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Abstract. We propose an approach to the preparation of
viscoelastic systems based on chitosan without
crosslinking agents. It is the formation of an additional
network of physical links by introducing a low molecular
weight modifier — ethanol or glyceral. It turns out that
gelation of chitosan in the solution is accompanied by the
formation of additional meshes of physical links, nodes or
aggregates of chitosan macromolecules formed in a mixed
solvent of acetic acid-water-glycerol or acetic acid-water-
ethanal. It promotes an earlier formation of viscoelastic
properties, which eventually leads to gelation at lower
polymer concentrations than in the case of chitosan
solutions without alcohol additives. The resulted gelled
systems are characterized by good biocompatihility, and
therefore can be used as polymeric forms of drugs.
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1. Introduction

Nowadays, polymer gels are widely used as
materials for biomedical applications, for example, as
supporting and separating means for electrophoresis, gel
permeation chromatography, as carriers for immobilized
biologically active substances (BAS), materids for
making prostheses, etc. [1]. The reason for such a wide
and varied application of gels is their unique porous
structure and high permeability for low and high-
molecular compounds.

A very urgent problem is cregation of gels for
medical purposes with a given set of properties based on
naturally occurring polymers such as chitosan (CHTZ)
and its derivatives, which have biocompatibility and
absence of toxicity. Polymeric gels may be used as
transport forms of drugs for wound healing coating and
implantable progthetic devices [2-4]. Thus, there are some
advantages of gels as wound-healing coatings, in contrast
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to conventional sorption bandages (gauze, cotton and
gauze, nonwovens, or polymeric sponges), in which there
is a dynamic equilibrium of concentration microflora on
the boundary “bandage-wound’. The advantages are
plasticizing effect on wound tissue, softening of necrotic
formations, facilitating of mechanical removal of
devitalized tissue, preventing the devel opment of infection
of wound under scab. They create a moist environment
optimal for normal regeneration on a wound. Due to the
cooling effect of the gel dressings and, consequently,
lowering the local temperature conditions of underlying
tissuesit is possible to hinder the devel opment of purulent
infection in a wound. The gel helps to eliminate exudate
and suppress microflora[5].

Elagtic and plastic (rheological) properties such as
viscosity, yield stress, viscous modulus, elasticity
modulus, and thixotropy show a number of indicators and
guantitative parameters characterizing the processes
associated with the production and use of polymer gels. In
case of development of polymeric dosage forms,
rheological parameters affect the indicators such as ease
of use and dosing.

Chitosan is an associating polyelectrolyte, i.e. its
macromolecules consist of a charged chain sector
(hydrophilic blocks) and are distributed along the chain of
hydrophobic groups — stickers which can be aggregated
with each other and form thermoreversible links. These
polyelectrolytes can form finite-size clusters and, in
principle, physical gel [6]. However, it is impossible to
obtain viscoelagtic systems from chitozan apparently due
to its polyelectrolyte nature (by dissolving in the most
commonly used solvent — acetic acid).

The most common method of producing visco-
elastic systems based on CHTZ and its derivatives
consists in stitching their macromolecules with bifunc-
tional crosslinking compounds, for example, glutaral-
dehyde [7]. However, the products of the interaction of
glutaraldehyde with amino groups of CHTZ are Schiff’s
bases, which are quite toxic.

We chose the approach to the creation of
viscoelastic systems based on CHTZ without crosslinking
agents, comprising the formation of an additional network
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of physical links by introducing a low molecular weight
modifier — ethanol or glyceral.

The sdection of these data modifiers for the
regulation processes of gelation of CHTZ solutions is due
to the fact that glycerol is capable of forming
intermolecular hydrogen bonds with macromolecules of
polysaccharides. If we add ethanal, it causes deterioration
of thermodynamic quality of the solvent relative to the
polymer, which should lead to the increase in the degree
of association of macromolecules in the solution, as
polymer-polymer contacts become more possible than
polymer-solvent ones.

