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Abstract

This paper reports on the synthesis and the physico-chemical characterisation of various amphiphilic derivatives of two natural poly-
saccharides, sodium alginate and sodium hyaluronate, in which a rather small proportion of the carboxylicgt0efpmpl) was esterified
by long alkyl chains (&H,s or CigH37).

The derivatives thus prepared were characterised by gas chromatoghepdayd *C n.m.r. spectroscopy and size exclusion chroma-
tography coupled to a multi-angle laser light scattering detection. The tendency of these water-soluble compounds to hydrophobic asso-
ciation in agueous solutions was evidenced firstly in dilute regime using capillary viscometry as well as fluorescence spectroscopy in the
presence of a molecular probe, 1,1-dicyaneNAN-dimethylaminophenyl)-1,3-butadien®.2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction Hubert & Dellacherie, 1994; Sinquin, Hubert, Marchal,
Choplin & Dellacherie, 1996a; Sinquin, Houzelle, Hubert,
Sodium alginate (Na—AA, Fig. 1) and sodium hyaluro- Choplin, Viriot & Dellacherie, 1996b) and pectin (Fischer et
nate (Na—HA, Fig. 1) are regarded as biocompatible, non- al., 1998), the present work aims at preparing water-soluble
toxic, non-immunogenic and biodegradable—at least for hydrophobically associating derivatives of Na—HA and Na—
Na—HA—polymers, which make them attractive candi- AA. The final objective is to design some associative
dates for biomedical applications. HA is the polysaccharide biocompatible polymers capable, under certain conditions,
found in cartilage. In addition, it has already been proposed of leading to biomaterials (hydrogels or fluids) useful for
for various health applications, in particular, in the treat- cartilage repair. A wide range of synthetic polymeric substi-
ment of joint diseases (Balazs, Leschiner, Larsen & Band, tutes have already been proposed (Oxley, Corkhill, Fitton &
1993; Goa & Benfield, 1994). Calcium alginate gels have Tighe, 1993) but either they do not give suitable rheological
been successfully used to encapsulate and maintain cells irproperties, or they lead to the reconstruction of fibrous carti-
tissue culture (Smidsred & SHaBraek, 1990). lage because of a poor chondrocyte colonisation, or they are
Aqueous solutions of Na—HA or Na—AA do not form not truly biocompatible.
hydrogels, except if the polymer molecular weight and/or  This paper reports on the synthesis of amphiphilic deriva-
concentration are tremendously high. A way of achieving tives of Na—HA and Na—AA by substitution of long alkyl
such properties, is to transform the polymers into amphi- chains on the parent polysaccharides. The characterisation
philic derivatives so that they can associate hydrophobically was carried out by size exclusion chromatography coupled
in aqueous solution. with a multi-angle laser light scattering detection, gas
Following our previous experience in this area with other chromatography and'H and *C n.m.r. spectroscopy.
polysaccharides, i.e. propylene glycol alginate (Sinquin, Some information on hydrophobic association was obtained
by dilute solution capillary viscometry and fluorescence
mponding author. Tel.:+ 33-383-17-52-21; fax:+ 33-383-37- spectroscopy in the_ presence ,Of a m0|e,cu,|ar rotor gs a
99-77. probe. The associative properties in semi-dilute solutions
E-mail addressEdith.Dellacherie@ensic.inpl-nancy.fr (E. Dellacherie). ~ Will be described in a following paper.

0144-8617/00/$ - see front matt€r 2000 Elsevier Science Ltd. All rights reserved.
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Fig. 1. Chemical structures (a) of mannuronate and guluronate found in alginate and (b) of hyaluronate.

2. Materials and methods whether G, or C;g substituted derivatives were being
prepared) was pipetted off and analysed by gas chroma-
2.1. Materials tography by comparison with a calibration curve (column

_ . _ _ SE30, 2m, injection temperature 28) column tempera-

Sodium alginate (Na—AA) fromMacrocystis Pyrifera ture 210C (dodecanol) or 23€ (octadecanol)).
(medium viscosity) was purchased from Sigma (France). ' and®3C n.m.r. spectra were run in,D on a Bruker AC
Sodium hyaluronate (Na—HA) was obtained from Acros 200P, at 200.13 MHz and 50.327 MHz, respectively.
Organics (France). . . Size exclusion chromatography (SEC) was performed

