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Abstract

Sugar-based hydrogels were prepared by non-selective modification of sucrose with the introduction of vinyl groups. Sucrose was reacted
with glycidyl methacrylate (1:1 molar ratio) in DMSO and in the presence d&f AHdimethylamino)pyridine (4-DMAP) as catalyst. The
structure of the product (SucMA) was established usiHgNMR, *H DQF-COSY NMR and®*C NMR analysis. Gels were prepared by
copolymerisation of hydroxyethyl methacrylate (HEMA) and SucMA in a 70:30 ethylene glycol/water mixed solvent using ammonium
persulphate/sodium methabisulphite pair as initiating system. The swelling behaviour of these gels was evaluated as a function of crosslinker
content, copolymer composition, pH and ionic strength. In addition, the diffusional behaviour of sodium salycilate (SSA) from these gels and
poly(HEMA) gels is also reported® 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction disadvantages concerning the reduced number of enzymes
and acylating agents that can be used in this synthesis (Jans-
Sucrose is the most abundant of all sugars presentingsen, Lefferts & Riet, 1990). Furthermore, the stability of the
advantages due to its high world production (more than enzyme in organic solvents and the choice of the right
110 million tonnes in 1992) and, consequently, low cost acylating agent are also important problems that may limit
(Khan, 1995; Vlitos, 1995). The high hydrophilicity of the the utility of this approach. Therefore, the selective chemi-
sucrose molecule suggests high biocompatibility levels, cal modification of sucrose with vinyl groups has also been
which confers it a potential as a material for the preparation reported, although, in this case, specific blocking/deblock-
of gels. These gels are a good approach to develop non-ing reactions are necessary resulting in a complex and
toxic, highly absorbent materials for use in applications expensive methodology (Fanton, Fayet, Gelas, Deffieux,
such as general water absorbents, water treatment additivegontanille & Jhurry, 1993; Kunz, 1993; Sachinvala, Niemc-
and biomedical devices (Chen, Dordick & Rethwisch, zura & Litt, 1991). We are particularly interested in the
1995a). chemical non-selective modification of sucrose with vinyl
In order to obtain sucrose based gels, the sucrose mole-groups in order to prepare gels. This approach, to sucrose
cule must be modified through the incorporation of vinyl vinyl monomers synthesis, is easy, rapid and non-expensive.
groups. According to the literature, this has been accom- The present paper describes a chemical procedure for the
plished mainly in an enzymatic way (Chen, Martin, reaction of sucrose with glycidyl methacrylate involving a
Neubauer, Dordick & Rethwisch, 1995; Patil, Dordick & unique acylation step. The new monomer was characterised
Rethwisch, 1991a,b). The major advantage of using by FTIR and NMR analysis and used to prepare sucrose
enzymes is to obtain regio and stereoselective monomerspased gels by copolymerisation with the HEMA monomer.
involving a unique acylation step, although there are The gels thus obtained were chemically and physically char-
acterised. Results on the degree of swelling as a function of
pH, ionic strength, crosslinker content and SUucCMA/HEMA
mg author. Tel.: + 351.39-828392; fax: + 351.39- molar ratio are reported. Finally, we presgntadrug delivery
841138, system, on these sucrose based gels, using SSA as a model
E-mail addresshgil@eg.uc.pt (M.H. Gil) drug.
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2. Experimental part 2.3. Synthesis of SucMA (standard procedure)

2.1. Materials Sucrose (20.0 g) was dissolved in DMSO (60 ml) in a
stoppered 250 ml round flask. After the dissolution of 4-

Sucrose (analar) and glycidyl methacrylate (95% by GC; DMAP (3.5 g), the GMA (8.9 ml) was added under nitrogen
systematic name, 2,3-epoxypropyl methylpropenoate) were@tmosphere. The solution was magnetically stirred 8€25
obtained from BDH Chemicals Ltd. (Poole, UK); Bk\N- for 72 h, after which the reaction was stopped by adding an
Dimethylamino) pyridine (4-DMAP), salicylic acid and €quimolar amount of concentrated HCI to neutralise the 4-
dimethyl sulfoxide (DMSO, minimum 99.5%) were DMAP. The reaction mixture was precipitated in acetone
purchased from Sigma Chemical Company (England); @nd the precipitate was dried over calcium chloride under
hydroxyethyl methacrylate (HEMA, 96% by GC) was Vvacuum atmosphere during two weeks, yielding 11.9 g of a
purchased from ACROS Organics (New Jersey, USA); Yellow product. Part of the crude product (7.8 g) was puri-
ammonium persulphate and sodium methabisulphite werefied by silica gel column chromatography. The isolated
supplied by May & Baker Ltd (Dagenham, UK); tripropy- ~ Product (SucMA), yield 1.2 g (10%), was a mixture of

leneglycol diacrylate (TPGDA) was obtained from UCB wo compounds which had & of 0.64 (main component)
Chemicals. and 0.56, respectively.

