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ABSTRACT

Heparin (Hep) is a linear sulfated polysaccharideed in clinical treatment of tromboembolic diseadas2008,
contaminated batches of Hep appeared in the phagotézal market. The contaminant was identified asoaser
sulfated form of chondroitin sulfate (oversulfateldondroitin sulfate, OSCS). Different analyticalthuzls have
been developed to identify and quantify OSCS dmer amnpurities expressed as dermatan sulfate frap.Hn this
sense, we have developed a capillary electroplmragthod based on the use of a mixture of polyseh as
polymeric 5-cyclodextrin and poloxamine. As a result of thesnbination, not only the resolution of Hep from its
impurities and contaminant was obtained but thesiimity was extremely improved. The associatioRlep and its
related polysaccharides with the polymers was cti@mrézed by spectroscopic techniques as ultravi@lat) and
infrared (IR). The results suggest that the intéicat between polysaccharides and polymers wouldggally be
through the sulfate groups of polysaccharides.
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INTRODUCTION

Heparin (Hep) is a natural, linear, complex, potpairse, and sulfated polysaccharide that belongthdo
glycosaminoglycan family (GAGs). Chemically, Hemststing of 1— 4 linked pyranosyluronic acid and 2-amino-
2-deoxycopyranose (with either N-sulfo or N-acesybstitution) repeating units (Fig. 1) [1-2]. Heashclinically
used in the prevention and treatment of the thrantimlic diseases for many years [3].

Hep is a natural product extracted from animalutiss most commonly from porcine intestine. As alltesf an
incomplete purification, other sulfated linear Agcharides as dermatan sulfate (DS) and chondgsuitfate (CS)
are present in the manufactured product as imparjt] (Fig. 2).

Hep is parenterally administered due to its degfadavhen it is orally taken and in some cases# to be injected
at high doses [5]. However, in 2008 appeared conted lots of injectable Hep in many of the phazensical
market. The adulterant was identified as a cheigicabdified chondrointin sulfate, oversulfated cHouwitin sulfate
(OSCS), which causes several effects and in sorsescaleath of the patients. [1-2]. OSCS is a saentfistic
polysaccharide containing four sulfonate groupsrppeating units (Fig. 3) [6].
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Government agencies, pharmaceutical laboratorieb rasearch institutes have developed different yéinal
methods to characterize and identify contaminamdsimpurities of Hep.

In this sense, we have presented a novel and vghytsensitive capillary electrophoretic chromatgzhy (EKC)
method by capillary electrophoresis, based on geeaf polymers as pseudostationary phases. Theiatso of
these polymers like polymer[g-cyclodextrin (B-CD), allowed not only the resolution of Hep frote contaminant
and impurities but also specially, the quantitaiioimjectable products [7].

The characterization of the interaction between Eieg related polysaccharides and polympriyclodextrin (Fig.
4) and poloxamine like tetronic tetronic® 1107 (Bigcan be studied by spectroscopic techniquesulkaviolet
(UV) and even better infrared spectroscopy (IR1L18-

In terms of structural analysis, IR spectroscopyegia complete “molecular finger print” of the sadsample.
Different authors have reported IR spectra for Heyl related polysaccharides in solid-state andgmeaus
solution, from different sources. Several peaks lwandentified by spectral comparison, speciallysth associated
with sulfate vibration in the molecule [12-13].

Therefore, the purpose of the present work wasestigate by spectroscopic techniques the interattetween
Hep and its related polysaccharides and polymerd imselectrokinetic chromatography.
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Figure 1. Chemical structure of Heparin
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Figure 2. Chemical structures of a) chondroitin sufate; b) dermatan sulfate.
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Figure 3. Chemical structure of oversulfated chondoitin sulfate
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Figure 4. Chemical structure of polymericg-cyclodextrin (n: MW range from 2,000 to 4,130)
(from reference 7).
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Figure 5. Structure of poloxamine tetronic® 1107.
EXPERIMENTAL SECTION

Materials and Chemicals

Heparin (Hep), dermatan-4-sulfate (DS) and oveasedf chondroitin (OSCS) were kindly supplied by t8yrS.A.
Laboratories. Polimeri@-cyclodextrin (B-CD) was purchase from Sigma Aldrich (St. Louis, A)STetronic
1107 was supplied by BASF Argentina. Tris (tris(hydraxgthyil)Jaminomethan) and potasium bromide were
obtained from Merck (Darmstead, Germany). The wated in all the experiments was obtained from syEa
Pure™ RF equipment (Barnstead Dubuque, IA, USA)

Preparation of the samples

Sample solutions

For the spectral analysis seven solutions weregpeepaccording to table 1. All solutions were prefdan Tris
buffer 400 mM pH 3.5 and tetronic 0.4 w/v.