Thus, the aim of this work is to determine the
rheological characteristics of CHTZ solutions in the
mixtures of acetic acid glycerol and different volumetric
ratios of CHTZ solutions in water-ethanol mixtures of
different volumes.

2. Experimental

We used CHTZ with M,,, = 340 kDa manufactured
by JSC “Bioprogress’ (Shchelkovo, Russia).

As the solvent of CHTZ we used 1 % acetic acid; a
mixture of 1% acetic acid with glycerol of 90:10, 80:20
and about 70:30 (v/v) or mixtures of 1 % acetic acid and
ethanol of 90:10, 80:20 and about 70:30 (V/v).

Rheological measurements of CHTZ solutions
were carried out using a modular dynamic rheometer
HaakeMars Il at 298 K under two modes — continuous
displacement with the rates ranging from 0.1 to 100s™*
and under the oscillation mode. Flow and viscosity curves
were obtained by a continuous shear deformation mode at
shear rates ranging from 0.1 to 100 s*. The most Newton
viscosity was the one determined at the rate of
displacement equal to 1s?, the least Newton viscosity
occurred at 100s™.

As the tests under the oscillation mode must
initially be performed in the linear viscoelastic sphere,
optimum values of the amplitudes corresponding to the
constant values of the modules (linear viscoelagtic region)
were determined on the basis of correlations of storage
units and loss of voltage amplitude obtained at a constant
frequency of oscillation. If there are CHTZ solutions with
concentrations ranging from 0.2 to 7 wt %, then amplitude
range is 0.1-10Pa and the oscillation frequency is
0.1-10 Hz. This corresponds to the linear viscoelastic re-
gioni.e. modules are independent of the voltage amplitude.

To evaluate the biocompatibility of polymer in vivo
gels and the formation of a coherent picture of the
emerged biological response, a series of experiments on
the implantation systems of CHTZ—glycerol-0.1 % acetic
acid and CHTZ—ethanol-0.1 % acetic acid was conducted
with the analysis of clinical indicators of blood in
dynamics.

Outbred Widar rats (n = 24) weighing 200-250 g
were used for studying with observation of the
requirements of the European Convention for the
Protection of Vertebrate Animals used for experimental
and other scientific purposes (Strasbourg, 1986) and the
Federa Law of the Russian Federation “ About protection
of animals from cruel treatment” (01.01.1997). All
animals were kept under standard vivarium conditions
with free access to food and water. 4 groups of animals
were formed (6 animals in each group). Polymer gels
based on CHTZ—glycerol systems were hypodermically
sewn into the animals of each group.

Sterile matrixes with the size of 5°5mm were
hypodermically sewn in aseptic conditions into the
withers of male rats of Wistar line, narcotized with air-
thiopental anesthesia. Operational field after mechanical
depilation was handled with skin antiseptic “ Astradez-
OP’. After orientation of the samples hypodermic fat
tissue was stitched by internal sutures of catgut thread.
The skin was stitched by silk thread. Postoperative period
consisted of treating a wound with “ Astradez-OP’ for 3
days and removal of skin sutures was done on the fifth
day of the experiment. During the postoperative period,
common reactions to these implants were not revealed.
Thermometric indicators remained within the normal
range; the body weight of all animals was stable. On the
fird, third, seventh, fourteenth, and thirties days of the
experiment the blood in the tale was taken for the analysis
of hematological parameters|[8].

3. Results and Discussion

In this paper, as an approach to the regulation of
gelation in CHTZ solutions we suggested the introduction
of a low-molecular modifier in the solution — triagtomic
glycerin alcohol — capable of forming intermolecular hyd-
rogen bonds with macromolecules of CHTZ or monohydric
alcohal of ethanol degrading the thermodynamic quality of
the solvent with regard to the polymer. It should lead to the
increase of the degree of association of macromoleculesin
the solution as polymer-polymer contacts are more
probable than the polymer-solvent ones[9].

