na

ol i gosaccharide ring. The chromatogram obtained is
sinpl er since the anonerisms are elinminated and _
especially the reduction of Alfa reduces its retention
on the colum and all ows e§s§2a§3ay of .t he

' The exanpl.es of chromatograns
ggggfﬁ%&%kﬁﬁgklgures Hom %ﬁﬁﬁﬁ?qﬁblgﬁﬁﬁFéﬁﬁﬂy 30| §iopaees 1

t ABde Zpheioverel eand it hil 1 ashveat @gese ob phbﬁﬁméh?g%nd the
F EofU t e invention is. al'so the
ngeg%h¥§%%§h3§lggfge??égégves obt ai ned using the

depol yneri zati on and reducti on process, chosen from

dFsﬂazhﬁrlﬂﬁelsughééﬁceﬁrhﬂ% %nv@#%@%ﬁhir'%ﬁé%zﬂhe noﬁel_

ccharide 1. ~The exanples be om1|IIustrate

_|n3%ﬁ ?Bhdﬁﬁtrunﬁer#ﬁﬁﬁﬁﬂﬁs haV|ﬁ§télnBﬁ1t|ngu51ng th

ctiapatyesrizOxbopl eadd Tf@:it@cﬂ?:ryd@t ' &?ébﬂ orfrom-

duganiedqul 107 48 DU ;g",g{“ ) esg?g,fqﬁgﬁ;d%f 3 and

I?ﬁ@$ﬁﬁ@hﬂﬂ¥dGWEJght heparin to be assayed, 200 pl of
a 100 mM acetic acid/NaOH solution at pH 7.0
containing 2 mM cal cium acetate and 1 ng/m of
> WRRTEG a5 BEloWe slbuktsetet|thecﬁ1nd§ntibn without

ynerized wt e heparlnases by

. hmvm&ﬁﬁwln(?lﬁljﬁﬁ&ﬁa%ﬁ%gﬁéf ed out on 60 pl of

t he product
addi ng 10 pl of
Example 1:

The enzymatic depolymerization is carried out for 48
hours at room temperature by mixing 50 pl of a solution
containing 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 vl of the stock solution of the
3 heparinases.

The reduction is carried out on 60 pl of the product
depolymerized with the heparinases by adding 10 pl of-
an NaBH; solution at 30 g/1 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
(comp051tlon of the  buffer solution: ‘aqueous solution

'PH 7 of KHPO; at a concentration of 0.01 mol/l1 and

supplemented with ©bovine serum albumin (BSA)  at
2 mg/ml). ' ' ' '

Example 2: .
NMR of Disaccharide 3 obtalned according to the process

descrlbed above.

Proton spectrum in D0, 400 MHz, T=298K, & in ppm: 3.34

(14, dd, J=7 and 2Hz, H2), 3.72 (14, t, J=8Hz, HSE),
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an NaBH4 solution at 30 g/l in 100 mM sodi um acetate

prepared i medi ately before use. It will be noted that '

the heparinases are stored -at -30C. The heparinases
are in a buffer solution a_pd]0 heir titer is 0.5 IUmn
(conposition of the buffer ut i on aqueous sol ution

DTN LAl Sl § a2

Exdippire t2: TviRizof Hjs)acchaw dé18, ohat,alﬂzed, 4.78
a«;mrdmog Hm ths. B0 Oqass desgqj bed %Bovgm Pr@& J=6 and

'S%&l%t Ej@p 52782&% éi-ﬁg f'}/l:zméf-g%zzggﬂK‘(lH t, J=8Hz, H6),

390(1H M H3), 4.03 (1H S, H4), 420(1H, d, g
),. 4.23 (1H t, J=5Hz, H3'), 4.58 (1H, in,

Fﬁ;??ﬂpﬁe;% (1H M H5), 550(1H s, H), 5.60 (1H,

d¥#R Je6 &he TﬁﬁraadﬁdhaﬂidEBKidbtéhné&5hﬁcokﬂlhb to the

ExA0Rd &5 Sdé\jol\@rﬁé thg JeLrasaccharide 1 obtained

according to t process described above. Proton
spectrumin D20, 400. MHz, T=2 98K, 8 in ppm 3.15

