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ABSTRACT: In this study, sodium alginate/gelatine
(SA/G) hydrogels were prepared to obtain wound dressing
with good, moist, healing, and biocompatibility properties.
The physicochemical properties of hydrogels were eval-
uated by scanning electron microscopy, Fourier transform
infrared spectroscopy, and a swelling test. Dynamic visco-
elastic properties including the storage, loss moduli, G’ and
G”, and loss angle, tan delta of both freshly prepared and
swelled gels were examined in oscillatory experiments. Its
results revealed that tested SA/G hydrogels exhibit highly

elastic behavior similar to the viscoelastic response of
human skin. Based on the performed analysis, it could be
suggested that the SA/G hydrogel is a potential wound
dressing material providing and maintaining the adequate
moist environment required to prevent scab formation and
the dehydration of the wound bed. © 2012 Wiley Periodicals,
Inc. ] Appl Polym Sci 000: 000-000, 2012
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INTRODUCTION

The expansion of comprehensive medical and phar-
maceutical wound care has led to considerable atten-
tion being placed on the development of wound
dressing materials. The ideal dressing material needs
to ensure that the wound remains free of infection
and moist with exudates but not macerated, while
also fulfilling prerequisites concerning structure and
biocompatibility. In addition, it should permit the
exchange of gases, maintain an impermeable layer to
microorganisms so as to prevent secondary infection,
not inflame any allergic reaction through prolonged
contact with tissue, and it should be removed with-
out trauma and pain. Furthermore, the dressing
must be physically strong even when wet, and easy
to dispose of when removed.™® Currently, there are
numerous wound dressing materials with different
functions (e.g., antibacterial, absorbent, adherence,
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and debridement) and physical forms (e.g., film,
foam, gel) as well as materials (e.g. carrageenan, al-
ginate, collagen). Among these materials, hydrogels
based on polymeric and biopolymeric materials
forming a three-dimensional network, are considered
as promising options because of their insoluble,
swellable, and hydrophilic properties. Moreover,
they can be fabricated to be flexible, durable, and
permeable to water vapour and metabolites while
also safely covering the wound to prevent bacterial
infection. Due to these advantages, hydrogels pos-
sess most of the desirable characteristics of an ideal
dressing.

Alginates belong to a group of the extensively
studied and commonly used gel-forming agents,
composed of rather stiff linear polysaccharides. They
are obtained by extraction from seaweed, where
they occur naturally as mixed calcium and sodium
salts of alginic acid consisting mainly of residues of
B-1,4-linked D-mannuronic acid and o-1,4-linked L-
glucuronic acid. On absorbing moisture, gluronic
acid forms firmer gels while mannuronate acid is
able to form soft, flexible gels.*'° The use of algi-
nate-based hydrogels as dressing can be attributed
to their ability to form gels on contact with moisture.
Their high moisture absorption occurs via the forma-
tion of a strong hydrophilic gel, which limits wound
secretions and minimizes bacterial contamination.*""
Sodium alginate (SA) used as a wound dressing



meets the requirements of nontoxicity and a high
level of exudation absorbency.'*'3

Gelatine (G), another natural polymer, is a colla-
gen-derived connective tissue protein with unique
gelation properties attributed to a physical crosslink-
ing of the triple-helix conformation of native colla-
gen.'*"7 Tt can be obtained either from acidic (Type
A gelatine) or alkaline hydrolysis (Type B gelatine)
collagen. Type B has more carboxyl groups and a
lower isoelectric point (IEP-4.8-5.0) than Type A
(IEP-7.0-9.0)."77° Gelatine has been used in a wide
variety of wound dressings because of its high water
absorption and ability to activate microphages and
haemostasis in bleeding wounds.***' The main fea-
ture of gelatine is its ability to form a thermally re-
versible network in aqueous media.'”** The struc-
tural network in gelatine-based hydrogels is a
combination of elastic, triple-helix conformation, and
a viscous chain, disorder of polypeptide fragment,
units, 141723

