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Abstract. Synthetic polymer hydrogels constitute a group
of materials, used in numerous biomedical disciplines,
and are dtill developing for new promising applications.
The aim of this study is to review information about well
known and the newest hydrogels, show the importance
of water uptake and cross-linking type and classify them
in accordance with their chemical structure.
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Introduction

Polymer hydrogels areastill new, rapidly devel oping
group of materials, gaining wide applicationin many fields,
especially pharmacy, medicine and agriculture. Since the
1970s many reports have been published in the scientific
literature about new chemical and physical structures,
propertiesand innovative restricted applications of polymer
hydrogels. The aim of this review paper is to gather and
systemized| thisinformation, providingaclear classification
of synthetic polymer hydrogels in accordance with their
chemical structure.

History of Hydrogels

For over fifty years hydrogels have been used in
numerous biomedical disciplines, in ophthalmology as
contact lenses and in surgery as absorbable sutures, as
well as in many other areas of clinical practice to cure
such illnesses as diabetes mellitus, osteoporosis, asthma,
heart diseases and neoplasms. It was in 1955 that
Professors Lim and Wichterle of Prague, Czech Republic,
synthesized the first hydrogel with potential biomedical
uses. That was synthetic poly-2-hydroxyethyl
methacrylate, used — soon after its discovery — in contact
lens production [1-4]. The main advantage of that
revolutionary biomaterial was its stability under varying

pH, temperature and tonicity conditions. In the 1980s
hydrogels were modified for other applications. Lim and
Sun obtained calcium alginate microcapsules for cell
engineering, and Yannas' group modified synthetic
hydrogels with some natural substances, such as collagen
and shark cartilage to obtain novel dressings, providing
optimal conditionsfor healing burns. Nowadays, hydrogels
continue to interest scientists. They are obtained from new
materials using the latest techniques to make them safe
and non-toxic. The final hydrogel product is present in
very advanced applications, e.g. tissue engineering and
regeneration, where they can be applied in a non-invasive
manner. They can serve in the prevention of thrombosis,
post-operative adhesion formation, drug delivery systems,
coatings for biosensors and cell transplantation [5-9].

What are Hydrogels?

According to the latest medical and pharmaceutical
encyclopaedias, there is still no precise and limiting
definition of the term hydrogel. Most often, a hydrogel is
considered to be a material made when a water-insoluble
polymer absorbs alarge amount of water, or elseitissimply
a water-swollen polymer network [4, 10]. Polymer
hydrogels can be of either synthetic or natural origin,
homopolymers or copolymers [11]. According to another
definition by Hoffman [3], the hydrogel is a permanent or
chemical gel stabilized by covalently cross-linked networks.
These chemical hydrogels may be prepared either by cross-
linking water-soluble polymers or by converting
hydrophobic polymers into hydrophilic polymers that are
then cross-linked to form a network. With such a structure,
hydrogels are able to swell, absorbing a large amount of
water without the polymer dissolving, which gives them
characteristics similar to those of soft tissue. Although the
water content in hydrogels may beaslittle asafew percents
or as much as over 99 %, hydrogels retain the properties
of solids[11, 12]. Advanced hydrogel materials can begin
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to swell under certain favourable conditions and respond
to the presence of stimuli; such hydrogels are called
environment-sensitive or stimuli sensitive [13].

Cross-linking in Hydrogels

Hydrogelsdo not disintegrate during swelling thanks
to their cross-linked structure. Cross-linking may be either
physical (e.g. hydrogen bonding) or chemical (covalent,
atomic, ionic). The cross-linking may take place in two
environments: in vitro during the preparation of a hydrogel,
or invivo (in situ) after application in a precise location of
the human body.