HPLC grade dimethylsulfoxide, analytical grade toluene, ysing a Waters HPLC Model 590 pump with a serial set
1-brom-octadecan, octadecanol, tetrabutylammonium- of OH Pack SP 806, 805, 804 columns (Shodex) and a
hydroxide solution in water (40% w/w), sodium chloride, OH Pack SBG as the guard column. The injection volume
sodium azide and deuterium oxide were obtained from was 200ul. The flow-rate was 0.7 ml/min. The eluent was a
Aldrich (France). Absolute ethanol, hydrochloric acid and 0.1 N NaNQ solution containing NaNas a bactericide
sodium hydroxide (NormapurA.R.) were purchased from (0.4 g/l) and was filtered (0.Am, Millex VC, Millipore,
Prolabo R.P. (France). Sulphonic acid resin Dowex850  France) prior to use. The polymer solutions were prepared
dodecanol, tetradecanol and 1-brom-dodecan were obtainedy dissolution in the same eluent and were left under stirring
from Fluka (France). Extra pure sodium nitrate was for 24 h. They were filtered (Millex GSWP, 0.32m,
purchased from Merck (France). Water was ultrapure Millipore, France) immediately before injection, in order

(Milli Q Waters purification system, Millipore). to remove possible aggregates. The eluent was continuously
The molecular rotor 1,1-dicyano-(N,N-dimethyl- monitored by multi-angle laser light scattering (MALLS)
aminophenyl)-1,3-butadiene (DMAC) (Fig. 2) was synthesised detection, using a Mini-Dawn (Wyatt Technology Corpo-
by a Knoevenagel's reaction between NiN-dimethyl- ration, USA) unit equipped with a He—Ne laser operating at
amino)-cinnamaldehyde and malononitrile with a 84% 690 nm and by differential refractometry (Waters Model
yield after crystallisation from ethyl acetate. 410). ch/dc was measured in 0.1 N NaN@sing an Optilab

903 refractometer (Wyatt Technology Corporation, USA)
calibrated with a solution of known specific refractive

Substitution ratios of hydrophobically modified polymers mdex mcrement (NaCl, idc = 0'17.4)' I .
were determined by gas chromatography measurements V|S(_:ometr|c measurements at h|gh d|Iu_t|on were carried
after alkaline hydrolysis. An aliquot of the polymer out with an_OstwaId-type autqmat|c capillary viscometer
(typically 100 mg) was hydrolysed for 4 h in 0.4 N NaOH (0.46 mm diameter) (Viscologic TI.1, Sematech, France)

o . thermostated at 3% 0.05°C. Polymer solutions were
at room temperature. Toluene (3 ml) containing an internal . . . . S
reference (tetradecanol) was added and the mixture wa repared by dlsgolut|on n NaCl squtlpns of various ionic
vigorously stirred (Vortex). After centrifugation (3060 s't;_eilrjgths, Igrewousl)_/rhﬂltered Ont.M"(;e); H';‘4 24?]1
15 min), the organic phase containing the internal reference( ilipore, France). They were stirred for clore

and the released dodecanol or octadecanol (according tod|Iut|on to appropriate concentrations, and then for a further

2.2. Methods

24 h.
Fluorescence spectroscopy studies were carried out with
CH3\NO CH= CH— CH=— C/ CN polymer solutions prepared by dissolution in 0.15 N NacCl,
CHy” - T UNeN previously filtered on Millex GSWP 0.22m (Millipore,
France). They were left under stirring for 18 h before the
Fig. 2. Chemical structure of the molecular rotor, 1,1-dicyarfeN4\- fluorescent probe was added, and then for a further 18 h in

dimethylamino-phenyl)-1,3-butadiene (DMAC). order to ensure the completion of the probe incorporation in
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Table 1
Characteristics of the synthesised Na—AA and Na—HA derivatives

345

Polymer Alkyl chain Alkyl bromide Experimental Reactivity Symbol

backbone length () ratio (%) substitution ratid (%)? yield® (%)

Alginate 12 11 8 73 Na-AA-G-8

Hyaluronate 8.5 5 59 Na—HA—-&5

Alginate 18 4 1.3 325 Na-AA—1.3

Hyaluronate 7 2 28.5 Na-HA—g2
3 1 33 Na-HA-Gg-1

2 Number of alkyl chains per 100 uronic acid units.
® Measured by gas chromatography.

¢ Molar ratio of substituted alkyl chains with respect to the initial alkyl bromide.

