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ABSTRACT: This study compares the behavior of dextran-based hydrogels that degrade through different
mechanisms. The major aim is to investigate how the degradation mechanism influences their swelling
pressure. The release of degradation products, the mechanical and swelling properties, and swelling
pressure of the degrading gels are measured. Two types of dextran-based hydrogels are investigated:
dextran methacrylate (dex-MA) hydrogels with entrapped dextranase which degrade by hydrolysis of
the polymer backbone and dextran hydroxyethyl methacrylate (dex-HEMA) hydrogels which degrade at
their cross-links. The release of degradation products, but especially the swelling pressure profile, seems
to be strongly dependent on the mechanism underlying the degradation of the gels. In the case where
the dextran gels are degraded at their backbone the swelling pressure increases rather continuously; in
the case where they are degraded at the cross-links it increases more discontinuously as a sudden increase
occurs when the gels are (nearly) completely degraded. This study reveals that the increase in swelling
pressure in degrading dex-MA/dextranse gels is (nearly) completely attributed to an increase in osmotic
pressure. However, in degrading dex-HEMA gels the increasing swelling pressure seems to be mostly
attributed to the decrease in elastic pressure (i.e., elasticity) of the gels. Indeed, during a substantial
period the osmotic pressure of degrading dex-HEMA gels does not change. At complete degradation the
maximum swelling pressure is obtained and equals the osmotic pressure of the solution of degradation
products. A much higher maximal swelling pressure is obtained when the gels are degraded at their
backbone than when degraded at their cross-links.

Introduction

There is a general interest in biodegradable polymer
networks for use in controlled drug delivery devices.1
In addition, there is also a major interest in pulsed drug
delivery devices which release the drug at prepro-
grammed times. Several concepts show potential to
release drugs in a pulsed way.2 However, many of the
proposed systems have several drawbacks like initial
drug release (the so-called “burst release”), sustained
like release instead of pulsed release, etc. Our research
group aims to develop “exploding microcapsules” for
pulsed drug delivery.3,4 We envision a delivery device
that consists of a micron-sized degradable gel particle
surrounded by a water permeable membrane. As the
microgel degrades, the internal pressure rises, resulting
in a burst of the membrane followed by a fast drug
release. The microgels in our study are degradable
dextran-based hydrogels. As membrane components we
investigate lipids and polyelectrolytes. The exploding
microcapsules which we try to design should show a
behavior comparable with the osmotic bursting of red
blood cells when immersed in a hypotonic solution. The
difference being that the bursting in the microcapsules
relies on the increase in swelling pressure of the
degrading hydrogel core which, on its turn, depends on
the degradation kinetics of that microgel.

With this purpose in mind it is extremely important
to be able to evaluate the degradation of the (dextran)
microgel core and, especially, to understand which

parameters govern its swelling pressure increase. In the
literature, mechanical properties, degree of swelling,
and release of degradation products are typically re-
ported in studies on degradable hydrogels.5-9 In a
previous paper of our group we also measured the
swelling pressure of degrading hydrogels. We developed
therefore a swelling pressure meter similar to the device
described by Han et al.10 Furthermore, we modified the
osmotic deswelling technique as reported by Horkay et
al.11 to measure the swelling pressure of the dextran-
based hydrogels during degradation.

Degradation of polymer networks can occur by dif-
ferent mechanisms: (i) by hydrolysis of side chains or
pendant groups, (ii) by cleavage of the polymeric back-
bone, and (iii) by cleavage of labile groups in the cross-
links. As shown in Figure 1, two types of dextran-based
hydrogels, which degrade by different mechanisms, are
investigated in this study: dextran methacrylate (dex-
MA) hydrogels that degrade by cleaving the dextran
backbone by the endoenzyme dextranase (entrapped
within the hydrogel during polymerization) and dextran
hydroxyethyl methacrylate (dex-HEMA) hydrogels that
degrade by hydrolysis of the cross-links that contain
hydrolyzable carbonate esters (between the methacry-
late group and the dextran).12,13

