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The effects of high energy ultrasound and slightly raised temperature combined with the denaturing action of
dimethylsulphoxide on the molecular weight and higher-order structure of hyaluronans and some p-(l--->

3)-glucans were studied by means of size exclusion chromatography (SEC) technique. Some experimental
conditions connected with the (bio-)polymer sample preparation prior to its SEC analysis are overviewed in the
light of informational relevance of studies where the action of a physical and/or chemical agent changes the
hydrodynamic size of the m omolecule.

INTRODUCTION

One of the characteristic features of high molecular
weight polymers is their polymolecularity, i.e. the fact
that a given sample always consists of a certain mixture
of polymer homologues. The most general
qualitative-quantitative expression of polymolecular-
ity is the determination of the molecular weight distri-
bution of the (bio-)polymer analysed, e.g. the depen-
dence of the weight fraction of a given polymer
homologue on the corresponding molecular weight.

Experimental methods of molecular weight distribu-
tion determination of (homo)polymers can be substan-
tially divided into twb categories.

The first (classical) category consists ofprocedures of
polymer fractional precipitation and/or dissolution into
a series of 'monomolecular' fractions with subsequent
determination of the relevant parameters, i.e. the frac-
tion weight and its corresponding molecular weight.

The second, historically younger category, is repre-
sented by techniques where the sample is 'divided' into
molecularly more homogeneous fractions; these are not
isolated but their frequency in the mixture is deter-
mined on the basis of changes of a defined physicoche-
mical characteristic of the polymer accompanying the
separation process. This category also includes the
(high-performance) liquid chromatographic separation
method - HPLC operating in the mode of size exclu-
sion chromatography (SEC).

In this paper we are overviewing and commenting on
results of HPLC/SEC characterizations of water solu-
ble, electrically uncharged polymers (Mislovidovi{ et
al., 1985), represented by schizophyllan and lentinan,
as well as characterizations of polymer materials with a
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polyanionic nature, represented by salts of carboxy-
methylated glucans (Horv6thov6 et al., 7990, 1991b;
Soltes et al.. 1993) and hyaluronic acid or hyaluronans
(Chabredek et aL.,1990a,1992; Orviskf et a\.,7990a,b,
1992; Solt6s et al.,1989,7992).

Besides a detailed analysis of the methodology of
establishing the molecular weight of biopolymers, spe-
cial attention was paid to the determination of molecu-
lar characteristics which document the existence of a
certain higher-order structure of the samples of schizo-
phyllan and lentinan, as well as of carboxymethylated
glucans.

EXPERIMENTAL

Chemicals and biopolymers. NaCl, NaNO3 and acetone were
of p.a. purity degree. The dimethylsulphoxide (DMSO) used
was of ultra violet (UV) spectrophotometry quality grade
(Lachema, Brno, Czech Republic). Water was of HPLC
quality (J. T. Baker Chemical Company, Phillipsburg, NJ,
usA).

Reference samples of hydroxyethylated starch (HES; sub-
stitution degrees 0.64-0.67; see Table 1) were provided by
Dr. Kirsti Granath (Pharmacia Fine Chemicals, Uppsala,
Sweden).

Schizophyllan (Fig. 1; injection batch No. 131014) and
lentinan (Fig.2; injection batch No. A 1101) were provided
by Dr P. J. Jacques (CIRMAP, Bruxelles, Belgium). Sodium
salt of carboxymethylated derivative of glucan (CMG-Na;
substitution degree 0.91) isolated from baker's yeast (Sac-

charomyces cereuisiae) was offered by Dr J. Sandula (Chemi-
cal Institute, Slovak Academy of Sciences, Bratislava, Slovak
Republic). Pleuran-a carboxymethylated derivative of glu-
can isolated from oyster mushroom (Pleurotus ostreatus)-
was a gift from Dr L. Kuniak (Chemicotechnological Faculty,
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Table l. Molecular characteristics of hydroxyethylated starch
samples

Givena
M* (Da) M-tM"

Determinedb Figure 4 illustrates the original chromatographic
r€cords of a sample pair-native pleuran and ple;ran
denatured by DMSO. As is evideni from Table 2, in the
denatured pleuran sample, the use of dimethylsul-
phoxide or its 'chaotropic' effect resulted jn a I2/"
relative decrease in the parameter studied. A decrease
of 16"/" was observed in the case of Fraction II, and of
23"h in the case of lentinan, while the schizophyllan
sample exhibited a very large degree of denatuiation.

