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Abstract: Sodium alginate (SA) and gelatine (G) based hydrogels for biomedical applications, such as 

wound dressing, were crosslinked by calcium chloride (CaCl2) or glutaraldehyde (GTA) in order to 

overcome their exudates solubility. Swelling behaviour of prepared hydrogels in phosphate buffered 

saline with different pH value at 37
°
C was compared. It was proved that the crosslinking agent 

concentration, time, and pH of swelling medium significantly influenced their swelling behaviour. 

While local maximum of swelling equilibrium occurred at pH 7 for which conditions , swelling of 

GTA crosslinked hydrogels was found to be slightly lower compare to CaCl2 crosslinked ones. The 

results indicate that the SA/G-50/50 hydrogel crosslinked via Ca
2+

 ions is a potential nontoxic wound 

dressing material capable of the adequate provision of moist environment for comfortable wound 

healing. 
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1 Introduction 
Natural based wound dressing hydrogels are 

considered as promising and potential wound 
covering options because of their non-toxicity, 
biocompatibility, biodegradability but also 

insolubility, hydrophilicity, and excellent swelling 
behaviour. While, they have a form of flexible and 
durable covering materials permeable to water 
vapour and metabolites, they protect the wound 
again bacterial infection. It is well known that 
hydrogels based on biopolymers, including sodium 
alginate (SA) and gelatine (G), form physical 

crosslinked three-dimensional network presenting 
unrestrained structure without sufficient mechanical 
strength after absorption of the wound exudates [1]. 
Moreover, they dissolve in the wound secretion at 
body temperature and thus cannot be completely 
removed from the wound [2].  

To overcome the aforesaid drawbacks, many 

studies have concentrated on chemical crosslinking 
of either alginate or gelatine by introduction of 
chemical crosslinking agents such as calcium ions 
for alginates or formaldehyde, glutaraldehyde 
(GTA), epoxy compounds, and carbodiimides for 
gelatine. Among these agents, GTA is widely used 
crosslinking agent that reacts with free 
nonprotonated ε-amino groups (-NH2) of lysine or 

hydroxylysine of gelatine through a nucleophilic 

addition-type reaction [3, 4]. Although aldehydes 
are generally known as efficient crosslinking agents, 
their toxicity still remains a problem. With respect 
to the ability to bind divalent cations and form 
hydrogels which is the most relevant feature of 
sodium alginate, currently Ca2+ is preferred to 
crosslink alginate for biomedical applications due to 
the mild reaction conditions. In this case, the 

crosslinking is achieved by the ionical interaction 
between calcium ions and the carboxyl groups of the 
blocks of guluronic acid residues of two 
neighbouring alginate chains, resulting in formation 
of stable three-dimensional network [5]. Calcium 
salts suitable for crosslinking alginate include 
CaCl2, CaSO4, CaCO3, calcium acetate, calcium 

ascorbate, etc [6]. Possibility to change the 
crosslinking density within alginate hydrogels, thus 
also their swelling ratio adjustment, make them 
potential for wound dressing applications. 
 The presented work is focused on the 
formulation and evaluation of crosslinked sodium 
alginate/gelatine (SA/G) hydrogels. For this 
purposes different ratio between SA and G, as well 

as optimal conditions of crosslinking (concentration 
of crosslinking agent, time of crosslinking), were 
investigated with regards to produce biocompatible 
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and highly hydrophilic wound dressing preventing 
scab formation and the dehydration of the wound 
bed. 

 

2 Experimental  
The “SA/G hydrogels” were prepared using 

various concentrations of SA and G while keeping 
the amount of other components constant (for 
details see Table 1). Firstly, gelatine granules were 
dissolved in water at temperature of 60 °C under 
continuous stirring (150-200 rpm) until a 

homogeneous solution was obtained; then the 
stirring rate was reduced to 100 rpm while relevant 
portions of SA, PEG, NaCl and glycerol were 
added. Consequently, viscous hydrogel was formed 
in the following five minutes. The prepared 
hydrogel was treated in a sonication bath 
(Powersonic PS 12000A, Slovakia) until trapped air 

bubbles were removed. Finally, it was poured into 
circular moulds (25 mm diameter) with a thickness 
of 1 mm and moulded dried under vacuum of 35 
mbar (Vacucell 111, Czech Republic) at room 
temperature for 72 hours.  