%ﬁ&%ﬁ %g:%tg%%slﬁlbzo r1n4Hé_gunrerso vegg o1 8: 2’)9 5%}“1) 3.15
| #16 v B 33 L Hs M2 Py 3/|€@ (lHr H3''),
'Het3dden i?75oglﬁqgr14fﬁm QQMWPen Eﬁ%%g 5Q56 %%ﬂplex,_
(Bhudludl 92”(1H¥x2d)/ﬂja_gi;z4 Vhg " HA7TJHSY T JHE! 1,
H27'"/H3'’'), 4.75 (1H, m, HS), between 5.20 and 5.40
(2H, m, H1’ and H1’7), 5.45 (1H, m, H1’’’), 5.5¢ (1H,
m, H1), 5.94 (1H, d, J=5Hz, H4) '

Example 4:
NMR of the Trisaccharide 1 obtained according to the
process described above.

Spectrum in_Dﬂ), 600 MHz, (§ in ppm): 3.28 (1iH, m),_3.61
(lH, t, 7Hz)( 3.79 (1H, t, 7Hz), 3.95 (1H, d, 6Hz),
4.00 (1H, s), 4.20,(1H, m), 4.28 (2H, m), 4.32 (14, d,
4Hz), 4.41 (1H, s), 4.58 (1H, s), 4.61 (1H, s), 4.90
(1H, broad s), 5.24 (1H, s), 5.45 (1H, s), 5.95 (1H,

s).

Example 5:
NMR of AGch—Gal—Gal~Xyl—Ser

Spectrum in D,0, 500 MHz (8 in ppm): 3.30 (1H, t, THi),
3.34 (1H, t, 8Hz), 3.55 (1H, t, 7Hz), 3.60 (IH, 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 (1H, d, 2Hz), 4.18 (1H, m), 4.40 (1H, d, 6Hz),
4.46 (1H, d, 6Hz), 4.61 (l1H, d, 6Hz), 5.29 (1H, d,
3Hz), 5.85 (1H, d, 3Hz).
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‘. Exanpl e 4: NVR of the Trisaccharide 1 obtained.

according to the process desc.ri bed above. Spectrum
i'n D20, 600 MHz, (8 in ppm 3.28 (1H, m , 3.61
(1H, t, 7Hz), 3.79 (1H t, 174Hz_) 3.95 (1H, d, 6Hz),
4.00.(1H, s), 4.20 (1H,- n) 428(2H m, 4.32 (1H, d,

 Ebadp1d @1 (Hnd)p14 08 | 481 (1H s), 4.9.0

TH, . broad.3) - 5.95 (1H,
Jir) th Exé‘iﬁﬂl'@dé agmr@;ng\(;t@A-tm @@W-@Q}ﬂl-oﬁﬁl‘ tigpeattemy
adtdﬁﬂdeOOhﬁﬁgtﬁésiQ PPRhat 3. %ng ?%ﬁ 7Hﬁ£s§ﬁgfa%

CEJ Sdesde %%%55 (1Hfﬁﬁdl7nt)tgh% IQJ.LX’(QH? hyve3tBé same
A G ) cdwitioan 502 g iy 10n{i3He pie,

4.12 (1H, d, 2Hz) 4.18 (1H, m) , 4.40 {iH d

4.46 (1H, d. 6Hz), 4.61 (1H, d, 6Hz), 5.29 (1H, d,

T3HA)s 113168@1‘(@16; p:bsssil-liﬂ)e thﬁmméd enbné E’jtiéntﬁﬁgggn@ggghgy
el f t th accord 0

L BEat Pl el oL e A o ey iR a1 vapFized

mtlﬁéu&ﬁsa%ﬂré?th@d Shirybac dlvar-mbde cadntmiwesdstith héparln

. FﬁSertﬂH@ ha\/l% d-Re SRR, _@%ﬂv@@f@é@t Lol b go%sgcm% to

500 cm1l7is t heretore pos
?‘ §n 71e pafc ér?trag’éh%y f O\Joélogfhngofpﬂmertttaeges by

wecnghtl Etln‘enbbtaflnteble depol yneri zed -

443-(Area, + Areas)
> Mw, -Area,

% Wiw,,; =100-

545-Area,;
-ZMW,‘ -Area,

% W/w,, =100-

1210-Area,,

% Wi, =100-
VWi Y Mw, -Area,

Areay, Areasg,- AreaB and Area;s correspond to the areas

.0of each of the peaks 7, 8, 13 and 19. The molar masses

of each of these 4 compounds are 443, 443, 545 and 1210
respectlvely zghhv -Area, corresponds to the ratio of

the area of each peak of the chromatogram by the moiar
mass of the corresponding product.