the hydrophobic microdomains. Fluorescence emission

and 1.7 ppm (spectra not shown). The exchange of TBA

spectra were recorded on a Spex-fluorolog-2 spectrometeNa’ was ascertained by the absence of TBA characteristic

equipped with a cell thermostated at°e5 All samples
containing the DMAC rotor5 x 10® M) were excited at

signal at 3.2 ppm [(CH-CH,—CH,—CH,),N '] in a region
totally devoid of any other signal in the native poly-

511 nm and the emission spectra recorded in the range 530-saccharides. No peaks corresponding to the solvents used

650 nm (slit width 1.5 mmAA» 6 nm). In all cases, the

for the synthesis (DMSO, ethanol) were found.

excitation generated one single fluorescence peak, the Owing to the broadening of the representative signals of

position of which was medium-dependent.
2.3. Synthesis of the amphiphilic derivatives

The synthesis is derived from the procedure previously
described by Della Valle and Romeo (1990). Briefly it
consists of the reaction, in homogeneous medium
(dimethylsulfoxide, DMSO), of an alkyl halide (dodecyl
or octadecyl bromide), with the carboxylic groups of the
considered polysaccharides, preliminarily transformed into
their tetrabutylammonium (TBA) salts. The long alkyl

the polymer chain, very commonly observed for molar
masses over 80,000 g/mol {an, Anthonsen, Grasdalen
& Smidsrgd, 1991), the substitution ratios could not be
determined by'H n.m.r. To overcome this difficulty, a pre-
liminary acid degradation of the polysaccharide backbone
was performed. Under these conditions, ' signals of
native Na—-AA or Na-HA were perfectly assigned.
However, the acidic treatment resulted in the partial
cleavage of long chain esters. Unfortunately, the low solu-
bility in D,0 of long chain alcohols thus released made their

__quantitative determination unreliable.

chains are thus linked to the polysaccharide backbone via Alternatively the content in alkyl chains was calculated

ester functions.

Na—AA and Na—HA were first transformed into their
acidic forms. This step was carried out either by treatment
with a strongly acidic cation exchange sulphonic resin
(Dowex 508) or by reaction with ethanolic HCI (ethanol/
0.6 N HCI, £C, 15 h). The TBA salts of HA or AA acids

were then prepared by neutralisation of the polysaccharide

acidic form with TBA hydroxide. After freeze-drying, they
were dissolved in DMSO (1% wi/v), the alkyl bromide(C

or Cig) was introduced at adequate stoichiometry and the
mixture was left to react for 24 h under stirring. It was then
dialysed for several days against double distilled water
containing sodium azide (400 mg/l) used both as a bacter-
icide and to ensure the exchange of TBBy Na” ions, and

for one more day against bidistilled water. The final
products were obtained after freeze-drying.

3. Results and discussion
3.1. Characterisation of the amphiphilic derivatives

The substituted alkyl chains were detected'Byn.m.r.,

using gas chromatography according to the procedure
described in Section 2. Low substitution ratios (1-2% for
instance for G derivatives) could be measured, provided
that known amounts of dodecanol (or octadecanol) were
included in the extraction solvent (toluereinternal
reference) after the alkaline hydrolysis treatment. The
results of these measurements are shown in Table 1. It can
be seen that the reactivity yields of dodecyl bromide were
around 75 and 60%, for AA and HA, respectively, while
with octadecyl bromide, it was approximately 30% for both
polysaccharides.

The measurement of the average molar masses of the final
derivatives (Na—AA—Gand Na—HA—-G) by SEC-MALLS
was impossible owing to their strong retention on the
stationary phases. The effect of the different reaction steps
on the polymer chain length was then evaluated by measur-
ing the average molar masses of the various intermediates.
The results are given in Table 2. Na—§fand Na—HAy,
presented in this table, were prepared in order to investigate
the intrinsic effects of experimental conditions (solvents,
dialysis, freeze-drying) on the properties of the final
products, irrespective of the hydrophobic substitution itself.

by the presence of three characteristic signals between 0.8 First of all, the acidic treatment of both polysaccharides,
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Table 2

Average molar masses of the intermediate derivatives of the amphiphilic polysaccharides

Symbols Na—-AA Na—Afow? Na—AA.c” Na—AAg, P Na—HA Na—HA,? Na—HA." Na—HA,%?
M, ¢ (kg/mol) 250 210 140 93 480 460 17 440
M,/M,¢ 2.4 2.4 2.1 1.9 2 1.7 - 1.7

2 Acidification by the Dowex treatment then neutralisation with NaOH.
b Acidification by EtOH/HCI treatment then neutralisation with NaOH.