Figure 5 represents normalized chromatographic
profiles oJ native hyaluronan as well as simples
$egraded by the action of ultrasound. The depolymer-
izing effect of high energy ultrasound is accompanied
b.y a significant decrease in molecular weight with a
simultaneous increase in the polymolecularity para-
meter M*/Mn of hyaluronan (see also Table 3).

RESULTS

9.37 x 10s

3.98 x 105

1 .95 x 105

1 .28 x 105

5.38 x 104

- 1.5
1.28
1.20
1.20
1.34

M* (Da)

7.75x 105

4.22x 1Os

2.14x 105

1 .37 x 105

6.35 x 104

MIMN
1.48
1.28
1.25
1.23
1.25

Sweden)
u K. Granath (Pharmacia Fire Chemicals, Uppsala,
Personal Communication.
b Chabredek et a/., 1990b.

Slovak Technical University, Bratislava, Slovak Republic).
High molecular weight hyaluronan (Fig. 3) was produced by
MOVIS, Holid, Slovak Republic.

CMG-Na fractionation. The CMG-Na sample (1 g) was dis-
solved in 250mL of 0.5% aqueous NaCl solution overnight.
The insoluble part was separated by centrifugation. Acetone,
220 mL was added to the opalescent sol. The precipitated gel
(pre-fraction 9.3%) was separated by centrifugation. A
further 60 mL of acetone were added to the supernatant
solution and thus Fraction II was precipitated (yield i3]%).

Fraction II prepared by this procedure was completely
soluble both in water and in aqueous solutions of inorganic
salts. Its intrinsic viscosity number determined in aqueous
NaCl solution (0.1 mol/L) at 25"C was 96.6 ml-/g (Horv6th-
ove et al., 1989, 1991a; Mislovidovii et al., 1992) One part of
Fraction II was further fractioned by precipitation (Mislovi-
Eov6 et al., 1992) to prepare subfractions 4A2,48, and 8 (see
Table 2).

Denaturation of glucans by DMSO. The sample-2mg ot
glucan (schizophyllan, lentinan, pleuran, Fraction II or its
subfraction)-was dissolved in 0.2 mL HrO overnight.
Subsequently 1mL of DMSO was added to the aqueous
solution. The solvent mixture was evaporated at 50.C in a
stream of nitrogen to dryness over about 4 h.

The solid evaporate was dissolved overnight in 1 mL of the
mobile phase used for HPLC (see legend to Fig. 4) Another
set of native glucan samples (2mg each) was
dissolved in the eluent (1 mL) using a similar procedure.
Before HPLC analysis the solutions were clarified by
centrifugation.

Hyaluronan degradation by ultrasound. The sample-5 mg of
native high molecular weight hyaluronan - dissolved in
10 mL of the HPLC eluent was exposed to high energy
ultrasound (150W; 20kHz) generated by a UGA 20452
device (Tesla, Vri4ble, Slovak Republic). The molecular char-
acteristics of hyaluronan degraded for 5, 15, 30, 45 or 75 min
were determined by HPLC (Chabre(ek et al., l990b,lI9Ia;
Orviskf et al., 1993).

Glucans, glycosaminoglycans, and other
polysaccharides

High molecular weight compounds including biopo-
lymers (macrobiomolecules) are a significani compo-
nent of living organisms (plants and animals;, wlttr
glucans as the most frequently occurring substance.

lhes9. homopolysaccharides with a- and p-, (1-3)-,
(1-+4)-, and (1--->6)-glycosidic bonds are either natur-
ally crystalline compounds or can be easily crystallized
(Sarko et a\.,7983), suggesting a high degiee of stereo-
regularity of their macromolecular chains (see Figs. 1
and2).

Several f-(1-3)-glucans isolated from mushrooms
or yeasts exert a usually immunomodulating effect
when administered to mammals including min (Chi-
hara et al., 1982; Di Luzio, 1983, 1985; Maeda, 1989).
Of these biologically active natural substances the grea-
test attention has been paid to water soluble polysac-
charides, especially to schizophyllan-an extracelular
product of the mushroom Schizophyllum commune
Fries (Norisrye et a\.,1980), and to lentinan isolated
from the mushroom Lentinus edodes (Berk.) Sing.
(Chihara et a\.,1970).