If My is the mean ~mass o©f the low—moleCular—weight _

‘heparin - studied, the percentage of oligosaccharide

chains ending with a 1,6- ~anhydro -ring is obtalned in
the following manner:

- The molecular masses. of the constituents are the

follow1ng.



m xture in the starting | ow nol ecul ar - wei ght hepari n.
For the 4 1, 6-anhydro derivatives which correspond to
.the peaks 7,8,13 and 19, the follow ng percentages by
wei ght are obtained: . (err) _ _Area7, Area8, Areal3 and
Areal9 correspond to_the.aréés' of each of the peaks

7,78, ggg 9, . [he,,mol ar SSEeS, of [eacn. of trese 4
Céﬁ%ﬁﬁ%%% arééﬁ%é.,_tﬁig?§ﬁ§ HFi2210| r¥opeerivel pass
Mv. - Area. correspondsfitar thmiuation of  the area of
each pealk of the chromatogram by the nolar mas of
|the corresponding product.  1f Mvis fhe nmean s -of

the | ow ol ecul ar-ywei ght h@parin studlied, thelol
per cent age of olig)saccharig? chai ns|endi ng mﬁ%ﬂ a
1,6-anhydro ring i $ obtained in the follow ng nner:
The nol ecul ar mass¢s. of thélconstitugnts are 4éle
following QA igosaccharideghi gosaccharide Mlggul ar
mass aftqf reducti pn 11741 220401 33784 421461 g22461
623503 23 . 503

7 | | 7 443

8 .8 443

9 | - 24 o 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 19 - 1210

Nomenclature of the saccharides and correspondence with

the peaks according to Figqures 1 and 2

IdoA: a-L-Idopyranosyluronic acid;

GlcA:  B-D-Glucopyranosyluronic acid;

AGlcA: 4,5-unsaturated ~ acid: 4-deoxy-o~L~
tbreohexenepyranosylﬁronic acid; ‘

Gal: D-Galactose; -

Xyl:  =xylose;

. GlcNAc: 2—deoxy—2~acetamido—a-D-glucopyrénose;

' G1cNS: 2-deoxy-2-sulfamido-a-D-glucopyranose;

2S: 2-0-sulfate, '

38: 3-0O-sulfate,

6S: 6-0O-sulfate ,

1: AGlcABi-s Gal Bis GalPy, Xyl Pl-O-Ser




.77443 88443 924503 1025563 1126563 1227563 1313545
1428605 15291066 1630665 1731965 18321168 19191210 -
* Nonencl ature of the saccharides and correspondence.
with the peaks according to gigures 1 and 2 |doA:
a- L- 1 dopyranosyl uronic acia;_dcﬂzéa A A 5. unsat ur ated
f3.D-d uc osyl uronic acid; cA: - uns at e
agfd: 44dgg§%§g§L¥ ﬁh?56ﬁ8§8ﬁ8B§P5ﬁ6§9PMFBHP@lﬁcaé;d |
@&l : D- Géﬂa'b% MdemmaCWém—Mj%yranosyl
2-deoxy-2sgg§5ﬁngggta-D-gIucopyranose, Gﬂg :
2-deoxy-2-sul f am do- a- D- gl ucopyr anose; 2S:
: 238- sul f afELcAk-33Gal ofi-4 a@@l&-ﬁSin-m—mlcﬁ-Igt-eO@H
5 AE&CA(31—3‘&@bx9133LC%hEéqﬂe§¥h—Qﬁégéfﬁétoéyranosyl—
' 4- deoxy-a-L-threohexenepyranosyl uroni ¢ aci g+

C(1-->4) - - PEORBR Y21 e bt 2 ) deR e ooy amwisio -

B-D-glucopyranose disodium salt

5: 4-deoxy-a-L-threchexenepyranosyluronic acid-
| (1f94)—2~deoxy—2—sulfamido—a—D—glucopyranosyl_
iO : ' - sodium salt ' | '
6: 4—deoxy-a—L—thredhexenepyranosyluronic acid—-