To initiate chemical cross-linking it is necessary to
introduce into the reaction mixture alow-molecul ar-weight
cross-linking agent together with a polymer; the hyaluronic
acid (HA) hydrogels prepared by Hahn et al. [14], for
example, were chemically cross-linked with coval ent bonds
formed by bis(sul phosuccinimidyl) (BS®). Inthis case, once
the polymer had been dissolved in water and was
precipitated with ethanol, BS® was dissolved in water and
added in the reguisite amount. The cross-linking reaction
took place within an hour at 310 K. Another example is
the cross-linked methyl methacrylate-co-itaconic acid
(MMA-co-IA) hydrogel used for drug delivery and drug
release. This hydrogel was prepared by free radical
copolymerization of methyl methacrylate (MMA) with
itaconic acid (1A) (dissolved in ethanol) using two cross-
linkers— ethyleneglycol dimethacrylate(EGDMA) andN,N
methylenebisacrylamide (MBAA) —with benzoyl peroxide
astheinitiator (dissolved in MMA) [15, 16].

The usual technique for cross-linking a hydrogel in
vivo (in situ) is photopolymerization. The aim of this kind
of cross-linking is to inject a polymer mixture, and the
liquid-to-solid transformation into a three-dimensional
network takes place when the cross-linker appears (usually
laser exposure, 514 nm). Thismethod isutilized indentistry
to form sealants and dental restorations in situ, in
angioplasty and orthopaedics. Thereare several advantages
of photopolymerization over traditional techniques: spatial
and temporal control of polymerization, fast curing rates
at physiological temperatures and minimal heat production.
The biggest advantage of photopolymerization is its non-
invasiveness (using laparoscopic devices, catheters,
subcutaneous injection with transdermal illumination) in
contrast to traditional surgery, which minimizes the risk
to patients' health [5, 10, 12].

Water in Hydrogels

Water in hydrogels not only provides a moist
environment (important, for example, in wound healing)
but also controls the permeation of nutrients into the cells
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and of cdllular products out of the hydrogels. Dried hydrogels
can swell in water or saline up to 1000 times their own
weight [17]. The amount of absorbed water is usually
expressed as the equilibrium water content—EWC (Eqg. 1):

W
where W_ is the weight of water in the gel and W, is the
total weight of the hydrated gel.

EWC isthe most significant property of hydrogels,
since the water in a hydrogel structure lends them unique
properties and potential further applications in biomedical
fields [10Q].

The swelling of hydrogels is quite a complicated
process and consists of a number of steps. In the first
step, water molecules entering the hydrogel matrix hydrate
the most polar, hydrophilic groups. This results in the
appearance of primary bound water. In the second step,
hydrophobic groups are exposed, and they interact with
water molecules giving so-called hydrophobically bound
water or secondary bound water. Primary and secondary
bound water together form total bound water. In the third
step, because the osmotic driving force of the network
towards infinite dilution is resisted by the covalent or
physical cross-links, an additional amount of water is
absorbed. Thewater absorbed up to the equilibrium swelling
level is called bulk water or free water; it fills the space
between the network chains and the centres of larger
pores, macropores or voids [3].

The total amount of water absorbed by a hydrogel
depends on the temperature and the specific interaction
between water molecules and polymer chains; it can be
described by the Flory-Huggins solution theory. The free
energy of the mixing (AGm) of polymer chains and water
molecules is expressed by Eq.

DGmM=KT|[n, Inf , +In(1-f )+cn,(1-f,)]

where: y is the apparent interaction (water molecules—
polymer) parameter dependent on chemical structure,
which can be calculated from experimental data of the
equilibrium water uptake of the network in the presence
of a vapour phase containing water, n_ is the number of
molecules, and f  is the water volume [18, 19].

The literature reports a number of classifications
of hydrogels, and several different points of view are
presented. Depending on the presence of a charge on the
bound groups, hydrogels can be either ionic (anionic or
cationic) or neutral. The type of cross-linking agent can
bethecriterion for classification: hydrogel s can be physical
or chemical. It is also common to divide hydrogels into
groups by structure: amorphous, semicrystalline, bound
by oxygen molecules, with a supermolecular structure, or
hydrocolloidal aggregations. Nowadays, hydrogel
nanocomposites with mechanical properties superior to
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those of traditional hydrogels are becoming popular. Very
often groups of polymer hydrogels for specific applications
arediscussed. The moreadvanced the application, themore
complicated the description of the materials.

