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Abstract 
In this study a novel series of hydrogels, based on 2-hydroxyethyl methacrylate (HEMA), 
itaconic acid (IA) and poly(ethylene glycol) dimethacrylates (PEGDMA) (of varying molecu-
lar weight and concentration) were prepared by free radical cross-linking copolymeriza-
tion. Preliminary hemocompatibility characterization of hydrogels obtained by hemolytic
activity assay indicated good compatibility with blood. Preliminary biocompatibility cha-
racterization of P(HEMA/IA/PEGDMA) hydrogels, done by the cytotoxicity assays using the
HeLa cell line revealed that the cell viability of all samples was in the range of 97−100%, 
with no significant decrease in cell viability with the change of PEGDMA molecular weight 
and concentration. Swelling studies were conducted for all P(HEMA/IA/PEGDMA) samples
in a physiological pH and temperature range and network parameters were determined. 
Swelling studies showed pH sensitive behaviour, typical for anionic hydrogels, and tempe-
rature dependent swelling. The effects of concentration of PEGDMA component on hydrogel 
swelling properties depend on the PEGDMA molecular weight. The samples with 550PEGDMA
show different swelling capacities when 550PEGDMA content is changed, whereas for 
P(HEMA/IA/875PEGDMA) samples there was practically no difference in equilibrium deg-
ree of swelling, qe ,with varying 875PEGDMA content, which trend is the same as in the
case of qe versus pH dependences. It was concluded that P(HEMA/IA/PEGDMA) hydrogels 
show good potential to be used as biomedical materials. 

Keywords: hydrogel; 2-hydroxyethyl methacrylate; itaconic acid; poly(ethylene glycol) dime-
thacrylate; hemocompatibility; pH-sensitive and temperature dependent swelling; network
parameters. 
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The development of new polymeric biomaterials for 
medical and pharmaceutical purposes is of great in-
terest to life-care science and engineering. Hydrogels 
are polymeric biomaterials which do not dissolve but 
swell considerably in contact with aqueous and physio-
logical media. They provide a swollen three-dimensio-
nal matrix with a predetermined amount of water or 
physiological fluids, resembling to some degree the en-
vironment of the native tissue [1−6]. Special types of 
stimuli-responsive hydrogels have been investigated for 
the development of “smart” materials in various fields. 
The term “stimuli-responsive” implies that marked 
changes of hydrogel volume can be induced by an ex-
ternal stimulus such as changes of the pH-value, ionic 
strength, temperature or pressure, light, or electrical 
and magnetic fields [7]. For example, thermosensitive 
systems in aqueous media are generally aimed at 
changing the hydrophilic character of functional groups 
into a hydrophobic one, or vice versa [1,7], with the 
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change of temperature, whilst pH sensitive systems 
have basic or acid groups which react to the change of 
pH in aqueous media [1,2]. Smart hydrogels are of spe-
cial interest in controlled drug release applications be-
cause of their soft tissue biocompatibility, simple load-
ing and dispersing of the drugs in the matrix, and a high 
degree of control achieved by the selection of the phy-
sical and chemical properties of the polymer network 
and the response by volume variation to some external 
stimuli [5−7]. 

The homo- and copolymer hydrogels of 2−hydroxy-
ethyl methacrylate (HEMA) have found extensive appli-
cations in the field of biomedicine because of their 
good chemical stability, high biocompatibility and phy-
sicochemical properties similar to those of living tissues 
[8,9]. Numerous studies have been conducted to mo-
dify PHEMA with the aim of improving swelling, mecha-
nical properties and of eliciting better physiological res-
ponses to design stimuli−responsive hydrogels [10−17]. 

Due to the fact that IA is obtained from the non- 
-petrochemical resources it is of a great interest for 
polymeric biomaterials. IA is obtained by fermentation 
from renewable resources such as carbohydrate mate-



S.N. DOBIĆ et al.: HEMOCOMPATIBILITY AND SWELLING STUDIES ON HYDROGELS Hem. ind. 65 (6) 675–685 (2011) 

676 

rials containing sucrose and glucose (molasses and hyd-
rolyzed starch) [18−20]. 