The preparation and use of hydrogels based on a
combination of either SA or gelatine with other natu-
ral or synthetic polymers (agar/SA,* chitosan/SA,*
SA/poly(y-glutamic acid),*® polyvinyl alcohol/SA,"
chitosan/gelatine,””  polyvinyl alcohol/gelatine,
oxidized hyaluronan/gelatine,”® gelatine/hyaluro-
nate” etc.) as wound dressings is being widely
reported, while it is referred that these hydrogels
posses a good biocompatibility and fulfil the
required quality criteria for wound dressing mate-
rial. However, the combination of SA and gelatine
(G) within the list of commercial products of hydro-
gels for health care applications, especially for
wound treatment or wound protection was studied
sporadically.**

The interest in hydrogels is also motivated by
their soft consistency derived from their high water
content and their tissue-like behavior caused by their
specific viscoelastic performance.®! These viscoelastic
properties are strictly related to the internal struc-
ture of hydrogels in terms of, e.g., crosslinking den-
sity, chain length, degree of swelling, and molecule
stiffness of the used polymer. Optimized viscoelastic
properties, such as storage (G') and loss modulus
(G"), investigated using dynamic mechanical analy-
sis (DMA) and rheometric analysis,32 are of concern
during hydrogel properties development and help to
meet the requirements for its absorption efficacy,
elasticity as well as painless removal.>***

However, so far there are only a few reports con-
cerning DMA and/or rheometric analyses of wound
dressing hydrogels. The use of these methods for
investigation of hydrogel viscoelastic behavior is of-
ten complicated by compositional and swelling
changes®™®” as well as structural defects in the gel
network.*®* Meyvis et al.*> compared the use of
DMA (multi-strain and single strain) and oscillatory
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shear rheometry for the characterization of pharma-
ceutical hydrogels. They reported that the choice of
method for the mechanical characterization of hydro-
gels depends on the accuracy, speed of measurement,
and the amount of sample available. The best agree-
ment was found between the “multi- strain” DMA
and rheometer results. In their review, Anseth et al.,*”
thoroughly resolved the mechanical properties of
polymer-based hydrogels using tensile and DMA
tests in dependence on monomers used, polymeriza-
tion conditions and effect of degree of swelling. They
reported that the mechanical properties are highly de-
pendent on polymer structure, especially the cross-
linking density and the degree of swelling.

For this study, “SA/G hydrogels” with various
concentrations of SA and gelatine were prepared
with the aim to obtain and characterize blends of SA
and G as a reference system suitable for highly
hydrophilic and biocompatible wound dressings and
other medical applications. Desirable properties of
SA and gelatine were the motivation behind the
choice of these natural materials and were priori-
tized over the fact that physically crosslinked gelat-
ine-based hydrogels are known to dissolve as they
are immersed in physiological buffer saline or water
at intended service temperature (above 35°C).
Blended hydrogels having increase insolubility will
be objective of future work utilizing crosslinking of
either G, or SA via glutaraldehyde, and CaCl,,
respectively.

The viscoelastic properties of SA/G hydrogels
were studied using an oscillatory shear rheological
analysis and correlated to the various compositions
of the hydrogels. Scanning electron microscopy
(SEM), Fourier transform infrared (FTIR) spectros-
copy, and a swelling and viscoelastic technique were
utilized for the study of the prepared materials.

MATERIALS AND METHODS
Materials

SA, gelatine (Type B, 250 bloom), glycerol, and so-
dium chloride (NaCl) (analytical grade) were
obtained from Lachema (Czech Republic). Polyethyl-
ene glycol (PEG, MW: 3000 g/mol) was purchased
from Sigma (Czech Republic). Reverse osmosis puri-
fied water was used for the hydrogel preparation
and swelling measurements.