¢ Control samples having undertaken all the reaction steps except the addition of the alkyl bromide.

4 Determined by SEC-MALLS.

whatever the route involved (EtOH/HCI or Dowex resin),
was not harmless, sindd,, was decreased. Whereas both
pathways led to a limited decrease with Na—AA (some 40%
decrease by EtOH/HCI and 20% by Dowex resin), in
contrast Na—HA was strongly degraded by EtOH/HCI.
According to the literature, this degradation would consist
of glycosidic 1— 4 bond cleavage, without ring opening
(Grasdalen, Larsen & Smidsrgd, 1979; Tokita & Okamoto,
1995).

Moreover, some additional degradation did definitely
occur after the initial acidic treatment specially in the case
of AA. Thus it is seen that under the conditions of the
following steps (DMSO, dialysis, freeze-drying,,
decreased from 140,000 g/mol (Na—-A#) down to
93,000 g/mol (Na—A4y). It is not possible to know
whether this degradation occurs upon contact with DMSO
in the final reaction, during dialysis or during the freeze-

homologues. On the other hand, thevalues are far higher.
These results are as expected. In the dilute regime, the intra-
molecular hydrophobic interactions between the long alkyl
chains are favoured/reinforced in the presence of 0.15 N
NaCl, which results in more compact conformations,
compared to those of the unmodified polysaccharides.
However, taking into account the very high valueskgf
which indicates polymer—polymer intermolecular inter-
actions, the assumption that even at high dilution, some
intermolecular associations are existing cannot be rejected,
which would mean thats{] does not correspond to the
completely isolated macromolecule.

It is noteworthy that the covalent attachment of long alkyl
chains, at nearly identical substitution ratios, leads to much
more compact structures for HA derivatives than for the
corresponding AA homologues. For instance, the substi-
tution of HA by Cjg chains (Na—HA—-G-1) results in a

drying process as already described (Tokita, Ohshima & dramatic intrinsic viscosity decrease (from 820 to 170 ml/

Okamoto, 1997).

3.2. Physico-chemical properties in the dilute regime

3.2.1. Viscometry

g) whereas a similar chemical modification on AA (Na—
AA—-C15-1.3) gives a much more modest effect (from 695
to 520 ml/g). This difference could be interpreted in terms of
the intrinsic rigidity of the parent polysaccharide backbones.
In this respect, the relative stiffness of both polysaccharides

Table 3 shows the values of some viscometric parameterswas investigated, following the empirical method developed
in 0.15 N NacCl, for the parent polysaccharides and various by Smidsrgd and Haug (1971).

amphiphilic derivatives.
First of all, the fp] (intrinsic viscosity) values of controls

Fig. 3 shows the variation ofq]] of both polysaccharides
as a function ofl *2, | being the ionic strength corre-

(Na—HA., and Na—AA,,) are appreciably lower than those sponding to various NaCl concentrations (in the range
of Na—HA and Na-AA. This result was to be expected, 0.017-0.34 N). The straight lines thus obtained can be
owing to the degradation occurring during the synthesis, described by the empirical law of Smidsred and Haug
as evidenced by SEC-MALLS. The (Huggins coefficient)  (1971): [n], = [1]e + 1)~ Y2 where R], is the intrinsic
values are in the range 0.3-0.8, which is characteristic of viscosity at the ionic strengthand [n]. at infinite ionic
interactions between macromolecular coils and good strength. The slop8is related to the Smidsrad’s flexibility
solvents. parameteiB, according toB = S([n]o1 w) -°. The higher
Secondly, for all hydrophobically modified derivatives, the value ofB is, the more flexible is the polymer chain.
[n]is lower than that of the corresponding native or control ~ For Na—HA, it was found thaB = 0.07 and for Na—AA,

Table 3
Viscometric parameters of the intermediate derivatives of the amphiphilic polysaccharides

Na—AA Na—AAy Na—AA—Cig-1.3 Na—HA Na—HAy Na—HA-G5 Na—HAg1
[n]® (mlig) 920 695 520 930 820 270 170
ky® 0.65 0.45 3.7 0.4 0.35 5.7 45

2 Intrinsic viscosity.
® Huggins coefficient. 0.15 N NaCl, 3. Symbols as in Table 2.
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Fig. 3. Variation of the intrinsic viscosity#f] with ionic strengthl of
polysaccharide agueous NaCl solutions Q™ Na—AA; O Na—-HA.