Different properties of poly(2−hydroxyethyl metha-
crylate/itaconic acid) hydrogels were investigated in 
the last decade by few authors. Caykara et al. deter-
mined the solubility parameters of pure PHEMA and 
P(HEMA/IA) hydrogels in 20 solvents, with various solu-
bility parameters, in swelling experiments [21]. Tomić 
et al. investigated the swelling behavior and network 
parameters of hydrogels based on HEMA/IA and diffe-
rent types of poly(alkylene glycol) (meth)acrylates [22]. 
The same authors investigated swelling and thermody-
namic properties of PHEMA and copolymeric P(HEMA/  
/IA) hydrogels with varying IA content in a wide pH and 
temperature range. The copolymers showed interest-
ing pH and temperature sensitivity [23]. These authors 
also investigated the drug release profiles from 
P(HEMA/IA) hydrogels in order to investigate transport 
phenomena [24]. Metal ion adsorption on P(HEMA/IA) 
hydrogels was investigated for uranyl ions by Inam et 
al. and Ozyurek et al. [25,26]. Hamdy et al. studied the 
potential use of P(HEMA/IA) hydrogels in immobiliza-
tion of Citrullus vulgaris urease. Immobilized urease 
maintained a higher relative activity than free urease at 
both lower and higher pH levels [27]. Cytotoxicity test 
and hemolytic activity were investigated by Tomić et al. 
[28] for poly((alkylene glycol) (meth)acrylates/HEMA/  
/IA) hydrogels. The in vitro study of biocompatibility 
showed no evidence of cell toxicity nor any consider-
able hemolytic activity. Also, all hydrogels showed sa-
tisfactory bioadhesive properties. 

Poly(ethylene glycol) (PEG) is one of the most wi-
dely used synthetic materials for biomedical applica-
tions. Its biocompatibility, flexibility, and “stealth” pro-
perties make it ideal for use in drug delivery applica-
tions. Over the past few decades, poly(ethylene glycol) 
(PEG) based hydrogels have been extensively used as 
matrices in controlled drug delivery systems, as well as 
cell delivery vehicles for promoting tissue regeneration 
[29−32]. The versatility of the PEG macromer chemistry 
[33], together with its excellent biocompatibility, has 
spurred the development of numerous hydrogel sys-
tems for biomedical applications. Many of these stu-
dies have produced encouraging pre−clinical and clini-
cal results.  

Poly(ethylene glycol) dimethacrylate (PEGDMA), ob-
tained by substituting PEG terminal hydroxyl groups 
with methacrylates, are versatile building−blocks for 
the preparation of “smart” biomaterials. Hydrogels con-
taining PEGDMA crosslinker are highly tunable [34−38]. 
The mechanical properties of these hydrogels can be 
controlled by varying the molecular weight or concen-
tration of PEGDMA. The mesh size and swelling ratio 
can be controlled similarly, and the mechanical and 

biochemical properties can be varied independent of 
one another.  

The benefits of controlled drug delivery are essen-
tial for pharmaceutical applications as drug adminis-
tration may be improved by using a delivery system de-
signed for continuously maintaining the plasma levels 
of the active molecule in a therapeutically desirable 
range. Furthermore, drugs can be released in a precise 
and prolonged manner without repeated administra-
tion, thus improving patient comfort. Other benefits of 
controlled drug delivery are localized delivery to a par-
ticular site in the body and preservation of active 
agents that have short lifetimes in the body. 

In this study, novel copolymeric hydrogels based on 
2-hydroxyethyl methacrylate, itaconic acid (IA), and dif-
ferent poly(ethylene glycol) dimethacrylates (550PEGDMA 
and 875PEGDMA) were prepared by free radical cross- 
-linking copolymerization. All samples were characte-
rized via hemocompatibility and swelling studies in 
order to investigate the influence of molecular weight 
and concentration of PEGDMA on hydrogel properties. 