(1—94)-2—deoxyi2—acetamido—6—0~sulfo—awD-gluco-
pyranosyl disodium salt
7: - '4~deoxy—a-L—thrébhex—4»enepyranosyluronic acid-
15 (1->4) -1, 6-anhydro-2-deoxy-2-sul famido-
B-D-glucopyranose disodium salt
(disaccharide 1)
g: 44deoxy—a—L~threobex—4—enepyranosyluronic_acid—
(14} -1, 6~anhydro-2-deoxy-2-sulfamido-. |
20 ~ B-D-mannopyranose disodium salt
 (disaccharide 2)
9: - 4-deoxy—2-0—sulfo—a—L—threohexenepyranosyl~
uronic acid~(l—+4)-2—deoxy—2—acetamido—
_ a—D—glucopyranosyl disodium salt’
25 10: 4-deoxy~a—L—threohex-4—enegalactopyranosylv
uronic acid-(1—4)-2-deoxy-2-sulfamido-
6-0O~sulfo-B-D-glucopyranose trisodium salt

i1: _ 4~deoxy—a—L~threohexenepyranosyluronic acid-
o (1->4) -2-deoxy-2-sulfamido-6-0-sul fo-
30 _ B-D-glucopyranosyl trisodium salt
12: 4—deoxy*2~0—sulfo—a—L—threohexenepyranosyl—

uronic acid-(1-4)-2-deoxy-2-sul famido-
a~D-glucopyranosyl trisodium salt
13; o 4—deoxy—2—o—sulfo—a—L—threohex—4-enepyrandsyl~
35 : uronic acid~(1—%4)—1,6-anhydro—2—deoxy*
| | 2-sulfamido-B-D-glucopyranose trisodium salt

(Disaccharide 3) .
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X32. - O CH2- - 000H 4: _ _ .
4- deoxy- a- L- hhr eohex- 4- enegal act opyranosyl uronic
acid- (1->4) -2-deoxy--2- suli§n1do- (3- D-glucopyranose
di sodium salt 5:

44deoxy-agl oRexe aposy

ooy 2 St Qﬁ%?fﬁ BB HE B R B ogg%tt
6: 4- deoxyranacmpé@lnéi Wwontetaido-

(1-4)--2- GeOX}ZuZf@C&tﬁ%Q9t@p9r§H5§91atpisghﬁfﬁﬁ salt

‘pxéanosyl di,sodi um

doxy- a*T9ERF¥ofek: £r€ﬁ8EﬁﬁﬁﬁﬁgyﬁﬂPéﬁﬂErﬁﬁﬂﬁ acid-
(1->4) - 1, 6lantydr-aiebpaxyade @il 610-sul fo-a-D-gluco-

4Pagzg;u;8€¥éﬁﬁg§ hg;§%ﬁ'ﬂgﬁi al_t (dlsacchan(ﬂzplc ac1d—

(1-34)-1, 61amﬁhmﬂfﬂébx&ﬁﬁqsd&EﬂﬂﬁdﬁnXkD—sulfo—a—D -gluco-

1-D4wanngﬁ%£gg€$glg éggkreo§EU$ &gigaccharide 2) 9:-

4- deoxy exenepyranosyl - uronic
atPd- (1-4a9eoxnyreolyselfectahy toreahxghepppgnangiyl

di sodi um@ﬂ&»ﬁléoacm (1—>4) -2-deoxy-2-sulfamido- .
4- deoxy a L-thr enegal act opyranosyl - "uronic

aci d- §uﬁ€%x?»§ ¢irfapyHenosyl tetrasodium salt
61Dz suI foé{&&@m%ﬁ@@ﬁéxéﬁé PEANBE GBhkoRie acid-

_f‘zfjﬁgéiy?&fsuffh%‘?n‘g“e%?.”%c;&%#ﬁ Gidayrsco-

.trisodiLHEE%ﬂnoai& 1—94) -B-D~ glucopyranosyluronlc acid-

oo o R S o o
trisodi urdlkig qpyranosyl) hexasodium salt
18: 4-deoxy~2-0O~sulfo-g-L- threohexenepyranosyl—
' uronic acid-(1->4)-2-deoxy-2- sulfamido—
6-0-sulfo-D-glucopyranosyl-(1-»4)-2-0- sulfo—a~
_ L- 1dopyranosyluronlc acid hexasodium salt
19: ~ 4-deoxy-2-0-sulfo-o-L- ~threohexenepyranosyl-
uronic acid-(1—4)-2-deoxy-2-sulfamido-6-0-
sulfo-a~D-glucopyranosyl-(1—4)-2-0-sulfo-a-L-
_ idopyranosyluronic acid-(1—4)-1, 6-~anhydro-2-
deoxysulfamidd—B—D—mannopyranose, hexasodium
'salt (tetrasaccharide 1)