In the solid crystalline phase schizophyllan forms a
stereoregular associate, which is characterized by a
higher-order structure of triple helical type. For lenti-
nan in the solid phase both triple and iingle helical
conformations were reported (Adachi et aI.,1990).

DISCUSSION

Figure 1. Chemical structure of schizophyllan.
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Figure 2. Chemical structure of lentinan'

Glucans isolated from baker's yeast or the oyster

-u.ttioo- are water insoluble compounds, which con-

r'iO"ruUfo fimits their clinical applicability' On the other

iiunO, tt'o*.ver, their carboxymethylated derivates-
tii" pllvuniont buc-Nu and pleuran may play a signi-

ncant rble as they are easily soluble in water''-n""i"t."ic 
acid (HA) is-a non-branched glycosami-

nogfy.un (muco-)polYsaccharide (Fig' 3)' For medici-

nut"Jutoot"t, hieh molecular weight ultrapure hyaluro-

nunl ui" recoveied from rooster comb tissue, human

urnUifi"uf cord, and from several other animal tissues

(Bal6zs.1979).
'*HAl; a poiyanion with the mean pKu value of 3'21

fn"uUinu 
"i 

at., 1.9gl). Owing to their specific rheologi-

iui.rtuiu.t..istics, aqueous solutions of high molecular

weisht hvaluronans are administered intra-articularly

inio'ift.putient's knee-joint. Viscoelastic gel solutions

oitnuluionans with M|>lx l0oDa serv€ as artificial

uou.iout humour during ophthalmo-surgical interven-

il;G"i;;t . tgtg; Heitono. 1985r VanBrunt' 1986)'

Dissolution, denaturation, and degradation of

biopolymers

In the solid phase, many polysaccharides as well as

other biopolymers form amorphous aggregates, assocl-

;;;. b;;ti"g crystallinities, and true crystals stabilized

Uu inttu- a"nd intermolecular hydrogen bonds' often

*ift ttt" contribution of incorporated water molecules
(Fait anO Chakrabarti,7978; Sarko e/ al', 1983; Turner

)l ,r.. iqssr [n triplet organization. for example' three

*u".omot"t.tlut ihuint with parallel orientation are

*ound iog"ther, with the resulling associate 'physically

crosslinkJd' with many hydrogenbonds' Such multiply
;;ililr;.und struitur-es plovide compact, fighll
1"n.",-'*u,"r insoluble, however strongly 

- 
hydrated

rti"liutuf elements building cell walls and polysacchar-

ide reserves (Sarko et a\.,1983)'
Dissolution of such substances in water often leads

nntu to a more or less extensive swelling of the biopo-

ivt*i, i.". only to the formation of a gel/colloid consis-

i"n"",which ii an aggregate of many macromolecules'

Oeteimlnation of the mblecular weight of substances

Glucan samPle

Schizophyllan
Lentinan
Pleuran
Fraction ll

Table 2. DMSO induced changes of molecular weight para-

meters of glucans"

[(Mwru-M*o)/M*n]x102
l%l

+100
23
12
16
6.4
3.4

Mwru
(Da)

6.24 x 10s

2.66 x 105

7.62 x 105

7.63 x 105

7.04x 105

5.28 x 105

" M*x dhd M*e represent weight average of. molecular weights

ot nliiue trul i-no denatured (D) glucan sample' The HPLC device

was calibrated by reference HES samples'

4Az
8

with such a consistence (dispersion, sol) is therefore
irrelevant.

In the light of the above mentioned facts alkalization
with the iOOition of e.g. NaOH, which disrupts the

physical crosslinks, is recommended for the prepa-

iation of molecularly true aqueous polysaccharide solu-

iions (Saitd et at., i97g; Salko er al., 1983).41o-lh:'
pio""d.,t" is the use of polar org-anic solvents (Dry19'
i-methylmorpholine-N-bxide (1ames et al', 1990)'

cadoxen, Schweitzer's agent, etc.) alone or with water,

as well as application of 'physical ag-ents' such as

increased temperature, microwave irradiation, action

of ultrasound, etc.
However, such procedures of biopolymer dissolution

usually lead to destruction of the higher-order structure

of the-sample, i.e. to irreversible denaturation or even

Figure 4. Chromatogram of pleuran: (a) native and (b) sample

il]'tj",ria uv-oMsol cotr.tt, 8 mm x 25 cm, two-connected in

.uiiu.; SotUltnt, Separon HEMA-BIO 1000 and HEMA-BIO 300'

iO rr.; Ar"nt,.Aqueous NaNO, solution (0'-1^mol/L; Elution

i.t6, o.a-.r-l.in; lniected sample volume, 100 pL; Detector'