B = 0.04, in good agreement with the results of Smidsrad

groups of the macromolecule (Heatley & Scott, 1988).
The rigidity of alginate is due to the steric hindrance of
the guluronate blocks which hampers the free rotation
around the glycosidic linkage. This steric hindrance is not
suppressed after alkyl chain substitution and the macro-
molecule remains relatively inflexible. In contrast, it can
be assumed that the substitution of HA carboxylate groups
by alkyl chains limits the possibility of intramolecular
hydrogen bonds, which results in a greater flexibility
compared to that of HA and of the amphiphilic AA deriva-
tives. Accordingly, a HA amphiphilic chain can accommo-
date itself more easily with internal foldings imposed by
intramolecular hydrophobic associations than the AA
amphiphilic chain, which can hardly bend into very compact
conformations.

3.2.2. Fluorescence spectroscopy
Fluorescence spectroscopy has been shown to be useful in

and Haug (1971) and those of Fouissac, Milas, Rinaudo andthe study of the organised structures of amphiphilic poly-

Borsali (1992). The relative stiffness of Na—HA was attri-

mers in water. Several reviews on this topic are available

buted to the presence of intramolecular hydrogen bonds, via(Winnik, 1993; Winnik, Regismond & Goddard, 1996).
H,O bridges, between the acetamido and the carboxylateUndoubtedly, pyrene has been, by far, the most investigated
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Fig. 4. Variation of the maximum fluorescence emission wavelengtl,
of DMAC, with the concentration of various polymer§DMAC] =
5x107° M in 0.15 N NaCl, 25C. (a) Alginate:> Na—AA; ¥ Na—AAy;
O Na—-AA-C»8; 0 Na—AA-Cg1.3. (b) Hyaluronate®> Na—HA; ¥ Na—
HAy; © Na—HA-G5; 0 Na—HA—-Gg2. Symbols as in Tables 1 and 2.

fluorescence probe, and the variations in fluorescence
spectra are mainly associated with polarity changes in the
microenvironment of the probe.

The fluorescence study in the present article involves a
molecular rotor, DMAC (Fig. 2). With this type of probe,
after illumination with a source of appropriate wavelength,
de-excitation occurs by two main pathways: radiative
decays such as fluorescence, and non-radiative ones, such
as, essentially, internal rotations of the molecule. This latter
process depends strongly on the cohesion of the probe
microenvironment: the more structured the hydrophobic
microdomains that are formed, the more viscous is the
microenvironment and the higher is the fluorescence
quantum vyield (Fischer et al., 1998). In fact, fluorescence
becomes all the more prevalent as the increase in viscosity
in the microenvironment hampers the dissipation of energy
by internal rotations or isomerisations of the probe (Loufty,
1986; Rettig, 1994). On the other hand, similarly to pyrene,
DMAC also witnesses polarity changes in its micro-
environment. In fact, the wavelength corresponding to the
maximum fluorescence emission,., decreases with the
microenvironment polarity.

Fig. 4 shows the variation of,ovs C (polymer concen-
tration) and Fig. 5 the variation VS, of the ratio between
the fluorescence quantum yietl; of DMAC in polymer
solution and its fluorescence quantum yiefl, in the
solvent, for various AA and HA derivatives.

First of all, for the controls, the variations af,,as well
as those ofb;/ s are superimposed on those corresponding
to the parent polymers, whatever the polysaccharide. The
effects observed on the various fluorescence features with
amphiphilic derivatives are therefore only due to the hydro-
phobic modification itself and not to the other experimental
conditions. On the other hand, Fig. 4 shows that for both
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Fig. 5. Variation of the ratio between the fluorescence quantum yelf
DMAC in polymer solution and its fluorescence quantum yiéld in the
solvent, with the concentration of various polymers. All conditions and
symbols as in Fig. 4.

unmodified polysaccharides, after a plateau at@wvalues,
the A hax Value starts decreasing wh@&reaches about 0.2—
0.4 g/l for Na—AA and about 0.1-0.2 g/l for Na—HA. This

S. Pelletier et al. / Carbohydrate Polymers 43 (2000) 343—-349

polarity due to the apolar parts of the macromolecule. The
approximate polymer concentrations at whigh, begins to
decrease for the various polymeiGSyaiy), are shown in
Table 4. From these data and from Fig. 4, it can be deduced
that Na—AA—-G»-8, is more hydrophobic than Na—-AA—
Cig-1.3, while Na—HA-Gg-2 is more hydrophobic than
Na—-HA-G-5.