2.4. Gel preparation

2.2. Methods The poly(SucMAeo-HEMA) gels were prepared in

. . 10 ml glass beakers (diameter 2—3 cm) by polymerizing
NMR: All NMR spectra were recorded on a Varian Unity the desired amounts of SUCMA (155-260 mg), HEMA
500 spectrometerH NMR spectra were recorded in,0 (166 l), the crosslinker TPGDA (2—-10 mol% relative to
(0.015 M_)’ at 499.824 MHz, using a pulse angle of 90 ¢ monomers) and the ammonium persulphate/sodium
(pulse width of 11us) and a relaxation delay of 4 s. The o anisulphite (6 mg, 1:2 (wiw)) mixture as radical initia-
water signal, used as internal reference, was seb at 4 iy > m| of the ethylene glycoliwater 70:30 (v:v) mixture.
4.75 ppm versus tetramethylsilane and was suppressed by\gor homogenisation, the solutions were bubbled with N

a pre-saturation pulse at water resonance frequeficy. stoppered and the temperature raised f€5Fhe polymer-
NMR spectra (proton decoupled) were recorded J®Pat i, 4ti0n reaction proceeded for 4 h. After this time, a gel was
125.695 MHz, using a pulse angle of*9nd a relaxation formed and the residual ethylene glycol/water 70:30 (v:v)
Fielay of 10 s. The methyl resonanceteft-butanol, used as  .ptained no traces of SucMA (as determined by TLC). The
internal reference, was set@B1.2 ppm versus tetramethyl- o ,iting gels were kept overnight at room temperature and

silane. The't DQF-COSY spectra was recorded in at they were subsequently separated from the glass by adding
499.824 MHz. For the acquisition 1024 complex points g,me gistilled water. Then, to wash the unreacted mono-

were use_d, Wit_h 256¢ 2 increments ("States” acquisition mers, gel samples were immersed in distilled water for
mode) (Piantini, Sorensen & Ernst, 1982; Rance, Sorensen, days, changing the water every day. The poly-

Bodenhausen, V\_/agne_r, Ernst &_ Wuthrich, 1983) and (SucMA-co-HEMA) gels were denoted by: poly(SucMA-
solvent suppression with decoupling. The spectrum was coHEMA)1-3 with a 1:3 (mol/mol) SuUcCMA/HEMA ratio
processed in two dimensions with 2048 points using apodi- and 2, 5 and 10mol% of TPGDA, respectively: poly-

zations functions. A total acquisition time of 10 h was used. (SUCMA<O-HEMA)4 with a 1:1.7 (mol/mol) SUcMA/
FTIR: FTIR spectra were recorded on a Nicolet-750 spec- | ,=MmA ratio and 2 mol% of TPGDA.

trometer. The dry samples were powdered, mixed with KBr The general method for poly(HEMA) gels synthesis was

and pressed into pellets under reduced pressure. The FTIR g t5jiows: 200l of HEMA and the desired amount of

spectra were obtained by recording 128 scans between 400Gp;pa (1-10mol% relative to the monomer) was

_l . . _l

and 45_0 cm " with a reSF"“t'O” of 2 criv. . degassed in a 10 ml vial for 5 min. To this solution, 6 mg
TLC: TLC was carried out on aluminium precoated ¢ mmonjum persulphate/sodium methabisulphite 1:2 (w/w)

plates (silica gel 60, #, Merck) using the butanol/ was added under N Further steps were carried out as

acetone/HO 80:10:10 (y:v:v) eluent. The cqmpounds described for poly(SucMAG-HEMA) gels. The poly-

were detected by spraying the TLC plates with ethanol/ (HEMA) gels were denoted by: poly(HEMA)L, poly-

anhysaldeyde/F$0, 18:1:1 (v:v:v) splution and heatiqg at (HEMA)2, poly(HEMA)3, poly(HEMA)4 and poly(HEMA)5
100°C. TheRs values were determined on 10 cm strips of with 1, 2, 3, 5, 10 mol% (relative to HEMA monomer) of
these plates. TPGDA.