Table1. Composition of the SA/G hydrogels.  

SA/G 

content 

Substance amount (g) 

SA G PEG Glycerol NaCl Water 

20/80 3.2 2.8 2 2 0.2 20 

70/30 0.8 1.2 2 2 0.2 20 

60/40 2 2 2 2 0.2 20 

50/50 2 2 2 2 0.2 20 

40/60 0.2 0.2 2 2 0.2 20 

30/70 20 20 2 2 0.2 20 

20/80 3.2 2.8 2 2 0.2 20 

The variation of the crosslinking agent 
concentration and the crosslinking reaction time 
leads to the formation of hydrogels with various 
density of 3D network. From the literature it is clear 
that SA/G hydrogels for biomedical applications are 

mostly crosslinked with CaCl2 solution with the  
concentration of 2.5 to 5 % wt [7] or GTA solution 
covering concentration range of 0.05-0.5 % wt [8].  

The effect of crosslinking agent concentration – 
Ca2+ ions or GTA – on swelling behaviour of tested 
hydrogels in phosphate buffered saline (PBS) at 
37  °C was investigated as follows.  

In the first case, dried samples were immersed 
for selected time intervals (30, 60, 120, and 240 
minutes) in 10 mL of three different concentrations 
(1, 2.5, and 5% wt.) of CaCl2 solution to allow 
cross-linking. Consequently, the samples were 
washed three times with distilled water to remove 

excess Ca2+ and dried under vacuum at room 
temperature until constant weight was obtained. 

Similarly, in the second case, dried samples were 
introduced in 10 ml of various concentrations (0.02, 
0.1, 0.2, 0.5, and 1.0 %) of GTA solution and 

chosen time intervals were 1, 2, 3, 5, and 10 min. 
After the specified time elapsed, samples were 
carefully washed and dried under the same 
conditions described formerly. 

 After these steps, the samples crosslinked in 
chosen optimal concentration of CaCl2 or GTA were 
tested for swelling behaviour in PBS solutions with 

varying pH at 37 °C.   
 

3 Results and Discussion 
3.1. Influence of the crosslinker 

concentration and crosslinking time 

dependence on hydrogel swelling behaviour  
The results of influence of crosslinker 

concentration are summarized in Fig. 1.  
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Fig.1. The influence of crosslinking agent 

concentration on swelling degree after 5 hours of 
swelling in PBS (pH 7.4) at 37 °C for SA/G 
hydrogels crosslinked for (a) 60 min with CaCl2, 
and (b) 5 min with GTA.  
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As it is clear from the figure, the swelling degree 
of all SA/G hydrogels decreases with increasing 
concentration of both the crosslinking agents used. 
The observed fall in the swelling degree arise from 
the fact that higher CaCl2 or GTA concentration is 

related with the formation of gels having higher 
network crosslinking density. In this way 
mechanical strength of hydrogels is even enhanced 
due to the strengthened forces by which the Ca2+ 
ions bind SA or aldehyde groups covalently bind ε-
amino groups (-NH2) of lysine in gelatine molecule 

[3, 9], and consequently the equilibrium of swelling 
degree is significantly reduced. Moreover, the 
higher GTA concentration might cause cytotoxicity 
of a final product, which is absolutely unacceptable 
for biomedical applications. 

On the other hand, low crosslinker 
concentration, linked with higher swelling of the 
hydrogel due to low Ca2+ concentration to crosslink  

SA. or due to the lack of binding of aldehyde 
molecules to gelatine, result in poor mechanical 
strength of resulting hydrogel.  

As it is clear from the figure 1, while there is a 
constant increase tendency in swelling degree as 
concentration of CaCl2 is reduced, there is no 
significant decline of the swelling above GTA 

concentration of 0.1 % wt. Even this finding might  
indicate that a complete reaction between GTA and 
G could be expected at this concentration, long term 
stability (insolubility of sample when swelled for 
more than 24 hours in PBS at 37°C) of this hydrogel 
was limited. Based on these observations CaCl2 and 
GTA concentrations of 2.5 and 0.2 wt %, 

respectively, were selected for further studies. 
Besides crosslinker concentration, the swelling 

behaviour of SA/G hydrogels is dependent on time 
of crosslinking. Thus, the influence of crosslinking 
time on the swelling behaviour of SA/G-50/50 
hydrogel crosslinked with Ca2+ and GTA has been 
investigated. Results presenting change of swelling 
degree as a function of time are given in Fig. 2.  