Differential refractometer RIDK 101'

t- coo- q'zoH \

-l-"€*#'--'
I o+.t NHCocHr

L
Figure 3. Chemical structure of hyaluronan'
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Figure 5. Normalized chromatograms of hyaluronan: native sample (0,) and sam-
ples degraded by high energy ultrasound (lasting 5, 30, and 75 mins.)

degradation/depolymerization of the biopolymer
treated. On the other hand, in some studies of biopo-
lymer solution characteristics (e.g. measurement of
optical rotation, viscosity, formation of adducts, etc.) it
is the very application of denaturants or so-called
chaotropic agents-DMSO, urea, guanidine, KSCN,
etc.-which provides insight into the higher-order
structure of the sample analysed.

In water as well as in aqueous NaOH solution
(<0.01mol/L) native schizophyllan is 'dispersed' in
the form of a triple helix, the molar weight of which is
5.7 x 106 Da. Yet in pure DMSO or in its mixture with
water (more than 87% by weight of DMSO) this
polysaccharide yields a true molecular solution with
single, randomly coiled macromolecular chains, with an
M* of I.64x106 Da (Norisuye et al., 1980). Samples
with lower molecular weights are prepared from native
polysaccharide by the degrading/depolymerizing effect
of high energy ultrasound lasting for several hours
(Yanaki et al.,I9B0).

Particularly on the basis of their very similar primary
chemical structure (cf. Figs. 1 and 2) the macromole-
cules of lentinan in aqueous solutions are believed to
have a given higher-order organisational pattern
(Hamuro and Chihara, 1985).

In diluted aqueous solutions the hyaluronan macro-

Table 3. Molecular characteristics of native and by ultra-
sound degraded hyaluronan samples

molecules are in the form of single-strand randomly
coiled chains (Cleland, 1977). At higher concentrations
the chains associate (aggregate) owing to the intermole-
cular interactions involved (Beaty et a|.,1985).

Samples of HA or hyaluronans with lower molecular
weights can be prepared from a native high molecular
weight biopolymer by the action of the enzyme hyalur-
onidase (EC 3.2.1.35) (Beaty et al.,1985; Iwata, 1987;
Turner et a1.,1988), by acidic or alkaline hydrolysis
(Cleland, 7977, 1984), by the degrading effect of
increased temperature (Beaty et al., 1985; Bothner er
al., 1988), and also by high energy ultrasound (see also
Fig. 5 and Table 3) (Chabredek et al., 1990b,1997a,b;
Orvisk! et a\.,1993).

Molecular characteristics of polymers

One of the most important molecular characteristics of
a given compound is its molecular weight. In the case of
polymers, the sample is molecularly characterized by
the distribution function of molecular weights.
Parameters of this function are its moments of
molecular weight averages defined by means
of these moments: Mn, numerical; M", viscosity;
M*, weight; M,, so called z-average, etc., where
Mn<M,<M*<M..

For determination of polymer molecular weight aver-
ages (M,), several special analytical methods can be
used, e.g. osmometry (M,), viscometry (M"), light
scattering measurement (M*), etc. The basic disadvan-
tage in determining one or two Mi averages is the fact
that polymers with different distribution of molecular
weights can be mistaken for identical substances owing
to their equal values, e.E. M,, and/or M*. The above
mentioned facts clearly indicate the advantage and
general applicability of analytical procedures which can
determine the distribution function of the molecular
weights of a polymer.

Oepolymerization period

{min}

0
5

15

30
45
75

{Da)

1.32 x 106

6.49 x 10s

4.53 x 105

3.30 x 105

2.80 x 10s

2.21 x 105

MwtMn

1.29
1.44
1.62
1.88
2.10
2.36

" The HPLC device was calibrated by reference HES samples.
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Size exclusion chromatography

Size exclusion chromatography (SEC), also called gel
filtration, gel (permeation) chromatography, etc.
(Berek et al., 1983), is currently the most frequently
used method for determination of the distribution as
well as of individual defined averages of polymer mole-
cular weights.