Column chromatographyThe Column chromatography
was performed according to the procedure described by 5 Equilibrium water content determinations
Still, Kahn and Mitra (1978). The column (19 15 cnt)
was filled with silica gel (40—6@.m, Merck) and eluted Equilibrium swelling studies were accomplished by
with ethyl acetate/methanol/water 70:5:4 (v:v:v). immersing the gels in either a 0.9% NaCl solution or in
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Fig. 1. Schematic representation of the possible mechanisms in sucrose reaction with glycidyl methacrylate: (1) the formation of 1-metigygcgioyld)
and 2-methacryloyl-1-glyceryl ether of sucrose (b) through the opening of the epoxide ring; (2) the formation of methacrylated sucrose thmeester tra
ification reaction (the protons are assigned in all chemical structures).

solutions of desired pH. The gels were allowed to equili- 3. Results and discussion
brate for five days, in sealed containers. After this time, the
gels were removed from the solutions, blotted and weighed 3.1. Synthesis of SUCMA
to determine the equilibrium swelling weightVy). The
same gels were dried at room temperature, under vacuum, In this work, the reaction conditions of the sucrose
in the presence of phosphorous pentoxide, until constantderivatisation with the GMA were chosen according to
weight in order to determine the dried weighiy. Equili- the Hennink work, about a similar reaction involving
brium water content (EWC) was determined using Eq. (1): dextran instead of sucrose (Dijk-Wolthuis, Franssen,
Talsma, Steenbergen, Bosch & Hennink, 1995; Frans-
Ws = Wy x 100 1) sen, Vos & Hennink, 1997; Smedt, Lauwers, Demeester,
W Steenbergen, Hennink & Roefs, 1995). Therefore, the
reaction reported between sucrose and GMA, occurred
in DMSO using 4-DMAP as catalyst. From our FTIR
2.6. SSA release measurements results we observed no incorporation of GMA in the
absence of the catalyst. The role of the 4-DMAP has
After equilibrium in distilled water at pH 6.5, swollen been described in the literature either as a Bronsted
gels were immersed for five days in 10 ml of a salycilic base, that polarises the hydroxyl groups (Dijk-Wolthuis
acid aqueous solution (0.25%, (w/v)), pH 12.0 at@5At et al., 1995; Vervoort, Mooter, Augustijns, Busson,
this pH, the salycilic acid is converted into sodium salycilate Toppet & Kinget, 1997), or as a nucleophilic agent
(SSA) (Shane and Routh, 1967). After blotting, the gels promoting the formation of the metacryloyl pyridinium
were immersed in 50 ml of distilled water at °€7 with salt (Vervoort et al., 1997). Considering these two
magnetic stirring (150 rpm). The released SSA was moni- mechanisms, Fig. 1 represents the possible products
tored at 300 nm on an UV-VIS spectrophotometer, until no for the reaction of sucrose with GMA. Our NMR results
further changes of absorbance values were observed. Thesidicate that the reaction occurs by a transesterification
absorbance measurements were converted to SSA concermmechanism (route 2 in Fig. 1). The yield of the reaction
trations using an SSA calibration curve, and the total with sucrose (10%) is quite low when compared with
amount of SSA released was calculated. To determine thethe yield of the similar reactions involving polysacchar-
SSA residual concentration, the gels were pulverised, driedides, 70—-90% for dextran (Dijk-Wolthuis et al., 1995)
at room temperature under vacuum over phosphorous pentand 10-50% for inulin (Vervoort et al., 1997). This can
oxide and washed with 10 ml of a NaOH aqueous solution, most likely be ascribed either to the lower reactivity of
pH 12.0. The absorbance of this alkaline solution was deter- sucrose as a nucleophilic agent, or to the purification meth-
mined at 300 nm. Finally, SSA loadindgo) was calcu- ods used acetone precipitation and column chromatography
lated by adding the SSA residual concentration to the instead of dialysis, which is only applied in the case of
concentration of the total amount of SSA released. polysaccharides.