20: 4—deoxy—a—L-threohexenepyranosyluronic acid-
- {1->4)-2- deoxy 2-acetamido-a~-D~glucitol sodium
salt
21: 4—deoxy-a—L-threohexenépyranosylﬁronic acid-
(14) ~2~deoxy-2~sulfamido-p-D-glucitol disodium
salt _ | _
22: 4—dery—a-L—threohexenepyranosyiuronic acid-

(1—4)-2-deoxy-2-sulfamido-a-D-glucitol
- disodium salt | _ | ‘
23: .- 4~deoxy—a—L—thréohexenepyranosyluronic acid-
" (1-4)-2-deoxy-2-acetamido-6-0- sulfo—
o-D- gluc1tol dlsodlum salt
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13: 4-deoxy-2-0-sul fo-a-L-threohex-4- enepyranosyl
uronic acid- (1->4) -1, 6-anhydro-2-deoxy-

2-sul fam do- - p- D-gl ucopyr anose trisodi um sal t

(Di saccharide 3) 16: _
4- deoxy- 2- 0-sul f o- a- L- threoh%xenepyranosyl- uronic

aepd- (1-).- deo Lfa _
29%>suffohaé%Pgﬁﬁgo§y§g%ggy# F afhag O exenegﬁgaf?syl

4- deoxy- aVECPHFedFdLer épyt Emdrsyd er i caeet anido-
'(1 >4) - 2- @G@Kbi%cﬁ%%ﬁaHEQBGQuﬁ syhto-a- D-gl uco-

etrasodl um’s

nosyl - | ucopyr anosyl uroni c aci d-
34)y- (é@8%§ %‘&uF 5&P88X§neea ACEORYIrReOsYburonic
gIucopyraa@iﬁk)1heXﬁSDdd@ﬁ& isdBfamido-6-0-sulfo-

d 2 h ranosyl - uronic
ol do {1 BapygiEes SHLGPHERRasaLE

'625-Su|f04 Degkyeopyrahosyhexéhepd4hnodyDursntibaaeidd:
- 4-deoxy- - nepy. 0S uronic
e i g dadsly SISO 8008 <o

6- 0- suIfoaaDDgéPGé§99r§ﬁ®§9dlumlsadtun1salt 15:

4zgeoxy- a4LdteewobeéeasmaaoﬁykH&eehexaﬁtegyrghoéh-
- 2- deoxy- 2- acet am ¢q- 6- O sul f o- - a-
pyranosylu(?néﬁ)aEléFéFUEUmﬁ7ﬁﬁR%N Tﬁ#%f%ﬁlép“
(1-34)-2- deD*giﬁciublaﬁkﬂgoétﬁmSth@ a- D-?Iu co- -

i nosyl uroni c ac
ﬁéggggzyh%1§enta8? ta -L~- ggggogexe epyranosyl—
4- deoxy- 2uﬂesmtfecadt(1hwéohbxﬂnﬁpw+2Hmﬁa&amudwnc

o bR A e g
i 43¥pyr ano$yPePBHT - hct rephexanepyragoayhpdonie acid-
deoxysul f arigpr(B-dEdBATRRHANRS 0 TEXRSOH #50¢ - D-gluco-
pyranosyl-(1—4)-B-D~glucopyranosyluronic acid-
(154)-2-deoxy-2-sulfamido-3-0-sulfo- |
~a-D-glucitol) pentasodium salt
30: 4-deoxy-2~0-sulfo-~a-L-threohexenepyranosyl-
. uronic acid~(1—>4)-2-deoxy-2-sulfamido— |
G—O—sulfo—ahD-glucitol trisodium salt
31: 4—deoxy—a—L-threohexenepyranosyluronic'acid—
- (1—>4)-2-deoxy-2-acetamido-6-0O-sulfo-
a-D-glucopyranosyl- (1—>4)-B-D-glucopyranosyl-
uronic acid-(1—->4)-2-deoxy-2-sulfamido-3, 6 di-
O-sulfo-o-D-glucitol) hexasodium salt

32: 4- deoxy—Z—0-sulfo—a-L—threohexenepyranosyl—

uronic acid—(1—94)—2-deoxy-2—sulfamido—
'6-0—sulfo—a—D~glucopyranosyl—(1-+4)—2—O—sulfow
o-L-idopyranosyluronic acid hexasodium salt
(form reduced with NaBHg).