In this review paper, hydrogel groups are presented
with their modifications and possible applications in
accordance with their chemical structure.

Poly(hydroxyethyl methacrylate)

— OH —
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n

Fig. 1. POlyHEMA structure

Known for many years, poly(hydroxyethyl
methacrylate) (polyHEMA, PHEMA) (Fig. 1) isone of the
most important and most widely applied hydrogel
biomaterials. Since 1955 it has been modified with many
natural and synthetic substances and by various methods,
and has been applied in the production of contact lenses
and dressings, and for drug delivery and tissue engineering
purposes. The properties of polyHEMA depend, among
other things, on the method of synthesis, polymer content,
degree of cross-linking, temperature and final application
environment. The synthesis can be carried out with
simultaneous cross-linking by UV-radiation. In one possible
way of preparing polyHEMA [20] 2-hydroxyethyl
methacrylate (HEMA) as a monomer, polyethylene glycol
dimethacrylate as the cross-linking agent and benzoin
isobutyl ether (BIE) asthe UV-sensitiveinitiator were used.
Deonizedwater (DI) inanamount appropriateto the desired
concentration should then be added to the system prepared
fromthe listed components. Thefinal productsare obtained

HzC

HO+ CH,CH,0 +H

Poly(ethylene glycol)
(PEG)
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in the form of films or membranes by treating them with
UV radiation (4 lamps, 20 W, A = 253.7 nm, 11 mm
distance from the source, 20 min). Next, the film is
immersed for 24 h in water until it is fully saturated in
order to remove toxic or unreacted substances that could
damage a living tissue. Besides contact lenses, pHEMA
can be applied in artificial skin manufacturing, dressings,
especially burndressings, asit ensures good wound-healing
conditions. It is also used for DDSs as well as for marrow
and spinal cord cell regeneration, scaffolds for promoting
cell adhesion and in artificial cartilage production [21-28].

Another cross-linking agent used in polyHEMA
manufacturing is alow molecular weight 1,1,1-trimethylol
propane trimethacrylate. The hydrogel obtained with this
agent is soft; it contains 30-40 % of water and is
distinguished by its high oxygen permeability. With these
properties, it is used mainly in contact lenses and in liquid
devices for drainage manufacturing, or for obtaining
matricesfor drug delivery systems and soft tissue implants.
The improvement of these hydrogel mechanical properties
could extend its applications. According to some authors
such an improvement can be achieved by synthesizing the
amphiphilic material or introducing some hydrophobic
compounds into its structure [29].

Polyethylene Glycol and Derivatives

Poly(ethylene glycol) (PEG), otherwise known as
poly(oxyethylene) or poly(ethylene oxide) (PEO), is one
of the most widely used hydrogels in medicine and
biomedicine. Hydrogels based on its derivatives —
polyethylene glycol methacrylate (PEGMA), polyethylene
glycol dimethacrylate (PEGDMA) and polyethyleneglycol
diacrylate (PEGDA) — are likewise widely applied.

PEG-based hydrogel s arecharacterized by their high
biocompatibility, lack of toxic influence on surrounding
tissue and solubility in water, which makes them good
candidates for drug delivery system applications [30, 31].

PEG hydrogel drug release systems are stimuli
sensitiveand react in the presence of aphysical or chemical

0 0
.'f i
C—C—— 0+ CHCHz04 C—C~CH;
H \ ‘n H
PEG diacrylate

CHsz

A

O
el

HaC=—=C—C—0—CH,CH,0} C—C==CH,
% s

n
PEG dimethacrylate

Fig. 2. Polyethylene glycol and its derivatives
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(biological) agent. Because of their unique properties,
hydrogels used for these kinds of drug release systems
are called “smart” or “intelligent gels’. Physical stimuli
include temperature, solvent, light, radiation, pressure, a
magnetic, acoustic or eectrical field, while the chemical
and biological stimuli include pH, specific ions, and
molecular recognition events [8, 32].