The aim of this study was threefold. First of all, we
aimed to evaluate how the degradation mechanism of
the hydrogels influences the release of the degradation
products and the mechanical and swelling properties of
the gels. Second, we aimed to reveal how the swelling
pressure of the gels changes during degradation and
how this depends on the mechanism behind the degra-
dation. Third, on the basis of the release of the degrada-
tion products and the elasticity of the degrading gels,
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we aimed to calculate the swelling pressure of the
degrading gels. The calculated swelling pressure values
were then compared with the experimentally measured
values.

Materials and Methods
Preparation of the Hydrogels. Dex-MA and dex-HEMA

were synthesized and characterized as described in detail
elsewhere.14-16 Dex-MA and dex-HEMA were synthesized from
dextran (from Leuconostoc ssp, Merck) with an average mo-
lecular weight of 19 000 g/mol. The degree of substitution (DS)
of the dex-MA and dex-HEMA, which is the number of (HE)-
MA groups per 100 glucose units, equaled 3.1 and 2.9 for dex-
MA and dex-HEMA gels, respectively.

Dex-MA and dex-HEMA hydrogels were prepared by radical
polymerization of aqueous dex-MA and dex-HEMA solutions,
respectively. The solutions were prepared by dissolving the
polymer in phosphate buffer (PB: 10 mM Na2HPO4, 0.02%
sodium azide, adjusted with 1 N hydrochloric acid to pH 7.0).
The polymerization reagents were N,N,N′,N′-tetramethylene-
ethylenediamine (TEMED; 20% v/v in deoxygenated PB, pH
adjusted to 8.5 with HCl) and potassium persulfate (KPS; 50
mg/mL in deoxygenated PB). The gelation of dex-MA and dex-
HEMA solutions was initiated by adding 50 µL of TEMED
solution and 90 µL of KPS solution (per gram of hydrogel).
Gelation occurred at 4 °C.

When “dex-MA/dextranase” gels were prepared, prior to
addition of the gelation reagents, a dextranase solution (D-
1508 Sigma; diluted to 10 U/mL in 10 mM PB pH of 7.0; one
unit will deliver 1 µmol of isomaltose per min at pH 6 at 37
°C) was added to the dex-MA solution (cooled to 4 °C).
Throughout this work the dextranase concentration in the dex-
MA gels was always 0.2 U/g gel.

“Dex-HEMA/dextran” hydrogels were made by radical po-
lymerization (as described above) of solutions containing both
dex-HEMA and dextran (19 000 g/mol, Merck).

Rheological Characterization of the Hydrogels. Rheo-
logical measurements on the hydrogels were performed by an
AR1000-N controlled stress rheometer from TA-Instruments
according to a method described in detail by Meyvis et al.6

Characterization of the Degradation Products of the
Hydrogels. Individual hydrogel slabs were submerged in 10
mL phosphate buffer (pH 7.2) and stored at 37 °C. Samples
(2.5 mL) were taken at regular time intervals and replaced
by fresh buffer. Twice a day the containers were slightly
shaken.

The concentration of reducing oligosaccharides released
from the degrading dex-MA hydrogels was determined spec-
trophotometrically with Sumner reagent as described by
Franssen et al.17 In brief, 1.5 mL of Sumner reagent (0.2 g/mL
sodium potassium tartrate, 10 mg/mL dinitrosalicylic acid, 10
mg/mL sodium hydroxide, and 2 mg/mL phenol) and 100 µL
of freshly prepared sodium sulfite solution (30 mg/mL) were
added to 1 mL of the sample. This mixture was incubated for
15 min at 95 °C. After cooling to room temperature, the
absorbance was measured at 620 nm (Biochrom 4060 spec-
trophotometer). The concentration of reducing oligosaccharides
was calculated from a calibration curve using glucose solutions
as a reference.