Preparation of SA/G hydrogels

The “SA/G hydrogels” were prepared using various
concentrations of SA and G while keeping the
amount of other components (PEG, glycerol, NaCl
and water) constant. An aqueous gelatine solution of
(15-30% w/w) was prepared by dissolving polymer
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TABLE I
Composition of the SA/G Hydrogels

Hydrogel composition SA/G (g) 70/30 60/40 50/50 40/60 30/70
Gelatine (G) 3 4 5 6 7
Sodium alginate (SA) 7 6 5 4 3
Poly ethylene glycol (PEG) 2 2 2 2 2
Glycerol 2 2 2 2 2
Sodium chloride (NaCl) 0.2 0.2 0.2 0.2 0.2
Water 20 20 20 20 20

granules in water at 80°C under continuous stirring
(300 rpm) until a homogeneous solution was
obtained. After dissolving G, relevant portions of
SA, PEG, NaCl and glycerol (see Table I) were
added. Then, the stirring rate was reduced to 100
rpm and continued at 80°C for another 5 min until a
viscous hydrogel was formed. The prepared hydro-
gel was poured into circular moulds (diameter 25
mm) with a thickness of 2 mm and cooled down
(samples denoted “A”). Finally, the samples were
dried (samples denoted “B”) at room temperature
for 72 h. For purpose of comparison, reference sam-
ples composed of pure G and pure SA were pre-
pared using the identical procedure.

Scanning electron microscopy

The cross-sectional morphologies of the SA/G
hydrogels were examined by SEM at an accelerating
voltage of 20 kV (VEGAN\LMU, TESCAN, Czech
Republic). Cross-sectional specimens were prepared
by fracturing of B samples in liquid nitrogen to
examine miscibility and morphology of the blended,
dried systems preceding swelling phase. Before ob-
servation, the specimens were coated with a thin
layer of gold under a vacuum. SEM images were an-
alyzed using an image analysis VEGA Software.

Swelling behavior

The SA/G hydrogels were immersed in distilled
water (pH 7.0) at room temperature (23 * 2°C). The
degree of swelling was determined gravimetrically.
The swelled samples (denoted C) were taken from
the water at selected time intervals (1, 2, 3, 4, 8, 12 h),
wiped with tissue paper, weighed and placed in
water again. The percentage of swelling and water
content were calculated using the following equation:

(Ws —Wp)
D
(Ws — Wp)
5

Swelling % = x 100 1)

Water content % = 100 2)

where Wg and Wp are the weights of the swollen
and dry samples, respectively.

Viscoelastic properties

The viscoelastic properties of the SA/G hydrogels
were measured by rotational rheometer (Rheomet-
rics ARES Rheometer, TA Instruments) using a par-
allel-plate 25 mm in diameter. All measurements
were performed in the linear viscoelastic regime
with a strain of 1%. The measurement went through
frequency scanning at 33°C (surface temperature of
human skin®’) in the frequency range of 0.1-100
rad/s. The storage modulus (G'), loss modulus (G”),
complex viscosity (n*), and tan delta (6 = G”/G’) of
the samples were recorded as a function of fre-
quency. Each measurement was performed at least
twice, on two different disk specimens from the
same hydrogel sample.

Fourier transform infrared spectroscopy

The chemical composition of the samples B was
investigated by FTIR spectroscopy. Attenuated total
reflectance/Fourier transform infrared (ATR-FTIR)
spectroscopy was conducted with a FTIR instrument
(Nicolet 320, Nicolet Instrument Corporation) using
a Zn-Se crystal and the software package OMNIC
over the range of 4000-1000 cm'. A resolution of 2
cm ™! was maintained in all cases.

RESULTS AND DISCUSSION
Morphology of SA/G hydrogels

The effects of SA and G contents on the morphology
of dried SA/G hydrogels (sample B) are shown in
SEM micrographs in Figure 1. The morphologies of
SA/G 100/0 and SA/G 0/100 are depicted in Figure
1(a,b), respectively. From the figures, it is seen that
the pure SA sample shows a particle-like, aggregate
structure while the pure G sample exhibits uniform,
relatively homogenous morphology.