Chemically cross-linked PEG hydrogels are used in
the manufacture of synthetic, biologically active hydrogel
scaffolds for protein recombination and functional tissue
production. But the mainfield of PEG hydroge applications
isin DDSs, as drug carriers in the efficient and controlled
release systems of drugs, proteins and biomolecules, and
growth factor distribution [33-36].
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Fig. 3. Scheme of obtaining PECE copolymers
for DDSs[34]
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Gong et al. [34] synthesized the biodegradable
triblock poly(ethylene glycol)-poly(e-caprolactone)-
poly(ethylene glycol) (PEG-PCL-PEG, PECE) hydrogel
copolymers for developing drug delivery systems by the
ring-opening copolymerization (Fig. 3) of e-caprolactone.
In this synthesis MPEG was used as initiator, stannous
octoate as catalyst and HMDI as coupling agent during
triblock formation.

According to these authors thermosensitive PECE
hydrogelsformed in situ can be easily applied in controlled
drug delivery, cell encapsulation and tissue repair. In a
number of experiments they demonstrated its specific
biodegradability ratio and biocompatibility. Both hydrophilic
and hydrophobic drugs, as well as protein drugs are
released slowly from a PECE hydrogel over a sustained
time period. It is an alternative to the commercial Pluronic
F-127 hydrogd.

Linand Anseth [35] discuss strategiesfor delivering
drugs and methods of PEG hydrogel formation, mentioning
all the drawbacks involved in PEG incorporation. To their
knowledge PEG hydrogels provide a unique niche for cell
encapsulation, as they are highly biocompatible with cells
under appropriate polymerization conditions. PEG
hydrogelsare used as matricesfor controlling drug delivery
and as cell delivery vehicles for promoting tissue
regeneration. The scheme of the PEG structures resulting
in the most common types of polymerization is presented
in Fig. 4. These authors draw attention to a new method
of PEG hydrogel formation, called “ Click” chemistry. This
strategy, based on a step-growth mechanism, is

(B)

5

PEG polvmer chain
Crosslinking point
= {e.g. polyacrylate kinetic chain)y

Crosslinking point
(e.g. polyacrylate kinetic chain)

+ Tetra-functional monomer

Fig. 4. Structures of PEG hydrogels formed during different kinds of polymerization via: chain-growth (@), step-growth (b)
and mixed mode — step and chain polymerization (c)
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distinguished by its rapid and specific reaction, as well as
versatility with respect to bioconjugation. In this typical
reaction scheme, macromers bearing azide and alkyne
functional groups are “clicked” together in the presence
of catalysts to form stable covalent linkages. This method
produces PEG hydrogels with good mechanical properties
and permits independent control of the physical and
chemical properties of the PEG hydrogels.

Another type of PEG-based hydrogel for DDSs is
presented in the work of Kim et al. [36]. They prepared
copolymers of methacrylic acid (MAA) with a mixture
of PEG-PEGMA in a free-radical photopolymerization
using tetra(ethyleneglycol) dimethacrylate ascross-linker.
The cross-linking occurred in the presence of an initiator
— 1-hydroxycyclohexyl phenyl ketone — under a nitrogen
atmosphere during a 30-minute exposureto UV light. The
authors claim that the swelling behaviour and consequently
therate of rel ease strongly depend on the molecular weight
of PEG. Thesehydrogelswere successfully usedininsulin
release systems.

Leeet al. [37] describe PEGDA hydrogels modified
with B-chitosan, which is interesting owing to possible
biocompatibility improvement of the hydrogel . The hydrogel
is obtained by adding a 10 % aqueous solution of PEGDA
to a 2 % solution of chitosan in the acetic acid. The
hydrogel iscross-linked by UV radiation. Thefinal product
displays an IPN structure and contains 77-83 % of water.

PEG and PEGMA hydrogels, like polyvinyl alcohol
(described below), can be applied in tissue engineering
purposes for cartilage reconstruction. Riley et al. [38]
obtained this kind of hydrogel by the addition of PEG to
PEGMA and dissolution of the mixture in the phosphate
buffered saline (PBS) with the gentamycin sulphate. All
reagents were exposed to UV radiation (4 = 365 nm,
3 mW/cn, 3-5 min) in the presence of a photoinitiator —
1-cyclohexyl-phenyl-ketone.