The concentration of dextran chains released from the
degrading dex-HEMA gels was measured by differential
refractive measurements as described by Stubbe et al.3

Swelling Experiments. To characterize the swelling be-
havior of the degrading dextran hydrogels, they were weighed
immediately after preparation (w0) and at several time points
during their degradation (wt). The swelling ratio (Q) was
calculated as follows:

Swelling Pressure Measurements. The swelling pressure
(Πsw) of the dex-MA/dextranase gels was determined by a
home-built “swelling pressure meter”. This device consists of
a calibrated transducer (Honeywell, allows to measures Πsw

up to 7 atm), a sample chamber (which contains the gel,
volume 4 mL), and a buffer chamber (volume 15 mL). The
chambers are separated by a semipermeable membrane (Spec-
tra Por, Mw cutoff 100 g/mol) supported by a porous Bekipor
frame which is further supported by a Teflon perforated
cylinder. The membrane is permeable to water but imperme-
able to oligosaccharides being the degradation products of dex-
MA/dextranase gels. To measure Πsw of degrading dex-MA/
dextranase gels the sample chamber (cooled at 4 °C) was filled
with the dex-MA/dextranase solution during gelation. The
buffer chamber (also cooled at 4 °C) was filled with PB at pH
of 7.0 containing equivalent concentration of KPS and TEMED
as present in the dex-MA/dextranase gels. After molding, dex-
MA/dextranase hydrogels were allowed to equilibrate at 4 °C
(no substantial degradation of the gels occurred) for 12 h. To
start degradation, the temperature of the device was increased
to 37 °C, and Πsw values were registered as a function of time.

The swelling pressure meter seemed to be less suited to
measure Πsw of degrading dex-HEMA gels. We observed that
a dex-HEMA gel in the swelling pressure meter degraded
slower than the same gel submerged in buffer. The reason is
still unclear. Therefore, to measure Πsw of the dex-HEMA gels
as a function of degradation time, we worked as follows. The
dex-HEMA gels were allowed to degrade during different times
in phosphate buffer (pH of 7.0). Then the swelling pressure of
the (partially) degraded dex-HEMA gels was measured by
“osmotic deswelling” as described in detail by Horkay and
Zrinyi.18 Deswelling was achieved by enclosing the (partially)
degraded dex-HEMA gels in dialysis bags (Medicell, Mw cutoff
12-14 000 g/mol) and submerging them into poly(ethylene
glycol) (PEG, Merck, Mn of 20 000 g/mol) solutions of known
osmotic pressure. Equilibrium swelling was attained within
7 days. At equilibrium, the swelling pressure of the (partially)
degraded dex-HEMA gel (in the dialysis bag) equaled the
osmotic pressure exerted by the PEG solution outside. As the
deswelling in the PEG solutions occurred at 4 °C, the dex-
HEMA gels did not further degrade during the osmotic
deswelling step (7 days).

Results and Discussion
Dex-MA/dextranase hydrogels degrade through hy-

drolysis of the polymer backbone. As shown in Figure
1, the endodextranase, entrapped within the dex-MA
network during polymerization, hydrolyzes the dextran

Figure 1. Schematic representation of the polymer network
in dex-MA and dex-HEMA hydrogels. (O) represents glucose
units in the dextran chains, and (/)) represents the reactive
methacrylate or hydroxyethyl methacrylate groups in dex-MA
and dex-HEMA, respectively. The enzymatic hydrolysis by
dextranase of the dextran chains in dex-MA gels and the
hydrolysis of the cross-links in dex-HEMA gels is also il-
lustrated.