The morphologies of SA/G hydrogel materials of
various compositions (70/30, 60/40, 50/50, 40/60,
and 30/70) are shown in Figure 1(c-g), respectively.
By comparison, it is obvious that the morphologies
of the pure samples differ significantly from the bi-
nary blends. The morphologies of the SA/G-70/30,
60/40, and 50/50 samples reveal structures having
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Figure 1 SEM micrographs of dried hydrogels: (a) SA/G-100/0, (b) SA/G-0/100, (c) SA/G-70/30, (d) SA/G-60/40,

(€) SA/G-50/50, (f) SA/G-40/60, and (g) SA/G-30/70.

uniform SA as a matrix and G as dispersed phase
[Fig. 1(c—e)]. On the other hand, samples with a pre-
vailing amount of G, SA/G 40/60 and 30/70, have
G as the matrix and SA as the dispersed phase [Fig.
1(f,g)]. It should be noted that for the samples with
SA as the matrix, a droplet-like morphology of
minor G phase is observed, while samples with G as
the matrix render a fibrous morphology of SA
phase.

Swelling behavior of G/SA hydrogels

The degree of swelling indicates the ability of the
dressing to absorb the wound fluid and exudates.

Journal of Applied Polymer Science DOI 10.1002/app

The swelling behavior of SA/G hydrogels as a func-
tion of time is shown in Figure 2. As can be seen, all
samples demonstrate a rapid increase in swelling
degree within the first 4 h, and this swelling contin-
ues to increase slowly for up to 12 h (Table II). How-
ever, within the tested time interval, only the samples
with lower G content reach the equilibrium swelling.
It is furthermore obvious that swelling degree
decreases with an increase of SA content in the
hydrogels, which can be attributed to the structure of
the SA matrix, with pores of small sizes hindering
the diffusion of water molecules into the hydrogel
structure. A similar behavior for SA-based hydrogels
has been reported by Bajpai et al.*' and Anmika
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Figure 2 Effect of composition and time on the degree of
swelling.

et al.*? The increase in the swelling degree of hydro-
gel samples with high G content refers to the strong
hydrophilicity of G molecules, which is reportedly
due to the presence of an ionizable NH; and COO™
functional group that can increase the volume
between polymeric chains and the swelling capacity
of the hydrogel by hydrostatic repulsion.**

A maximum swelling degree of SA/G hydrogels
at 1176% was observed in the composition SA/G
30/70. Even such a level of swelling is not a final
value and would be slightly higher when approach-
ing equilibrium state. Analogous swelling behaviors
were observed for the commercial hydrogel dress-
ings Geliperm® (Geistilich, Switzerland) and Vigi-
lon® (Bard, Crawley, UK).Zl'30 As to water uptake,
the maximum water content of all swelled hydrogels
(Samples C) was in the range of 74-94% (Table II),
indicating that the SA/G hydrogels could fulfil the

requirement of an ideal wound dressing' >*"** and

prevent a wound from accumulation of fluid by
absorbing the exudates.

Viscoelastic properties of G/SA hydrogels

The angular frequency dependence of the storage
modulus (G') and loss modulus (G”) for SA/G
hydrogels is depicted in Figure 3. From Figure 3(a)
it can be seen that the G’ of all hydrogels is almost
one order of magnitude higher than G” over the
whole angular frequency range and both the G’ and
G” of all samples slightly increase with angular fre-
quency. In addition, an increase in G’ and G” values
is observed when the SA concentration rises, prob-
ably due to the increased number of SA chains that
produce a dense network.*"** Obviously, after 8 h
swelling, the G’ and G” of all samples drop dramati-
cally because of the presence of water, which
increases mobility of the gel network and decreases
stiffness [Fig. 3(b)]. It should be noted that the
described viscoelastic behavior of swelled SA/G
hydrogels is in agreement with the viscoelastic
response of human skin reported in the
literature.**