EWC=



18 L. Ferreira et al. / Carbohydrate Polymers 41 (2000) 15-24

Absorbance
o

I

C

. ‘ ‘ \ ‘ ‘ ‘ \ ‘ \ ‘ |
2400 2200 2000 1800 1600 1400 1200 1000 80O

Wavenumber (cm)

Fig. 2. Absorbance FTIR spectra of sucrose (a), the product obtained in the reaction of sucrose with glycidyl methacrylate without (b) and mcéh@poése
the 4-DMAP (SucMA). The arrows indicate the peaks, appearing at 1179, 1295, 1636 and I#1@/bivh originate from the methacrylate groups.

3.2. Characterization of SuCMA is not. In fact, our NMR results suggest that the reaction did
not take place at the epoxide ring, but rather through a
Fig. 2 shows the FTIR spectra of sucrose (A) and of transesterification mechanism (route 2 in Fig. 1). Based on
sucrose modified with GMA in the absence (B) and in the the assignment oiH NMR glyceryl methacrylate spectrum
presence (C) of the 4-DMAP. In spectrum C new bands (Dijk-Wolthuis et al., 1995), the signals &at5.2 ppm and
appear at 1716 and 1636 cf which can be assigned, 4.4 ppm in the'H spectrum of SucMA (Fig. 3(b)) could be
respectively, to the carbonyl group@=0) and to the correlated to the proton Hof the 2-glyceryl methacrylate,
double bond ¢C=C) characteristic of the methacrylate or to the proton iHof the 1-glyceryl methacrylate, respec-
group, and at 1295 and 1179 chwhich can be assigned tively (route 1 in Fig. 1). However, no signals from the
to the ester bonds/C—0) established between the sucrose carbons linked to i and H could be detected, in thEC
and the GMA. At the same time, the absence of these bandNMR spectrum (Fig. 4(b)), which according to the literature
in spectrum B suggests that the monomer SucMA was (Vervoort et al., 1997) should appear &t76.0 ppm (@)
synthesised only in the presence of the catalyst. and  66.0 ppm (). Moreover, it is not possible to see in
The product obtained from the reaction between sucrosethe **C NMR of SucMA (Fig.4(b)) the signal that should
and GMA, in the presence of 4-DMAP (SucMA), was also result from the carbon of the glyceryl part at the ether func-
characterised by NMR. Fig. 3 shows thé¢ NMR spectra of tion, which according to the literature, should appear in the
sucrose and the SucMA product (spectra A and B, respec-region withiné 70.0 ands 72.0 ppm. These results suggests
tively). The assignments of th#d signals of sucrose were that SucMA is an ester instead of an ether and that the
obtained from the literature (Timmermans, Waard, Tournois mechanism followed can be similar to the one suggested
& Leeflang, 1993). In spectrum B the multiplets from the by Vervoort et al. (1997): a nucleophilic catalysis of 4-
methacryloyl group are observed &t1.90 ppm (methyl DMAP with the formation of a methacryloyl pyridinum
protons, H) as well as at 6.14 and 5.72 ppm (protons at salt intermediate followed by a general base catalysis. The
the double bond, §), having an integral ratio of 3:2. The presence of a transesterification mechanism was also
formation of the product SucMA is also confirmed by the observed for the reaction between glycidyl methacrylate
respectiveC NMR spectrum, displayed in Fig. 4(b). Here, and dextran (Dijk-Wolthuis, Bosch, Hoof & Hennink,
the signals of methacryloyl group are detected dlt71.0 1997) or inulin (Vervoort et al., 1997), leading to the direct

(Cy), 6 137.2 (G), 6 128.8 (G) andd 19.0 (Q) ppm. attachment of the methacryloyl group to hydroxyl groups in
While the presence of the methacryloyl group in SucMA the polysaccharides.
is supported by théH, *C and*H DQF-COSY NMR (see The *C NMR spectrum of SucMA, besides the signals of

later) data discussed above, the presence of the glyceryl parthe methacryloyl group and the sucrose carbon atoms,
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Fig. 3. 'H NMR spectra of sucrose (a) and SucMA (b) obtained i [25C).

shows several additional peaks. These can be attributed taesidue of the sucrose molecule, as expected. This result

the shifts of the sucrosé€’C resonances induced by the

confirms the integrity of the sucrose molecule after the reac-

attachment of the methacryloyl group (Yoshimoto, Itatan tion. Finally, in order to know the degree of substitution
& Suda, 1980). Based on the TLC results, that confirm the (DS) in SucMA, the ratio between the average integral of
presence of two compounds, and according to the literaturethe protons at the double bond $.72 ands 6.1 ppm) and
(Khan, 1995), we conclude that the derivatisation of the integral of the anomeric protof 6.36 ppm) was calcu-
sucrose, probably takes place at the C-6 hydroxyl of the lated, having an integral ratio of 1:1. This result confirmed

glucose unit or the CZ6hydroxyl of the fructose unit, due
to the higher acidity of a primary hydroxyl and also to the
lower steric hindrance of these positions.