EXPERIMENTAL 

Materials 

The components used in this study (Scheme 1) were 
2-hydroxyethyl methacrylate (HEMA, Aldrich), itaconic 
acid (IA, Fluka), and poly(ethylene glycol) dimethacry-
late (PEGDMA, Mn 550 and 875; Aldrich). HEMA and 
PEGDMA components were purified by vacuum distilla-
tion before polymerization. All polymerizations were 
performed in water/ethanol mixture as solvent, using 
ethyleneglycol dimethacrylate (EGDMA, Aldrich), as 
cross-linking agent, potassium persulfate (KPS, Fluka), 
as initiator, and N,N,N’,N’-tetramethylethylene diamine 
(TEMED, Aldrich), as activator. Buffer solutions of diffe-
rent pH values were prepared using hydrochloric acid 
(La Chema), potassium chloride (Fluka), potassium mo-
no and dihydrogenphosphate (Fluka) and sodium hyd-
roxide (Fluka). Demineralized water was used for all po-
lymerizations and the preparation of the buffer solu-
tions. 

Synthesis of hydrogels 

The P(HEMA/IA/PEGDMA) copolymeric hydrogels 
were prepared by free radical crosslinking copolyme-
rization. HEMA/IA copolymers were chosen because 
small contents of IA introduce pH sensitive behavior of 
copolymers and do not change good chemical stability, 
high biocompatibility and physicochemical properties 
similar to those of living tissues of PHEMA homopoly-
mer. Hydrogels containing PEGDMA cross-linker are 
highly tunable [34−38]. The mechanical properties and 
the mesh size and swelling ratio can be controlled by 
varying the molecular weight or concentration of 
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PEGDMA, and the mechanical and biochemical proper-
ties can be varied independent of one another. 

The reactants were dissolved in water/ethanol mix-
ture (Table 1). The PEGDMA mole fractions were 5, 10 
and 15 while the HEMA/IA ratio was kept constant. The 
samples were designated according to monomers used 
and the PEGDMA molecular weight and mole fraction 
as P(HEMA/IA/550(or 875) PEGDMA-5, -10 or -15). The 
initiator, activator and crosslinker were added to the 
monomer feed mixture. The polymerization was carried 
out at 50 °C for 24 h. The reaction mixture was de-
gassed prior to polymerization and placed between two 
glass plates sealed with a rubber spacer (2 mm thick). 
After the reaction, the gels were cut into discs and 
immersed in water for a week to remove unreacted 
chemicals. The water was changed daily. The discs were 
dried to xerogels (1 mm thick and 5 mm in diameter). 
The amount of uncross-linked IA was determined by 
titration of extract against NaOH (0.05 mol/l) to phe-
nolphthalein end point. On the other hand, the amount 
of uncrosslinked HEMA and PEGDMA were determined 
using a UV spectroscopy. In both cases, results indicate 
that the conversion during cross-linking reaction was 
nearly complete. The yields of P(HEMA/IA/PEGDMA) 

copolymeric hydrogels of various compositions were 
above 99%. All the gels were transparent flexible discs 
with a limited fluid absorption capability. 

Hemolytic assay 

The hemolytic assay was determined in terms of 
hemolytic activity of the hydrogels by the direct and 
indirect contact methods, according to ISO 10 993–4 
(1992) [39]. In the direct method, the hydrogel discs 
were immersed in 5 ml of a physiological solution (PS) 
to which 0.25 ml of whole rat blood had been added. 
The PS and distilled water were used as the negative 
and the positive control, respectively. Then the con-
tents of the tubes were gently mixed and incubated in 
a water bath at 37 °C for 1 h. Subsequently, the ab-
sorbance of the supernatant liquid in each tube was 
determined at 545 nm using a Pharmacia LKB Ultrospec 
Plus UV/Vis spectrophotometer and the percentage of 
hemolysis was calculated. The mean hemolysis value of 
5% or less variation from two tests was considered 
acceptable. In the indirect contact method 5 ml of an 
isotonic aqueous extract from a hydrogel disc was used 
with 0.25 ml of a 10% suspension of rat erythrocytes. 
To prepare the isotonic aqueous extracts, pieces of each 
disc were kept for 72 h at 37 °C in 100 ml of sterilized 