Q (%) )
wt - w0

w0
× 100 (1)
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chains of the polymer network. After a first cleavage of
a dextran chain, the remaining strands (dangling ends)
can be further degraded if they are long enough to fit
within the active site of the dextranase.19 Franssen et
al. identified (by electrospray mass spectroscopy) the
products obtained by enzymatic degradation of the dex-
MA gels. For example, for a dex-MA/dextranase hydro-
gel of DS 4.0, they showed a variety of degradation
products which are mainly oligosaccharides like glucose,
isomaltose, etc. and monomethacrylated isomaltotri-
ose.19 On the contrary, degradation of dex-HEMA gels
through hydrolysis of the cross-links results in more
well-defined degradation products. As shown in Figure
1, hydrolysis of the carbonate ester cross-links results
in the release of dextran chains and low-molecular-
weight oligohydroxyethyl methacrylate fragments (from
the cross-links).

Figure 2 compares the release of degradation prod-
ucts, the rheological properties, and the swelling be-
havior of degrading dex-MA/dextranase and degrading
dex-HEMA gels. The dex-MA concentration in the
(nonswollen) dex-MA/dextranase hydrogel was 25% (w/
w) while the DS of dex-MA was 3.1. Similarly, the dex-
HEMA concentration in the (nonswollen) dex-HEMA
hydrogel was 25% (w/w) while the DS of the dex-HEMA
was 2.9.

Figure 2A shows the amount of reducing oligosaccha-
rides released from the degrading dex-MA/dextranase
gel. A gradual increase in the amount of degradation
products is observed as degradation proceeds: initially

large amounts are released per time unit while the
release rate slows down as degradation proceeds. This
can possibly be explained as follows: the longer the
degradation, the more likely that dextranase was re-
leased from the (degrading) dex-MA gel either in free
form or bound to degradation products. Figure 2B shows
the elasticity of the degrading dex-MA/dextranase gel.
A major exponential decrease in G′ occurs during the
initial part of the degradation: already after 2 days the
hydrogel lost the majority of its elasticity while after 7
days the gel became a solution. G′ only decreases when
the dextranase degrades elastic network chains in the
dex-MA gels. In opposite, the release rate of reducing
oligosaccharides is influenced by the action of the
dextranase on both elastic and nonelastic dextran
chains present in the hydrogel. The swelling of the
degrading dex-MA/dextranase hydrogel is shown in
Figure 2C. The first point (at t ) 0) concerns the
hydrogel just after cross-linking, before any degradation
occurred (swelling ratio equals zero). The high swelling
ratio after 1 day is mainly due to the change of the gel
from its relaxed state into its swollen state (upon
submerging in phosphate buffer). It was striking to
observe that during the first days of degradation the
swelling ratio of the dex-MA/dextranase hydrogels
hardly changed while the G′ of the hydrogels decreased
considerably. This is explained as follows and schemati-
cally represented in Figure 3A. When an elastic network
chain of the dex-MA gel is degraded by dextranase, the
concentration of elastic network chains decreases and

Figure 2. Cumulative release of the degradation products (i.e., oligosaccharides) (A), the elastic modulus (G′) (B), and the swelling
(Q) (C) of degrading dex-MA/dextranase hydrogels. The dex-MA concentration was 25% (w/w), the DS was 3.1, and the dextranase
concentration was 0.2 U/g gel. Cumulative release of the degradation products (i.e., dextran) (D), the elastic modulus (G′) (E), and
the swelling (Q) (F) of degrading dex-HEMA hydrogels. The dex-HEMA concentration was 25% (w/w), and the DS was 2.9. All
data are the average of three independent measurements.
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thereby also G′. However, because of the high function-
ality of the cross-links, the concentration of elastic cross-
links will remain the same during a substantial time
of the degradation process. As a consequence, the
average molecular weight between the remaining cross-
links is also unaltered, which does not allow the network
to expand.7