In Figure 4(a), the tan § of samples A is plotted
against angular frequency. At first, a plateau is
observed until 5 rad/s, then an increasing trend,
due to the enhanced influence of the viscous part,
attended by a more significant change in G” com-
pare with G/, begins. The angular frequency depend-
ency of the tan 6 values for swelled samples C is
shown in Figure 4(b). Over the whole frequency
range tan & gently increases, along with a slightly
steeper increase of G” with the frequency than that
of G’ [see Fig. 4(a)]. Interestingly, the SA/G 70/30

TABLE II
Physical Characteristics of the SA/G Hydrogel Samples

Hydrogel composition SA/G 70/30 60/40 50/50 40/60 30/70 Image of hydrogels
Samples after preparation A (before drying), n = 3
Weight (g) 0.735 = 0.064 0.729 = 0.051  0.894 = 0.117 0.858 *+ 0.161 0.876 *+ 0.094
Diameter (mm) 250 = 0.00  25.0 = 0.00 250+ 0.00 250 *0.00  25.0 % 0.00 K
Thickness (mm) 1.94 = 0.23 1.74 = 0.18 1.99 = 0.21 1.70 = 0.33 1.76 £ 0.25 d
Moisture content (%) 492 + 052 469 = 0.76 494 + 017 491 =124 529 * 0.86 P e e
Dried samples B (after drying), n = 3
Weight (g) 0.373 = 0.032 0.386 = 0.027 0.452 = 0.059 0.452 = 0.082 0.412 = 0.046
Diameter (mm) 19.82 + 040 2025 £ 0.54 2071 =026 19.96 + 0.14  20.92 * 0.56 k
Thickness (mm) 1.54 = 0.19 1.23 £ 0.12 1.39 = 0.19 1.19 = 0.22 1.02 £ 0.16

id @
Swelled samples C (12 h after swelling), n = 3
Weight (g) 1.387 + 0.201 2285 + 047 2295 + 0.64 3.804 + 0.81 3.981 * 0.92
Diameter (mm) 31 £ 214 38 = 3.69 38583 * 3.6 4221 =249 4342 = 3.87
Thickness (mm) 229 +0.31 248 £ 0.198 255032 283*+049 290 + 042 \
Water content (%) 72.54 * 468 81.86 = 653  84.03 £ 396 8797 =346  90.1 = 3.74 T

All measurements were done in triplicate.
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Figure 3 Storage, G/, and Loss, G”, moduli of freshly prepared samples A (a) and 8 h swelled samples C (b).

and 30/70 samples are slightly more elastic than the
other samples, most probably due to the different
morphologies of the prepared hydrogels.

In Figure 5, the dependence of G’ and G” on the
swelling time of the hydrogels with different ratios
of SA/G at the angular frequency ® of 0.39 rad s '
is shown. The viscoelastic moduli gradually decrease
for up to 4 h swelling time. After this time period
elapses, changes of G’ and G” are not so prominent.
This observation complies with the swelling behav-
ior depicted in Figure 2 describing the effect of com-
position and time on the degree of swelling.

The G’ and G” of samples A and C with different
compositions, recorded at the angular frequency of

0.8 - SA/G
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a —e—30/70
w
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0.39, 39 and 39 rad sfl, are depicted in Figure 6.
Comparing samples A and C, it is obvious that after
8 h of swelling both G’ and G” drop notably; inter-
estingly G” undergoes a more significant change.
Furthermore, as can be seen from Figure 6(a), both
G’ and G” of samples A decrease with the increasing
contents of G. The swelled samples C, contrary to
the freshly prepared samples A, do not follow the
same decreasing tendency of the storage and loss
moduli with G content increase [Fig. 6(b)]. The maxi-
mum values of moduli for samples C were found in
the compositions SA/G 70/30 and 30/70. The visco-
elastic properties of these hydrogels are influenced
by stiff molecules of SA representing either the