Tabla 1. Sample solutions of Hep and it related pgsaccharides

. Pp-CD  Tetronic
Sample Concentration (ug/mL) W) (%wh) Abv
Heparin 100 - 0.4 Hep
P 100 0.5 04  Hep-BCD
10 - 0.4 DS
Dermatan-4-sulfate 10 05 0.4 DS-B3CD
o 10 - 0.4 OSCs
Oversulfated Chondroitir] 10 05 0.4 OSCS-BCD
Blank - 0.5 0.4 PB-CD

Freeze drying procedure

Five mililiters of each solution presented on tableere frozen at -70°C and stored for 72 hourenTthe solutions
were lyophilizated on a freeze dryer, FIC L 05 (Fi€rientific Instrumental, Argentina) under theldaling
parameters: Freeze dryer shelf temperature -148@jenser temperature -40 °C, pressure 0,03 nitver 24 hs.
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ATR-IR spectroscopy

Prior to lyophilization, the seven solutions menéd in table 1 were analyzed by ATR- IR spectrogcdphe
measurements were carried out using HATR unitdittea FTIR Nicolet 380 spectrometer (universahuiad/zinc
selenide). The number of scans was set to 32 ancetfolution was 4 ¢ The spectrum was obtained in a range
between 4000 to 650 ¢chand the incidence angle was 45 degrees.

FTIR spectroscopy
For FTIR sample preparation the KBr pastille metias used. The liophilizated samples were pulvdripea fine
powder, together with pure potassium bromide aedgad at 200 MPa to obtain a transparent pastille.

The number of scans was 32, resolution was 4 andl the spectral range analyzed was from 4006Qa61".
RESULTS AND DISCUSSION

In a previous paper [7], we have developed a mp@gmeric electrokinetic chromatography (EKC) systby
capillary eelctrophoresis for the simultaneous meteation of Hep and contaminants like OSCS anduiritigs
expressed as DS. The EKC system consisted of Gwpolymericp-cyclodextrin (B-CD), 0.4 % w/v tetronic®
1107 and 400 mM tris-phosphate buffer at pH 3.5.(6). This highly sensitive method showed lowuesl of
LOD, 0.07 pg/ml (OSCS) and 0.1 % w/w 0.1 pg/ml (D&)a concentration level of heparin in samplebasas
0.1 mg/mL compared with HPLC or NMR methods, in efha concentration of 100 mg / ml of Hep in the gkenis
necessary [14].
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Figure 6. Electropherograms of Hep (2) (0.1 mg/mL)QSCS (1) (10 pug/mL) and DS (3) (10 pug/mL) (A)
Electrolyte: 400 mM Tris-phosphate at pH 3.5, (B) Eectrolyte with 0.5 % polymeric-B-cyclodextrin (C)
Electrolyte with 0.5 % w/v polymeric-8-cyclodextrin and 0.4 % w/v Tetronic® 1107. From réerence 7.

Analysis of UV-spectra

Figure 7 shows the UV-Vis spectra of He-€D and their combination. In table 2, it is prasenthe UV-
Absorbance values at 200 nm of each one in solulibase data show an interaction between both coemis, to
obey the law of Lambert and Beer it is necessaay ttie total absorbance correspond to the sumeointtividual
absorbance values and the interaction betweerpthg@anents has to be ruled out.