 

Scheme 1. Chemical structures of components used for hydrogel synthesis. 

Table 1. Feed compositions for the P(HEMA/IA/PEGDMA) hydrogels (same conditions for 550PEGDMA and 875PEGDMA component)

Component P(HEMA/IA/PEGDMA-5) P(HEMA/IA/PEGDMA-10) P(HEMA/IA/PEGDMA-15) 

HEMA (mol%) 90 85 80 

IA (mol%) 5 5 5 

PEGDMA (mol%) 5 10 15 

initiator (mol%) 0.25 0.25 0.25 

HEMA+IA+PEGDMA (wt.%) 10 10 10 

Demineralized water (wt.%) 45 45 45 

Ethyl alcohol (wt.%) 45 45 45 
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bidistilled water, and then 0.9 g NaCl was added. The 
negative control was 0.9% NaCl solution and 100% he-
molysis was obtained in bidistilled water. After incuba-
tion at 37 °C for 24 h, the absorbance of the superna-
tant was measured at 545 nm and the percentage of 
hemolysis was calculated.  

FTIR spectral analysis 

Xerogels were crushed into powder, mixed with po-
tassium bromide (Merck IR spectroscopy grade) in the 
proportion 1:100, and finally dried at 40 °C. The dry 
mixture was compressed to a 12 mm semi-transparent 
disk by applying a pressure of 65 kN (Pressure gauge, 
Shimadzu) for 2 min. FTIR spectra were recorded using 
a BOMEM Michelfan MB-102 FTIR spectrometer in the 
wavelength range 4000–700 cm−1, with a resolution of 
4 cm–1. 

Swelling study 

Dynamic swelling measurements were performed in 
a wide range of physiological pH buffers, and in the 
temperature range from 25 to 55 °C. Swollen gels were 
removed from the swelling medium at regular inter-
vals, dried superficially with filter paper, weighed and 
placed in the same bath. The measurements were con-
tinued until constant weight was reached for each 
sample. The amount of solution absorbed was moni-
tored gravimetrically. The equilibrium degree of swell-
ing, qe, was calculated as follows: 

( )e 0 0/eq m m m= −  (1) 

where me is the weight of the swollen hydrogel at equi-
librium and m0 is the weight of the xerogel [40,41]. All 
the swelling experiments were performed in triplicate. 

RESULTS AND DISCUSSION 

Hemolytic activity 

Biocompatibility testing of polymeric biomaterials is 
an important step in the development of systems for 
biomedical applications [42]. Hemocompatibility test-
ing is an imperative for medical devices intended for 
direct or indirect blood exposure. The hemocompati-
bility of P(HEMA/IA/PEGDMA) hydrogels was evaluated 
by their testing for hemolysis. In the in vitro testing 
conditions P(HEMA/IA/PEGDMA) samples in contact with 
blood showed a mean hemolysis value less than 1.0% in 
the direct contact assay, and even less than 0.5% in the 
indirect contact assay. According to the obtained re-
sults, these hydrogels are not considered as hemolytic 
(Figure 1). From our earlier investigations, it is known 
that incorporation of small amounts of itaconic acid in 
hydrogels (5 mol%), obtained from natural renewable 
sources, improves the hemocompatibility of PHEMA- 
-based biomaterial [43]. Also, PEG-based polymer 

(PEGDMA) is beneficial for favorable hemocompatible 
behaviour [42]. In accordance with the results of hemo-
lytic activity testing all hydrogels exerted favorable he-
molytic activity. From Figures 1a and 1b it can be seen 
that hydrogels with low PEGDMA content (PEGDMA-5) 
show lower degree of hemolysis, namely better hemo-
compatibility. The influence of PEGDMA content is 
more pronounced than the influence of PEGDMA mole-
cular weight. 