0.8
H/ _o—@- :x: :.:.:.
acg-acheesp e

_o-o-3-0-0-1
~ 06 ®-g_g-a-a-a-a-9-8-014 "
Q l" ot
o
= SA/G
£ 044 —n—70/30
—o— 60/40
—A—50/50
—o—40/60

0.2 1 —e—30/70

-Il T 6 T i . é
lo m(rad.sec'l)
(b) g

Figure 4 Effect of angular frequency on tan & of samples A (a) and C (b).
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continuous phase (SA/G 70/30) or needle-like dis-
persed particles (SA/G 30/70) in hydrogel structure.
The local minimum of G’ and G” was observed for
hydrogel compositions of SA/G 60/40 and 40/60.
The authors believe that such behavior could be
caused by phase separation phenomenon. Using
SEM, it was determined that the morphology of 60/
40 and 40/60 compositions induced specific porosity
levels in a continuous phase matrix (SA/G 60/40) or
in discontinuous phase particles (SA/G 40/60).
Interestingly, viscoelastic moduli of G/SA 50/50 are
higher than those of 40/60 and 60/40 at measured
angular frequencies. This can be a consequence of
attraction forces between the charged ions leading to
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intensive interactions by the balanced anionic car-
boxylate groups (—COO™) of SA and the cationic
protonated amino groups (NH;) of gelatine.*®

Figure 7 presents the relation between complex
viscosity, n* and angular frequency for samples C
with various SA/G compositions and shows that n*
decreases linearly with angular frequency. Further-
more, decreased n* of samples C have a similar
trend as observed for G’ and G” [Fig. 6(b)].

The storage and loss moduli of samples C as a
function of the swelling degree are represented in
Figure 8(a,b). As can be seen in Figure 8(a), the high-
est values of G’ are observed for the hydrogel of
SA/G 70/30 composition. Notably, for this hydrogel
the smallest change of swelling degree (200-300%)
was connected with the most significant decline of
storage modulus. On the other side, only a minor G’
change over the widest region of swelling degree
(400-1200%) was determined for the hydrogel with
the opposite SA/G ratio of 30/70. The changes of
swelling degree as well as changes of G' (AG”)
observed for samples with the composition of SA/G
60/40, 50/50, and 40/60 lie between the above men-
tioned SA/G 30/70 and 70/30 hydrogels. Further-
more, from Figure 8(a) it is clear that while the high-
est G’ of unswelled samples was found for SA/G
70/30, the highest G’ values of fully swelled hydro-
gels were recorded simultaneously for SA/G 70/30
and SA/G 30/70 samples.

Values of G” for all studied samples are almost an
order of magnitude lower than those of G’ over the
entire range of swelling [see Fig. 8(b)]. The results
also reveal that the levels of G” follow the trend
described for G'. However, the magnitude of G”

changes (AG") is independent of hydrogel
4.5
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Figure 6 The effect of composition on storage modulus, G’, and loss modulus, G”, of samples A (a) and samples C (b).
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composition, thus differing significantly from the
behavior of G’ and indicating predominant elastic
response within the course of hydrogel swelling.

The described results, namely the values of elastic
(G') and viscous (G”) moduli and the swelling
degrees of the prepared samples, indicate that the
viscoelastic properties of SA/G hydrogels are appro-
priate for wound dressing.***

FTIR characterization of SA/G hydrogels

The FTIR spectra of G/SA hydrogels are shown in
Figure 9. The FTIR spectrum of SA/G-100/0 indi-
cates the characteristic absorption peaks observed at
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Figure 8 Relation between viscoelastic properties (G' and G”) at angular frequency of 0.39 rad s

ling (%) for samples C.
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3274 cm ' typical for hydroxyl stretching and a
peak at 1637 cm ™' which corresponds to a stretch of
C=O0. Peaks at 1521, 1458, 1408, and 1349 cm™' in
the SA spectrum indicate the anti-symmetric stretch
and symmetric stretch of —COO™ in associated car-
boxylic acid salt.’’”* Two other interactions in the
C—O stretch of C—OH groups can be found at 1030,
1080 cm ' and the peak at 1248 cm ™' corresponds to
the anti-symmetric stretching of C—O—C.