In the case of an 'ideal' SEC the separation of
macromolecules is determined by the following mecha-
nisms and processes: size exclusion; limited diffusion;
hydrodynamic effects; so called secondary exclusion. In
a real experimental setting, however, many other
mostly undesirable secondary processes (effects) come
into play, such as polar-adsorptive or repulsive-
interactions between the chemical groups on the sur-
face of the chromatographic sorbent and polar or polar-
izable functional groups of the analysed biopolymer
sample, viscosity effects, etc.

The present setting of experimental conditions (see
e.g. the legend to Fig. 4)-i.e. the sorbent type, eluent,
concentration of the sample analysed, etc. - can be
classified as being optimal for standard SEC analysis of
electrically uncharged and polyanionic biopolymers
(Barth, 1987; Polymer Notes, 1987; Dark, 1988).

Calibration of the equipment

The detector unit of a common HPLC/SEC device
usually monitors the instantaneous concentration of the
eluted fraction of the polymer sample. The evaluated
distribution function of the polymer molecular weights
should, however, represent the dependence of the
amount-the fraction weight-of the particular
polymer homologue on the corresponding molecular
weight. That is why it is necessary to transform the
values of the elution volumes (u) to values of the
molecular weights (M) using the formerly established
u:f(M) dependence, i.e. the calibration curve. Such
calibration dependences can be described by different
equations (Benoit et al., 1966); Gemeiner et al. , 1987),
but practically the most frequently used is the log M:
Dr- Dru equation (Anderson and Stoddart, 1966),
which in the semilogarithmic scale represents a certain
SEC separation interval by a straight line.

At direct calibration, the elution volumes of the
standard reference unimodal samples with the narrow-
est available molecular weight distribution width are
measured. The elution volume of the peak of the
chromatographic record is taken as u; the value of Mo
(HPLC 1991), (M*x Mn)1t2 or M* is substituted forM',
since the difference between the latter two values and
Mo is practically negligible (M"<MplM*', M, repre-
sents the molecular weight of the maximum of the
differential distribution function of the polymer mole-
cular weights).

Transformation of the chromatogram into the
distribution function of polymer molecular weight

The direct consequence of broadening of the chromato-
graphic zone is that the injected 'monodisperse' sample
at the column exit is detected as a typical bell-shaped
wave (kernel), also designated as the function of instru-

mental spreading- G(u, y).The normalized chromato-
graphic record of a polydisperse polymer, g*(u), is
therefore a superposition of the whole set of mutually
overlapping waves of individual polymer homologues.
Tung's integral equation mathematically describes this
fact (Tung, 1966) as follows

;
g*(u): I C(r. y).w(y). dy

J

where w(y) represents the chromatogram corrected for
the broadening of the polymer homologue zones.

The procedure of correcting the SEC data with
subsequent determination of the distribution of
polymer molecular weights can therefore be formulated
as follows: based on the given normalized chromato-
gram g*(u) and the instrumental spreading function the
corrected chromatogram is calculated and by using the
calibration function u:f (M) it is transfor-ed irrto the
distribution function of molecular weights of the ana-
lysed polymer (Solt6s and Hudec, ti82; So1t6s and
Berek, 1983).

In most cases we approximated the function of
instrumental spreading by using the symmetrical
(Gaussian) curve

G (u, y) : thl n)'t2.exp[ - h(u - y)']

with the resolution factor h: 7l2d , where y represents
the elution volume of the peak of the G(u,y) curve
characterized by the variance o. The calculations of the
corrected SEC data and of the subsequent differential
molecular weight distribution of the polymer sample, as
well as of the defined averages of molecular weights M*
and M" were made using the calculation method
according to Chang and Huang (1969). The values of
the resolution factor h were determined using the
technique of sequential iterations (Kotaka, 7976,
1e77).

Application of the method

Calibration of a device is a fundamental and inevitable
condition for using the SEC method in the distri-
bution analysis of polymer molecular weights. The
determined calibration dependences are log M vs. u as
well as h vs. u.