Consequently, CHTZ solutions in agueous acetic
acid and mixtures of acetic acid-water-glycerol or acetic
acid-water-ethanol can show us a different kind of
structural organization and a kind of fluctuation polymer
entanglements of macromolecules. It can obviously affect
the gelling properties of forming systems.

We studied rheological behavior of the solutions of
CHTZ in the mixture of acetic acid-water-glycerol of
various volumetric ratios and found out the following
results. The addition of glycerol in CHTZ—water—acetic
acid is accompanied with a dgnificant increase in
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dynamic viscosity almost in the entire range of studied
polymer concentrations. Formation of mesh links in the
presence of glycerol begins significantly at lower
concentrations of CHTZ than in the case of agueous
polymer solutions of acetic acid (Fig. 1). For example,
when we take glycerin of 20vol % concentration we
observe a significant increase of the dynamic viscosity
with 0.8wt% CHTZ concentration compared to the
viscosity of agueous polymer solutions; but if we take
glycerin (30 val %) we get the same result with 0.2 wt %
CHTZ concentration. Moreover, it is possible to note
(Fig. 2) that the more the content of glycerol in the
system, the greater the increase in the dynamic viscosity.
With 0.8 wt% CHTZ concentrations at the ratios
of 0.1 % acetic acid:glycerol 70:30 (v/v) and 80:20 (v/v),

Fig. 1. Dependence of dynamic viscosity increase of CHTZ
solutions in acetic acid—water—glyceral solutions in comparison
with CHTZ solutions in acetic acid on the polymer
concentration. Acetic acid concentration in the solution
is1wt %. Theratio 1 % acetic acid:glycerol (v/v) is90:10 (1);
80:20 (2) and 70:30 (3)

the elastic modulus of the studied systems is greater than
the viscosity of the module and the systems become
elastic and viscous (Table 1).

With polymer concentrations of 2% or more in
CHTZ system, glycerol—1% acetic acid becomes a
thermoreversible gel.

The study of the rheological behavior of CHTZ
solutions in the mixtures of ethanol-0.1 % acetic acid
with different volumetric ratios showed the following
results: firstly, if CHTZ concentration in the solution
exceeds 2 %, the formation of gel systems takes place. It
is characterized by the loss of strength, which indicates
the formation of a solid network of physica
intermolecular bonds. Furthermore, this eastic modulus
exceeds the viscous modulus (Table 2).

F_.Z'a's-

Fig. 2. Dependence of dynamic viscosity of CHTZ solutions

on glycerol content (vol. %) in acetic aci d—water—glycerol

solutions; acetic acid concentration in the soluton is 1 wt %.
CHTZ concentration (wt %) is 0.2 (1); 0.4 (2); 0.6 (3); 0.8 (4)

and 1 (5)

Table1

The elagticity modulus (G') and the viscosity modulus (G'’) of CHTZ solutions
in the mixtures 0.1% acetic acid—glycer ol

G, Pa G’, Pa
CHTZ in amixture of 0.1% acetic acid:glycerol (90:10 v/v) 25 2.8
CHTZ in amixture of 0.1% acetic acid:glycerol (80:20 v/v) 8.0 40
CHTZ in amixture of 0.1% acetic acid:glycerol (70:30 v/v) 13.0 9.0

Notes: frequency of oscillating voltageis 1 Hz; CHTZ concentration in solutions is 1 wt %; the voltage amplitudeis 1 Pa.

Table2

The elagticity modulus (G') and the viscosity modulus (G'’) of CHTZ solutions
in the mixtures0.1% acetic acid—ethanol

G, Pa G’, Pa
CHTZ in amixture of 0.1% acetic acid—ethanol (90:10 v/v) 43 21
CHTZ in amixture of 0.1% acetic acid—ethanol (80:20 v/v) 20 04
CHTZ in amixture of 0.1% acetic acid—ethanol (70:30 v/v) 11.0 9.0