Spectral characteristics of P(HEMA/IA/PEGDMA) 

FTIR spectroscopic analysis was used to illustrate 
the chemical structure of the hydrogels and the nature 
of the bonds formed. All characteristic bands present in 
FTIR spectra of components (HEMA, IA and PEGDMA) 
appear in the FTIR spectrum of the obtained hydrogel 
(Figure 2). The spectral characteristics of P(HEMA/IA/  
/PEGDMA), presented in Figure 2, revealed the charac-
teristic stretching vibration band of hydrogen-bonded 
alcohol (O−H) around 3450 cm–1, the C=O stretching 
vibration of the ester group also appeared at 1730 cm–1, 
and an absorption band with a weak shoulder around 
2950 cm−1, which correspond to the stretching of ali-
phatic −CH2−, C−H and −CH3 groups, respectively (Fi-
gure 2). The increased peak intensity of the C=O group 
at 1730 cm–1 in the spectrum of P(HEMA/IA/  
/550PEGDMA-15) gel was associated with the presence 
of the additional C=O groups from IA. On the other 
hand, several bands appeared in the fingerprint region 
for ethylene glycol units, originating from PEGDMA 
component, between 1600 and 1000 cm–1. These peaks 
were assigned to the −CH2 scissoring band of ethylene 
glycol units at 1480 cm–1 and the antisymmetric and 
symmetric stretching bands (−O−R) of ethylene glycol 
units at 1160 cm–1, respectively. Other characteristic 
bands represent C−C and C−H vibrations of −CH3 and 
−CH2− groups. Therefore, the FTIR spectroscopy results 
confirmed the incorporation of poly(ethylene glycol) di-
methacrylates and itaconic acid in hydrogel. 

Swelling studies 

Swelling studies were performed to investigate the 
influence of the hydrogel composition and external sti-
mulus signal (change of pH and temperature) on the 
swelling properties of P(HEMA/IA/PEGDMA) hydrogels. 
The changes of P(HEMA/IA/PEGDMA) equilibrium swel-
ling degrees with pH, in a physiologically important pH 
range (pH 2.20−7.40) at 37 °C, and temperature, in the 
temperature range from 25 to 55 °C, in buffer of pH 
7.40, are presented in Figures 3 and 4. 

It is evident from Figure 3 (a and b) that all hydro-
gels show pH-sensitive behavior, due to IA carboxyl 
group which gives the hydrogel anionic character and 
pH sensitivity. The equilibrium degree of swelling, qe, 
versus pH dependences shows similar trend for all 
samples. At low pH values (lower than both pKa1 and
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Figure 1. Hemolytic activity of P(HEMA/IA/PEGDMA) hydrogels with different concentrations of 550PEGDMA (a) 
and 875PEGDMA (b). 
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Figure 2. FTIR spectra of components: HEMA, IA, PEGDMA, and P(HEMA/IA/550PEGDMA-15) gel. 
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Figure 3. pH sensitive swelling behaviour of P(HEMA/IA/PEGDMA) hydrogels with 550PEGDMA (a) and with 875PEGDMA (b). 

pKa2 values − pKa1 = 3.85, pKa2 = 5.45), the swelling deg-
rees are low and slightly depend on PEGDMA content, 
i.e., the swelling degree is low and almost similar for all 
the samples. The low qe values are primary due to the 
intermolecular physical cross-linking, via hydrogen bond 
formation, between carboxylic groups in IA, as well as 
hydroxyl groups of HEMA, with ether groups in PEGDMA 
residues. 