In the '"H NMR of sucrose (Fig.3(a)) the signal from the
anomeric proton (k) of the glucopyranosyl ring is
observed a5 5.4 ppm (1 doublet, i = 3.90 Hz), well
separated from the other proton signads3.4—4.2 ppm).
However, in the'H NMR spectrum of SucMA (Fig.3(b))
this signal is slightly displaced #® 5.36 ppm in the form of
two doublets (&ﬁ. = 3.90 Hz), probably, due to the exis-
tence of 2 different monomers. In tHie DQF COSY spec-
trum (Fig. 5) this signal is correlated with another &t
3.5 ppm, which corresponds to protong Hom the glucose

the synthesis of a mono-substituted compound.

3.3. Characterisation of the Poly(SucMA-co-HEMA) gels

3.3.1. Equilibrium water content

According to the literature, gels prepared solely from
sugar monomers present a relatively low EWC, which was
explained by the strong sugar—sugar interactions (Martin,
Ampofo, Linhardt & Dordick, 1983). In this work, to avoid
this tight packing of the sugars moieties, copolymerization
of SucMA with HEMA was carried out, by following the
Refojo method for the preparation of the Poly(HEMA) gels
(Refojo & Yasuda, 1965).
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Fig. 4. *H DQF-COSY spectrum of SucMA obtained in® (25°C).

Figs. 6 and 7 show the EWC of poly(SucMz®-HEMA)

80 60 40 mm

The dashed lines represent some protons correlations (see text).

Figs. 6 and 7 also display the EWC results obtained for

gels as a function of the crosslinker content (mol%) and the the poly(SucMAec-HEMA) and poly(HEMA) gels in an

SucMA/HEMA molar ratio, respectively. As it can be seen
by comparing curve 1A and curve 2A in Fig. 6, poly-

(SucMA-co-HEMA) gels show higher EWC than the corre-

sponding poly(HEMA) gels. In Fig. 7, we observe that the
EWC of the gels increases by 87.5% when SucMA/HEMA
molar ratio increases up to 0.6. Furthermore, curve 2A in
Fig. 6 shows the typical poly(HEMA) gels behaviour as a

aqueous solution of NaCl 0.9%. As it can be seen, poly-
(HEMA) gels show a lower EWC in the presence of the

salt than in distilled water (curves 2B and 2A, respectively).

This can be explained by the reduction of the solvent power
of water in the presence of certain ions, specially the chlor-
ide ion. The presence of this ion makes the solvent/polymer
interactions weaker and favours hydrophobic interactions

function of the crosslinker density. For the highest concen- between polymeric chains (Refojo, 1967). This effect is
trations of the crosslinker, the polymeric chains get closer to less pronounced for the poly(SucM#s-HEMA) gels (see
each other, which favours the hydrophobic interactions and curves 1A and 1B in Fig. 6), specially for small crosslinker
leads to lower EWC values (Refojo & Yasuda, 1965). content values. This might also be explained by the volume
Comparing curves 1A and 2A, we observe that this effect of sucrose molecule which could prevent the reorganisation
is less pronounced for the poly(SucM®HEMA) gels, for of the polymeric chains in the presence of the salt.

which the increase of the crosslinker agent could contribute

to the reduction of the EWC, in the same way as described3 4 Release of SSA from poly(SucMA-co-HEMA) gels:

for poly(HEMA) gels. However the sucrose molecules work  preliminary results

as a restriction to that interactions. The balance of these
opposite effects could explain the slight reduction of the
EWC observed in poly(SucMAe-HEMA) gels.