As can be seen in this figure, a short crosslinking 
time of the hydrogels leads to weaker mechanical 
strength, a sharp increased swelling degree within 
the first 3-4 hours and a collapse of hydrogel 
network structure due to the lack of the number of 
interconnections formed by the relation between the 
Ca2+ and GTA and the available sites on alginate 

and gelatine molecules, respectively.  
In contrast, with increasing crosslinking time the 

swelling degree of hydrogels crosslinked with either 
Ca2+ or GTA decreases because of the formation of 
a higher density of crosslinking points in the 
network structure. With regard to these results, 
SA/G hydrogels crosslinked with CaCl2 for 60 min 

and GTA for 5 min will be considered for further 
investigation.  

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
Fig. 2. Swelling degree of the SA/G-50/50 hydrogel 
in PBS (pH 7.4) at 37 °C as a function of swelling 
time for various crosslinking time (a) samples 
crosslinked with CaCl2 2.5 % wt; (b) the samples 
crosslinked with GTA 0.2 % wt.   

3.2. The influence of composition of SA/G 

hydrogels on swelling behaviour   
The swelling behaviour of SA/G hydrogels with 

different crosslinking agents in PBS (pH 7.4) as a 
function of the swelling time is depicted in Fig. 3.  
As can be seen, all samples undergo a rapid increase 
in swelling degree within the first five hours of 
swelling and most of them gradually continue in 
swelling up to 12 hours.  
As it is clear from Figure 3a, the swelling of the 
ionically crosslinked SA/G-20/80 hydrogels (see 

Fig. 3a) is the highest at 5 hours and then begins to 
drop slowly. It is probably due to the fact that lower 
content of SA in hydrogel is insufficient to create 

0 4 8 12 16 20 24 28 32 36 40 44 48

0

100

200

300

400

500

600

700

800

900

1000

(a)

S
w

el
li

n
g

 D
eg

re
e 

(%
)

Swelling time (h) 

 30 min
 60 min
 120min
 240min

0 4 8 12 16 20 24 28 32 36 40 44 48

0

100

200

300

400

500

600

700

800

900

1000
S

w
el

li
n

g
 D

eg
re

e 
(%

)

Swelling time (h) 

 1 min
 2 min
 3 min
 5 min
 10min

(b)

Recent Researches in Geography, Geology, Energy, Environment and Biomedicine

ISBN: 978-1-61804-022-0 386



coherent network interconnected with the Ca2+ ions, 
which leads to the formation of hydrogels with poor 
mechanical properties and even to slow dissolving 
of the sample after five hours of swelling. The 
similar behaviour, drop in swelling degree 

connected with dissolution of the sample, was 
observed in case of SA/G-30/70 after 8 hours of 
swelling. Furthermore, the equilibrium of swelling 
degree obviously decreases with increasing of SA 
content in the ionically crosslinked SA/G hydrogels. 
As it was stated before this is attributed to the 
greater number of binding sites of alginate for Ca2+ 

ions resulting in the formation of a more stable and 
dense network.  
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

Fig.3. The hydrogel composition dependence of 

swelling behaviour in PBS (pH 7.4) at 37 °C of the 
SA/G hydrogel samples crosslinked with (a) CaCl2, 
and (b) GTA.  

Obviously, analogous trends can be found for GTA 
crosslinked SA/G hydrogels (see Fig. 3b). The 
equilibrium swelling degree decreases with an 

increase of G content in these samples due to the 
increased number of interconnections formed by 
reaction of GTA with available sites in gelatine. 
SA/G-20/80 and 30/70 hydrogels reach their 
maximum swelling after 5 hours and then they begin 

to fall gradually until they collapse due to a high 
PBS absorption. From swelling behaviour results 
presented in Fig. 3 it is obvious that the equilibrium 
swelling degree of the hydrogels crosslinked by 
Ca2+ is slightly higher than the that of the SA/G 
hydrogels crosslinked with GTA. This indicate that 
moisture and exudates absorption would be better in 

the case of Ca2+ crosslinked hydrogels, nevertheless 
the mechanical behaviour of these materials needs 
to be determined and evaluated. 

From the results it is clear that optimal hydrogel 
composition is reached with the SA/G ratio of 50/50 
for the case of the both crosslinking agents. 
Suitability of proposed composition however should 

be verified from the mechanical behaviour point of 
view. 