Poly(vinyl alcohol)

OH
Fig. 5. Poly(vinyl alcohal) structure

Beyond the advantages of typical hydrogel materials
(ability to absorb water, gas permeability, soft tissue
imitation, flexibility and biocompatibility), polyvinyl a cohol
(PVA)-based hydroges are distinguished by their good
mechanical properties and the ability to retain water in the
structure, which ensures a prolonged moist environment.
On removal from water, poly(HEMA) hydrogels can
evaporate unbound water, retaining only a small amount
of moisture. PVA hydrogels are used in contact lens
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production, cartilage reconstruction and regeneration,
artificial organs, drugs systems and wound dressings,
providing the humid environment beneficial for wound
healing [38, 39].

A wound dressing providing the proper level of
humidity halves the healing time in comparison to a
traditional dressing, which may dry andirritate the damaged
skin. This was mentioned by Winter in 1962 [40] and is
confirmed by the latest knowledge [41, 42]. Wound care
materials providing the skin with a moist environment,
favour epithelial cell and tissue reconstruction and make a
change of dressing less harmful.

PVA hydrogel s can be obtai ned by alternating cycles
of freezing and thawing. The PVA material prepared by
this method has a greater mechanical strength than that
obtained using UV radiation asthe cross-linking agent [43,
44]. Also, functional groups in PVA are more accessible
than in the PEG structure, which broadens its range of
application. However, obtaining PVA/ PEG copolymers
with different proportions can control the rate and level of
degradation: a higher content of PEG blocks reduces the
time of hydrogel degradation [45].

An interesting PVA hydrogel modification was
proposed by some authors [45-47]. Hydroxyapatite
nanoparticles were introduced into the structure yielding a
hydrogel with high adhesion to the living tissue. Thanks to
its good biocompatibility and lack of thrombogenicity it is
applicable as bone defect and cartilage filler. The method
involvesthe preparation of particlesof hydroxyapatitefrom
Ca(OH), and H_PO,, the addition of PVA with simultaneous
heating and mixing for a few hours (9 /363 K [46]) and
exposure to freezing/thawing cycles (253 K/14 h and
RT/4 h) toinitiatecrystallization and cross-linking [ 46-48] .

Cascone et al. [49] describethe synthesis of modified
PVA hydrogel for tissue engineering processes. A 10%
aqueous solution of PVA was exposed to a high temperature
inan autoclave (120°h/1h) and filled with a suitable amount
of themodifier suchasgeatin, dextrin, hyaluronicacid (HA),
collagen, dextrane (Dx) or chitosan. The mixture was then
subjected toeight cyclesof freezing (253 K/1 h) and thawing
(RT/30 min). Their hydrogels are intended to work in DDSs
or as matrices and scaffolds in tissue engineering.

A PVA hydrogel designed as a drug carrier was
prepared by Alemzadeh et al. [50] by dissolving PVA powder
in DI water and heating at 363 K for 9 h. Sulphuric acid
was used as a catalyst, 10 % acetic acid as a buffer, 50 %
methanol asaquencher and glutaral dehyde as a cross-linker.
The mixture was then centrifuged (105 rpm), applied to
glass plates and left for 48 h at 298-303 K.

Another field of PVA hydrogel applications
encompasses injectable implants, endoprostheses or soft
tissuefillersin plastic, reconstructive and aesthetic surgery.
Non-modified PVA does not adhere to cells or proteins,
which makes it attractive for new tissue engineering
purposes [45, 51-54].
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Polyvinylpyrrolidone

Fig. 6. Polyvinylpyrrolidone structure

Next to PVA hydrogels, another group widely used
in biomedical applications is hydrogels based on
polyvinylpyrrolidone (PVP). They arepresentin DDSsand
wound dressingsand are usually obtai ned with theradiation
technique, an apparently simple, efficient, clean and
environmentally friendly process. The application of
radiation in the formation of hydrogels for biomedical use
offers a unique opportunity to combine the formation and
sterilization of a product in one single technological step.
PVP hydrogels can thus be regarded as advantageous
owingtotheir smpleformation and lower production costs,
softness and elasticity; their ability to store large amounts
of liquid while retaining quite good mechanical properties
makes them optimal candidates for the manufacture of
dressings. To improve its mechanical properties PVP is
usually blended with other polymers (mainly natural), which
also enhancesiits biocompatibility and water uptake. Agar,
cellulose or PEG are the usual polymers added [55-57].