The FTIR spectrum of SA/G 0/100 exhibits a peak
at 3309 cm ' due to the N—H stretching in second-
ary amides, the C=0 stretching at 1631 cm™" for the
amide I, which is characteristic of the coil structure
of gelatine,”” as well as N—H deformation at 1550
cm™! for amide I1.°" Most of the remaining peaks, at
1040, 1079, 1317, 1346, 1404, and 1453 cm ' can cor-
respond to the stretching of C—O bonds. Further-
more, on close inspection of the lower wave number
region of the spectrum, two bands are observed at
2877 and 2940 cm ', due to aliphatic symmetric and
C—H stretching, respectively (The response of C—H
bonds is presented by the absorption peaks at 2940
and 2877 cm ™). These results are in agreement with
the observation reported by Pawde et al.*

The spectra of SA/G hydrogels show peaks at
3265, 1631, 1453, 1408, 1334, 1081, 1028, and 993
cm ™!, which indicate O—H stretch, the COO~ (asym-
metric), COO™ (symmetric), C—0O, C—O—H, respec-
tively, exhibiting strong intermolecular hydrogen
bonding.°”? Particularly, the intensity of some
peaks decreases with increasing of SA (e.g., 1234
cm ™ !). The adsorption peak, thanks to the stretching
of C—O—C ethers coupled with the 1241 and 1119
cm ! of G, shifts to 1234 cm ™ L. Moreover, the gelat-
ine band related to amides II 1551 cm ™' weakens
and almost disappears in the SA/G 70/30 sample.
The band of SA/G 30/70 at 3291 cm ™' shifts to a

3.5
©=0.39 rad.sec”" G" SA/G
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—a— 50/50
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Figure 9 FTIR spectra for: (a) SA/G-100/0, (b) SA/G-70/30, (c) SA/G-60/40, (d) SA/G-50/50, (¢) SA/G-40/60, (f) SA/

G-30/70, and (g) SA/G-0/100.

lower wavenumber (3265 cm ') with an increasing
concentration of SA which reflects increased hydro-
gen bonding between SA and G.

CONCLUSIONS

In this work, SA/G hydrogels based on SA and
gelatine (G) are introduced as potential wound
dressing materials. To evaluate the performance of
SA/G hydrogels for wound dressing applications,
the morphology, swelling behavior and viscoelastic
properties of hydrogels with various ratios of SA
and G have been investigated. The results demon-
strate that SA/G ratio remarkably influences the
structure and morphology of hydrogels. In particu-
lar, it is obvious that with a decrease in SA content,
the respective hydrogel morphology changes from
particle-like to fibrous-like. It can also be observed
that the hydrogel morphology closely correlates with
the swelling degree, which decreases with an
increase in SA content. Results from the determina-
tion of water content and swelling behavior show
that hydrogels exhibit a high capability to absorb
fluid, making them promising materials for exuda-
tive wound dressings. The viscoelastic properties of
SA/G hydrogels notably depend on their composi-
tion and are related to the swelling behavior of
hydrogels. The viscoelastic properties of SA/G
hydrogels decreased, with an increased swelling
degree due to water absorption into the hydrogel
structure. The optimum SA/G ratio in terms of a

compromise between viscoelastic properties and
absorption abilities was found to be SA/G 50/50.
The hydrogel with this composition shows the visco-
elastic response fully comparable with that of
human skin while simultaneously retaining very
good absorption properties.

This article was created with support of Operational Pro-
gram Research and Development for Innovations co-funded
by the European Regional Development Fund (ERDF) and
national budget of Czech Republic, within the framework of
project Centre of Polymer Systems (reg. number: CZ.1.05/
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