The existence of hydrophobic microdomains in the
aqueous solutions of amphiphilic polymers, can also be
visualised in Fig. 5, that shows the variation @/®
with C. For the parent polymersp;/ &y, starts increasing
atC ~ 1-2 g/l for Na—AA andC ~ 1 g/l for Na—HA. This
increase can be attributed to the increase in the macroscopic
viscosity of the solutions. For the hydrophobically modified
polymers, the concentration at whic/®¢ begins to
increase, is much lower than that obtained for the parent
polymers. The approximate values of this concentration
(Ceonesiog for the various polymers are reported in Table 4
and the same order of hydrophobicity as that obtained from
the Amax Values, is observed. It is to be seen that for each
amphiphilic polymerCeonesioniS Of the same order of magni-
tude asCpoaiy. This agreement is not observed in all cases
and for example for amphiphilic pectins (Fischer et al.,
1998) a difference of one or two orders of magnitude was
obtained. These latter results mean that the medium polarity
decreases well before alkyl chains actually organise in
structured stiff microdomains, which can be understood
considering that the studied pectin was highly methylated
(about 80%). In this case, both the methyl and alkyl groups
contributed to the decrease in the solution polarity when the
amphiphilic pectin concentration increased, whereas only
the long alkyl chains were responsible for the formation
of hydrophobic structured microdomains.

4. Conclusion

decrease can be related to the fact that the probe environ-

ment is richer and richer in polysaccharide hydroxyl groups

asC increases, and for high enou@hvalues A, becomes

The covalent immobilisation of long alkyl chains,g&and
C.g) on the backbones of both alginate and hyaluronate

of the same order of magnitude as that obtained for the affords amphiphilic derivatives, whose hydrophobically

same probe in alcohols (Benjelloun, Brembilla, Lochon,
Adibnejad, Viriot & Carfe 1996).

associative character was evidenced, in dilute regime, by
capillary viscometry and fluorescence spectroscopy

As expected, the fixation of pendent long alkyl chains on measurements using a non-usual molecular rotor, 1,1-

the polysaccharide backbone causesihg value to start

dicyano-(4-N,N-dimethylaminophenyl)-1,3-butadiene.

diminishing at lower concentrations than for the unmodified This analysis confirmed that for a given polymer con-
polysaccharides, indicating some change in the mediumcentration, the longer the alkyl chain, the stronger the

Table 4

Approximate critical polymer concentrations for various amphiphilic polysaccharides. (Values determined by fluorescence spectroscopygandhefre

DMAC as the probe. Z&, 0.15 N NaCl)

Na—-AA Na—AA—-G8 Na—AA—-Gg1.3 Na—-HA Na—HA-G5 Na—HAg2
Coolarity” 0.1-0.3 0.003-0.005 0.008-0.01 0.1-0.2 0.04-0.06 0.005-0.009
Ceonesio 1-2 0.01 0.02 1 0.05-0.06 0.01

& Corresponding to tha ., decrease.
® Corresponding to theb;/d®y, increase.
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hydrophobic interactions. The same conclusion could be Fischer, A., Houzelle, M. C., Hubert, P., Axelos, M. A. V., Geoffroy-

drawn when, for a given chain length, its content on the
polymeric backbone was increased. It also allowed to
show that a good connection existed between the polarity

induced by the alkyl chains and the “microviscosity” of the
hydrophobic domains.

The associative properties in water, were also evidenced
in the semi-dilute regime by a rheological study both in the

flow and oscillatory modes. The detailed results of this

Chapotot, C., CafreM. C., & Dellacherie, E. (1998)Langmuir 14,
4482.

Fouissac, E., Milas, M., Rinaudo, M., & Borsali, R. (199acro-
molecules25, 5613.

Goa, K. L., & Benfield, P. (1994Drugs 47, 536.

Grasdalen, H., Larsen, B., & Smidsrgd, O. (19T&rbohydrate Research
68, 23.

Heatley, F., & Scott, J. E. (1988Biochemical Journal254, 489.

Loufty, R. O. (1986). Photophysical and photochemical tools. In M. F.
Winnik, Polymer sciencép. 429). Dordrecht: Reidel.

study carried out on all the synthesised amphiphilic poly- oxiey, H. R., Corkhill, P. H., Fitton, J. H., & Tighe, B. J. (199Bjio-

saccharides, will be published in a forthcoming paper.
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