Notes: frequency of oscillating voltage is 1 Hz; CHTZ concentration in solutions is 3wt %; the voltage amplitude is 1 Pa.
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Fig. 3. Dependence of dynamic viscosity of CHTZ solutionsin
aceti c acid—water—ethanol solutionsin comparison with CHTZ
in acetic acid on the polymer concentration. Acetic acid
concentration is 1 wt %. The ratio 1 % acetic acid:ethanol (v/v)
i$90:10 (1); 80:20 (2) and 70:30 (3)

Secondly, if we add ethanol in 0.1 % CHTZ
solution, the acetic acid is accompanied by a significant
increase in the dynamic viscosity of the entire range of
polymer concentrations (Fig. 3). Moreover, as in the case
of glycerol addition, the more the alcohal content in the
system, the greater the contribution of the overall elastic
component in the viscosity.

Research results of biocompatibility according to
hematological parameters showed that in the presence of
the studied systems CHTZ—glycerol-1 % acetic acid all
total red blood parameters in the groups of experimental
animals for the entire postoperative period as a whole
were ranged within the physiological norm, and had
similar dynamics. After a dight decline during the first
week in the period from the 14™ to the 30" day, the basic
indexes of blood were gradually restoring to the original
values, or even exceeded their level. Thus, al the above
stated facts allow us to assume that the CHTZ-glyceral
systems do not cause oppression of erythropoiesis.
Moreover they have a little impact on erythropoietic
influence.

4. Conclusions

Thus, the structure of CHTZ in the solution is
accompanied by the formation of an additional network of
physical links, nodes which aggregate CHTZ
macromol ecules formed in a mixed solvent of acetic acid—
water—glycerol or acetic acid—water—ethanol. It promotes
earlier formation of viscoelastic properties that ultimately
leads to the gelation at lower polymer concentrations than
in the case of CHTZ solutions without alcohol addition.

The resulted gelled systems possess a good biocompa-
tibility with hematological indicators, and therefore they
can be used as polymeric forms of drugs.
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BIOCYMICHI I'EJIEITIOAIBHI @OPMUA
JIIKAPCBKHX 3ACOBIB HA OCHOBI PO3YMNHIB
MOJIICAXAPHAAY XITO3AHY B ITIPUCYTHOCTI
CIIUPTIB

Anomayin. 3anpononosano nioxio 00  00epiCaHHsL
NPYICHO-6 AZKUX CUCEM HA OCHOB8I Ximo3any 0e3 3uusaioqux
azenmie, Cymov K020 NONAAE Y (POPMYBAHHI 000AMKOBOI cimKu
@i3uUHUX 36 ’A13KI6 BHACTIOOK 68E0EHHA HUSLKOMOLEKYVIAPHO2O
Mooughikamopa — emanony abo euiyepuny. Bemanoeneno, wo
CIMPYKMYpOYMBOPEHHs XiMO3aHy 6 PO3YUHI CYNPOBOOIHCYEMbCS
Gopmysannsim 000amko6ol cimku Qi3uUHUX 36 A3Ki6, 8Y31amMu KO
€ azpe2amu MONEKYIL XiMO3aHy, cQOPMOBAHT Y 3MIULAHOMY PO3UUH-
HUKY 0Yymoea Kucioma-600a-eniyepur abo oymosea Kucioma-800a-
emanon. Lle cnpuse ckopiuomy QopmyeanHio NPYHCHO-8 A3KICHUX
enacmueocmetl, Wo NPUEOOUMb 00 2€NeYMBOPEHHS 30 HUMCHUX
KOHYeHmpayiu nonimepy y NOPIGHAHHI 3 PO3UUHOM Ximo3aHy 6e3
0ooasannss cnupmy. OOepoicati  2enenodibui  cucmemu Maronms
3a006i1bHY OIOCYMICHCMb, | MOMY MOJ’CYMb GUKOPUCOBY8AMUCH
SIK NONIMEPHI hopMU TIKAPCHKUX 3C00I8.

Kniouosi 8 A3KiCMb,
JHKAPCoKi 3aco6uU.

Cl06a.  Ximo3aW, 2eib, CHupm,