Figure 2D shows the release of degradation products
(i.e., dextran chains) from the dex-HEMA gels. Instead
of an immediate release as observed for dex-MA/dex-
tranase gels (Figure 2A), a rather retarded release of
degradation products was observed for the dex-HEMA
gels (Figure 2D): after the release of the sol fraction
(being dex-HEMA chains not attached to the network
during cross-linking), a lag phase occurs while toward
the end of the degradation the release clearly occurs
faster. The lag phase is explained by the fact that all
cross-links connecting a single dex-HEMA chain to the
network have to be broken before the chain can be
released. The amount of dextran released at the end of
the degradation equaled the initial amount of dex-
HEMA used at cross-linking. A similar release of
degradation products was observed by Lee et al. in their
study on poly(aldehyde guluronate) hydrogels which
also degrade through degradation of the cross-links.20

Compared with the dex-MA/dextranase gels, G′ de-
creases more continuously during degradation of dex-
HEMA hydrogels (Figure 2E). As illustrated in Figure
3B, the hydrolysis of each cross-link in a dex-HEMA gel
decreases both the elastic chain and cross-link concen-
tration which is reflected in the G′. However, we should
be careful when comparing G′ of degrading dex-MA/
dextranase and dex-HEMA gels, as the degradation rate
of the dex-MA/dextranase gels is strongly dependent
upon the enzyme concentration. In Figure 2F the
swelling behavior of the degrading dex-HEMA gels was
followed. After an initial swelling observed upon sub-
merging the relaxed dex-HEMA gel in buffer, the dex-
HEMA gels swelled continuously during degradation.
Note that a lag time in swelling was observed for the
dex-MA/dextranase gel (Figure 2C). As illustrated in
Figure 3B, the hydrolysis of each cross-link on a dex-
HEMA chain results in a longer network chain between
the remaining cross-links. Consequently, these longer
chains can expand which explains the continuous swell-
ing of the hydrogels and which also explains the higher
swelling of the dex-HEMA gels compared to the dex-
MA/dextranase gels (Figure 3B).7

Besides being interested in how the degradation
mechanism influences the release of degradation prod-
ucts, the rheological properties, and the swelling be-
havior of the gels, we were especially interested to know
how the swelling pressure of the two types of degrading
gels builds up during degradation. Figure 4 shows that
the swelling pressure of dex-MA/dextranase gels in-
creases gradually during degradation. Besides Πsw,
Figure 4 also shows the osmotic pressure (Πosm) and the
elastic pressure (Πel ) G′) of the degrading dex-MA/
dextranase hydrogels. Πosm was calculated from the
experimentally measured Πsw and Πel using the follow-
ing equation:

Clearly, the increase in Πsw mainly originates from the
increase in osmotic pressure and only slightly from the
decrease in elastic pressure: the contribution of the
elastic pressure to the swelling pressure of degrading
dex-MA/dextranase gels seems to be negligible. In other
words, the change in osmotic pressure of the dex-MA/
dextranase gel nearly equals the change in swelling
pressure. One can wonder why the swelling profile in
Figure 2C does not follow the swelling pressure profile
of the dex-MA/Dextranase gels in Figure 4. Clearly, in
the swelling measurements in Figure 2C the degrada-
tion products were allowed to diffuse out of the gels and,
consequently, did not contribute to the swelling profile.
However, in the swelling pressure measurements in
Figure 4 the degradation products stayed in the gel (as
they could not diffuse through the semipermeable
membrane in the swelling pressure device) and contrib-
uted to Πsw.

We further focused on the swelling pressure of
degrading dex-MA/dextranase gels by varying the dex-
MA concentration of the gels. Figure 5A shows the
experimental results obtained with the swelling pres-
sure device. The maximal swelling pressure, which is
obtained when the dex-MA/dextranase gels are totally
degraded, was higher for more concentrated gels. This
was expected as the higher the initial dex-MA concen-
tration at cross-linking the higher the concentration of
degradation products which increases Πosm and thus
Πsw. Figure 5B shows the osmotic pressure of the
degrading dex-MA/dextranase hydrogels in Figure 5A
as calculated using the Van’t Hoff law:

Figure 3. Schematic representation of the degradation of
respectively a dex-HEMA network by dextranase (A) and a
dex-HEMA network which degrades through hydrolysis of the
cross-links (B). (φ) refers to the functionality of the cross-links
(b).