As the pH value of the surrounding medium rises 
above pKa values of both carboxyl groups, −COOH groups 
are transformed into more hydrophilic carboxylate an-
ions, which undergo electrostatic repulsion of same 
charges on the network chains. Furthermore, due to io-
nization of −COOH groups the hydrogen bonds between 
network chains are broken and for these two reasons 
the swelling is substantially increased. In pH range 

above 3.85 the difference in swelling for samples with 
different 550PEGDMA content is more pronounced (Fi-
gure 3a), i.e., the sample with highest content of 
550PEGDMA (P(HEMA/IA/550PEGDMA-15) swells less 
than the samples P(HEMA/IA/550PEGDMA-5 and 
P(HEMA/IA/550PEGDMA-10, which is not the case with 
P(HEMA/IA/875PEGDMA) hydrogels (Figure 3b), where 
all samples show similar swelling properties.  

The similar situation is in the case of qe versus 
temperature dependences (Figures 4a and b), which all 
show the same trend regarding the shape of the cur-
ves. It is also evident that P(HEMA/IA/550PEGDMA-5) 
and P(HEMA/IA/550PEGDMA-10) hydrogels show simi-
lar qe values, which are higher than that for P(HEMA/  
/IA/550PEGDMA-15) sample, while qe values for P(HEMA/  
/IA/875PEGDMA) do not depend much on 875PEGDMA 



S.N. DOBIĆ et al.: HEMOCOMPATIBILITY AND SWELLING STUDIES ON HYDROGELS Hem. ind. 65 (6) 675–685 (2011) 

 

681 

content. In the temperature range 37−50 °C there is a 
small decrease in swelling with the increase of 
875PEGDMA content. The P(HEMA/IA/PEGDMA) hyd-
rogels are not temperature−sensitive, they have no 
LCST, but they show temperature dependent swelling. 
It is known that hydrogels based on HEMA homopo-
lymer or its copolymers with IA have no LCST in the in-
vestigated temperature range [16,44]. 

The difference in swelling capacity with the change 
of 550PEGDMA content can probably be explaned by 
the following argument. By introducing PEGDMA chains 
in the hydrogel structure two opposing efects take place: 
PEGDMA chains are hydrophilic and highly elastic, so 
they will induce higher swelling, but at the same time 

they act as a cross-linking agent, which will reduce the 
swelling degree. From the results obtained it is obvious 
that the chain length and content of PEGDMA is the 
main factor which determines which of those effects 
will prevail. This effect is clearly visible only for the 
samples containing 550PEGDMA because shorter 
550PEGDMA chains are less flexible so there is a critical 
concentration (15 mol%) where the cross-linking effect 
outweighs the chain flexibility effect. The longer 
875PEGDMA chains are more flexible and therefore hy-
drogel swelling behaviour is not much influenced with 
875PEGDMA contents used in this work. 

Therefore, the change of environmental conditions 
tunes hydrogel swelling. These pH responsive and tem-
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Figure 4. Temperature dependent swelling behaviour of P(HEMA/IA/PEGDMA) hydrogels with 550PEGDMA (a) 
and with 875PEGDMA (b). 
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perature dependent hydrogel properties along with ap-
propriate swelling degrees values could be beneficial 
for their use as drug delivery systems. The pH respon-
sive hydrogels play a significant role in controlled drug 
delivery systems [45]. These delivery systems exibit 
substantial changes of swelling degrees in various phy-
siological media. Due to low swelling in acidic and 
higher swelling in neutral and basic media, they can 
protect protein drugs from denaturation in acidic me-
dia and deliver drugs in media with higher pH values. 