Since for the determination of the so-called absolute
molecular characteristics of the (bio-)polymer analysed
it is mandatory to determine the dependence u:f(M)
valid for the type of polymer examined, the only values
that can be considered absolute are those determined
(recalculated) for the HES samples (see Table 1). The
molecular characteristics of various glucans or hyaluro-
nan samples shown in Tables 2 and3, determined by
using the calibrating dependence valid for the HES
samples, represent relative values. The parameters
determined by such a calibrating procedure were there-
fore further applied only in the evaluation of the
degradation/depolymerization of the high molecular
weight hyaluronan, and in the mutual comparison of
the pairs of native and denatured glucan samples.

Based on these studies, it is possible to schematically
represent (in extended, linearized, form) the higher-
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Figure 6. Scheme of the higher-order structure (in extended,
linearized, form) of the schizophyllan injection sample analysed.

order structure of schizophyllan in the injection sample
analysed as shown in Fig. 6, i.e. as an associate of three
mutually 'helically wound' but degraded polymer
chains, which-after denaturation-give a mixture of
corresponding'oligosaccharides' characterized by a
relatively small M*o value.

The lentinan injection sample is clearly represented
by a bi-component polymer in which only the part with
the higher molecular weight is denaturable (Horv6th-
ovd et al., 1991). This finding, original to our labora-
tory, along with the fact that the purified lentinan was
obtained by fractional precipitation from 67o aqueous
NaOH solution (approximately 1.6 mol/L) (Chlhara et
al., 1970), implies the conclusion that the injection
sample analysed consisted of a mixture of non-
denatured and denatured polysaccharides.

Similarly is the pleuran sample analysed a multi-
component mixture (cf. Fig. 4). The same holds for
Fraction II (Horvdthovf et ql., 1991b) since its subfrac-
tions 44, and B are characterized by significantly differ-
ent values of the parameter studied, i.e. 6.4 or only
3.4"/o, compared to l6"h determined for Fraction II (cf.
Table 2).

CONCLUSION

The liquid chromatographic separation method (SEC)
is currently the most frequently applied analytical tech-
nique for determination of the distribution function as
well as of defined averages of molecular weights of
(bio-)polymers (Barth, 1987). Its speed, accura-y, and
reproducibility makes it rank first among the methods
in this field.

The SEC method also permits the observation of the
effects of various physical and/or chemical agents
which change the effective size of macromolecules.
This type of research is illustrated by the evaluation of
the effect of slightly raised temperature (50'C) com-
bined with the denaturing, chaotropic effect of DMSO
on the higher-order structure of the selected glucans
and also by studying the degradation/depolymerization
effect of high energy ultrasound on the native hylauro-
nan sample.

Acknowledgements

The authors are indebted to Drs. Kirsti Granath, P.J. Jacques, J.
Sandula, and L. Kuniak for the biopolymer materials supplied. The
GAS 1021 grant from the Grant Agency for Sciences, Bratislava,
Slovak Republic, as well as the financial support of L. Solt6s's visiting
professorship at Thiais by the 'Ministdre de I'Enseignement
Sup6rieur et de la Recherche, Paris, France'are gratefully acknow-
ledged.

RBFERENCES

Adachi, Y., Ohno, N., Yadomae, T., Suzuki, Y., Ohsawa, M. and
Oikawa, S. (1990). Carbohydr. Res. 198, 111.

Anderson, D. M. W. and Stoddart, J. F. (1966). Anal. Chim. Acta
34, 401.

Baliizs, E. A. (1979). US Patent 4141973.
Barth, H. G. (1987). ACS Symp.Ser.352,29.
Beaty, N. B., Tew, W. P. and Mello, R. J. (1985). Anal. Biochem.

147, 387 .

Benoit, H., Grubisic, 2., Rempp, P., Decker. D. and Zilliox, J.
(1966). J. Chim. Phys.63,1507.

Berek, D., Kubin, M., Marcinka, K. and Dressler, M. (183). Gdlovd
chromatografia (in Slovak). Ved Bratislava.

Bothner, H., Waaler, T. and Wik, O. (1988). ln. J. Biol. Macromol.
10, 287.

Chabredek, P., Solt6s, 1., K6llay, Z. and FLigedi,
J. Label. Comp. Radiopharm.23, 1121.

Chabredek. P., Solt6s, 1., Kdllay, Z. and Nov6k,
Ch romatographia 3O, 201.

Chabredek, P., Solt6s, 1., Nedv6d. Y., Blalei, A., Guttmann, M.
and Benes, L. (1991a). CS. patent 278626.

Chabredek, P., Solt6s, L. and Orvisk'i. E. (1991b). J. Appt. Potym.
Sci., Appl. Polym. Symp. 48,233.