Figure 4. Osmotic pressure (open bars), elastic pressure
(black bars), and swelling pressure (striped bars) of degrading
dex-MA/dextranase hydrogels (DS3.1; 25% and 0.2 U/g gel
dextranase). Note that the swelling pressure of the nonde-
graded gel (i.e., at t ) 0) was subtracted from the swelling
pressure values of the degrading gels.

Πsw ) Πosm - Πel (2)

Πosm ) cRT (3)
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where c is the concentration (in mol/L) of oligosaccha-
rides in the dex-MA/dextranase gels as calculated from
the oligosaccharide release experiments in Figure 2A.
R is the gas constant and T is the absolute temperature.
Comparing parts A and B of Figure 5 reveals that the
Πosm profile, as calculated with eq 3, fairly corresponds
to the experimentally obtained Πsw profile in Figure 5A.
This confirms that the swelling pressure of degrading
dex-MA/dextranase gels can be easily predicted from
their osmotic pressure as calculated from the amount
of oligosaccharides released during degradation.

Figure 6 shows that the Πsw profile of dex-HEMA gels
totally differs from the one of dex-MA/dextranase gels.
In the first 15 days of the degradation process a gradual
increase in swelling pressure was observed. However,
the increase in Πsw is completely attributed due to the
decrease in elastic pressure as no significant change in
Πosm can be observed. Hence, the elastic contribution
to Πsw cannot be neglected as is the case for dex-MA/
dextranase gels. Second, to the end of the degradation
(when the gel becomes a solution), the swelling pressure
suddenly increases which seems to originate from a
sudden increase in osmotic pressure at the “gel-sol”
transition. Similar observations have been reported for
other polymer/solvent systems.21,22

To explain the osmotic pressure properties of degrad-
ing dex-HEMA gels, dex-HEMA gels were made in the
presence of free dextran chains. As during degradation
of the dex-HEMA gels dextran is released, the dex-
HEMA/dextran gels mimic “partially degraded dex-
HEMA gels”.4 In Figure 7, the osmotic pressure of a
nondegraded dex-HEMA gel (25% dex-HEMA DS 2.9)

and of a dex-HEMA gel containing free dextran chains
(12.5% dex-HEMA DS 2.9 and 12.5% free dextran) is
shown. Despite the fact that a high amount of free
dextran chains is present in the dex-HEMA/dextran gel,
there is no significant difference in osmotic pressure of
these gels. Hence, the dextran chains present in the dex-
HEMA gel do not behave as free chains but as additional
network chains. On the basis of light scattering experi-
ments, Kloster et al.23-25 reported that the presence of
a gel matrix reduces the entropy and hence the osmotic
pressure of the free chains present in that gel matrix.
This probably explains the constant value of Πosm in
degrading dex-HEMA gels (Figure 5): during degrada-
tion, the amount of free dextran chains in the dex-
HEMA gels increases; however, they do not increase the
osmotic pressure as they behave as additional network
chains in the remaining dex-HEMA network.

Besides the differences in shape of the swelling
pressure curves (Figures 4 and 6), the maximal value
Πsw (which is obtained at complete degradation) sig-
nificantly differs between dex-HEMA and dex-MA/
dextranase gels. This is explained as follows. The
molecular weight of the dextran chains (being the
degradation products in the dex-HEMA gels) is much
higher than the molecular weight of the oligosaccharides
(being the degradation products of dex-MA/dextranase
gels). Consequently, for dex-HEMA gels and dex-MA
gels with the same initial (respectively dex-HEMA and
dex-MA) concentration at cross-linking, the molar con-
centration of the degradation products is much higher
in the solution obtained by degrading dex-MA gels than
in the solution obtained from dex-HEMA gels.