Network parameters 

 Properties of hydrogels with weak acid moieties 
depend on the network structure, which is controlled 
by the feed composition. The most important network 
parameters are the molar mass of the polymer chain 
between two neighboring cross-linking points, Mc, the 
effective crosslinking density, νe, and pore size, ξ. In 
order to determine Mc for hydrogels containing diprotic 
itaconic acid, the following equation is used [46]:  

( )

( )

2
2 2 pH

1 2s 1 a2 a1
2 2pH

r a1 a1 a2

2 2/3 1/31
2s 2s 2s 2,r 2,s

c

2 10

4 2 10 10

ln 1

a

pH

V X K K K

IV K K K

V

M

ϕ

ρϕ ϕ χϕ ϕ ϕ

−

− −

 +  =
 + + 

 
 = − + + +   

 

 (2) 

where Mc is the molar mass of the polymer chain 
between two neighboring crosslinking points, Ka1 and 
Ka2 are the first and second dissociation constants of a 
diprotic acid, X is the weight fraction of ionizable poly-
mer in the system, I is ionic strength of the swelling 
medium, φ2s is the polymer volume fraction in the 
swollen gel, φ2,r is the polymer volume fraction in the 
relaxed state, V1 is the molar volume of water, ρ is the 
polymer density, rV  is the average molar volume of po-
lymer repeating units, and χ is the Flory polymer–sol-
vent interaction parameter. The effective crosslinking 
density, νe, was calculated as e cMν ρ= . 

The pore size, ξ, which is a term that describes the 
available space for solute transport within the polymer 
network, is also an important paramater in analyzing 
crosslinked polymers and calculated according to Eq. 

(3), which is described in more detail by Canal and 
Peppas [47]: 

1/2

1/3 n c
2,s

r

2C M
l

M
ξ φ −  

=  
 

 (3) 

Here, Mr is the molecular weight of the repeating unit; l 
the C–C bond length (1.54×10–10 m for vinyl polymers); 
and Cn, the Flory characteristic ratio, cM is the average 
of the molar mass of repeating unit [48]. 

According to the potential biomedical application in 
dermatology and drug delivery systems, the calcula-
tions were done for the results obtained at pH 7.40, 
and 37 °C (Table 2). 

It can be seen that network parameters for 
P(HEMA/IA/PEGDMA) hydrogels depend on PEGDMA 
content in hydrogels and PEG chain length (550 and 
875) in the similar way as in the case of qe vs pH and qe 
vs temperature dependances. The values of the molar 
mass of the polymer chain between two neighboring 
cross-linking points (Mc) are in the range of 4715–7634 
g/mol for P(HEMA/IA/550PEGDMA) samples and from 
6392 to 8159 for P(HEMA/IA/875PEGDMA) samples. 
The pore size values of P(HEMA/IA/550PEGDMA) and 
P(HEMA/IA/875PEGDMA) hydrogels are in the range of 
6.7–9.5 nm and 6.85–9.35, respectively, i.e. they all are 
in the nonporous regime. 

CONCLUSION 

Free-radical crosslinking/copolymerization of 2-hyd-
roxyethyl methacrylate with IA and PEGDMA, with va-
rying molecular weight and content, resulted in the for-
mation of cross-linked P(HEMA/IA/PEGDMA) hydrogels. 
The aim of our study was to demonstrate the influence 
of poly(ethylene glycol) chain length and content on 
the properties of P(HEMA/IA/PEGDMA) hydrogels. All 
hydrogels show a fair level of blood compatibility, as 
confirmed by in vitro experiments of percentage hemo-
lysis, and can be described as hydrogels with beneficial 
hemocompatible behaviour. Swelling studies showed 
typical pH-sensitive swelling behaviour of anionic hyd-
rogels, as well as the temperature dependent swelling. 
Itaconic acid is responsible for pH sensitive behavior 
and short, flexible poly(ethylene glycol) dimethacrylate 

Table 2. Network parameters of P(HEMA/IA/PEGDMA) hydrogels at pH of 7.40, and 37 °C 