Chabredek, P., Solt6s, 1., Hradec, H., Filip, J. and Orvisk'i, E.
(19921. Collection Czechoslovak Chem. Commun. 57 , 2151 .

Chang, V. S. and Huang, R. Y. M. (1969). J. Appl. Polym. Sci. 13,
1 459.

Chihara, G., Hamuro, J., Maeda, Y. Y., Arai, Y. and Fukuoka, F.
(19701. Cancer Res. 30, 2776.

Chihara, G., Maeda, Y. Y. and Hamuro, J. {.1982l,. ln. J. Tiss. Reac.
4, 207.

Cleland, R. L. (1977). Arch. Biochem. Biophys. 180, 57.
Cleland, R. L. (1984). Biopolymers23,647.
Dark, W. A. (1988). Am. Lab. (Faifiield Comn.) 2Ol8A,22.
Di Luzio, N. R. (1983). TIPS-Trends Pharmacol.9ci.4,344.
Di Luzio, N. R. (1985). Springer Semin. lmmunopathol.8,387.
Gemeiner, P., Barteltove, 1., Solt6s, L. and Breier, A. (1987).

Enzyme Microb. Technol 9,44.
Hamuro, J. and Chihara, G. (1985). ln The Reticuloendothelial

System Vol. 8, (Hadden, J. W. and Szentivanyi. A., eds), p.
285. Plenum Publishing Corporation.

Healon@ (1985) /Sodium Hyaluronate) Technical lnformation
and Clinical Experience. Pharmacia, Uppsala. Sweden.

Horvdthov6, M., Mislovidovii, D., Soh6s, 1., Navarov6, J.,Ztbor,
V., Gemeiner, P. and Trnovec, T. (1989). eS. Fvsiol, gA, 1M.

HorvSthovd, M., Solr6s, 1., Mislovidovit, O., Z$bor, V. and
Ftigedi, A. (1990). J. Chromatggr. 509, 213.

Horv6thov6, M., Mislovidov5, D.. Solt6s, l.,Tuzar,2., Gemeiner,
P. and Zribor, !. (1991a). Carbohydr. Polym. 15,79.

Horviithovii, M., Soft6s, L'., Lutonskd, H.,' Sandula, J. and
Mislovidov6, D. (1991b). J. Appl. Polym. Sci., Appl. Polym.
Symp. 48,33.

HPLC 1991 (1991). Macherey-Nagel GmbH, Driren, Germany.
lwata, S. (19871. Folia Ophthalmol. Jpn.38,927.
James, P. G., Cherniak, R., Jones, R. G. Stortz, C. A. and Reiss, E.

(19901. Carbohydr. Res. 158,23.
Kotaka, T. (1976). Angew. Makromol. Chem.56,77.
Kotaka, T. (1977). J. Appl. Polym. 9ci.21,501.
Maeda. Y. Y. (1989). ln. J. lmmunother.5, 155.
MislovidovS, D., Gemeiner, P. and Solt6s, L. (1985). Collection

Czechoslovak Chem. Commun. 50, 1335.
Mislovidovii, D., Horvdthov6, M., Soh6s, 1., Masler, 1., Sandula,

J.. Pastyr, J.,Zibor, V. and Gemeiner, P. (1992). CS. Patent
273084.

Norisuye, T., Yanaki, T. and Fujita, H. (1980). J. Polym. Sci.,
Polym. Phys. Ed. 18,547.

Orvisk'i, E., Chabredek, P., Soft6s, 1., Guttmann, M. and
Standikov5, M. (1990a). CS. Patent Pending 1788-90.

Orvisk,i, E., K6ry, V., Soh6s, L. and Standikov6-, M. (1990b). iS.
Patent Pendi ng 6678-90.

Orviskri, E., Solt6s, 1., Chabredek, P., Novdk, 1., K6ry, V.,
Standikov6, M. and Vin5, l. (1992). J. Liq. Chromatogr. 15,
3203.

Orviskri, E., 5olt6s, 1., Chabredek, P., Nov6k, l. and Staniikov6,
M. t1993). Chromatographia 37, 20.

Park, J. W. and Chakrabarti, B. (1978). Biopolymers 17,1323.
Polymer Notes (1987). Waters Chromatography Division,

A. (1990a).

r. (1990b).