Figure 1 _

Chromatographic separation of enoxaparine depolymerized
with heparinases before and after reduction with NaBH,4
(signal in fine black: UV at 234 nm; signal in thick

~black: UV at 202-234 nm)



20:salt (tetrasaccharide 1) acid-
"~ 4-deoxy- a- L-t hreohexenepyranosyl uronic
(1->4)-2-deoxy- 2-acet am do-a-D gl ucitol sodium salt
21: .4-deoxy-a-L-threohexgnfgyganosyluronic aci d-
(1--.4) -2-deoxy-2-sul fam do-(3-D-glucitol disodium
salt 22: 4-deoxy-a-L-threohexenepyranosyl uronic acid-
%1-34)-2< eoxy: 2-sul fam do-a-D-gl ucitol disodium salt
§9558e0x€=a-53JKPEBHEM€H%E¥?ané§?ﬁ@ﬁ@ﬁp@ actfl- heparin
(eépodyx2rdeedy- 2vitget ARGl f Bedoled! USLEO! sfter

' ' S L 24 . . . :
gbggg%% %iﬁpféﬂ%@f}-t_ﬂﬁé@ﬁéﬁenéﬁyr AhBSy| blagkhi UV at
défdnm¢ 1signa) if- debxly-Biacktavvdat- 282029k Ugd ol
di sodium salt 25.: _ -

4- deoxy- a- L-t hr eohexenegal act opyr anosyl uroni c aci d-
(1->4) - 2- deoxy- 2--sul fam.do-6- O-sul fo- (3-D gl ucitol
trisodiumsalt 26: ' '

4- deoxy- a- L-t hr eohexenepyr anosyl uroni ¢ aci d-
(1-*4)-2-deoxy-2-sul fam do-6-0-sul fo- a-D--glucitol -
trisodiumsalt 27: o ' : o
4- deoxy-2- - O sul f 0- a- L- t hr eohexenepyr anosyl - uronic
aci d-(1--->4)-2-deoxy-2-sul fam do- a-D-gl ucitol
trisodiumsalt 28: -

4- deoxy- 2- 0- sul f o- a- L-t hreohexenepyranosyl - uronic
~acid- (1->4) -2-deoxy-2-acetam do
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6-0sul fo-- a- D-glucitol trisodiumsalt 29:

4- - deoxy- cc- L-t hr eohexenepyr anosyl uroni ¢ aci d-
(1->4) - 2- deoxy- 2- acet am do- 6- 0- sul f 0- a- D- gl uco-

' 4)-33-D gl ranosyl
W%Ww Ugt(gggfz)sul'famgdgc%% sul fo ?@)gqu‘@q??fmozmz

- pealrasodi um sal t 30:

J-deoxy-2- O sul fo--a-L- threohexenepyranosyl uronic

aci d- (1->4) - 2- deoxy- 2- sul f am do-

6.0 snl fn&t&rd& gf el hRh1{EE 89dhum-3ahly 3L low-molecular-
(1 1B HECRE Sy o BARATGESd | in  that the
a- D-gEoddpwuagosybpszéie>éhrr@§@[g?ﬁfggygagogyl

ggm oggl &eaﬁgﬁgoﬁf&lﬁgg)ﬁgé’é LﬁLhesaF"f‘mE%e by the action

4- deoxy- 2- Ofshkeperanksehr eohexenepyr anosyl - uronic

aci d-2(1->4 deo d%gr
6- 0- salfo ahﬁgelucgy ép%y$g%ﬂ-->i)dfq§¥ﬂﬂ'fo-°f the
a-L- ldopyrﬁﬁBQ Yuevheataci d hexasodiumsalt (form

_reducgd-wi &BSQE\BM) 5 gure ﬁlgn ngE?EBganBB{eﬁ liquid

separation enoxa arlne depo rize
hegarlnaseggﬁgmﬁF%g ARRYS t er reductlon with NaBH4
(signal in fine black: UV at 234 nm signal in thick

I 2:23 2. Chromat ographic
%eggg?%}gng%?g%eﬁérl ErIIS‘SHOI" nEr-PA8d ei (P arEsdemiaas in
,befor%h%hdaaﬁﬁ@mchreductannledtbuNthHr(Sh@ngkeb&nﬁbnexf

bl aCk@lWoﬁccl?a%ﬁd%‘ chk9na! u}h% gk le.gChlodUléled with
202- 234 nn) CLA
6-anhydro bond. :

3. The method as _defined in c¢laim 1 or 2,
characterized in that the heparinases are in the
form of a mixture of heparinase'l (EC 4;2.2.7.),
heparinase 2 (heparin 1yase IT) and heparinase 3
(EC.4.2.2.8.).