As explained above, for dex-MA/dextranase gels the
swelling profile in Figure 2C does not follow the swelling

Figure 5. (A) Swelling pressure (as measured by the swelling
pressure device) of degrading dex-MA/dextranase hydrogels
(DS3.1; 0.2 U/g gel dextranase) with different dex-MA con-
centrations: 20% (9), 25% (b), and 30% (2). (B) Osmotic
pressure of degrading dex-MA/dextranase gels as calculated
from the release of oligosaccharides (see Figure 2A) using eq
3. The data are the average of three independent measure-
ments.

Figure 6. Osmotic pressure (open bars), elastic pressure
(black bars), and swelling pressure (striped bars) of degrading
dex-HEMA hydrogels (DS2.9; 25%). After 15 days the dex-
HEMA gels became to weak to manipulate and to make
swelling pressure measurements. After 27 days, when the gel
turned into a complete polymer solution, a final measurement
could be performed.

Figure 7. Osmotic pressure of a nondegraded dex-HEMA gel
(DS2.9; 25%) and a similar dex-HEMA/dextran gel containing
12.5% dex-HEMA (DS2.9) and 12.5% dextran.
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pressure in Figure 4. Although, for dex-HEMA gels the
swelling profile (Figure 2F) does resemble the swelling
pressure profile (Figure 6). One could wonder, however,
why the sudden increase in swelling pressure is not
reflected in a sudden volume expansion of the gel. This
is explained by the fact that the increase in swelling
pressure occurs at the very end of the degradation
process, i.e., when the gel becomes a solution. At this
time swelling measurements are no longer feasible.

Conclusions
This study compares the behavior of dextran-based

hydrogels that degrade through different mechanisms.
On one hand, dex-MA hydrogels that are degraded by
entrapped dextranase were used, being a model for
hydrogels that degrade by hydrolysis of the polymer
backbone. On the other hand, dex-HEMA hydrogels
were studied as a model for hydrogels that degrade by
hydroysis of the cross-links. Upon degradation of dex-
MA/dextranase gels the degradation products, being
oligosaccahrides, were gradually released from the gels,
and an exponential decrease in G′ and a minor increase
in swelling were observed. In degrading dex-HEMA gels
the release of degradation products, being dextran
chains, only began after an initial lag phase, followed
by a rather fast release of degradation products. A
higher swelling was observed for degrading dex-HEMA
gels compared to dex-MA/dextranase with the same
dextran concentration.

The main focus of this study was to investigate the
swelling pressure profile of the degrading dextran gels
and to show how the degradation mechanism influences
the change in swelling pressure. Typically, for dex-MA/
dextranase gels a gradual increase in swelling pressure
profile was observed. For dex-HEMA gels a sudden
increase in swelling pressure at the end of the degrada-
tion occurred, an interesting feature to use dex-HEMA
gels as core in the exploding microcapsules outlined in
the Introduction. From the release of the degradation
products and the elasticity of the degrading dex-MA/
dextranase gels the swelling pressure was also calcu-
lated and seemed to be in good agreement with the
experimentally measured values. This allowed to con-
clude that the swelling pressure of degrading dex-MA/
dextranase gels can be well predicted from their osmotic
pressure, as calculated from the release studies. In other
words, the increase in swelling pressure in degrading
dex-MA/dextranse gels is (nearly) completely governed
by the increase in osmotic pressure. However, in the
initial period of the degradation the increase in swelling
pressure of the dex-HEMA gels seemed to be completely
attributed to the decrease in elasticity as we observed
minor changes in osmotic pressure in that period.

Finally, the maximal swelling pressure which can be
obtained by degrading the gels equals the osmotic
pressure of the corresponding solution of degradation
products. Consequently, as the degradation products are
oligosaccharides in dex-MA/dextranase gels while they
are dextran chains in dex-HEMA gels, this maximal

value of the swelling pressure is higher for dex-MA/
dextranase gels than for dex-HEMA gels with the same
dextran concentration at cross-linking.
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