Many authors discuss examples of PVP hydrogels
obtained with the radiation technique for wound healing
applications. Benamer et al. [55] prepared PVP solutions
and carried out the irradiation using a ®Co source at a
dose rate of 3.2 Gy/min. Lugao et al. [58] obtained PVP
hydrogelsusing different irradiation doses (5-15 KGy) and
different additives: PEG (MW 600, 6000), PEO (400000)
and glycerol. According to these authors, glycol and PEO
used as additives reduce the cross-linking density of the
PVP network, whereas PEG is non-toxic and increases
the elasticity of the gelsasaresult of the plasticizing effect.
Moreover, PVP/PEG hydrogels are sterile and non-
cytotoxic, which makes PEG anideal addition to biomedical
hydrogels designed as dressings. Ajji et al. [56] discuss
theinfluence of additives and the radiation technique. They
state that agar enhances the mechanical properties but also
facilitates the penetration of microorganisms, especially in
a moist environment. In their paper they describe the
preparation of hydrogels consisting of PVP, PEG and agar.
The authors conclude that these hydrogels meet the
requirements of hydrogel wound dressings and that their
properties can be controlled by the PVP and PEG content
and by the irradiation dose. By changing these parameters
it is even possible to obtain a dressing material that is a
good barrier against microbes.

Wang et al. [57] continue the discussion about
additives to PVP hydrogels. They suggest using cellulose
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or carboxymethyl cellulose (CMC) instead of agar. CMC
has a good water solubility, biocompatibility, a high
abundance and a low cost. Blending PVP and CMC yields
a hydrogel with good mechanical properties (mechanical
strength better than that of pure CM C and flexibility superior
to that of pure PVP hydrogels), high water uptake,
enhanced biodegradability, and the non-noxious quality
expected from a perfect hydrogel dressing.

Can et al. [59] obtained hydrogels from two
systems: 6 % PVP solution in DI water and the same but
with added 4 % K_S,O,. PVP/ K_SO, hydrogels have a
higher swelling rate, uptake capacity and a more efficient
penetration of BSA solution into the hydrogel system than
in PVP hydrogels. This implies biocompatibility with
biochemical systems and suitability for drug release
purposes as well as protein separation from plasma.

Polyimide

Like PVA hydrogels, polyimide (PI) hydrogds are
used mainly in plastic and reconstructive surgery. They
can imitate soft tissue, contain a great amount of water,
have the required mechanical strength and a high level of
biocompatibility. They are soft, transparent and have good
permesability —oxygen passesthrough them especially easily.

An example is the polyalkylimide (PAI) hydrogel
containing 96 % of water. It is a polyacrylate gel containing
alkylimide and amide groups inits structure. It is commonly
applied inaform of an injectable endoprosthesis suitable for
the simple non-invasive correction of tiny imperfections[60].

Polyacrylate

Polyacrylate (PA) hydrogels, mainly polyacrylamide
(PAA), are used in many branches of industry, most
commonly asagricultural gels. They also play an important
role in biomedical applicationsin aesthetic corrections, as
soft tissue fillers and augmentation materials. Besides
silicone, PAA topped the list of applications in breast
augmentation in Eastern Europe and Asia. Despiteits high
biocompatibility, however, after someyears breast implants
caused tissue and post-reactive complications, e.g. granular
tissue or inflammations [61].

A good example of a commonly used PAA hydrogel
isAquamid [62-64], acommercially avail able homogeneous
hydrogel containing 2.5 % of PAA and 97.5 % of water; it
isstablein the natural environment, is non-degradable, and
has optimal viscosity and elasticity properties. As an
endoprosthesis, it was designed to be non-toxic, non-
inflammatory, and to imitate surrounding soft tissue.