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

‘that the heparin depolymerized by the action of

heparinase (depolymerizate) is then subjected to a
reducing agent.

5.  The method as defined in claim 4, characterized in
that the reducing agent is NaBH; or an alkali
metal salt of the borohydrlde anion.

6. The method as defined in claim 1, in which the
chromatographic method used is an anion-exchange
chromatography.

7. The method as defined in claim 6, characterized in
that a mobile phase which is transparent in the UV
region up to 200 nm is used. '
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1. A nmethod for anal ysi ng heparlns or | ow ol ecul ar -

wei ght heparins, characterized in that the follow ng
steps are carried out: 1 depolynerization of the

sanpl e by the action of heparinases 2 - where

appropri ate, reduction of thél depol yrmerizate 3 -

assay by high-performance liquid chromatography.. 2.
The nmethod as clained in claim1, characterized in

tBat aTbear cketilodar ased Mlﬁéﬁd the presenee & or 7,

I h d fied with
1,6 anhyd & BohA 3 rhd B bR a o e PAecl w1 Is

“or 2, @ﬁaﬁacﬁérlz%mﬁlmmthgeIthéohaparlnmﬁxhaﬂésulfonate

the fogm pf 8?2%%%$§ﬁa€£ ngﬁ%lnase 1 (EC4.2.2.7.),

hepari nase 2 yase ) and heparinase 3
(EC.4.2.2.8.). 4. The nethod as.defined in claim1,

char actesi ﬁ@dhba ak haéfm@dh?ﬂa@lﬁlﬁe@' B%E%rfa%ec%ﬁ%ed in

the actiop o ari nase pol'yneri.zate) is t

e
subj ect8dtt I&ethgeueﬁneeaaeﬁﬂon whithe mekeod tapossible

def i neto i setéat hvdly chet a6t esé2eg b Peqt Sagathe; d.
reduci ng agent is NaBH4 or an éggall n£?%I sa}? %?e

t he borohydride anion. 6. The nethod as defined in
@i mOhe imewhodhat héefined in claim 9, characterized in

that the selective detection of the acetylated
sugars is carried out +taking as signal the
difference between the  absorbance at two
-wavelengths chosen such that the absorptivity of
.the nonacetylated saccharides cancels out.

"11. The method as claimed in élaim 1, characterized in

that the 1,6-anhydro residues obtained during the
depolymerization reaction are the follow1ng '



chromat ogr aphi ¢ nethod used is an ani on- exchange

chromat ography.. 7. The nethod as defined in claim®6,

characterized in that a nobile phase which is

transparent in the W reg |92 up to 200 nmis used.

8.. The nethod as defined in“€laimé6 or 7,

charact@buéed in that the nobile phase used I's based'

[ anesul fonate salts or

thod as defined in claim 6,

thod of detection which-

ctively detect acetyl ated

sugars is used. met hod as defined in claim?9,

characterizgd in that t | ective detection of the

acetylated sugars is c out taking as signal the

~differe qubetmeen t he absorbance at two wavel engt hs
uth _that t e tivity of "the |

g2 ' cancel s out. . 11. The nethod

acterized in that the

¥ during the

are the followng: (err)

NHSO;Na

_OSO.Na

12, A.' 1, 6-anhydro derivative ~of formula
. {disaccharide 1)

- HNSO,Na

13. & 1, 6-anhydro derivative of formula
(disaccharide 2) o '



12. A1, 6-anhydro derivative (disaccharide 1) (err)
13. A1, 6-anhydro derivative of fornmula (disaccharide
2) (err) 14. A 1,6-anhydro derivative of formula
(disac- charide.3) (err) 15. T ri sacchari de
derivative of formula: (err% -

- CONa

OH

14. A 1,6-anhydro derivative of formula (disac-
‘charide 3) | - R

NHSONa

15. A trisacc_haride' derivative of formula:
: CONe ' _0SONa - '