Table 2. Absorbance values at 200nm

Solution Abs
Hep 0.0431
P{-CD 0.0741
Hep- PB-CD  0.0508
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Figure 7. UV-Vis spectra of a) Hep (100 pg/ml), (bPp-CD 0.5 % p/v and (c) HepPB-CD (Experimental
conditions in Table 1).
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Figure 8. ATR-IR spectra a) Hep (100 pg/ml), (b) B-CD 0.5 % p/v and (c) Hep-B-CD (Experimental
conditions in Table 1).
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Analysis of | R-spectra for GAGs

ATR-IR spectra of Hep

ATR-IR spectrum of Hep solution (100 pg/mL)3-ED as well as the ATR-IR spectrum of solution affHwith

PA-CD (0.5% w / v) using the ATR cell is presentedigure 8a, 8b and 8c, respectively. Both ATR-IR&pa do
not present too much information, only a differericebands at 1250 cfhand 1000 cil related to molecule
sulfonation. Instead, data for IR Spectra aregesl in the next section for GAGs in solid-stagdymphilization

and subsequent preparation of KBr.

Solid-states | R spectra for GAGs

The solid state IR spectra for GAGs like Hep arldtesl polysaccharides are usually presented bet2@ea crit
and 600 cnl, with characteristic peaks. These peaks are 18#8and 1065 cilrelated to molecule sulfonation.
Also, it can be observed, peaks at 1410*@nd 1620 ci corresponding to symmetrical and asymmetrical
stretching vibration of COOgroups. In the same way, IR peaks are observemivb®015 critand they can be
assigned to different sulfate group vibrations. Temk at 820 cth and shoulder centered at about 1000 cm
correspond to vibrations of an equatorial sulfaieug on C6 of galactosamine, while peaks at 730 and 853
cm’*are assigned to vibrations of an axial sulfate gsoan C4 of the galactosamine residues (Fig. ) f223.

Figure 9a shows the Hep spectrum with charactepstaks in comparison with figure 9b correspondinglep with
PB-CD. The last spectrum, presents differences inesbands like 1065 cfrand 1248 cand in less intensity at
700 cm'. These results suggest the possible interactiawees Hep and RCD related to sulfonic groups.
Moreover, the B-CD spectrum is completely different from Hep anepHRSF-CD (data not shown).
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Figure 9. IR spectra for a) Hep and b) Hep- [B-CD. Gray zones indicate the peaks with differencdsetween
the spectra (Experimental conditions in Table 1).

In the case of DS (Fig. 10ajharacteristic peaks are observed at 1065amd 1248 ci, as well as peaks at 1410
cmtand 1620 cm, but in particular, the bands corresponding todowave numbers appearing at 730'@nd 850
cmi’, which correspond to OSTUn axial and equatorial position. Figure 10b abkows the interaction between DS
and FB-CD. In this spectrum, it can be observed, a highedification in the peaks at 1248 ¢mnd 1000 cri,
respect to the spectrum of Hep3-ED shown in Fig. 9b.
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Figure 10. IR spectra for a) DS and b) DS- BCD. Gray zones indicate the peaks with differencdsetween
the spectra. (Experimental conditions in Table 1).

Similarly, in the spectra of OSCS and OSG$&D (Fig. 11a and 11b) it can be seen modificationthe peaks at

1066 cn, 1248 cnitand 1000 ciand specially at 730 ch corresponding to sulfonic group at C4 (Fig. 3ptéN
that this sulfonic group is present in DS and O®GSabsent in the structure of Hep.

JEF= P imenca
:al-‘-?zz
40

3] b a

%Transmittance

7

6] v »/
2000 1800 1600 1400 1200 1000 300 600
Wavenurabers {or-11

Figure 11. IR spectra for a) OSCS and b) OSCS-#CD. Gray zones indicate the peaks with differences
between the spectra. (Experimental conditions in Tae 1).
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These results are closely in agreement to therdiffee in UV detector response shown for OSCS andrDS
electrokinetic chromatography in comparison wittpH€Ehe same UV detector response for Hep solutfdr00 ug
/ mlis produced by 10 pug/ml of solution of DS @8CS each one [7].

In regard to Tetronic, no differences were obseriredhe IR-spectra respect to individual and coratinR-
spectrum (Tetronic® and polysaccharides) (Datashotvn).

CONCLUSION

The interaction of polysaccharides like Hep, DS #&D8CS with polymers such af3€D is evidenced by
spectroscopic methods as IR, specially in solitestamples. This characterization allows undergtagnithe role of
the polymers like B-CD in the analysis of Hep and its related polykacicles. The use of polymers can increase
the response of UV detector for the group of GA@selectrokinetic chromatography methods by capillar
electrophoresis. This evidence suggests that theaittion between polysaccharides and polymersdyahcipally

be through the sulfate groups of polysaccharides.
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