Polyurethane

Recent years have witnessed an upsurgein interestin
polyurethane (PU) hydrogels. Thespecificity of PU hydrogels
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is based on their wide variety of final product properties
depending on their chemical structure and monomers, which
also makesfor extensive bio-applications.

It is important to choose the proper oligodiols
(commonly used PEG or poly(e-caprolactonediol) (PCL)), which
will determinethehydroge propertiesand molar ratio of NCO/
OH groups [65]. Petrini et al. [66] obtained a PU hydrogel
using PEG with amolar weight of 1500-3000, after dryingand
dehydration (353 K/6 h). The PUswere obtained in aone-step
bulk synthesis using 1,6-hexamethylene diisocyanate (HDI)
or methylene his-(4-cyclohexy-lisocyanate) (HMDI) and
1,4-butanediol or maleic acid as a chain extender with the
0.02-0.05 wt % addition of a dibutyltin dilaurate or FeCl,
catalyst. The reaction occurs within a few minutes, after
which the mixture is placed in a propylene cube at 368 K
for 20 h to finish the process. The final product can be
also obtained in the form of films, using 5 % solution of
polymer in methanol [67].

PU hydrogels are applied as drug carriers, in DDS,
inwound dressing manufacture, artificial kidney membranes,
catheter coating materials and contact lenses [68-70].

To extend the spectrum of application of PU
hydrogel sthey can be modified in many ways. For example,
when obtaining the IPN hydrogel PU/PAA, the water
absorption can be controlled. This kind of synthesis was
described by Kim et al. [69], where PU and PAA were
simultaneously obtained from PEG and acrylic acid
respectively. Then PU and PAA were mixed, and the
respective cross-linking agents vinylpyrrolidone and
methylenebisacrylamide added, after which the mixtures
were exposed to UV radiation. This type of PU hydrogel is
used for dressings, DDS, artificial muscles, sensor systems
and bioseparators.

Kazmierska et al. [71] proposed a novel hydrogel
system consisting of an interpolymer of PU and PVP to
serve as a drug reservoir for local drug delivery. With the
composition of a hydrophilic matrix with a hydrophobic
drug, an optimal drug release profile is easily obtained
owingtothehydrogel excellent swelling behaviour inDDSs.

Thevery interesting biodegradable PU haverecently
been obtained with the use of synthetic a-PHB
(polyhydrobutyrate) [72] or with the use of different hard
segment content [73].

Conclusions

Synthetic polymer hydrogels differ in their
characteristics due to various chemical structure,
synthesis technique, water content or cross-linking. It is
still possible to design new hydrogel fulfilling specific
functions for specific needs. A change in chemical
composition, or even a change in one of the synthesis
factors (cross-linking method, cross-linking agent,
synthesis method, conditions of the synthesis) may lead
to new intelligent biomaterials.
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onisiA: CHHTETUYHI IIOJIIMEPHI TTIPOI'EJIT
VA BIOMEANYHOI'O 3ACTOCYBAHHA

Anomauyin. Cunmemuuni noaimepui 2iopoeeni A6a0mo
coboio epyny Oiomamepianis, AKi 6xce GUKOPUCTOBYIOMbC 8
YUCeNbHUX OIOMEOUYHUX 2aNY35X, | KI PO3POOISIOMbCA Ol HOBO2O
nepcnekmugHo20 3acmocysants. B pobomi npoaunanizosano
iHghopmayito sixk npo eidomi, mak i Hosimui eiopoeeni. Ilokaszano,
HACKINbKU 8AXNCIUBUMU € 30ATMHICIb 00 8000N02NUHANHHA | MUN
CMPYKMYPYBAHHS, A MAKOIC NPOBeOeH0 Kidacuikayiio 2iopoeenie
8i0N0GIOHO 00 IX XIMIUHOI CMPYKMYPU.

Knwuosi cnosa: nonimep, ciopoeenv, 6iomamepiai,
biomeduuHUll noaimep, NoJMepHULL 2iopoees.