3.3. The influence of pH on the swelling 

behaviour of SA/G-50/50 hydrogel 
The pH value of the swelling medium plays an 

important role in SA/G hydrogels swelling 
behaviour because of polyelectrolyte nature of the 
hydrogels components as SA and G. Thus the effect 
of pH on equilibrium swelling degree of the Ca2+ 

and GTA crosslinked SA/G-50/50 hydrogels was 

evaluated.  Results of hydrogel swelling at 
temperature of 37 °C in deionised water, and the 
PBS medium of pH in the range from 1 to 11 are 
shown in Fig. 4.  
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Fig.4. The influence of pH change of the swelling 
medium on equilibrium swelling of the SA/G-50/50 

hydrogel sample at 37 °C. 
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As can be seen from the figure, both the Ca2+ and 
GTA crosslinked samples show a gradual steep 
increase in swelling degree in the range of pH 
values 1-4 followed by a mild increase up to pH of 7 
where the peak value of swelling equilibrium is 

reached. Subsequent decline in swelling degree is 
gradual up to the pH value of 11. Moreover, while 
the equilibrium swelling is roughly the same for the 
Ca2+ and GTA crosslinked samples in the middle 
region of pH values (4-9), it varies more 
significantly in the both outer limits, where 
hydrogels crosslinked in CaCl2 show higher level of 

swelling.  
These observations can be, in the case of Ca 2+ 

crosslinked hydrogels, explained by the fact that the 
extent of ionization of the carboxylic groups of SA, 
which produces greater number of carboxylate ions 
along the SA molecules grows with the increasing 
pH value of the swelling medium from 1 to 4. These 

anionically charged centres repel each other and 
produce a rapid relaxation in the network chains, 
thus resulting in a rise in the degree of liquid uptake.  

The slight increase in the swelling equilibrium in 
the range of pH values from 4 to 6 is maintained 
probably due to the action of buffer. At the 
maximum point (pH 7), all the –COOH groups of 
alginate are converted to COO-, resulting in high 

anion-anion repulsion and high swelling capacity. 
The decrease in the swelling in the medium of pH 
values above 7 may be explained by the fact that at 
higher alkaline range the carboxylic groups of the 
SA molecules undergo dissociation with resulting in 
weakening the physical forces between SA and G. 

Similar trends in swelling behaviour could be 

found also for GTA crosslinked hydrogel samples. 
Above pH value of 4 cation-cation repulsion 
(conversion of NH2 groups of gelatine to –NH3

+) 
and increase in the swelling could be observed. A 
similar behaviour for GTA crosslinked gelatine 
based hydrogel has been reported by Bardajee, G. R 
et al [10]. The hydrogel swelling peak is again 

reached at pH 7. Further decreasing in the swelling 
equilibrium at highly alkaline may be explained by 
deprotonation of the both the carboxyl and amino 
groups contributing to a loss of electrostatic 
interaction between the SA and G chains in 
hydrogel network. 

As illustrated in the Fig. 4, degree of swelling in 
the buffer solutions within the pH range 4 to 10, 

shows higher values compared with those observed 
in deionised water (pH of about 7). This behaviour 
was not expected, as usually presence of salts causes 
decrease in swelling, and will be clarified in further 
research.  

4. Conclusion 
The presented work is focused on the preparation 

and characterization of potential wound dressing 
materials based on Ca2+ and GTA crosslinked 
sodium alginate/gelatine hydrogels. It was found 
that the equilibrium swelling of the hydrogels is 
significantly dependent on the concentration of 
crosslinking agents, crosslinking time, the 

composition of the hydrogels, and the pH value of 
swelling medium. 

The results indicate that the swelling behaviour 
of hydrogels having compositions SA/G 50/50 
crosslinked by CaCl2 and GTA is appropriate for 
wound dressing. Nevertheless, it should be kept in 
mind that since glutaraldehyde is regarded as the 

toxic substance, the Ca2+ crosslinked SA/G 
hydrogels presents clearly preferable solution for 
biomedical applications. 

While only swelling behaviour of investigated 
hydrogels was examined up to now, and 
requirements posed on wound dressing demand 
prevention of a fluid accumulation by absorbing the 

exudates from the wound even under stress, 
mechanical response of prepared hydrogels should 
be carefully determined in the further investigation. 
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