For the release studies from poly(SucM&HEMA) and
poly(HEMA) gels SSA was used as a model drug because:
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(i) its solubility in water allows high loading of the drug into
the polymer matrix from concentrated solutions and (ii) its
release into water can be sensitively followed by spectro-
photometric measurements at 300 nm. The diffusion coeffi-
cients were obtained from Eq. (2) (Peppas & Klier, 1991):

- (2)

M

Ww T g2
Here,l, is the thickness of the gd]) is the diffusion coeffi-
cient of the solute in the swollen g&¥); is the amount of
solute released at timigandM,, is the total amount of solute

Dt
13

2
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Fig. 6. Variation of the EWC for poly(HEMA) (2) and poly(SucMéc-
HEMA) gels (1:3, SucMA/HEMA molar ratio) (1) with different crosslink-
ing densities in distilled water (a) and 0.9% of NaCl solution (b), at pH 6.5
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in the gel. The use of this equation is possible because the
thickness of the gels is small (4.0—6.0 mm) and the diffusion
from the gel can be considered as one-dimensional (Blanco,
Rego & Huglin, 1994).

Fig. 8 shows the relative and absolute concentration
values of SSA in distilled water, at 32, released from
three different poly(SucMAso-HEMA) gels: one with a
1:1.7 SucMA/HEMA molar ratio and 2 mol% of TPGDA,
the other two with a 1:3 SucMA/ HEMA molar ratio and a
TPGDA content of 2 and 10 mol%, respectively (see Table
1). Also, Fig. 9 shows the SSA release from poly(HEMA)
gels with different crosslinker contents, in the same condi-
tions. As it is shown, the fractional release of SSHM.,, is
linear with the square root of time"?, for values ofV/M,,
less than 0.5, for all studied gels. Thus, the release curve
profiles match Fick’s law (Trigo, Blanco, Teijon & Sastre,
1994), allowing diffusion coefficient determination from the
respective slope.

Table 1 summarises the calculated values for the diffusion
coefficients sy values (time required for the release of 50%
of the total amount of the SSA released) and the total
amount of the SSA released from poly(SucMé-
HEMA) and poly(HEMA) gels. As it can be seen, the diffu-
sion coefficient for poly(HEMA) gels does not change,
increasing the crosslinker content. However, in poly-
(SucMA-co-HEMA) gels with 1:3 SucMA/HEMA molar
ratio, the increase of crosslinker content leads to a signifi-
cant increase of the SSA release. Additionally, the poly-
(SucMA-co-HEMA) gels with small crosslinker content
(2 mol%) gives a similar diffusion coefficient to that
observed for poly(HEMA) gels, even after increasing the
SucMA/HEMA molar ratio to 1:1.7 (poly(SucMAo-
HEMA)4).

Another interesting remark for poly(SucMée-HEMA)
gels is related to the SSA loading. Although the poly-
(SucMA-co-HEMA) gels 1 and 4 (see Table 1) present the
same diffusion behaviour as the poly(HEMA) gels, they
show a larger loading capacity.

The diffusion of SSA from poly(HEMA) gels and poly-
(SucMA-co-HEMA) gels is very rapid. As it can be seen
from Figs. 8 and 9, 80% of the SSA release occurs within the
range of 35—-50 min (depending on the gel composition).
The results in Table 2 show that by changing the pH from
neutral (pH 6.5) to basic conditions (pH 12.0) there is an
increase in gel swelling and physical parameters such as
diameter and thickness. The ionisation of the hydroxyl
groups of sucrose and HEMA at pH 12.0 could be the reason
for this behaviour. The literaturekp values for these hydro-
xyl groups are described between 11 and 12 (Morrison &
Boyd, 1983). The creation of negative charges able to estab-
lish ionic bonds with counterions as Nacould contribute
for the increase of ionic strength within the gel. Thus, either
the repulsion between the individual chains or the Donnan
potential increase could explain the EWC increase,

(Values of EWC are given as average and standard deviation over threedisplayed by poly(SucMAso-HEMA) and poly(HEMA)

experiments).

gels at pH 12.0. This mechanism could explain the higher
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100 loading contents displayed by poly(SucMA&-HEMA)
90 relative to poly(HEMA) gels. The increase of SucMA/
80 HEMA molar ratio leads to a higher content of hydroxyl
704 groups which can justify, according to the above mechan-
S 60 A ism, the larger load capacity observed. Further, the EWC
g 4518 ] B increase for pH 12.0 might explain the high diffusion coeffi-
w 30 4 cients for poly(HEMA) and poly(SucMAo-HEMA) gels.
20 | Probably the increase of EWC corresponds to an increase of
10 - free or bulk water which is not attached to the polymer
0 : : chains (Khare & Peppas, 1993). This water can increase
00 02 04 06 solute diffusity and permeability, explaining the high values