Sample Mc / g mol–1 νe / mol dm–3 ξ / nm 

P(HEMA/IA/550PEGDMA-5) 7634 0.424 9.52 

P(HEMA/IA/550PEGDMA-10) 7945 0.441 8.56 

P(HEMA/IA/550PEGDMA-15) 4715 0.718 6.70 

P(HEMA/IA/875PEGDMA-5) 8159 0.425 9.35 

P(HEMA/IA/875PEGDMA-10) 7752 0.463 8.18 

P(HEMA/IA/875PEGDMA-15) 6392 0.451 6.85 
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chains inside the network play a role of elastic springs 
but at the same time act as crosslinking agent. The 
swelling of P(HEMA/IA/550PEGDMA) hydrogels, moni-
tored as a function of pH and temperature, is influen-
ced by the content of 550PEGDMA component. By in-
troducing lower concentration of 550PEGDMA compo-
nent in the network the hydrogel swelling increases. It 
can be concluded that for the samples containing shorter 
550PEGDMA chains there is a critical concentration of 
15 mol% where the cross-linking effect outweighs the 
chain flexibility effect so they swell less than those with 
lower 550PEGDMA content (5 and 10 mol%). In con-
trast, P(HEMA/IA/875PEGDMA) hydrogels show very small 
change in swelling with the change of 875PEGDMA con-
tent. The longer 875PEGDMA chains are more flexible 
and the crosslinking effect is balanced with the chain 
flexibility effect, so the swelling behavior is similar for 
all samples in the concentration range used in this 
study. The obtained results indicate that pH–responsive 
and temperature dependent P(HEMA/IA/PEGDMA) hyd-
rogels show good potential for biomedical applications.  
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IZVOD 

 
PROUČAVANJE HEMOKOMPATIBILNOSTI I BUBRENJA HIDROGELOVA POLI(2-HIDROKSIETIL METAKRILAT-KO- 
-ITAKONSKA KISELINA-KO-POLI(ETILEN GLIKOL) DIMETAKRILAT) 

Sava N. Dobić, Jovana S. Jovašević, Marija D. Vojisavljević, Simonida Lj. Tomić 

Univerzitet u Beogradu, Tehnološko–metalurški fakultet, Beograd, Srbija 

(Naučni rad) 

U radu je izvedena sinteza dva nova tipa kopolimernih hidrogelova na bazi 2-
-hidroksietil (met)akrilata, itakonske kiseline i poli(etilen glikol) dimetakrilata, s
ciljem primene ovih polimernih sistema u biomedicinske svrhe. Testirana je
biokompatibilnost preko probe hemokompatibilnosti. Hemolitička aktivnost svih
hidrogelova je bila u dozvoljenim granicama, prihvatljivim za biomedicinsku pri-
menu. Studije bubrenja hidrogelova, izvedene u opsegu fizioloških pH i tempera-
turnih vrednosti, pokazale su da bubrenje zavisi od pH i temperature. Sintetisani
hidrogelovi su pokazali sličan trend zavisnosti stepena bubrenja od pH i tem-
perature. Sadržaj 550PEGDMA u hidrogelu utiče na stepen bubrenja, dok kon-
centracija 875PEGDMA komponente vrlo malo utiče na stepen bubrenja. Hidrogel
sa 15 mol% 550PEGDMA manje bubri od uzoraka sa manjim sadržajem ove
komponente (5 i 10 mol%), što ukazuje da pri toj koncentraciji preovladava umre-
žavajuće dejstvo ove komponente. Duži PEG lanci u 875PEGDMA su fleksibilniji, pa 
je efekat umrežavanja uravnotežen sa efektom fleksibilnosti lanca, što ima za
posledicu slično bubrenje za sve uzorke u opsegu koncentracija koje su korišćene
u ovom radu. 

  Ključne reči: 2-Hidroksietil metakrilat •
Itakonska kiselina • Poli(etilen glikol) di-
metakrilat • Hidrogelovi • Hemokompa-
tibilnost • pH-Osetljivo i temperaturno 
zavisno bubrenje • Parametri mreže 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