, for diffusion coefficients obtained.
SucMA/HEMA molar ratio

Fig. 7. Variation of the EWC for poly(SucMA&e-HEMA) gels prepared

with different SUCMA/HEMA molar ratios and the same crosslinking 4. Conclusions

density (5 mol% of TPGDA) in distilled water (a) and 0.9% of NaCl solu-

tion (b), at pH 6.5. Incorporation of vinyl groups in sucrose was accom-
plished through its reaction with GMA in DMSO and in
the presence of 4-DMAP as catalydtl, *C and'H-DQF

10 - 30 n COSY NMR spectroscopic data also revealed that the
08 3 a3 methacryloyl group was attached directly to sucrose mole-
’-ET 20 4 cule and, as a consequence, the product obtained was iden-
é 0.6 7 ? tified as an ester rather than an ether. The TLC results
2 04 5 showed that the product was a mixture of two mono-substi-
a 1.0 tuted compounds (one of them in a larger amount). Upon
0,2 = copolymerization of SucMA with HEMA in an ethylene
ool oo glycol/wat_er mixture, _using_ the p_ai_r_ amm_on_ium p_ersul-
0 1020 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 phate/sodium methabisulphite as initiator, it is feasible to

obtain gels. These gels had remarkable EWC values

compared with those of poly(HEMA) gels. The EWC of
(@ (b) poly(SucMA-co-HEMA) gels is less dependent upon cross-

o s R ation of the fractional rel § absolut . linker content and on the presence of the salt (0.9% NaCl),

1g. o. epresentation o e fractional release (a) ana apsolute concentra-, H

tio% releasg (mg/ml) of SSA (b), for three pon(SLEc?\d‘A—HEMA) gels (in as shown by poly(HE_MA) gels. The results obtained from

water, pH 6.5, 37C): (1) poly(SUCMA€O-HEMA)3, (2) poly(SucMA€o- the SSA r(_alease stl_Jd_les (pH 12.0) showed that the values of

HEMA)1 and (3) poly(SucMAco-HEMA)4. the diffusion coefficients from poly(SucMae-HEMA),

with small crosslinker contents, were similar to those of
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Fig. 9. Representation of the fractional release (a) and absolute concentration release (mg/ml) of SSA (b), for two poly(HEMA) gels (in wat8i’GiH 6.5,
poly(HEMA)1 (1) and poly(HEMA)5 (2).
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Table 1
Diffusion coefficientstso and loading capacity displayed by poly(SucM&HEMA) gels in release studies
Gel SucMA/HEMA molar ratio TPGDA (mol%) tso (Min.) D (m%*s™) (SSA)gta = Mo, (mg/ml)
Poly(HEMA)1 - 1 8 5.2x 1071 1.68
Poly(HEMA)2 - 10 8 5.2x 10710 2.52
Poly(SucMAco-HEMA)1 1:3 2 10 5.0x 10710 2.62
Poly(SucMA€o-HEMA)3 1:3 10 9 1.1x 107° 2.88
Poly(SucMAco-HEMA)4 1:1.7 2 13 5.1x 10720 3.10
Table 2
EWC and physical properties displayed by poly(HEMA) and poly(Sucd®4EMA) gels in contact with aqueous solution at pH 6.5 and pH 12.0
Distilled water (pH 6.5) NaOH aqueous solution (pH 12.0)

Gel Diameter (cm) Thickness (mm) EWC (%) Diameter (cm) Thickness (mm) EWC (%)
Poly(HEMA)1 1.6 1.4 48.0 27 35 54.5
Poly(HEMA)5 1.6 1.5 37.2 3.1 3.5 80.0
Poly(SucMA€o-HEMA)1 1.7 2.0 60.1 2.7 4.0 ND
Poly(SucMA€o-HEMA)3 1.6 2.7 55.8 2.4 6.0 86.0
Poly(SucMAco-HEMA)4 2.0 2.4 69.2 3.1 45 88.9

2ND = Not determined.
poly(H EMA) gels with a different crosslinker content. and polymerization of glycidyl methacrylate derivatized dextran.
However, the poly(SucMA:0-HEMA) gels have a larger Macromolecules28, 6317-6322.
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ionisatipn (_)f th_e sucrose hydroxyl was described to explain by selective hydrolysis of 4,6-O-(1-ethoxy-2-propenylidene)sucrose.
the rapid diffusion of SSA (pH 12.0) from poly(SucMéo- Polymerization and copolymerization with styren€arbohydrate
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